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Arnold Palmer and Jackie Gleason at Shawnee in the early 1960’s. 
Photo courtesy of National Golf Classics, Hot Springs, Arkansas. 
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Route Map for Day 1 of the 2001 Field Conference of Pennsylvania Geologists 
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ROAD LOG AND STOP DESCRIPTIONSROAD LOG AND STOP DESCRIPTIONSROAD LOG AND STOP DESCRIPTIONSROAD LOG AND STOP DESCRIPTIONS 

DAY 1
    Miles 
  Int.    Cum.        Description 

  0.0      0.0 Leave from circle in front of Shawnee Inn.  The Inn and golf course are located on 
postglacial stream terraces that reach a maximum elevation of 330 feet, about 35 feet 
above the mean annual elevation of the Delaware River.  An Early Archaic occupation 
site excavated on Shawnee Island (Stewart, 1991) was dated at 9330 + 545 yr B.P. (Uga-
5488).

  0.3  0.3 Turn left onto River Road.  The road passes over a sequence of Silurian shale and 
dolomite that is covered in many places by thin, late Wisconsinan till. 

  0.1  0.4 Limestone of the Shawnee Island Member of the 
Coeymans Formation on right (measured section 
14-b of Epstein et al., 1967).  The Stormville 
Member capping the top of the Coeymans 
Formation is seen in the private driveway to the 
right  (Figure 112). 

  0.4  0.8 Top of hill, continue straight ahead.  Buttermilk 
Falls Road on right.  New Scotland Formation 
on left 

  0.3  1.1 New Scotland Formation on right 
  0.4     1.5 Minimart on left, and Smithfield School on right 

sit on a late Wisconsinan outwash terrace.  The 
terrace lies at an elevation of 400 feet, about 100 
feet above the Delaware.  Based on its position 
near the mouth of Marshalls Creek, it was 
probably laid down by a meltwater stream 
flowing down the Marshalls Creek valley.

  0.3  1.8 Gap View Road on right. 
  0.1  1.9 Village of Minisink Hills.  Good exposures of Coeymans Formation through Esopus 

Formation along abandoned railroad grade to right.  On the crest of the hill northeast of 
the railroad grade is an imposing ledge of cherty Ridgeley Sandstone (the “Indian Chair”) 
from which Amerinds extracted a good-quality flint (P. La Porte, personal 
communication, 2001).  Bear left at intersection.  Postglacial stream terraces of Brodhead 
Creek on right.  Late Wisconsinan outwash terraces form the higher ground on the left. 

  0.3  2.2 Cross Brodhead Creek.  About 1500 feet eastward is the Shawnee-Minisink Paleoindian 
site Island (McNett et al., 1977).  It is located on postglacial stream terrace about 20 feet 
above the Delaware.  Work here in the 1970’s revealed a very rich and diverse, stratified 
cultural assemblage of Woodland, Archaic, and Paleoindian components.  Radiocarbon 
dating of organic material collected from a hearth about nine feet deep yielded a date of 
10,590 + 300 yr B.P. (W-2994).  The hearth is located in cultural zone containing 
Paleoindian components (clovis point, scrapers, hammerstones).

  0.1    2.3 Cross Norfolk Southern (originally, Delaware, Lackawanna & Western) Railroad. 
  0.1  2.4 I-80 overpass. 

Figure 112.  Stormville Member of the 
Coeymans Formation, mileage 0.5.  Parallel to 
cross-bedded conglomeratic arenaceous 
limestone with quartz pebbles as much as 0.5 
inch long.   Abundant brachiopods (Gypidula 
coeymanensis; arrows) and crinoid columnals 
indicate a high-energy marine environment, 
such as an offshore bar. 
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  0.2      2.6 Turn left onto US 611 toward village of Delaware Water Gap.  We are at the lower end of 
Cherry Creek valley near its confluence with the Delaware River.  During late 
Wisconsinan deglaciation, proglacial lakes formed in the ice-dammed (northeast-
draining) valley.  Several ice-contact deltas mark ice retreat (Epstein, 1969). 

  0.25    2.85 Water Gap Diner on left.  Favorite meeting place for trip leaders, cohorts, and other 
associates of dubious character. 

  0.05    2.9     Traffic light.  Turn left on US 611 South. 
  0.4  3.3 Northwest-dipping rocks of the Shawangunk Formation on right. 
  0.1  3.4     Crest of Cherry Valley anticline in the Shawangunk at top of road.  The contact between 

the Shawangunk Formation and Bloomsburg Red Beds is conventionally placed at the 
base of the lowest red bed.  However, at this locality this color change migrates up and 
down section by as much as 700 feet, making for a peculiar map pattern (Epstein, 1973). 
Enter upstream side of Delaware Water Gap. 

  0.1  3.5 Southeast-dipping rocks in the Bloomsburg Red Beds.  US 611 traverses the Bloomsburg 
for the next 0.8 miles in a series of small undulating, low-amplitude folds.  Note the 
southeast-dipping cleavage. 

  0.8  4.3 Contact between the Shawangunk and Bloomsburg dipping 35o NW. 
  0.7  5.0 Turn right into parking lot at Point of Gap.  Disembark. 

STOP 1. DELAWARE WATER GAP: GEOLOGIC OVERVIEW—STRATIGRAPHY, 
STRUCTURE, FORMATION OF THE GAP, AND 
GLACIAL GEOLOGY.    Leader: Jack B. Epstein. 

INTRODUCTION
Many of the parks within National Park System 

(NPS) owe their uniqueness to their geologic 
framework.  Their scenery is the result of natural 
processes acting upon the variety of rocks that were 
deposited in diverse environments in the geologic past.
Knowledge of these attributes, training of NPS 
personnel in their proper interpretation, development of 
a resource database, and communication of this 
information to the public are important priorities of the 
National Park Service.  Bedrock and surficial geologic 
mapping by the federal and two state geologic surveys 
in the Delaware Water Gap National Recreation Area 
(DEWA) has been used to prepare a variety of products 
useful for the unit's mission of park management and 
service to the public.  DEWA draws from several major 
population centers, totaling more than 30 million people 
within the heart of the northeast United States urban 
corridor and  is presently the sixth most heavily visited 
NPS facility in the country.  It includes a scenic and 
mostly undeveloped 40-mile stretch of the Delaware 
River between Port Jervis, New York, and the world-
famous Delaware Water Gap in New Jersey and 
Pennsylvania (Figure 113).  It straddles the Pocono 

Figure 113.  Entrance to Delaware Water Gap National 
Recreation Area as viewed from atop Kittatinny 
Mountain, Pennsylvania on the right, New Jersey on 
the left.  The Delaware River flows through the 
constricted gap behind the view, and as it widens into 
the valley beyond and its velocity lessens, it deposits a 
streamlined bar,  Arrow Island.   Between the 
mountain, held up by quartzites of the Silurian 
Shawangunk Formation, and the Precambrian 
metamorphic rocks of the New Jersey Highlands in the 
distance, lies Paulins Kill Valley, underlain by 
Cambrian and Ordovician limestone and slate.  Coarse 
gravels in a Wisconsinan outwash terrace lines both 
sides of the valley south of the gap.  The Recreation 
Area, in proximity to the New York-Philadelphia 
metropolitan complex, is the most heavily visited 
National Park facility in the northeastern United 
States, attracting more than four million visitors a year. 
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Plateau on the northwest, underlain by gently inclined Devonian sandstones and shales, and complexly 
folded Ordovician to Devonian rocks of the Valley and Ridge to the southeast.  The stratigraphic 
sequence spans about 65 million years.  Wisconsinan glacial erosion and deposition resulted in a varied 
scenery.   The present Delaware River has cut through a silt and sand terrace that was occupied by 
American Indians about 11,000 years ago. 

The application of our geologic efforts emphasizes scientific interpretation, land-use planning 
and management, points of scientific interest to be enhanced or protected (paleontologic, structural, 
geomorphic, stratigraphic, glacial, economic resources), landslide susceptibility, facility location and 
trail design, the park's GIS data base, scientific interpretation for both park personnel and the public, 
preparation of geologic exhibits, and general-interest publications including nature trail guides.  Results 
of geologic investigations efforts can be effectively utilized by the Park Service only by making our data 
readily available and avoiding jargon.  Hopefully, much of the information in this guidebook will serve 
this useful purpose.  (For more of a “hands-on” view of the geology of the Water Gap, see Appendix 
B1—a guide to the Red Dot-Blue Blaze-Dunnfield Creek Trails on Mount Tammany in New Jersey.) 

STRATIGRAPHY
Delaware Water Gap owes its notoriety to the depth to which the river has cut through Kittatinny 

Mountain.  Exposures of 3,000 feet of Silurian clastic rocks are nearly continuous; the entire 
Shawangunk Formation, with its three members, and most of the Bloomsburg Red Beds are visible (see 
Figure 11).  To the west, in central Pennsylvania, the Shawangunk merges into the Tuscarora Sandstone 
below and the Clinton Formation above.  To the east, in New York State, as seen from the heights of 

High Point at STOP 6, the Shawangunk 
thins and just beyond it disappears.
Eastward, the Bloomsburg likewise 
pinches out.  The Bloomsburg has been 
erroneously called the High Falls Shale 
in the past.  The High Falls of New 
York State is actually a facies of the 
Poxono Island Formation which overlies 
the Bloomsburg.  For details, see 
Epstein, this guidebook, p. 1.

STRUCTURE
Shortly after the Delaware Water 

Gap National Recreation Area was 
established in 1965, an exhibit in the 
kiosk at the south end of the parking lot 
presented an interpretation of the 
structure in the gap.  The plaques have 
since disappeared from the site as well 
as from most memories.  Figure 114 
brings back those memories. 

This structural interpretation alludes to the fact that the Green Pond Conglomerate, the 
correlative of the Shawangunk, is exposed about 25 miles to the east in New Jersey.  Hence, a way was 
needed to bring the rocks of the Shawangunk at Delaware Water Gap down again to mate with 

Figure 114.  A three-part metal plaque located in the kiosk at Stop 1 
during the late 1960's interpreted the geologic structure of the rocks in 
Delaware Water Gap as part of a broad regional anticline.  This exhibit is 
now gone and is reproduced here.  An alternative interpretation is shown 
in Figure 115. 
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the Green Pond rocks and a broad regional 
anticline was invoked.  Satellitic folds that verge 
to the southeast would indicate that such an 
anticline does indeed lie to the southeast (Figure 
115A).  On the contrary, mapping along strike 
and down the plunge of the folds to the southwest 
on Kittatinny Mountain (Epstein, 1973), shows 
that an overturned syncline extends upwards from 
the rocks at Delaware Water Gap (Figure 115B).
Because the terrain south of Kittatinny Mountain 
is replete with thrust faults, the structural 
relations between it and the Green Pond area is 
certainly much more complex than a simple 
regional anticline. 
The Arch of Cleavage 

Most pelitic rocks in the Delaware Water 
Gap area, regardless of age, have a secondary 
foliation, or slaty cleavage, which becomes more 
prominent northwestward and into higher 
stratigraphic units.  A second slip cleavage, 
which crenulates the earlier-formed slaty 
cleavage, is locally developed in all units.
Microscopic and field relations of the cleaved 
rocks suggest that slaty cleavage formed by 
pressure solution of more soluble minerals along 
anastomosing folia, leaving behind a residuum of 
carbonaceous matter and iron oxides.  This was 
accompanied by mechanical reorientation of platy 
and elongate minerals and by some new mineral 
growth.  Elongation of quartz and its removal 

from cleavage folia resulted from corrosion by pressure solution perpendicular to the cleavage direction. 
The cleavage folia are separated by more quartz-rich areas in which reorientation of platy minerals and 
dimensional alignment of prismatic minerals has not taken place, or is not as well developed.
Numerous lines of evidence point to the conclusion that cleavage developed after the rock was 
indurated.  Plasticity increased during increased tectonism and the mobility (intrusion of pelitic and 
sandy material along cleavage planes) may have been aided by silica derived from pressure solution and 
derived either from connate water squeezed out of the rocks during tectonic compaction or by the release 
of water from hydrous minerals during continued deformation.  New growth of quartz, chlorite, 
muscovite, calcite, and probably albite in most rocks suggests formation of cleavage at and just below 
the limits of low-grade metamorphism (quartz-muscovite-albite-chlorite subfacies of the greenschist 
facies).  Slip cleavage crenulates earlier foliations.  Transposition of minerals into the new cleavage 
plane is common, and in this respect it is similar to slaty cleavage.  It is also similar to slaty cleavage in 
that new minerals may grow parallel to the cleavage direction.  To the southwest in Pennsylvania the 
slip cleavage appears higher in the Martinsburg, and in the Lehigh Gap area it is found in overlying 
formations, paralleling the increased development of the earlier slaty cleavage in younger units.

Figure 115.   Satellitic folds in the Shawangunk Formation in 
Delaware Water Gap, New Jersey (Ssm, Minsi Memebr; Ssl, 
Lizard Creek Member; Sst, Tammany Member).    
A, interpretation of an anticlinal crest to the southeast as 
shown in Figure 114 with "drag folds", due to interbed shear, 
verging towards the anticlinal crest;
B, interpretation of an overturned syncline to the southeast as 
determined by down-plunge reconstruction.  The satellitic 
folds are antithetic to northwest shear of overriding beds as 
determined by bedding-plane slickensides.  



162

Intensity of slaty cleavage 
development increases to the southwest in 
Pennsylvania, and commercial slates appear 
higher in the section where, near Lehigh 
Gap, slate has been extracted from the 
Mahantango Formation, although now those 
operations have ceased.  The slaty cleavage 
bears a geometric relationship to the folds in 
which it is found, fanning the folds by either 
opening or closing towards the anticlinal 
crest.  In many places, particularly in the 
Martinsburg, but not exclusively, the slaty 
cleavage is cut by a second generation slip 
cleavage and the earlier slaty cleavage is 
rotated into arches by the folding process.
At Delaware Water Gap, and at other 
localities near the contact with the 
competent rocks of the Shawangunk 
Formation, the slaty cleavage is also arched, 
but by a different process than by external 
rotation.  Figure 116 is a generalized 
geologic map of the Delaware Water Gap 
area.  Note that about 2,000 feet south of the 
Martinsburg-Shawangunk contact the 
cleavage dips to the southeast, but turns to 
the northwest as the contact is approached 
(Figure 116).  This is similar to the structural 
situation seen at Yards Creek (STOP 3).

Drake et al. (1960) and Maxwell 
(1962) attributed this arching of the slaty 
cleavage to refolding during the 

Appalachian orogeny.  However, the form of this cleavage fold in the Martinsburg is not reflected 
upwards into the overlying rocks.  The contact between the Martinsburg and Shawangunk Formations is 
exposed at about a dozen localities between southeastern New York and Lehigh Gap, Pennsylvania, a 
distance of more than 100 miles.  On the basis of observations at these localities and from data gathered 
during mapping along the contact, it is concluded that the arching of cleavage at Delaware Water Gap is 
due a strain-shadow mechanism in the trough of a syncline in the Shawangunk as shown in Figure 117 
and initially described by Epstein and Epstein (1967, 1969). 

In many small folds involving interbedded shale and siltstone which are cleaved and more 
competent rocks which are less cleaved, the slaty cleavage diverges around synclinal troughs and is 
either poorly developed or absent in the pressure-shadow area next to the trough (Figure 117B).  This 
relationship is the same on a larger scale (Figure 117A), explaining the arching of cleavage at Delaware 
Water Gap and Yards Creek.  It also explains the dying out of cleavage near the Martinsburg-
Shawangunk contact elsewhere, such as at Lehigh Gap (Epstein et al., 1969).  Similarly, in thin section, 
cleavage is seen to curve around clastic grains, small lenses of sandstone, or sand-filled burrows.  The 
cleavage is most intensely developed (flattening is greatest) on top and bottom of these more competent 

Figure 116.  Aerial photograph and geologic map of Delaware Water 
Gap showing 700-foot offset of the ridge crests (dotted line) on 
either side of Kittatinny Mountain.  Omr, Ramseyburg Member of 
the Martinsburg Formation; Shawangunk Formation:  Ssm, Minsi 
Member; Ssl, Lizard Creek Member; Sst, Tammany Member;  Sb, 
Bloomsburg Red Beds.  A series of small anticlines and synclines lie 
between the Dunnfield Creek syncline aand Cherry Valley anticline. 
 Arrow Island is a streamlined bar that formed where the Delaware 
River emerges from the constricted portion of Delaware Water Gap.  
The unusual pattern of the Ss-Sb contact in the western area is due to 
the variable nature of the color boundary (Epstein, 1973).  The Red 
Dot-Blue Dot trail is a popular hiking trail which has abundant sites 
of geologic interest.  A geologic trail guide is included in this 
guidebook (see Appendix B1). 
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clastic bodies and is poorly developed or absent in the areas of maximum extension to the sides of the 
grains in the areas of "pressure shadows."  

A few additional comments about the relationships at the Taconic unconformity at Delaware 
Water Gap and the surrounding area are worth noting.  Quartz, chert, and quartzite pebbles in the basal 
beds of the Shawangunk, in places more than 5 inches long, indicate that the Martinsburg was breached 
during Silurian time and that underlying stratigraphic units were exposed and supplied the pebbles 
(possibly chert from the Ordovician Beekmantown Group, quartzite from the Cambrian Hardyston 
Quartzite, and vein quartz from Precambrian rocks).  The sharp lithologic break at the contact brings 
together rocks of vastly different origin—deep-water shales and turbidite sandstones of the Martinsburg 
are overlain by fluviatile-terrestrial deposits of the Shawangunk.   Within the basal Shawangunk no 
fragments of shale from the underlying Martinsburg contain slaty cleavage that may have been produced 
during Taconic deformation.  Rather, any cleavage that may be present conforms to the attitude of the 
regional cleavage in post-Ordovician rocks.  The obvious conclusion is that no Taconic cleavage can be 
recognized in pebbles within Silurian rocks.  Additionally, in a few localities folds have been mapped 
along the unconformity, such as at Yards Creek (STOP 3) and High Point (STOP 6).  The fold axes pass 
from the Shawangunk into the Martinsburg Formation without deflection, showing that the folds are 
post-Taconic in age.  Cleavage in the Martinsburg is parallel to the axial planes of the folds, or fans the 
folds (except for the arching of cleavage as described above), again showing that the cleavage is 
post-Taconic in age.

Figure117.  Strain shadows and arching of slaty cleavage in interbedded rocks at different scales and of different 
competencies.   
A, cross section at Delaware Water Gap showing the structural relations of cleavage in the Martinsburg Formation (Om) near 
the contact with the more competent Shawangunk Formation (Ss).   The northwest dipping cleavage (1) can be seen at 
Delaware Water Gap (mileage 5.8 of Day 1 roadlog) and at Yards Creek (Stop 3, Day 1).  The dying out of cleavage (2, fine 
stippled area) can be seen at Yards Creek and at Lehigh Gap 35 miles southwest of Delaware Water Gap (Epstein and 
Epstein, 1969).  Steeply dipping cleavage in the Martinsburg next to the overturned synclinal limb (3) can be seen at the 
south portal of the Pennsylvania Turnpike tunnel 16.1 miles southwest of Delaware Water Gap (Epstein and Buis, 1991).    
B, flattened folds near the base of Martinsburg Formation (Bushkill Member) along US Route 46, 1.8 miles northeast of 
Belvidere, NJ.  Cleavage (dashed line) in pelite diverges around the syncline in the more competent micaceous fine-grained 
dolomite and is less well developed in the strain shadow at the trough of the fold. 
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A STORY OF THE GAP 
Anyone who maps in the Delaware Water Gap area is compelled to contemplate the history of 

formation of the gap and why it is where it is.  The following thoughts are summarized from Epstein 
(1966, 1997).

Many different sediments were deposited in eastern Pennsylvania and northern New Jersey 
during the Paleozoic.  Later, during consolidation, some of these became sandstones and conglomerates, 
resistant to subsequent erosion and formed mountains; others became shales, limestones and dolomite, 
less resistant to erosion and formed valleys.  Following orogenic uplift of these diverse sediments during 
the late Paleozoic, the original divide of the Appalachian Mountains that formed lay somewhere to the 
south within the area of the present Piedmont or Valley and Ridge Province.  During rifting and opening 
of the Atlantic ocean, that divide shifted westward towards its present position in the Appalachian 
Plateau because the steeper stream gradients towards the Atlantic Ocean created an erosional advantage 
over the lower gradient streams that flowed westward towards the continental interior.  The manner of 
migration of that divide and how the streams cut through the resistant ridges are critical elements in any 
discussion of Appalachian geomorphic development.  These subjects have been a source of considerable 
controversy for more than a century.  In the area of this Field Conference, there are many wind and 
water gaps in Blue and Kittatinny Mountains.  That ridge is held up by resistant quartzites and 
conglomerates of the Shawangunk Formation of Silurian age in Pennsylvania and New Jersey, extending 
into Shawangunk Mountain in New York (see Figure 9).  The Shawangunk thins to the northeast and 
disappears above Ellenville, NY (Epstein, 1993).  Viewed from a distance, these gaps or low sags 
interrupt the fairly flat ridge top that was termed the “Schooley peneplain” by Davis (1889) and 
popularized by Johnson (1931).  Ideas on the origin of these gaps are critical factors in several 
hypotheses that discuss the geomorphic development of the Appalachians.  Those hypotheses that favor 
down cutting (superposition) from an initial coastal plain cover (Johnson, 1931; Strahler, 1945) require 
that the location of the gaps be a matter of chance.  Those hypotheses that suggest the present drainage 
divide was inherited from the pattern already established following the Alleghanian orogeny and 
controlled by the topography and structure prevalent at the time (Meyerhoff and Olmstead, 1936) or by 
headward erosion into zones of structural weakness (headward piracy, Thompson, 1949) require that 
there be evidence for structural weakness at the gap sites.  Thus, an understanding of the structural 
configuration of these gaps is necessary for adequately discussing the drainage evolution of the 
Appalachians.

Sixteen gaps and cols in Blue, Kittatinny, and Shawangunk Mountains between Lehigh Gap in 
eastern Pennsylvania and Ellenville, New York, were examined (Epstein 1997).  Most of the gaps are 
located at sites where there are structures that are not present between these sites.  The general 
conclusion can be made that the gaps are located at sites of structural weakness.  If this opinion is 
accepted, then those hypotheses which suggest that streams sought out weaknesses in the rock during 
headward erosion are favored. 

The following are features that are found at gap sites: (1) dying out of folds along plunge within 
short distances; (2) narrow outcrop widths of resistant beds because of steep dips; (3) more intense 
folding locally than nearby; (4) abrupt change in strike owing to kinking along strike; (5) intense 
overturning of beds and resultant increase in shearing; and  (6) cross faulting. 
Delaware Water Gap 

Delaware Water gap is often cited as the classic water gap in the Appalachian Mountains.  Figure 
116 portrays its geology.  The Delaware River flows through the gap at an altitude of 300 feet.
Kittatinny Mountain rises about 1,240 feet above the Delaware River on the New Jersey side, and it is 
nearly 100 feet lower on the Pennsylvania side.  Also, the trend of the ridge crest lies about 700 feet 
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farther southeast on the Pennsylvania side 
than in New Jersey.  The three members of 
the Shawangunk Formation match and are 
aligned at river level.  In New Jersey, 
bedding rises uniformly to the top of the 
mountain with a dip of about 45o (Figure 
118A), but in Pennsylvania the dip decreases 
about halfway up the mountain to about 25o

(Figure 118B).   Therefore, there must have 
been a kink in the rocks that formerly 
occupied the gap site (Figure 119) and as a 
consequence, the brittle rocks must have 
been weakened by fracturing in the flexure 
zone.  The location of the gap is therefore 
interpreted to have been controlled by the 
local structure.

The overlying Bloomsburg Red Beds 
exhibit a series of folds just north of the gap 
that plunge out to the southwest within a 
short distance (Figure 116).  Because similar 
tight folding is not seen in the Bloomsburg 
immediately beyond the gap site, the rocks 
are presumably more highly sheared here, 
and resistance to erosion is less than 
elsewhere along the ridge.  Also, the outcrop 
width of the Shawangunk Formation is 
narrower at the gap site than to the northeast, 
where the Cherry Valley anticline and 
Dunnfield Creek syncline widens the 
exposure.

The Delaware River curves in a loop 
mimicking the curve of bedding in the 
southwest-plunging Cherry Valley anticline 
(Figure 116).  This probably resulted when 
the river flowed at a higher altitude in a 

straight line towards the southern part of the gap.  At that time, the river was cutting down through the 
Bloomsburg Red Beds, and when it intersected the more resistant Shawangunk quartzites and 
conglomerates, it migrated down the plunge of the anticline.  Subsequently, the “meander” migrated 
downstream until it impacted the northwest-dipping rocks of the Shawangunk coming down off the main 
ridge.  The projection of this proposed course of the river to the present top of the Shawangunk places 
the river at about 900 feet altitude, or about 600 feet above the present level, when it first encountered 
the Shawangunk. 

Two additional gaps will be traversed on this field conference.  The gap south of Millbrook (mile 
38.3, Day 1, is an irregular gap in the ridge, not quite 200 feet deep.  It is located at the site of at least 
two well-documented cross faults.

Culvers Gap area  (STOP 4) is covered largely with glacial deposits and products of mass 
wasting, so outcrops are not as plentiful as could be desired.  The bedrock geology of the gap has been 

Figure  118. Middle Silurian rocks in Kittatinny Mountain in New 
Jersey (A) and Pennsylvania (B) at Delaware Water Gap.  Long-
dashed yellow lines are the projected structural configuration of the 
Minsi Member of the Shawangunk Formation projected across the 
Delaware River from the opposite side of the gap.  Figure 119 
demonstrates the interpreted flexure at the gap site.  Note the deep 
cleft in Pennsylvania in the Shawangunk cliff.  It supplied much of 
the talus blocks above the Cold Air cave. 
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mapped by Monteverde (1992).  It is 450 feet deep with a floor at about 910 feet in altitude, although 
drift is fairly thick here and bedrock lies at about 750 to 800 feet.  Two features may have aided in the 
location of this gap: (1) it is located along the narrowest outcrop width of the Shawangunk Formation, 
and (2) it is located immediately southwest of a considerable northeastward broadening of the 
Shawangunk outcrop width (Figure 113). 

All of the major gaps within the Delaware Water Gap 
area and beyond are located at sites of geologic structures 
that appear to have weakened the rocks at those sites.  These 
features are plunging folds, sharp flexures, cross fault, kinks 
along strike, and narrow widths of outcrop of the resistant 
Shawangunk rocks.  There also is evidence that structural 
control influenced the development of smaller gaps in ridges 
to the north (Epstein, 1966, p. B83-B85).  The strong 
relationship between the position of the gaps and local 
structure suggests that the concept of regional superposition 
as applied by Johnson (1931) is invalid.  Rather, hypotheses 
are favored that maintain that the gaps are located in zones of 
structural weakness, where erosion was most effective during 
the course of stream competition along the ancestral drainage 
divide.  While the conclusions presented in this discussion 
relate to structural control of gaps, the nature and timing of 
stream development cannot be deduced.  Of concern is 

whether streams are in their original (post-Permian) position, whether they have been captured and 
replaced by streams in front of the ridge or by tributaries behind the ridge, and what effect the structure 
on both sides of the ridge may have had in the geomorphic evolution.

GLACIAL GEOLOGY 
The latest (Wisconsinan) glacial advance into 

eastern Pennsylvania and northern New Jersey resulted in 
the deposition of a conspicuous terminal moraine which 
crosses the Delaware River about 11 miles south of the 
gap near Belvidere, NJ (Figure 120).  The moraine then 
trends northwestward to cross Blue Mountain about five 
miles west of Delaware Gap, locally reaching heights of 
more than 100 feet in places.  As the glacier retreated from 
its terminal position north of Blue Mountain, the 
meltwater was dammed between the terminal moraine, the 
surrounding hills, and the retreating ice front.  A series of 
stratified sand and gravel deposits were laid down in the 
lake that formed, recording the sequential retreat of the 
glacier.  The lake has been named Lake Sciota, after the 
classic delta and varved lake-bottom sediments that are 
found there.  The lake reached a depth of about 200 feet in 
places.  Initially, the outlet for the lake was over the 
terminal moraine at Saylorsburg and the water flowed 

west toward the Lehigh River.  As the glacier retreated northeastward past the Delaware River, the 
waters drained through the gap and the lake ceased to exist.

Figure 119.  Reconstructed flexure at Delaware 
Water Gap.  Dotted line shows strike of beds 
before the gap was cut.  The flexure accounts for 
the offset of the ridge betgween the two sides and 
presumably resulted in considerable fracturing of 
the Shwangunk at the gap site.  View looking 
eastward.

Figure 120.  Physiographic map of part of 
easternmost Pennsylvania and northwestern New 
Jersey showing the position of the maximum 
advance of the Wisconsinan glacier.  Modified from 
Epstein (1969). 
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A variety of glacial deposits formed in the Delaware Water Gap area, composed of varying 
proportions of gravel, sand, silt, and clay. On the basis of texture, internal structure, bedding and sorting 
characteristics, and generally well preserved landforms, the deposits have been subdivided into till 
(ground, end, and terminal moraine) and stratified drift (delta, glacial-lake-bottom, kame, kame-terrace, 
and outwash deposits).  Below the gap is an outwash terrace, more than 150 feet high on both sides of 
the river, comprising very coarse gravel with boulders exceeding eight feet long.  This deposit may be 
seen at mileage 6.1 of the Day-1 road log. 

Numerous striae, grooves, and roches moutonnee formed by Wisconsinan glacial erosion are 
found on bedrock surfaces in most parts of the area. Striae trends show that the ice was strongly 
deflected by underlying bedrock topography.  Whereas the average direction of flow of the ice sheet in 
the immediate Delaware Water Gap area was about S20oW, the base of the ice traveled mostly more 
southwestward parallel to the valley bottoms and about due south over the ridge top. 

Bedrock topography has been subdued in many places by the drift cover.  Examples of drainage 
modifications are numerous.  Talus deposits, congelifractates, rock streams, and rock cities are believed 
to be partly of periglacial origin.  Numerous lakes, mostly in kettle holes, have made the Pocono area the 
tourist attraction that it is.  Heart-shaped ponds, fens, and bogs have made it the “honeymoon capital of 
the world.” 

There has been a long line of researchers of the glacial geology of the area around Delaware 
Water Gap, including White (1882), Lewis (1884),  Salisbury (1902 ), Leverett (1934), Ward (1934, 
1938), Happ (1938), Miller et al. (1939), Mackin (1941), Epstein (1969), Bucek (1971), Crowl (1971), 
Ridge (1983), Cotter et al. (1986), and Witte (2000). 

  Leave STOP 1, either by reboarding buses 
and continuing south about 0.3 mile on US 
611—or, better yet, walk the short distance 
south to STOP 2. 

  0.3  5.3 Buses turn right into parking area on left 
side of highway. 

STOP 2.  COLD AIR CAVE. 
      Leaders:  Mitzi Kaiura and Jack B. Epstein. 

Simmering summers in eastern U.S. cities and 
enticement to vacationers to come to eastern Pennsylvania 
to admire the beauty of the Delaware Water Gap and enjoy 
the cool mountain breezes resulted in this area becoming a 
major resort during the 19th century.  Major hotels were 
built and one, Kittatinny House, was located in the gap.  At 
this point about 1,500 feet south of STOP 1, there is an 
unusual cave formed by the juxtaposed alignment of large 
talus boulders derived from conglomerate and sandstone 
blocks of the Shawangunk Formation (Figure 121).  The 
roof of the cave is formed of large blocks approaching 30 
feet long and look as if they are bedrock in place, but that 
is not the case—they are talus blocks.  A large talus floe 
overlies the cave (Figure 122) and a large cleft in the cliff 
above (Figure 123) illustrates the potential for generating 

Figure 121.  “Cold Air Cave”, a talus cave formed 
by conglomerate and sandstone blocks of the 
Shawangunk Formation along US 611 south of 
Delaware Water Gap. 



168

large talus blocks during periods of freeze and thaw.   The geology of the cave was originally described 
by Stone (1932) and its history of commercialization 
was discussed by Snyder (1989) who reported the 
length of the cave to be 70 feet.  Presently, about 30 
feet of the cave is accessible to normal-sized 
individuals.  According to Snyder, the cave was 
discovered about 1870 when very cold temperatures 
were reported coming from the opening, approaching 
30oF.

The cave became a tourist attraction sometime 
thereafter until about 1952.  A building was erected at 
the entrance (Figure 124) and refreshments were 
served, cooled by the cold air from the cave.

When Stone (1932) visited the cave in 
1931, he reported an air temperature of 38oF.

He wrote: 
Cold air coming out on a warm morning makes fog. This cold air, which received its low 
temperature from the frosts of the previous winter, is stored by Nature in the voids of the rock 
floe.  Cold air tends to settle, and, being held in the floe by the cover of soil and vegetation, it 
moves slowly down hill through the spaces between the blocks and emerges noticeably in summer 
at this opening.

Based on this description, it has generally been assumed that the flow of air was constant out of the 
cave, at least during the summer months.  According to this belief, the cold air was residual from the 
winter months, stored within the talus floe above, and because it was heavier than the ambient warmer 
air, it constantly flowed down and out of the cave.  Presumably, if this hypothesis is correct, the cold air 
could also be derived from storage within joints in the bedrock forming the cliffs above. 

Beginning in September, 2000, temperature, wind speed, and wind direction was measured just 
inside the cave, at the mouth of the cave, and several tens of feet from the cave entrance.  Weather 
conditions at the time of measurement were also noted.  At the outset of the investigation it was 
recognized that the direction of wind movement varied, sometimes out of the cave, and other times into 
it.  Results of the investigation have not been compiled as yet, but they show that the cave “breathes”, 
the temperature varies according to the season, and the average temperature is probably the average 

Figure 123.  Cleft in cliff of the Shawangunk 
Formation above the Cold Air Cave, showing the 
large blocks that could be supplied to the talus 
below. 

Figure 124.  Cold Air Cave, circa 1940. 

Figure 122.  Talus above Cold Air Cave. 
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subsurface ambient temperature.  Readings for temperature, wind speed, wind direction, and weather 
conditions were recorded and are shown in Table D1 and are summarized in Table D2 in Appendix D. 
  Leave STOP 2, continuing south on US 611.   
  0.2  5.5 Small outcrop in the Martinsburg Formation on right.  Note the gently northwest dipping 

(7o) cleavage due to fanning in the Α pressure shadow of the syncline defined by the 
Shawangunk Formation. Bedding here dips 32o NW. 

  0.2  5.7     Arrow Island Overlook.  Arrow Island, a streamlined bar is presently being modified by 
the Delaware River.  This occurs due to a decrease in the velocity of the river as it 
emerges from the narrow confines of the gap to the north. 

  0.4  6.1 Very coarse gravel in late Wisconsinan outwash terrace to right exceeds 80 feet in 
thickness.  The gravel was either laid down between the valley’s wall and stagnant ice 
forming a kame terrace, or it is the eroded remnant of a valley train that formerly filled 
the Delaware Valley.

  0.2  6.3 Rock fence on right is composed of blocks of the Allentown Dolomite with abundant fine 
sedimentary structures. 

  0.3      6.6 Cross Slateford Creek.  In 1805, the Pennsylvania Slate Company developed a slate 
quarry south of the water gap near Slateford Creek.

  0.1  6.7 National Park Drive on right leads to Slateford Farm, an example of a National Historic 
Site maintained by the National Park Service.

  0.5  7.2 Faulted and overturned beds in the Bushkill Member of the Martinsburg Formation in 
ravine to right. 

  0.1  7.3 Flat-lying slate in the Bushkill Member in a 100-foot-long abandoned quarry overlain by 
10 feet of glacial drift in ravine to left.  A dolomite concretion, characteristic of basal 
beds of the Martinsburg elsewhere, lies in the bottom of the quarry. 

  0.4  7.7 Crossing the concealed Portland fault, which juxtaposes Martinsburg against the 
Jacksonburg Limestone and rocks of the Beekmantown Group where it is exposed. 

  0.3  8.0 Enter Portland, Pennsylvania. 
  0.6  8.6 Traffic light.  Continue straight. 
  0.05  8.65 Cross Jacoby Creek.  Deglaciation of the Jacoby Creek valley resulted in the formation of 

several proglacial lakes that became progressively lower as the ice retreated from the 
northeast-draining valley and lower lake outlets were uncovered (Ridge, 1983).

  0.15  8.8 Road goes underneath US 46. 
  0.1  8.9 Turn right following signs toward I-80. 
  0.2  9.1 Toll Booth.  (No toll leaving Pennsylvania.)   
  0.2  9.3 Cross Delaware River into New Jersey.  Good view of Delaware Water Gap to left.    
  0.2  9.5 Allentown Dolomite crops out on right.  Continue straight. 
  0.1  9.6 Road signs for I-80 and NJ 94.  Continue straight, following signs to NJ 94. 
  0.2  9.8 Cross the axis of the Ackerman anticline (Drake et al., 1969) in the Allentown Dolomite 

approximately at point where ramp bears off to I-80 West, but continue straight ahead on 
NJ 94. 

  0.2    10.0 Allentown Dolomite on right.  We will be traveling up the Paulins Kill Valley, which is 
underlain by Cambrian and Ordovician carbonate rocks, such as the Allentown Dolomite, 
Beekmantown Group, and Jacksonburg Limestone.  The valley is flanked by hills held up 
by slates and graywackes of the Martinsburg Formation, lying in fault contact with the 
carbonates on both sides of the valley.

  0.3    10.3 Intersection with Stark Road (village of Warrington).  Ice-contact deltas in the lower part 
of Paulins Kill valley delineate three ice-retreat positions (Witte, 2001; Ridge, 1983). 



170

These deposits lie as much as 100 feet (30 m) 
above the Paulins Kill, and they form the bulk 
of meltwater deposits in Paulins Kill valley.
These deltas were laid down in small proglacial 
lakes held in the south-draining valley by older 
outwash deposits downvalley (Figure 125), and 
possibly by ice in the Delaware Valley.  This 
stepward style of deglaciation can be traced 
throughout the Paulins Kill valley.  Based on 
the morphosequence concept of Koteff and 
Pessl (1981), Ridge (1983) and Witte (1988) 
have delineated 14 ice-retreatal positions in the 
valley.  The meltwater- terrace deposits that 
cover parts of the valley floor were formed by 
meltwater emanating from these up valley 
positions.  The broad meltwater terraces in the 
vicinity of Vail and Walnut Valley lie well 
below the ice-contact deltas.  Their lower 
positions in the valley reflect a lowering of 
local base level as older outwash down valley 
became further incised by meltwater draining 
from younger retreat positions upstream.
  1.1    11.4 Pass through concrete tunnel 
(built 1909) beneath abandoned Delaware, 
Lackawanna & Western (DL&W) Railroad 

grade.
  0.8    12.2 Road to Mt. Pleasant on left.  Pass through village of Hainesburg.  A nearly complete 

skeleton of Cervacles scotti Lydecker was recovered from a bog just southwest of the 
village.

  0.2    12.4 Pass over Yards Creek.  For next 1.5 miles, cross over a large ice-contact delta.  The 
surface of the delta is kettled in many places. 

  0.1    12.5 Cemetery on left in late Wisconsinan outwash (ice-contact delta). 
  0.7    13.2 Knowlton – Blairstown Township line. 
  1.6    14.8 Turn left on Walnut Valley Road at sign identifying Yards Creek Pump-Storage 

Generating Station.
  0.2    15.0 Beekmantown Group, upper part dipping northwest on left side of road.  Just above this 

outcrop and around the bend the Jacksonburg Limestone is covered by thin till.   Most of 
the large erratics are the Shawangunk Formation (whitish quartz-pebble conglomerate), 
with lesser red sandstone boulders of the Bloomsburg Red Beds. 

  0.9    15.9 Pass Frog Pond Road on left. 
  0.1    16.0 Cross over Yards Creek.  Ramseyburg Member of the Martinsburg Formation exposed in 

creek bed to right.  Here the Ramseyburg has a well-developed southeast dipping 
cleavage.

  0.3    16.3     Many till stones beneath power lines to right.  Such stony tracts are common in areas of 
thick till. 

  0.5    16.8 Ahead to left on Kittatinny Mountain are prominent cliffs of Shawangunk sandstone and 
conglomerate.

Figure 125.  Typical deglaciation sequence in a narrow valley 
draining away from the glacier.  In panel A, a large valley train is 
deposited at and beyond a stationary ice margin.  In panel B, the 
glacier retreats several miles up valley and becomes stationary 
again.  During retreat from its previous position, a proglacial lake 
has formed between the retreating glacier and the valley train's 
head-of-outwash.  Into this lake, an ice-contact delta is deposited. 
 Over time, the lake's outlet waters erode a channel in the 
underlying valley train down valley.  In panel C, continued 
deposition in the lake, fills the lake's basin with deltaic sediment 
(chiefly sand and fine gravel).  Over time meltwater streams will 
deposit a thick wedge of coarse gravel and sand burying the ice-
contact delta. 
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  0.25  17.05 Pass Mount Vernon Road on right and enter Yards Creek Pump-Storage Project just past 
intersection of Walnut Valley Road and Mt. Vernon Road.  Lower reservoir occupies till-
dammed valley, the former site of a shallow glacial lake.

  0.05  17.1 Stop at guard shack. 
  0.1    17.2 Visitors’ Center on the left.  Continue straight. 
  0.1    17.3 Dam of lower reservoir to right.  Bear left toward Upper Reservoir.   
  0.2    17.5 Cross Penstock  With sharp eyes you can see the unconformable Martinsburg-

Shawangunk contact on the cliff to left.  Turn right uphill to picnic area. 
  0.2    17.7 Martinsburg exposed on left. 
  0.2    17.9 Turn left into picnic area and go to end of road. 
  0.2    18.1 Park buses.  Disembark. 

STOP 3.   YARDS CREEK PUMP-STORAGE GENERATING STATION: REGIONAL 
GEOLOGY—ORDOVICIAN-SILURIAN UNCONFORMITY, TACONIC/ 
ALLEGHANIAN DEFORMATION, AND ORIGIN OF SLATY CLEAVAGE. 
Leader: Jack B. Epstein. 

INTRODUCTION
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.  There is a storage 
reservoir at the top of the mountain and one at the bottom on the 
south, 737 feet below.  A penstock and tunnel connects the two 
reservoirs (Figure 126).  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 lifting water back to the top of the mountain, 
thus storing energy for the next day.  The operation is about 70 
percent efficient, but the 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. 

REGIONAL GEOLOGY 
Figure 127 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 

Figure 126.  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 
feet in diameter, 1,861 feet long,  and with a 
20 percent slope.  Three 10-foot diameter 
conduits extend into the plant.  Hills of the 
the Martinsburg Formation (Om) are 
separated by fault-bounded carbonate rocks of 
Camrian and Ordovician age in the Paulins 
Kill Valley.  The New Jersey Highlands, 
comprising Precambrian rocks are in the 
distance.
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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 127).  The penstock has cut through 
more than 1,000 stratigraphic feet 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 one mile west of Delaware Water 
Gap (Epstein, 1973), eight miles southwest of Yards Creek.  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, less so than farther southwest and less so than to the northeast (compare with 
STOP 6).  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 
feet above where the penstock enters the tunnel.  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 128). 

The lowest beds in the Martinsburg can be seen at the power plant under the transmission lines 
(Figure 128A).  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 128B),

Figure 127 .  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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although is not readily apparent in some nearby beds (Figure 128C).  Finally, within a few tens of feet 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 129).  Many 
papers have described the petrographic characteristics of slaty cleavage (see Epstein and Epstein, 1967). 
 Figure 129D 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 

Figure 128.  Development of cleavage in the Ranseyburg Member of the Martinsburg Formation at Stop 6. A,  Fairly well-
developed slaty cleavage, dipping 9oSE, exposed at the power plant at an altitude of 880 feet and about 1,250 feet 
stratigraphically below the Shawangunk contact.  Bedding dips 28oNW.   B, Outcrop just above the picnic area at Stop 6, 
altitude 1020 feet, about 650 feet 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 norhtwest, one foot 
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 one-foot 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 below the Shawangunk contact.  
Northwest-dipping bedding is the only parting present; slaty cleavage is absent. 
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(Figure 129D-a).  Chlorite and muscovite may grow along the cleavage direction in the pressure fringes 
of hard pyrite grains (Figure 129D-b).  Large chlorite-muscovite grains, a magnitude larger than the 
groundmass minerals, with mineral cleavage at high angles to the slaty cleavage and commonly cutting 
across

Figure 129.  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 miles south of the Shawangunk contact at Lehigh Gap, in the 
abandoned David Williams slate quarry (Epstein et al., 1974, p. 348); it is typical of all well-developed slate throughout the 
Martinsburg.
          A, 2.5 feet below the Shawangunk contact.   Muscovite and chlorite grains are parallel to bedding.  The are no 
presolved hackly edges on quartz grains.  No cleavage is apparent. 
     B, 2.5 feet 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 feet 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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cleavage folia, appear to be porphyroblasts (Figure 129D-c).  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 feet 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).

As discussed at STOP 1, 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.  This can be seen at Delaware 
Water Gap (STOP 1), here at STOP 3, and 
elsewhere, such as at Lehigh Gap.  Small-
scale outcrop versions of this phenomenon, 
as well as microscopic, 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 Acadia (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 117A,
STOP 1.  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, two 
miles southwest of Lehigh Gap and 31 miles 
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 117A, Stop 1.  These beds are in the southeast overturned limb 

Figure 130.  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-inch-thick clay fault gouge 
(at arrows).  Note the lack of slaty cleavage in the Martinsburg. 
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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 feet of the contact (Epstein and Epstein, 1969). 

Yards Creek has one of the four known exposures of the Taconic unconformity between the 
Martinsburg and Shawangunk Formations.  This is the best.  The contact is about 70 feet above the top 
of the penstock as it enters the tunnel.  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 
3/4 inch 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 under the lowest bed in the Shawangunk 
(Figure 130A).

At the contact, between the pelites of the Martinsburg and the feldspathic sandstone of the 
Shawangunk, there is a 1-2" 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.  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), 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, the angular discordance does not exceed 15 degrees, showing that this is a zone of low-
amplitude Taconic folding.  Figure 10 (p. 15) shows the regional picture. 

Leave STOP 3.  Retrace route to entrance to Yards Creek. 
  1.1    19.2 Turn left on Mount Vernon Road. 
  0.1    19.3 Cross Yards Creek. 
  1.0    20.3 Outcrop of Ramseyburg Member of Martinsburg Formation on right.  Note its well-

developed, southeast-dipping cleavage.  Ravine cut by meltwater on the left.
  0.5    20.8 Cross over Stony Brook.  Transition to carbonate-floored valley. 
  0.6    21.4 Stop sign.  Turn left on Buchanan Road. 
  0.45  21.85 Turn left on NJ 94 North. 
  0.35  22.2 Exposure of the dolomite facies of the Beekmantown Group (lower part) on left side of 

road.
  0.2    22.4     Cemetery on right lies in late Wisconsinan outwash (ice-contact delta). 
  0.2    22.6 Cross over Jacksonburg Creek. 
  0.35  22.95 Upper part of the Beekmantown Group crops out on right.  This exposure lies on an 

anticlinal hinge.  The carbonate sequence that continues upsection through the woods to 
the south contains an abundance of chert and supported small Paleoindian workings. 

  0.3    23.25 Sitting on the southeast-dipping limb of the anticline is an exposure of the Beekmantown 
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Group, lower part.  Immediately south lies a southeast-dipping thrust fault that traverses 
almost the entire Paulins Kill carbonate valley. 

  0.2    23.45 Turn left off NJ 94 onto Main Street, Blairstown. The town is built on a meltwater-stream 
terrace and slightly higher deltatic outwash. 

  0.25  23.7 Turn left onto Warren County 602 in Blairstown and go up hill.  
  0.2    23.9 Pass Blair Lake on left. 
  0.1    24.0 Cross over Blair Creek.  Follow Warren County 602 (Blairstown to Millbrook Road) up 

Blair Creek valley. 
  0.1    24.1 Exposure of the Allentown Dolomite on the left.  The trilobite faunas at this site have 

been extensively studied, beginning with Weller (1903) and later Howell (1945).  The 
faunas place this section of the Allentown within the upper Trempealeauian of Late 
Cambrian time. 

  0.2    24.3 Small exposure of the Allentown Dolomite on the left.  The rocks here dip towards the 
northwest. Continuing along the route will traverse the section oblique and crosses 
younger units.

  0.5    24.8 Conklin lime kiln.  The Allentown Dolomite ridge forms the backdrop of the lime kiln. 
  0.5    25.3 Late Wisconsinan outwash on right, covering  parts of the floor of Blairs Creek valley. 
  0.3    25.6 Intersection of Millbrook and Spring Valley Roads at Hardwick Center.  Bear left and 

continue up hill.  Pass through faint morainal topography (Franklin Grove recessional 
moraine) and begin climb out of carbonate valley. 

  0.1    25.7 Small weathered crop of the Beekmantown Group, upper part.  This dolomite is 
characteristically coarse grained and highly fetid.  Just above this exposure there is a 
slight flattening of the topography where the Jacksonburg Limestone traverses.  Outcrops 
were found during foundation construction of several new homes to the west.  The 
contact between these two units marks the Beekmantown unconformity that can be traced 
southward and upsection into the Knox unconformity in the southern Appalachians.  It 
marks the end of Lower Paleozoic carbonate margin and the beginning of the Taconic 
Orogeny and subsequent foredeep infilled by the shale, now slate, and graywacke of the 
Martinsburg Formation. 

  1.3    27.0 Entrance to Blairstown Center of Princeton University on right. 
  0.4    27.4 Road to Camp Mason on right.  Large stone rows of glacially-shaped boulders and 

cobbles.  Most of the boulders are quartzite and quartz-pebble conglomerate, quarried and 
plucked from the Shawangunk Formation (the same rock that holds up Kittatinny 
Mountain).

  0.8    28.2 Cross over Jacksonburg Creek, well-formed morainal topography (Franklin Grove 
moraine) to the left.  Note boulder-lag terrace in valley along creek. 

  0.2    28.4 Well-formed morainal topography on left (Franklin Grove moraine).  Climb southeast 
face of Kittatinny Mountain.  Ahead is a good view of the mountain’s steep, southeast-
facing escarpment.  The lower part of slope is covered with thick talus. 

  0.7   29.1 Enter Delaware Water Gap National Recreation Area (DEWA).  Pass shale-chip rubble 
pit on left.  Material chiefly derived from frost-shattered Ramseyburg Member of the 
Martinsburg Formation, which here lies in the south limb of a syncline.  Cleavage is 
poorly developed to absent in the thin-bedded shale and graywacke.  The Taconic 
unconformity (contact between the Martinsburg and overlying Shawangunk) is 100 feet 
above road level.  The Martinsburg was quarried here for road material. 

  0.4    29.5 The last exposure of the Ramseyburg immediately below the Taconic unconformity on 
the right (north).  A 6-foot-thick graywacke bed in the Ramseyburg Member of the 
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Martinsburg dips gently to the southwest in the trough of a syncline.  As at STOP 3, this 
graywacke parallels the form of folds in the overlying Shawangunk and disappears under 
the Shawangunk to the northeast. 

  0.3    29.8 Cross over Appalachian Trail and descend northwest flank of Kittatinny Mountain.  Two 
cross faults were mapped in steeply dipping beds of the Shawangunk immediately to the 
east .  Good view of the Pocono Plateau straight ahead on a clear day.

  0.1    29.9 First exposure of the Shawangunk Formation above the Taconic unconformity.  This crop 
exposes a quartz pebble conglomerate that dips westward.

  0.9    30.8 Cross over Van Campens Brook and enter Millbrook Village (restoration of a 19th

century village).  Millbrook began to develop in 1832 when Abram Garis built a gristmill 
on Van Campens Brook, followed by a Methodist Church in 1839.  By 1840, a general 
store and blacksmith shop were added, as was a post office in 1848.  In the 1850’s, a 
wheelwright shop, a shoemaker shop, hotel, and a tavern were constructed.  The village 
grew out of a necessity to serve the local farms—and, later, travelers who were using the 
nearby ferries. 

  0.1    30.9 Intersection with Old Mine Road.  (A road log along the historic Old Mine Road from the 
Delaware Water Gap to this point is Appendix A of this guidebook.)  Turn right onto 
Millbrook – Flatbrook Road.

  0.6    31.5 Gated park road on left before pond.   
  0.1    31.6 Striated Bloomsburg pavement (S280W ) near low earthen dam.  Shows cross-strike ice 

flow. 
  0.2    31.8 Bloomsburg outcrop on right. 
  0.25  32.05 Warren County – Sussex County boundary. Several striated outcrops of Bloomsburg Red 

Beds (S100 to 200W) along road on right. 
  0.35   32.4 Pass intersection (on right) with Blue Mountain Lakes Road.   The House at this 

intersection, now a general store operated by the Park Service, was built sometime 
between 1840 and 1880.  It was purchased by Samuel Garris in 1904 and operated as a 
hunting lodge, called the Flatbrookville Hotel.  In 1926, Andrew and Nelda Salama 
(White Russians who fled the Russian Revolution) purchased the property and ran the 
place as a communal summer house, named Salamovka, for New York artists and 
theatrical friends (Clemensen, 1996).

  0.5    32.9 Pass access road to Riverbend Campgrounds on left.  (The campgrounds was one of the 
stops on the pre-conference canoe trip.  See the guidebook for this trip for a discussion of 
late Wisconsinan deglaciation, postglacial terraces, local glacial stratigraphy exposed 
along bluff, formation of Wallpack Bend [consequent drainage, superimposed meander, 
structural control ?].) 

  0.1    33.0 Cross Flat Brook.  At stop sign turn right onto Wallpack-Flat Brook Road (Sussex 
County 615 North). (Note old iron truss bridge to right.)  Wallpack Valley is a strike-
controlled valley underlain by the Poxono Island Formation, a weak dolomite with sandy 
interbeds, and the Bossardville Limestone.  Across the road is a small outcrop of 
Bossardsville Limestone that dips southeast.  This orientation defines a small, tight 
syncline.  The Poxono Island Formation underlies the Flat Brook and is thought to be a 
detachment zone by some authors (Epstein) that separates two different rock units, the 
siltstone and sandstones of the Bloomsburg Red Beds below from the Silurian and 
Devonian, dominantly carbonate rocks, above.  Unfortunately, the Poxono Island is very 
rarely exposed in New Jersey.  Only a few feet have been exposed in three locations east 
of the Delaware.
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Just downstream from the intersection is the village of Flatbrookville.  By 1872, it 
contained two blacksmith shops, wheelright shop, three general stores, grist mill, saw 
mill, a cooper shop, hotel, Dutch Reformed Church, and about 20 houses.  The village 
thrived due to its proximity to Decker’s Ferry, a well-traveled route across the river, 
located about one-half mile downstream at Wallpack Bend (Clemensen, 1996). 

  0.3    33.3 Cemented, collapsed cobble-pebble gravel outwash overlying Bossardville Limestone on 
left.   

  0.4    33.7 Pass USGS Gaging Station on right. 
  0.45  34.15 Pass small, abandoned, sand and gravel pit on right.   Six feet of planar-bedded, matrix 

supported cobble-pebble-gravel overlying eastward dipping foreset strata of cobble-
pebble-gravel and pebble gravel.  The outwash here is possibly the remnant of an ice-
contact, valley-fill delta. 

  0.35  34.5 On left side of road, fossiliferous limestone and sandy limestone of the Shawnee Island 
and Peters Valley Members of the Coeymans Formation are exposed (measured section 
10 of Epstein et al., 1967).* 

*This locality has both personal and 
geologic significance to one of us.

Epstein reflects: In 1962, my 
geologic partner, Anita, and I visited 
this outcrop in search of ostracodes 
in anticipation that it would become 
one of the research localities for her 
paleontologic studies in Silurian and 
Devonian rocks in eastern 
Pennsylvania, leading to a PhD 
dissertation at Ohio State 
University.  At this time I was 
mapping the area to the west for the 
USGS.  I broke off a piece of the 
limestone (which we later named the 
Shawnee Island Member of the 
Coeymans Formation).  A tiny black 
shape in the rock prompted me to 
say, “Anita, look—a conodont.”

 “Impossible, you dummy,” 
said she (her typical vernacular). “Conodonts are too small to be seen with the naked eye!”   

“It sure looks like a conodont,” said I, “a big black one.”
    It indeed was a conodont, a large Icriodus woschmidti, typical of the Coeymans.

Anita subsequently changed her dissertation from ostracodes to conodonts because 
conodonts are excessively better for zonation, have a worldwide distribution, and are found in a 
variety of rock types. 

For the next year or two we pondered as to why these conodonts were pitch black, 
whereas those in the mid-continent in Ohio were pristine amber.  Reasoning that the color may 
reflect depth and duration of burial, and initially using poorly calibrated ovens, we determined 
that conodonts are marvelous geothermometers.  With increasing temperature and over time, they 
changed from their amber color, through shades of brown, to black as their organic matter was 
altered.  The temperature range spanned the temperature of hydrocarbon generation and 
destruction, encroaching on lower green schist metamorphic grade (and beyond as further 

Figure 131.  Anita Fishman Epstein Harris near overturned 
contact between the Shawnee Island Member and Peters Valley 
Member of the Coeymans Formation.  Beds dip 50 degrees 
southeast.  Picture taken in 1962--note the abundant increase in 
vegetable growth in the last 40 years.   
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alteration was noted in metamorphic rocks).  
During a phone discussion regarding environmental-geologic matters, I mentioned our 

analytical technique and results to a USGS geologist interested in oil and gas exploration.  He 
recognized the importance of our findings and the initial disclosure of the discovery appeared in a 
Geological Society of America abstract (Epstein, Epstein, and Harris, 1964).  We collaborated to 
produce a comprehensive report (Epstein, Epstein, and Harris, 1967) describing the technique in 
detail.  This was followed by a series of papers and maps as the technique was further applied 
and as one Epstein became unbetrothed and rebetrothed (e.g., Harris, Harris, and Epstein, 1978). 
The technique has since become an indispensable tool for oil and gas exploration and for other 
applications.

Three years after the initial conodont discovery, this locality was included in the 
Delaware Water Gap National Recreation Area.  The spot is the birthplace of a geothermometer 
technique that has saved the petroleum industry countless millions of dollars in exploration costs 
by indicating areas whose temperature regime is promising for production and indicating those 
areas that may be worthless for such exploration. 

So the oil companies are making millions—and Jack is still running around banging 
away at rocks.  Maybe Anita was right! 

.
  0.25  34.75 Exposure of silty limestone marking the beginning of the Schoharie Formation.  This is 

immediately above the contact with the underlying Esopus Formation. 
  0.25  35.0 Esopus Formation crops out on the left side of road.  To the right is a good view across 

the Flat Brook valley to Kittatinny Mountain on the skyline. 
  0.9    35.9 Port Ewen Shale outcrop dipping moderately northwest with a strongly developed 

southeast-dipping cleavage.  The rock is a fossiliferous, calcareous shale to siltstone. 
  0.15  36.05 Another moderately dipping Port 

Ewen Shale exposure. 
  0.05  36.1      Access road to Haneys Mills.

Down this road 0.3 miles, along 
the right bank of Flat Brook, is 
an outcrop of the Bossardville 
Limestone with nicely exposed 
mudcracks (Figure 132) and tidal 
laminites with micro channels, 
and bedding-plane slickensides.

An 1880 industrial census 
showed that Charles Haney 
owned a grist mill at this 
location, which he later 
converted into a sawmill.
Operations lasted until the 1920’s 
(Clemensen, 1996). 

  0.15   36.25 Late Wisconsinan outwash 
terrace to right. 

  1.95   38.2 Intersection with Pompey Road.  
Offset on Wallpack Ridge here is due to folding. 

  0.1     38.3 On the left (western) roadside is a small New Scotland Formation outcrop.  The unit dips 
moderately northwestward and has a strongly developed southeastern dipping cleavage.
Continuing northward, younger and younger units are intersected. 

Figure 132.  Mudcrack polygons on bedding surfaces of the 
Bossardville Limestone at Haneys Mills.  These and other 
structures indicate subaerial exposure on tidal flats during 
Silurian time.  Note that the polygons have been compressed 
during folding.  The average length/width ratio of the polygons is 
about 1.5/1. 
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  0.45   38.75 Bossardsville Limestone exposure displaying several small folds, and coarse, crystalline 
calcite veins. 

  0.25   39.0 Pass Wallpack Inn on right (“We feed the deer and the people too.”)  What they really 
mean is this: “ We feed the deer to fatten them up, so that we may prepare a mighty fine 
venison sauerbraten.” 

  0.2    39.2 DEWA ranger station on left. The basal section of the Bossardsville Limestone occurs on 
the west side of the road.  Henry Herpers of the New Jersey Geological Survey observed 
the upper few feet of the Poxono Island Formation during road repair in the 1950’s.

  0.1    39.3 Wallpack Valley Environmental Education Center on right.  More Bossardsville 
Limestone occurs along the left side of the road. 

  0.2    39.5 Wallpack Center.  Began in 1850 when Isaac and Jasper Rundle opened a general store.  
By 1872 it contained a blacksmith shop, post office, Methodist Church, school and 
several residences.  A Creamery was constructed in 1911.

  Pioneer trail on left (see Appendix B-). 
  1.8    41.3 Roy Wildlife Management Area. 
  0.3    41.6 Abandoned sand and gravel pit, now a rifle range, on left.  Twelve feet of cobble-pebble 

gravel topset beds overlying pebbly sand and sand foreset beds.  Most of the pits in this 
valley were excavated in glacial-deltaic deposits.  Similar to the Paulins Kill valley, 
slightly older outwash down the valley, blocked drainage to the Delaware River valley.
In this setting small proglacial lakes formed in front of the glacier’s retreating margin.
Because many of these deposits contain kettles and are collapsed, stagnant ice 
presumably covered parts of the valley floor.

  0.7    42.3 Collapsed late Wisconsinan outwash exposed in road cut on right. 
  0.2    42.5 Bevans Church on right.  Built on outwash.  High above the valley, on Wallpack Ridge, 

is an eastward facing rock shelter that has shown an extensive history of Amerind 
occupation.  The shelter, about 62 feet long, 6 to 14 feet in height, and 4 to 8 feet wide 
contained abundant artifacts.  Over 1000 pieces of pottery from at least twenty pots, 
many points of flint, jasper, and argillite, hand hammers, pestles, and other tools, and net 
sinkers were collected (Schrabisch, 1930). 

  0.2    42.7 Peters Valley, inhabited by a small group of artisans in a commune-style setting (pottery, 
smithing, jewelry).  Peters Valley was named after Peter van Ness, who in 1780 bought 
the property on which Peters Valley was later developed.  In 1830, a general store was 
opened by Robert Stoll.  By the middle of the 19th century the village consisted of two 
churches (Dutch Reformed and Universalist), hotel, blacksmith and wheelwright shop, 
cooper’s shop, cobbler’s shop, grist mill, school, and several homes. 

  0.5    43.2 Large late Wisconsinan outwash plain north of Peters Valley. 
  0.2    43.4 Left turn onto Sussex County 640 (Bevans Road). 
  1.3    44.7 Layton, intersection with Sussex County 560 (road to Dingmans Ferry bridge). 
  0.1    44.8 Cross over Little Flat Brook. 
  0.15  44.95 Intersection with Sussex County 645 (left), continue straight on Rt. 560. 
  1.15  46.1 Sussex County Garage on right. 
  0.3    46.4 Cross over Big Flat Brook. 
  0.7    47.1 At yield sign (Tuttles Corner), merge right onto US 206 South.   
  1.1    48.2 Pass main entrance to Stokes State Forest on left. 
  0.3    48.5 Pass Kittatinny Lake on right. Cross over the concealed contact between the Shawangunk 

Formation and the Bloomsburg Red Beds (Monteverde, 1992), which is covered here by 
thick till. 



182

  0.1    48.6 Enter Culvers Gap.  Upper Shore Road on left. Continue south on US 206 and cross over 
the Appalachian Trail, which is located at the intersection of Upper Shore Road and US 
206.

  0.1    48.7 Pass drop-off point for STOP 4 on left.  We will pass through the gap and turn the buses 
around near Culvers Lake.  By doing this trip participants will not have to cross the 
highway (where there’s a good chance someone will wind up as road kill), and we’ll have 
a good view of Culvers Cap from the Kittatinny Valley side.

  0.4    49.1 Culvers Lake on left. 
  0.25  49.35 Turn around at McKeowns-at-the-Lake restaurant on left. 

  0.55  49.9 Just past Lower Shore Road, 
on the right, is the drop-off point for STOP 4. 
 Pull off highway into small parking area.
Buses will continue to the Culvers Gap 
Parking Lot on the west side of the gap. 
STOP 4 will consist of 3 parts.  For part “a”, 
we will examine the materials that make up 
the moraine.  Part “b” will consist of a short 
walk (5 min) to the outer margin of the 
moraine where we will gather for the part “c” 
on the crest of the frontal ridge of the 
moraine.  Here we will discuss the 
morphology of the moraine, its formation 
(push moraine, dump moraine, stagnation 
moraine ?), and historical context.  Due to 
the large number of trip participants, 
proximity of the drop-off point to the 
highway, and limited space at STOP 4a, 
there will be no formal discussion until we 
meet again at STOP 4c. For those who wish 
to forgo the first two parts, the discussion 
area may be accessed from the Culvers Gap 
Parking Lot.  See directions below. 
Directions for buses to Culvers Gap Parking 
Lot:
  0.1    50.0 Turn right onto Upper Shore 
Road (Sussex County 636). 
  0.2    50.2 Turn left onto Sunrise 
Mountain Road, followed by a quick left into 
Culvers Gap Parking Lot.  Park buses and 
wait for weary and very hungry field 
trippers.  For those that want to find STOP 
4c, return to intersection of Sunrise Mountain 
Road and Upper Shore Road.  Cross Upper 
Shore Road and climb small ridge.  Await 
bevy of geologists. 

Figure 133.  Surficial geology of a portion of the Culvers Gap 
quadrangle, New Jersey, in the vicinity of Culvers Gap, and 
topographic profile of Culvers Gap.  List of map units: af - artificial 
fill, Qs - swamp and bog deposits, Qal - alluvium, Qta - talus, Qkm - 
thick till, Qkmr - thin till, Qom - Ogdensburg-Culvers Gap moraine, 
Qmu - small undifferentiated meltwater deposits, Qft - meltwater-
terrace deposits, sr - regolith, chiefly rock waste on steep hillslopes 
and ridge crests with minor talus, scattered erratics, and a few rock 
outcrops.  Shaded areas represent extensive rock outcrop.  Symbology 
on Qom: curved lines are drawn along the crest of large morainal 
ridges, and small polygons represent kettles.  Modified from Witte 
(1997b).
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STOP 4.   CULVERS GAP: MORPHOLOGY 
AND HISTORY OF THE CULVERS GAP-
OGDENSBURG RECESSIONAL MORAINE.
Leader: Ron W. Witte.
Location

STOP 4 is located in the Culvers Gap, NJ-
PA, 7.5-minute quadrangle in the Culvers Gap 
section of Stokes State Forest, Sussex County, New 
Jersey (Figure 133).  At one time, a well-worn trail 
through the gap linked the many Lenapi hunting 
and fishing camps around Culvers Lake, Lake 
Owassa, and nearby Swartswood Lake with the 
Delaware River. 

Geologic Setting 
Culvers Gap is a preglacial wind gap 

(Figure 134) that lies in the glaciated section of the 
Valley and Ridge physiographic province.  It forms 
a prominent pass through Kittatinny Mountain, 
linking Kittatinny Valley to the east with Wallpack 
and Minisink Valleys to the west.  The mountain is 
held up by the Shawangunk Formation, a tough and 
very resistant quartzite and quartz-pebble 
conglomerate of Silurian age.  The floor of the gap 
is covered by the Ogdensburg-Culvers Gap 
moraine, a recessional moraine of late Wisconsinan 
age, laid down at the margin of the Kittatinny 
Valley lobe.  Based on nearby well records, the 
gap’s bedrock floor lies between 750 and 800 feet 
(230 and 245 m) above MSL.  Salisbury (1902, p. 
350) appears to have been the first to use the term 
Ogdensburg-Culvers Gap moraine in describing a 
discontinuous morainal belt that traced a course 
westward through Kittatinny Valley from 
Ogdensburg to Culvers Gap.  Salisbury also noted 

that morainal topography in Minisink Valley near Fisher School House (located just north of Dingmans 
Ferry) and in Wallpack Valley near Layton, might have been coeval to the feature at Culvers Gap.
Minard (1961) traced the moraine over Kittatinny Mountain, and Witte (1997a) further refined its course 
and placed it within the morphostratigraphic framework that he developed for the Kittatinny and 
Minisink Valley ice lobes.  (See Witte, this guidebook, p. 81, for more information on the distribution of 
end moraines, their history, and how they are formed.) 
End Moraines 

End moraines in northwestern New Jersey form conspicuous, cross-valley ridges that mark 
former, stable, ice-marginal positions of the Laurentide ice sheet.  These features are of late 
Wisconsinan age, consist chiefly of till, have a varied morphology, and follow looping courses through 
the Kittatinny and Minisink Valleys.  Their courses show that the margins of the Kittatinny and 
Minisink Valley lobes were distinctly lobate at both a regional and local scale.  End moraines include 

Figure 134.  Reconstruction of the late course of the Culvers 
Gap River, and several scenarios for its capture by the ancient 
Delaware River.  Key to gaps not named on Figure: PG - 
Pequest Gap, OG - Oxford Gap, GG - Glen Gardner Gap, MG 
- Marble Mountain Gap, RG - Riegelsville Gaps, CLG - 
Cranberry Lake Gap. Pre-capture course of the Culvers Gap 
River: A-B Andover-Ledgewood course, A-C Andover-
Musconetcong Valley Course, E-F Pequest Valley course. 
Location of capture: V - Pequest Valley capture, W - Wind 
Gap capture, X - Pequest Gap capture, Y - Paulins Kill valley 
capture, Z - Mininsink Valley capture.  Elevation of nearby 
wind gaps are listed.  Modified from Witte (1997b). 
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the Franklin Grove, Dingmans Ferry-Ogdensburg/Culvers Gap, Montague-Augusta, Fairview Lake, 
Libertyville, Millville, and Steeny Kill Lake moraines, and they delineate recessional positions of the 
Kittatinny and Minisink Valley ice lobes (Witte, 1997a).  The following definition, modified from Flint 
(1971) adequately described the character of these features: “An end moraine is a ridge-like 
accumulation of drift built along any part of the margin of an active glacier.  Its topography is initially 
constructional, and its initial form results from (1) amount and vertical distribution of drift in the glacier, 
(2) rate of ice movement, and (3) rate of ablation."  Flint stressed the role that active ice played in 
transporting debris to the glacier’s margin, and the amount of debris in the ice sheet.  Presumably, the 
more active the glacier and the more drift it contained, the larger the end moraine it will make.  In 
addition, syndepositional and postdepositional modification of the moraine through ice shove, collapse 
due to melting of buried ice, and resedimentation of supramorainal materials chiefly by mass wasting, all 
act to give the recessional moraines their final form. 

End moraines consist of poorly consolidated, bouldery, silty-sandy to sandy till with minor beds 
and lenses of water-laid sand, silt, and gravel 
(Figure 135).  This material is distinctly different 
from the more compact, and less stony ground 
moraine or till that lays near the moraine.
Additionally, stratified drift is not a major 
constituent, even in places where the moraine 
crosses river valleys or former glacial lake basins. 
 Outcrops of morainal materials are rare due to 
the difficulty of digging the bouldery drift and 
more importantly its lack of economic value.  The 
best outcrops are places where the moraine was 
removed to expose economic deposits of sand 
and gravel.

STOP 4a: Composition of the Moraine 
At STOP 4a (Figure 133) we’ll examine 

the materials that make up the end moraine in Culvers Gap.  The outcrop in the west wall of the borrow 
pit exposes about 7 feet of till.  The parent material consists of poorly sorted, 10YR4/4 (dark-yellowish 
brown), slightly to moderately compact, silty sand.  As to gravel content, 7-10 percent of the clasts are 
greater than 1 inch in size, and 25-30 percent are less than 1 inch.  The till’s matrix has a granular to 
slightly prismatic structure, and contains indistinct layers and lenses (less than 2 inches thick) of coarse 
sand and very fine gravel.  Most of the clasts are subrounded, although subangular and rounded shapes 
are present.  In places, some layers are crudely graded, their bases marked by a concentration of larger 
clasts.  The gravelly and granular texture of the morainal till, its indistinct and graded layering and sandy 
interbeds suggest that this material consists of flow till and ablation till.  The character of this outcrop 
and several others observed by the author suggest that morainal materials have had a complex history of 
sedimentation related to the release of ice-entrained debris by melting at the glacier’s margin. 

The high percentage of clasts and fragments derived from the Martinsburg Formation 
(mineralogy of the morainal till is listed below) and the course of the moraine (Figure 135), clearly 
shows that the debris here was derived from sources in Kittatinny Valley.  The Kittatinny Mountain 
rocks (Shawangunk Formation and Bloomsburg Red Beds) also make up a large percentage of the 
moraine.  These lithotypes are found in glacial drift in Kittatinny Valley, especially along especially the 
western side of the valley.  The reason for this is that during the late Wisconsinan maximum, ice flow 
was directed across Kittatinny Mountain into Kittatinny Valley (Witte, 1997a).  Their abundance in the 

Figure 135.  Outcrop of till exposed in the Montague recessional 
moraine near Montague, New Jersey. 
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end moraine in Culvers Gap shows that the moraine is largely made up of reworked till. 

Lithology and mineralogy of Ogdensburg-Culvers Gap moraine in Culvers Gap 
(sample depth = 77 inches)

(Granules and sand mineralogy based on visual estimates 
  provided by F.L. Muller, New Jersey Geological Survey) 

Texture: 20% gravel, 35% sand, 45% silt and clay. 

Pebbles (1-3 inches): 3% dolostone (Kittatinny Supergroup), 41% slate and graywacke 
(Martinsburg Fm.), 25% lithic, quartz sandstone (Martinsburg Fm.), 29% quartzite and quartz-
pebble conglomerate (Shawangunk Fm.), 2% red sandstone (Bloomsburg Red Beds), 1% vein 
quartz.

Granules: 20% red sandstone, 35 % gray sandstone - quartzite, 45 % gray siltstone and shale. 

Sand (light fraction): 5% red sandstone, 15% gray siltstone and shale, 10% medium- to fine-
grained yellow-stained sandstone-quartzite, 15% light gray to white shale, 40% quartz, 15% clay 
and silt aggregates. 

Sand (heavies): 5% goethitic ironstone, 5% muscovite, 1% ilmenite, 1% garnet, 2% magnetite, 
5% aluminosilicates, 1% rutile, 7% zircon, 1% pyroboles, 60% quartz, 5% clay and silt 
aggregates.

Questions: 1) If this material was largely deposited as debris flows, is it really till?  2) What is the 
source of the morainal sediment, and does their exist a correlation between the thickness and extent of 
till immediately northward (up-ice) from the moraines and their size?  3) How is debris concentrated at 
the glacier’s terminus? 
STOP 4b: Morphology of the Moraine 

Head to STOP 4b (Figure 133) by following the trail marked with blaze-orange ribbons 
(northwest direction).  This short walk should take about five to ten minutes.  The traverse will take us 
from the moraine’s inner margin to its outer margin, a climb of about 80 feet (25 m).  The main purpose 
here is to observe the moraines morphology and note how it changes from knob and kettle to ridge and 
swale.  Unfortunately, due to the time of year vegetation will mask some of the morainal landforms (you 
should have been here earlier this year). 

The first part of the traverse will take us through a stand of hemlocks and across the inner 
morainal margin.  Here knob-and-kettle topography is well formed and many of the kettles contain year-
round water.  The overall appearance of the topography here is one of collapse.  The second part of the 
traverse will take us through the outer morainal margin.  It starts approximately, where the arboreal 
cover changes to a mixture of chiefly white, red and chestnut oak, hickory, and silver birch.  Here knob-
and-kettle gives way to ridge-and-swale topography.  Ridge crests in this area follow curvilinear traces 
that parallel the course of the moraine.  Swales here are elongated and typically parallel the adjacent 
ridges.  Continue along trail and gather on the crest of a large ridge at STOP 4b. 

STOP 4b lies on the crest of a large morainal ridge located along the front (outer margin of the 
moraine).  Ridge and swale topography is well formed here.  Behind the ridge (eastward), the moraine 
quickly drops off about eighty feet, with topography changing to knob and kettle. 

End moraines consist of a variety of topographic landforms that collectively form a belt as much 
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as one mile wide of thick, uneven 
bouldery drift.  The complex assemblage 
of depressions, boulder fields, ridges, and 
mounds provides a diverse topographic 
setting that to the casual observer appears 
random and chaotic in their trace across 
the countryside.  Many end moraines 
have been simply described as a belt of 
hummocky drift.  However, upon close 
inspection, end moraines consist of 
several types of topographic elements 
that can be mapped, and characterized
(see Witte, this guidebook, p. 81, more 
detailed discussion on their morphology 
and origin). 

A main topographic feature of 
end moraines in this part of New Jersey 
are their sets of nested ridges that parallel 
the moraine’s course (Figure 136).

MPR’s, like the one we standing on, generally lie along the outer margin of the moraine where they 
parallel its trace.  They have narrow to broad crests, stand as much as 50 feet (15 m) high, and are as 
much as 2000 feet (610 m) long.  However, most are less than 500 feet (152 m) long.  Many appear to 
have been formerly continuous, but they may have been disconnected by collapse during the melting of 
buried ice.  Ridge crests follow straight to slightly curved traces that parallel the outer border of the 
moraine.  In places, they form nested sets that exhibit a remarkable degree of parallelism, suggesting 
they were built at several ice-margin positions.  The topographic profiles of these moraine-parallel 
ridges (MPR’s) are typically asymmetric with their inner slopes the steepest.  Inner slopes are also 
hummocky showing that this part of the ridge was laid down against ice.  They are either push ridges, 
formed where the advancing ice had bulldozed ice-marginal sediment; ramps, formed by stacked sets of 
imbricate thrusts; or colluvial ramparts, laid down where the glacier margin remained stationary, 
shedding an apron of debris off its terminus.

Morainal knolls consist of low, rounded hills that vary from larger isolated hills to compound 
forms that consist of several smaller hillocks.  Relief is generally less than 25 feet, (8 m), although in 
places it may be as much as 60 feet (18 m) and side slopes are variable.  These features may be found 
throughout the morainal belt, but they are typically found along the moraine’s inner margin.
Collectively, they make up the largest areas in the moraine.  These landforms probably represent places 
where supraglacial debris collected in hollows at the terminus of the glacier.  Over time, the icy 
substrate melted, letting down its sediment load on the land; the thicker areas of sediment now form the 
higher parts of the moraine. 

Negative topographic elements include troughs, kettles, and meltwater channels.  Troughs are 
elongated depressions that typically parallel MPR’s.  They are best formed in the outer part of the 
morainal belt, where in many places they separate nested sets of MPR’s .  They are as much as 40 feet 
(12 m) deep, 100 feet (30 m) wide, and 300 feet (90 m) long.  These troughs represent places of little to 
moderate sediment accumulation between MPR’s or they may have originally been ice-cored ridges.
Kettles are circular to irregularly shaped steep-sided depressions.  In places, they are only partially 
enclosed forming small amphitheater-shaped bowls.  They are as much as 40 feet (12 m) deep, and as 
much as 500 feet (150 m) wide.  Many depressions are wet and contain swamp or bog deposits.  Other 

Figure 136.  Morphology of the Augusta moraine where it crosses Big Flat 
Brook valley, Kittatinny Mountain, Sussex County, New Jersey.  Morainal 
landform elements collectively define areas of ridge-and-trough, and knob-
and-kettle topography.  Figure from Witte (in press.) 
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depressions are dry or contain seasonal water.  Kettles have formed where detached blocks of residual 
ice have melted, leaving behind topographic depressions.  In places, low-lying morainal areas are 
formed by several enclosed to partially enclosed depressions and bowls.  They represent the opposite 
form of the compound morainal knoll and they formed where residual ice initially held up the higher 
areas along the margin of the glacier. 

Typically, the innermost parts of the morainal segments have fewer ridges, fewer elongated 
depressions, and exhibit knob-and-kettle rather than ridge-and-trough topography.  The morphology 
expressed by the Augusta moraine (Figure 136) is typical for morainal segments that abut thick and 
widespread till.  Overall these segments are larger, more continuous, and have more fully developed 
moraine-parallel ridges than those abutting thin patchy drift.  This strongly suggests that unconsolidated 
material near the glacier’s terminus may supply most of the sediment that makes up the moraine rather than 
nearby glacially eroded bedrock 
Questions: 1) How are moraine-parallel ridges formed?  Are they formed by active ice, or are they a 
product of mass wasting at the terminus of a stagnant glacier margin?  2) Why are the moraines larger 
and more continuous on Kittatinny Mountain where they lie next to thick till?  3) Do end moraines 
represent places where the glacier margin remained in a relatively stable position for hundreds of years? 

End of STOP 4.  Return to Culvers Gap Parking Lot and board buses. Exit north end of 
parking lot, turning right onto Sunrise Mountain Road and then immediately right onto 
Upper Shore Road at stop sign.

  0.2    50.4 At stop sign, turn right onto US Route 206 North 
  0.5    50.9 Turn right into entrance for Stokes State Forest. 
  0.2    51.1 Pass Visitors’ Center. 
  0.05  51.15 Intersection of “Old Strubble Road” and Coursen Roads.  Continue straight on Coursen 

Road and cross over small brook. 
  0.65  51.8 Bloomsburg outcrop on left. 
  0.4    52.2 Long exposure of the Bloomsburg Red Beds continues northward along the right side of 

road.  Bedding here dips to the west and it has a southeast dipping cleavage.  Cleavage is 
more spaced than farther to the southwest, past Wallpack Bend. 

  0.2    52.4 Boulder field on right.  In the Stokes Forest area, boulder fields are found in three 
settings, namely:  1) hollows, swales, and saddles along the main outcrop belt of 
conglomerate.  Boulder fields here typically lie below massive outcrops or above bedrock 
that is very close to the surface.  Boulders in this setting are generally angular in shape, 
may be as much as 25 feet long, and are derived from adjacent outcrops.  2) In areas of 
thick till, boulder fields form massive, elliptically-shaped accumulations that lie near the 
base of hillslopes and more rarely on broad uplands where they may have been initially 
concentrated by the glacier.  Boulders in this setting generally have a subrounded shape 
due to erosion during glacial transport.  Sorting is common and many boulders form 
crude stone circles.  3) Bouldery areas in small upland valleys and linear-shaped fields 
along hillslopes were formed in places where meltwater has eroded till and left behind a 
bouldery lag. 

   The accumulation of boulders at this particular spot was initially due to glacial 
transport.  In postglacial time, erosion of the hillslope by spring sapping formed a small 
drainage head that extended up toward the main part of the boulder field.  Over time, 
boulders were transported by mass wasting (chiefly creep) into the small basin. 

  0.5    52.9 At the end of Coursen Road , turn right onto Kittle Road and following signs to for Stony 
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Lake.
  0.2    53.1 Cross Stony Brook.  Bloomsburg outcrop in streambed below bridge on left. 
  0.1    53.2 Stony Lake Parking Lot.  Disembark.  After picking up your lunches and drinks, head 

over to the picnic area in the nearby hemlock grove or out to the shore of the lake. 

LUNCH STOP.  STONY LAKE AND STOKES STATE FOREST: A POTPOURI OF LOCAL 
HISTORICAL TIDBITS. 

     Hosts: Ron W. Witte and Donald H. Monteverde. 

Welcome to Stony Lake Day-Use Area, Stokes State Forest, New Jersey (Figure 137).  After  
picking up your lunches and drinks, head over to the picnic area in the nearby hemlock grove or out to 
the shore of the lake.  After lunch, take a few minutes to look over the sites (sights?, whatever) described 
below.  (Information on the sawmill, silver mine, and Stokes State Forest is from A Guide to Stokes 
State Forest, 39 p., Division of Parks and Forestry, New Jersey.) 

PARK HISTORY 
In the early 1800’s, 

William Snook operated a 
sawmill on Stony Brook, 
downstream from the bog 
that is now Stony Lake.
Early on, the mill cut a steady 
quantity of railroad ties, 
supplying the Railroad 
Barons with the timber they 
needed to expand their 
empires.  In 1872, a new mill 
was built, replacing the old 
up and down style saw with a 
circular one.  The mill, a 
family-run business that 
spanned seven generations, 
continued operation until 
1950.

In 1907, New Jersey 
Forest and Park Commission 

purchased 5432 acres of land in northwestern New Jersey and named it Stokes State Forest in honor of 
Governor Edward Stokes.  He had donated the first 500 acres.  Subsequent land acquisitions have 
increased the size of the park to 15,482 acres.  It borders DEWA on the south and High Point State Park 
to the north, collectively forming a large tract of public land that covers most of Kittatinny Mountain.
The state forest is maintained for public recreation, and wildlife and water conservation. In its early 
days, timber production was also overseen.  In the 1930’s, two Civilian Conservation Corps (C.C.C.) 
work camps were set up in the park to improve trails and roads, cut lumber, plant seedlings, and make 
overall improvements.  One such improvement was the creation of Stony Lake, formed after a 12-foot 
high, concrete arch dam was built across Stony Brook.

MASTODON DISCOVERY 
A fortuitous discovery in 1939 by a C.C.C. worker led to the recovery of several mastodon 

Figure 137. Map showing location of Day-1 LUNCH STOP at Stony Lake, location of 
Snook’s Silver Mine, and site of mastodon find at Shotwell Pond, Stokes State Forest, 
New Jersey.  Base map is part of the Culvers Gap, PA-NJ, 7 ½- minute quadrangle. 
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molars, and part of a jaw bone and front leg.  The remains were uncovered while excavating the north 
bank of Shotwell Pond, located about one mile west of Stony Lake.  Initially, the find was kept a secret 
out of fear of “being ridiculed by those who might consider the bones to be those of domestic farm 
animals.”  Only after the specimens were taken to the American Museum of Natural History in New 
York and positively identified as Mammut americanus, did the C.C.C. worker acknowledge his find.
They are on display at the Stokes State Forest Visitors Center. 

LOCAL GEOLOGY 
The Stony Lake dam was constructed on the Bloomsburg Red Beds on the former site of a small 

waterfall on Stony Brook.  An abandoned plunge pool and narrow-rock channel may be observed just 
below the dam.  The plunge pool, notching of the falls and formation of lower cascades were probably 
late Wisconsinan age, cut by meltwater during deglaciation about 18,000 years ago.  A cross sectional 
Bloomsburg cut exists just below the dam on the stream’s southwest bank. The medium-bedded siltstone 
and fine sandstone, often displaying fining-upwards cycles, offers a good look of the Bloomsburg’s 
regional lithology both here and regionally (Figure 138; Prave et al., 1989).  Finer grained beds have a 
much stronger developed cleavage (Figure 138).  Variable cleavage development can be used to 
highlight the fining upward cycles.  The well-developed southeast-dipping regional cleavage is well 
illustrated at this stream cut.  More exposure immediately below the dam just northwest of the stream 
exhibits a change to a gentler northwest bedding dip.  Very gentle southeast-dipping bedding outlines an 
opposing fold limb of an anticline.  The dam blocks further tracing of this fold.  Quartz slickenlines on 
the northwest-dipping bedding surface suggest tops to the southeast.  This movement direction indicates 
flexural-slip movement, similar to trends seen elsewhere in the outcrop belt.

The hummocky area below the hemlock grove is underlain by a gravelly, poorly compacted, 
light-brown to yellowish- brown, silty sandy till, the common surface till for this part of the park.  These 
small (typically less than a few acres) hummocky areas are found throughout the park.  In places 

topography is rock-controlled, in 
other places topography is 
constructional, the drift possibly an 
accumulation of ablation till. 

SNOOK SILVER MINE 
According to state forest 

history, John Snook (son of William 
Snook) found traces of silver in a 
veined Bloomsburg outcrop.  So in 
1875 he single handedly began to 
develop the small prospect.  He 
hammered, drilled and blasted until 
eventually a rectangular shaft 4 feet 
wide by 10 feet long and 32 feet deep 
was excavated (Figure 139).  For his 
own safety he decided to enlist his 
own small children as the blasting 
crew.  They entered the shaft and 
ignited the blasting fuse.  We have 
no knowledge if anyone was injured 
on the job. 

Figure 138.  Photograph looking westward across small stream just north of the 
Stony Lake dam.  Several fining-upwards cycles of Bloomsburg Red Beds are 
evident in the photograph.  Variable cleavage development can be used to 
highlight the fining-upward cycles.  The upper clayey siltstone beds portray a 
stronger developed cleavage than the lower sandstone layers. 
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As the prospect was not profitable for full 
time employment, Snook often flooded the shaft 
when he was not actively working.  History 
suggests the flooding was intentional to deter 
trespassers from working the prospect in Snook’s 
absence.  A hand powered pitcher pump allowed 
Snook to drain the shaft upon his return.  There 
is a question on Snook’s flooding of the shaft, as 
the opening is only several feet above a small 
stream.  During spring runoff the opening would 
occasionally flood.  Together with a wooden A-
frame structure that suspended a bucket with a 
pulley further excavation could continue.  State 
forest history does not list the total profit from 
the prospect except that Snook received  $75.00 
per ton of ore.  Snook was known to be 
somewhat of a braggadocio.  There is a belief 
that the price of the ore was used by Snook to 
raise the value of his real estate (W. Foley, 

personal communication).  There is no note of this mine in New Jersey Geological Survey historical 
records.  Figure 139 shows all that remains of Snook’s silver mine.

 Leave LUNCH STOP, following Kittle Road back to Coursen Road. 
  0.3    53.5 Turn left onto Coursen Road, heading back to US 206. 
  2.0    55.5 Turn right onto US 206 North. 
  1.65  57.15 Cross Big Flat Brook.  On the west side of the river is the remnant of a valley-train laid 

down from the Culvers Gap margin (located about 1 mile upstream). Most of this 
material has been eroded by later meltwater, and the postglacial Big Flat Brook. Climb 
out of the Big Flat Brook valley.  The upland topography is formed by thick to thin till 
overlying large strike-controlled ridges held up by the Bloomsburg Red Beds. 

 1.65   58.8 Cross Dingmans Ferry moraine and descend into Little Flat Brook valley. 
 0.9     59.7 Cross Little Flat Brook.  The lowland here is a strike valley that principally follows the 

very weak Poxono Island Formation (Monteverde, 1992).  The valley floor is covered by 
collapsed and dissected outwash that was laid in a small proglacial lake dammed by the 
Dingmans Ferry moraine (Witte, 1997a).  Some poorly drained areas appear to outline 
former stagnant ice blocks, an indication of stagnant ice at the margin of the Minisink 
Valley lobe.  The low ridge on your left (west) is Wallpack Ridge.  On your right (east) is 
the broad alluvial plain of Little Flat Brook.  The low terraces that rise above the flood 
plain are stream-terrace deposits.

  1.0    60.7 Pass Hainesville General Store on the left. 
  1.2    61.9 Cross over drainage divide between Little Flat Brook and White Brook.   The 

surrounding uplands chiefly consist of undulating strike-controlled bedrock ridges 
covered with thin till.

  1.2    63.1 Intersection of US 206 and Clove Road  (Sussex County 653).  Bear right at Y 
intersection.  The level plain here is underlain by outwash laid down at the margin of the 
Minisink Valley lobe (Witte, 1997b).  The low relief ridge directly ahead (north) is the 

Figure 139.  The gated opening to Snook’s Silver Mine.
Bedrock is exposed at the surface and down for approximately 
15 feet.  The opening lies only several feet above a small 
intermittent stream just off the photograph in the foreground.  
View is looking northeastward. 
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Montague recessional moraine. 
  0.2    63.3 Cross over Montague recessional moraine. 
  0.35  63.65 Intersection with the Deckertown Turnpike (Sussex County 650). 
  0.9    64.55 Cross Shimers Brook.  Crop of New Scotland in stream . 
  0.65  65.2 Entrance to High Point Country Club on right.  The area around the country club is 

underlain by deltaic outwash.  Lakes and wetlands occupy ice-block depressions. The 
New Scotland Formation crops out across the street behind the Montague Municipal 
Building.

  0.3    65.5 Turn right into small shopping center (Montague Mini-Mall) and park behind buildings 
near self-storage area.

STOP 5.   MONTAGUE MINI-MALL FOSSIL SITE: FLANK OF A CORALLINE BIOHERM 
IN THE COEYMANS FORMATION. 
Leader: Donald H. Monteverde. 

This site is located within the Milford, 
PA-NJ, 7 1/2-minute quadrangle behind the 
Montague Mini-Mall on Clove Road (County 
Route 653, Montague Township, Sussex 
County, New Jersey (Figure 140).  Zitrone 
Construction Co. owns the storage facility and 
permission should be obtained before entering 
the site.  Currently, New Jersey Green Acres 
Program (NJGAP) is in discussion with Zitrone 
about purchasing the limestone outcrop.  This is 
part of a new program to purchase geologically 
significant plots so they will not be lost to 
development.  Staff of the New Jersey Division 
of Parks and Forestry has a long-term goal to 
create “Geologic Heritage Trail” that locates and 
interprets this and other geologically significant 
sites for the public.  When NJGAP purchases 
geological sites, they become public lands under 
the laws of New Jersey.  The state’s initiatives 
in such preservation are in line with a very 
active movement throughout Europe to preserve 
significant geological sites, headed by both 

government agencies and private organizations.  A broad range of geological sites have been preserved 
as geological parks and/or nature preserves since the 1940s, from Hutton's Siccar Point in Scotland and 
international Global Stratotype Section and Point to exposures of regional interest.  Many sites continue 
to be added in Europe, and activity is spreading globally. An overview of the Geological and Landscape 
Conservation Movement is presented in O'Halloran et al. (1994).  Perhaps we should follow the 
Europeans’ lead and preserve geological sites of interest.

This outcrop is rapidly weathering and has receded several feet since first being exposed in the 
1980’s.  Weathering is accentuated along northwestern moderately dipping fractures and veins.  
PLEASE DO NOT DAMAGE THIS EXPOSURE WITH HAMMERS OR EVEN DIRTY LOOKS.  
WE WISH TO MAINTAIN THE INTERGRETY OF THIS OUTCROP.  WE PREFER YOU TAKE 

Figure 140.  Location map of STOP 5. 
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ONLY PICTURES, AS WE HOPE TO 
RETAIN THIS SPOT FOR FUTURE 
EDUCATIONAL PURPOSES.

REGIONAL GEOLOGY 
Middle Silurian through Lower 

Devonian sediments occur in a northeast-
trending outcrop belt (Figure 141).
Gentle, low amplitude, upright folds are 
found in the Middle to Upper Silurian 
Shawangunk Formation and Upper 
Silurian Bloomsburg Red Beds to the east. 
 The Upper Silurian through Lower 
Devonian Poxono Island Formation, 
Bossardville Limestone, Decker and 
Rondout Formations are locally covered 
by surficial deposits immediately to the 
east of the STOP.  Lying above and 
exposed at this location is the lower part of 
the Helderberg Group, consisting of the 
Manlius Limestone, Coeymans Formation 
and Kalkberg Limestone.  The remaining 
units of the Helderberg Group including 
the New Scotland, Alsen Formations and 
Port Ewen Shale, overlie the Kalkberg.
Continuing to the Delaware River 
successively younger units occur and 
consist of the Glenerie Formation of the 
Oriskany, Esopus, and Schoharie 
Formations, Onondaga Limestone, and 
finally the Marcellus Shale.  Regional 
mapping suggests that units younger than 
the Bloomsburg uniformly dip gently 
northwestward forming a monocline 
(Monteverde, 1992; Monteverde and 
Epstein, unpublished data; Drake et al., 
1996).

These sediments portray a 
paleoenvironmental change from 
continental to marginal marine and into 
variable carbonate shelf conditions.
Epstein and Epstein (1969, 1972) outlined 
the continental-marine-transitional 

Shawangunk and Bloomsburg sediments.  Sourced by northwest draining streams, these sediments 
represent fluvial, estuarine, lagoonal, tidal flat and offshore bar and beach environments.  Poxono Island 
and Bossardville sediments continue a marine transgression and mark initiation of carbonate deposition. 
 They indicate a brackish supratidal and intertidal flats depositional environment (Epstein et al., 1967; 
Barnett, 1970; Epstein, 1986).  Locally developed biostromal reef complexes (corals? +

Figure 141.  Regional geologic map of Devonian and Silurian 
sedimentary units (Monteverde and Epstein, unpublished data).  Beds 
form a northwest dipping monoclinal structure.  STOP location marked 
by red star.  Southeast of the STOP are several patch reefs within the 
Shawnee Island Member identified by Epstein et al. (1967), Spinks 
(1967), and Finks and Raffoni (1989). 
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stromatoporoids?) developed on a carbonate shelf that experienced some siliciclastic influx during 
Decker deposition.  Relative sea level fell as witnessed by the restricted lagoonal and tidal flat 
paleoenvironments of the Rondout (Herpers, 1951; Epstein et al., 1967; Epstein and Epstein, 1969).

The Rondout marks the end of the Silurian and the beginning of the Devonian (Denkler and 
Harris, 1988).  Subsequent marine transgression ensued as the lower Helderberg Group marks a shift 
from supratidal, through lagoonal and intertidal deposits of the Manlius Limestone (Epstein et al., 1967; 
Barnett, 1970; Smosna, 1989) down to high-energy shallow water conditions of a carbonate shelf/ shoal 
and associated patch reefs of the Coeymans Formation.  Successively deeper shelf settings followed 
through the Kalkberg Formation into argillaceous limestones of the New Scotland Formation.  In this 
region the overlying Alsen Formation records a minor regression and redeposition of fossiliferous cherty 
limestone.  The same regression is marked in eastern NY by crinoidal grainstones of the Becraft 
Limestone.  Deepening sea level returned back to deeper subtidal and controlled the Port Ewen Shale 
deposition (Barnett, 1970).  This marked the end of the Helderberg Group deposition.

Helderberg Group rocks are the basis of this STOP. Epstein et al. (1967) characterized the 
variations of these units along strike from eastern Pennsylvania through northwestern New Jersey into 
southern New York (Figure 142).  The different members highlight the regionally shifting 
paleoenvironmental changes along the carbonate margin.  (Description of the different limestone units 
follows the terminology originally devised by Dunham [1962], and subsequently modified by Embry 
and Klovan, [1971].  Refer to Figure 143 for a definition of terms.)  Only the Shawnee Island Member 
of the Coeymans Formation is exposed at this STOP; the underlying Thacher Member of the Manlius 
Limestone crops out in the woods to the east.  The overlying units, the Kalkberg and New Scotland 
Formations, are covered nearby but are exposed along strike to the northwest and southwest.

PATCH REEFS AND FLANK PALEOENVIRONMENTS 
Along its outcrop belt from eastern Pennsylvania through western New Jersey, eastern New 

York and westward into central New York, the Coeymans Formation contains at least 14 isolated reef 

Figure 142.  Fence diagram portraying the relationship of the different members of the Coeymans Formation from eastern 
Pennsylvania through western New Jersey and into southern New York.  Four patch reefs are identified within the Shawnee 
Island Member.  Numbered measured sections are from Epstein et al. (1967) and lettered sections from Spinks (1967).   
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deposits (Oliver, 
1960; Rickard, 1962; 
Epstein et al., 1967; 
Isaacson and Curran, 
1981; Precht, 1982, 
1984, 1989; Smosna, 
1989).  Nine-reefs 
have been 
documented in the 
Deansboro Member of 
the Coeymans 
Formation in the 
Syracuse, New York, 
region and the 
remaining are in the 
Shawnee Island 
Member in 
northeastern
Pennsylvania and 
northwestern New 
Jersey (Figure 142).
Each Shawnee Island 
build up is a patch reef 
with a central core 
ranging up to 525x230 
feet (160x70 m) and 
50 feet (15 m) thick, 
accompanied by 
associated flank beds 
(Figure 144) (Epstein 
et al., 1967; Precht, 
1982, 1984, 1989; 
Finks and Raffoni, 

1989; Raffoni and Finks, 1989).
Flank Beds 
Reef flank facies consist of bedded bioclastic reef debris that thin away from the reef proper (James and 
Bourque, 1992) (Figure 144).  Wilson (1975) differentiates two separate facies, that of flank beds and 
talus.  Bioclastic debris is the exclusive sediment of flank beds while talus also contains lithoclastic 
material.  Lithoclastic material consists of partially lithified micritic material ripped up from underlying 
beds.  Talus facies deposits are rare compared to flank bed facies occurrence (Wilson, 1975).  Tucker 
and Wright (1990) suggest that these flank deposits only form near wave base and are therefore 
grainstone dominated.  High-energy waves and currents washed over these skeletal debris deposits and 
removed all micritic material (Smosna, 1989).

Reef flanks, as seen here, contain a high content of reefal debris material.  This material lies 
broken and fragmented without any accompanying micritic or lithoclastic material.  Fragmental 
hemispherical Favosites and crinoids constitute the greatest percentage of debris (Figure 145).  Scarce 
stromatoporoids can also be seen on the exposure.  Rare brachiopods are present though I have yet to 

Figure 143.  Carbonate classification as devised by Dunham (1962) and later modified by 
Embry and Klovan (1971).   It should be noted that bafflestone, bindstone and framestone are 
common applied to reef facies while floatstone and rudstone are more indicative of flank 
deposits.



195

find any examples.  Crinoids commonly 
weather in relief and are extremely 
fragmented.  Single specimens often can 
be plucked directly from the outcrop.
The absence of lithoclasts and presence 
of fragmented and rotated skeletal 
debris characterize this exposure as a 
reef flank depositional environment.

Relative abundance of the 
different bioclastic material varies over 
the outcrop.  Corals exist across the 
outcrop but they dominate in the 
southern beds. Crinoids occur as 
dispersed debris and also concentrated 
as bed load.  They are moderately sorted 

in the absence of coralline material. Stromatoporoids are least abundant debris across the exposure.
A general grain size trend exists across central beds of the exposure.  Coarser debris, dominated 

by fragmented hemispherical corals forming a rudstone texture, occurs towards the south while finer 
material, smaller coralline debris and a general grainstone texture, towards the north. The lowest bed 
maintains a fairly uniform lithology across the outcrop starting as wackestone to packstone and changing 
upwards through thin lenses of fragmental crinoids into a bioclastic rudstone.

The character of the limestone beds indicates a reef flank paleoenvironment.  The absence of 
micritic material and lithoclasts suggests an environment above wave base, in strong currents but not 
reef proximal enough to be considered talus.  The corresponding reef could be south of this exposure as 
indicated by this outcrop’s apparent coarser grain size in that direction.  Finks (oral communication, 
2001) suggests that this site is proximal to a patch reef, currently not exposed.

Local Reefs 
One of the Shawnee Island 

reef examples occurs in Montague 
Township, only 1.5 miles south-
southeast of this stop.  First 
documented by Epstein et al., 
(1967), it has subsequently been 
studied by Precht (1982, 1984, 
1989), Finks and Raffoni (1989) 
and Raffoni and Finks (1989).
Precht (1989) described four 
growth zones that follow the 
successive reef growth stages of 
stabilization, colonization, 
diversification and domination 
(Figure 146) as described by 

James and Bourque (1992).  The four growth stages of Precht (1989) are: 

Figure 145.  Photograph of reef debris within these flanks deposits.  Crinoid 
fragments occur dispersed throughout the photograph and outcrop.  Rare 
stromatoporoid can be found as seen here.  At this spot on the exposure the 
matrix material is almost exclusively composed of fragments of the 
hemispherical coral Favosites.  US quarter-dollar for scale. 

Figure 144.  General arrangement of a Devonian stromatoporoid patch 
reef including flank beds that can contain extensive crinoidal debris as 
seen at STOP 5.  Reefs may build multiple cores and flank beds as they 
prograde and./or construct vertically towards sea level.  Windward and 
leeward sides have been identified at the Montague reef (Finks and 
Raffoni, 1989).  Shapes tend to be elongate and trend parallel to depth 
contours.  Modified from Wilson (1975). 
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1. Deposition of massive bedded crinoidal packstones to grainstones that stabilized the substrate. 
2. Large domal and branching forms of the tabulate coral Favosites colonize the substrate, initiating 

reef formation. 
3. Development and diversification of reef core where bafflestones, floatstones, and framestones 

predominate.  Reef growth includes branching tabulate corals (Cladopora and Favosites), domal and 
planar tabulate corals (Favosites), rugose corals, and domal and laminar stromatoporoids. 

4. Massive stromatoporoids overgrown by laminar and encrusting stromatoporoids and encrusting 
algae predominate and develop into bindstones and framestones under shallow water conditions.
Diversity of tabulate corals and stromatoporoids diminishes drastically as compared to lower stages.   

Finks and Raffoni (1989) and Precht (1989) suggest that deeper, more open water existed north 
of the Montague reef.  The reefs formed and prograded across gently northward-sloping sea floors in 10-

20 m water depth (Smosna, 1989; Precht, 1989) (Figure 147). Reefs built up to sea level and higher 
energy flow conditions  (Epstein et al., 1969; Finks and Raffoni, 1989; Precht, 1989) (Figure 148). 

Figure 146.  Description of growth stages of reef deposits.  Precht (1989) established a similar growth pattern for 
the nearby Montague patch reef.  Modified from James and Bourque (1992). 

Figure 147.  General construction of a lower Devonian stromatoporoid reef showing the development of various coral 
types as related to shelf environments and offshore direction (James and Bourque, 1992).  This diagram was altered to 
account for the different coral densities across the Montaque reef as defined by Finks and Raffoni (1989).
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   Leave STOP 5, exiting 
Mini Mall and turning 
right onto Clove Road. 

  0.4    65.9 Descend ice-contact 
slope of valley-head 
delta, entering the 
upper end of Mill 
Brook valley.  Mill 
Brook Valley drains 
northeastward.  It is a 
prolongation of 
Wallpack Valley, 
continuing along the 
same strike belt of 
Silurian and Devonian 
rocks.

  0.6    66.5 Abandoned sand and 
gravel pit on right.
Collapsed foreset beds 
of sand, pebbly sand, 
pebble gravel, and cobble gravel are interlayered with flow till.  The many small sand-
and-gravel pits in this valley all revealed collapsed foreset beds of varying texture.  In 
most places, the deltaic outwash is found along the sides of the valley, suggesting 
deposition against stagnant ice that occupied the center of the valley—the classic view of 
a kame terrace.  Reconstructed longitudinal profiles of the deposits show that their 
elevation was controlled by spillways across the valley-head delta and cols through 
Wallpack Ridge.  This shows that deglaciation occurred by stagnation-zone retreat rather 
than by valley-bottom stagnation 

  0.2    66.7 Road cut in “kame terrace”. 
  0.3    67.0 New Mashipacong Road. 
  0.3    67.3 Abandoned sand and gravel pit on right. 
  0.4    67.7 Abandoned sand and gravel pit on right. 
  0.2    67.9 Westfall Farm on left. 
  0.2    68.1 Abandoned sand and gravel pit on left. 
  0.6    68.7 The lime kiln on left sits on outwash. 
  0.5    69.2 Cross Clove Brook. 
  0.4    69.6 Abandoned sand and gravel pit on right. 
  0.7    70.3 At stop sign, turn right on NJ 23 South. 
  0.75  71.05 Stratified drift exposed in road cut to left.  Based on the position of the outwash here, it 

appears to be kame (ice-hole filling). 
  0.2    71.25 Enter High Point State Park and climb northwest flank of Kittatinny Mountain. 
  0.05  71.3 Bloomsburg Red beds on left side of road.  The hill here is underlain by south-dipping 

Bloomsburg Red Beds.
  0.15  71.45 Borrow pit in till on left 
  0.4    71.85   Boulder field on right. 

Figure 148.  Photograph of reef debris within these flanks deposits.  Crinoid 
fragments occur dispersed throughout the photograph and outcrop.  Rare 
stromatoporoid can be found as seen here.  At this location of the exposure 
the matrix material is almost exclusively composed of fragments of the 
hemispherical coral Favosites.  US quarter dollar for scale. 
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  0.9    72.75   Cross Steenykill Lake recessional moraine.  Steenykill Lake on left. 
  0.65  73.4 Northwest-dipping Shawangunk Formation crops out on the left side of road. 
  0.55  73.95 Northwest-dipping High Point Member of the Martinsburg Formation.  This location is 

directly beneath and south of the Taconic unconformity. 
  0.1    74.05 Turn left into main entrance of High Point State Park.  Bear left at yield sign. 
  0.05  74.1 Entrance booth at State Park. 
  0.1    74.2 Shawangunk erratic at spilt in road. 
  0.1    74.3 Outcrop of the High Point Member of the Martinsburg Formation. 
  0.25  74.55    Did you feel it? We just crossed the Taconic unconformity again. 
  0.1    74.65 Lake Marcia (natural lake) on right and good view of High Point Monument.  The 

Taconic unconformity projects out and plunges under the lake (Monteverde and Epstein, 
unpublished data). 

  0.25  74.9 Shawangunk Formation dips northwestward on left side of road. 
  0.1    75.0 Park road to Cedar Swamp on left (only known inland occurrence of Atlantic White 

Cedar).  Continue straight uphill to Monument Parking Lot. 
  0.5    75.5 Entrance to Monument Parking Lot.  Debark from buses and proceed to base of 

monument.

STOP 6.   HIGH POINT: OVERVIEW OF BEDROCK GEOLOGY, GEOMORPHOLOGY, 
AND THE CULVERS GAP RIVER. 

       Leaders: Jack B. Epstein, Donald H. Monteverde, and Ron W. Witte. 
INTRODUCTION

This stop is located in 
High Point State Park (Figure 
149) along the northeastern most 
extent of Kittatinny Mountain in 
New Jersey.  High Point affords 
its visitors exceptional vistas….
To the southwest is the curving 
ridgeline of Kittatinny Mountain. 
 The small notch near the ridge’s 
midpoint is Culvers Gap (STOP 
4).  Eastward lies Kittatinny 
Valley with the New Jersey 
Highlands in the background.  To 
the northeast, Kittatinny 
Mountain gives way to a broad 
upland that forms the 
Shawangunk Mountains.  The 
Catskill Mountains, which can be 
seen only on a very clear day, 
form an area of high, jagged relief 
west of “the Shawangunks.”  
Westward lies the uneven Pocono 
Plateau, an area underlain by 

gently northwest-dipping shale, siltstone, and sandstone.  Extensive erosion of these rocks over millions 
of years has created a rugged landscape that remains largely uncultivated.  The Delaware River flows 

Figure 149 – Stop 6 is located next to the High Point monument in High Point 
State Park, Port Jervis South, NY-NJ-Pa quadrangle.
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southeastward off the Pocono Plateau to Minisink Valley where it makes a right-hand turn, continuing 
its course to the southwest.  The slopes to the south and east of High Point house graywacke and slates 
of the Martinsburg Formation.  Sequestered within the Martinsburg is the Paulins Kill Valley, underlain 
by Cambro-Ordovician carbonate rocks.  Beyond are well-defined ridges in the Hudson and New Jersey 
Highlands consisting of Precambrian metamorphic rocks, upon which are the 1,000-foot-high slopes of 
the Vernon Ski area.   Perhaps, after our long day in the field, it is a time for quiet contemplation, rather 
than a lengthy and loud discussion about the past. 
Park History 

In 1890 Charles Saint John, Jr. purchased a 1700-acre 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, the Inn 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 F. Dryden, purchased an additional 7,000 acres from the 
Rutherford family giving the Kuser’s a combined estate of about 10,400 acres.  In 1923, the Kuser’s 
decided to donate their land for the creation of High Point State Park in memory of John Dryden.  The 
park was originally administered by High Point Park Commission until their responsibilities were 
centralized in the State Park Service in 1945.  During the 1930’s, 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, the cedar swamp was set aside as 
The John Dryden Kuser Memorial Natural Area in memory of the former New Jersey State Senator and 
son of Colonel and Mrs. Anthony Kuser.

The High Point Monument was built on the highest point in New Jersey (1803 feet, or 549.5 m, 
above sea level) and was dedicated in memory of New Jersey’s wartime heroes.   The construction of 
the monument, which was funded by Colonel and Mrs. Kuser, began in 1928 and was completed in 
1930.  The 220-foot 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.
Presently, the monument is closed for restoration. (Information about the history of High Point State 
Park is from New Jersey Department of Environmental Protection [1994].)  

BEDROCK GEOLOGY 
Local
At High Point, we are standing on the Shawangunk Formation of probable Middle Silurian age (Figure 
150).  The Taconic unconformity just below the Shawangunk dominates the local geology.  The trip has 
already traversed this unconformity twice in the last 1.5 miles, but unfortunately the contact is not 
exposed.  I-84 construction uncovered the contact (Figure 151), approximately 3 miles north and 
displayed a thin clayey fault gouge similar to that observed at Yards Creek (STOP 3) separating the 
Martinsburg from the overlying Shawangunk. Epstein recorded a slight angular divergence between the 
two units. 
Another exposed contact originally described in New Jersey Geological Survey historical notes depicts a 
classic erosional unconformity where Shawangunk coarse clastics bevel the Martinsburg without 
apparent structural deformation (Figure 152).  Again only a slight angular discordance separates the 
Shawangunk and Martinsburg Formations.  Colluvium covers the Martinsburg beneath the contact. 
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The Taconic unconformity represents a major break in the rock record.  It separates two diverse 
units represents distinctly different paleoenvironments.  Beneath the unconformity the Martinsburg 
sediments represent deposition in a deep foreland basin.  Turbidite deposition occurred both under 
northwestward-directed downslope conditions as well as parallel to the southwest-northeast trending 

basin axis (McBride, 1962).  The Martinsburg foreland basin displays a pronounced along-strike 
morphology with deeper environments represented by the commercial slate of the Penn Argyl Member 
in eastern Pennsylvania and the thick sandstone beds of the locally occurring High Point Member 
signifying more proximal position (Drake and Epstein, 1967; Drake, 1991).  McBride (1962) showed 
that paleoflow in New Jersey parallels the bathymetric basin axis towards the southwest whereas 
Martinsburg sediments, located farther westward, were carried northeast.  This indicates a deep basin 
depocenter in eastern Pennsylvania, around the Penn Argyl outcrop belt.  The youngest Martinsburg is 
late Middle Ordovician in age (Parris and Cruikshank, 1992) with deposition synorgenic in the Taconic 
orogeny.  The Shawangunk resides on the other side of the unconformity.  This clastic wedge developed 
after filling and uplift of the Martinsburg foreland basin.  A mountain range to the east built by the 
progressive Taconic northwest verging fold and thrusting supplied clastic detritus transported westward 
in fluvial systems until final deposition under braided stream conditions (Epstein and Epstein 1972, 
Epstein, 1993).  A sedimentological problem, common throughout the Appalachians, is why there is a 
dearth of pebbles derived from rocks overlying the Precambrian.  Sediment provenance shows the 
source as an uplifted and unroofed Grenville terrain (Gray and Zeitler, 1997). 

Figure 150 – Block diagram of the High Point State Park region.  The resistant Shawangunk Formation underlies 
Kittatinny Ridge crest.  Bloomsburg forms the northwest mountain slope while the Martinsburg forms low lying 
topography to the east.  Thicker bedded sandstone units within the Martinsburg hold up the low ridges. 
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High Point rests on the 
Shawangunk Formation.  Looking 
southwestward, the unconformity, 
projecting halfway across Lake 
Marcia, is exposed along a doubly 
plunging anticline that folds both the 
underlying Martinsburg and overlying 
Shawangunk (Figures 153 and 154).
The anticline continues through the 
Shawangunk west of the High Point 
monument before plunging out.  The 
glacially polished rocks exposed here 
at the ridge crest form the southeast 
dipping limb of the anticline 
(N38oE/55oSE).  The corresponding 
syncline folding both the Martinsburg 
and Shawangunk lies to the east.

Shawangunk folds are doubly 
plunging, discontinuous structures that 
commonly form en-echelon. Locally, 

they develop as upright, open structures except just west of the major ridge where overturning is evident. 
 Gently southeasterly inclined fold hinges mark these structures that could be related to blind thrusting in 

the basal Shawangunk and 
Martinsburg.  Seismic sections 
along I-84 84 depict 
northwestward-directed thrust 
faulting within the Martinsburg 
as the Shawangunk contact is 
approached. These structures 
have been truncated by 
southeast-directed backthrusts 
(Herman et al., 1996). 

Figure 151 – Taconic unconformity exposed in the Interstate Route 84 
construction cut.  A thin fault zone exists along the contact.  There is a 
slight angular divergence between the Shawangunk Formation bedding 
above and the Martinsburg Formation below. 

Figure 152 – Taconic unconformity exposed in Stokes State Forest, several miles 
south of Stop 6 in the Branchville quadrangle.  The contact shows an angular 
unconformity that down cuts to the north.  Dotted line marks the unconformity and 
solid line the Martinsburg bedding.  No deformation was evident along this contact. 
 The basal Shawangunk is a thick bedded, quartz pebble conglomerate.  This basal 
unit portrays this characteristic rough weathering profile all along the Kittatinny 
Mountain front.   Only the upper two feet of Martinsburg is exposed. 
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Looking to the northeast, a 
broad arch can be seen in the 
Shawangunk at Ellenville, New 
York  (Figure 10, p. 15).  Because 
of the excellent exposures at this 
locality, we are able to separate 
Taconic from Alleghanian 
structures, as described by Epstein 
and Lyttle (this guidebook, p. 22).
They determined that only gently 
upright folds of Taconic age are 
found adjacent to the Shawangunk 
contact and northwest of 
Ruedemann’s line.  Similar folds 
in the Martinsburg occur at the 
unconformity in the High Point 
region.  Hers the Martinsburg 
outcrops form a uniformly 
northwest-dipping panel except in 
close proximity to the 
Shawangunk.  Small folds affect 
both the Shawangunk and 

Martinsburg beds (Figure 154).  These folds plunge out over short distances and commonly continue for 
less than one mile.  Several small igneous bodies intruded along bedding cut the Martinsburg.  These 
intrusive bodies relate to the Beemerville Intrusive Complex and related diatremes exposed just below 
the Taconic unconformity in the Branchville quadrangle to the south.  Taconic structures, however, 
become increasingly more complex to the southeast. 
Regional

The regional geologic relations are shown in Figure 10 (p. 15).  The structure of Blue-Kittatinny- 
Shawangunk Mountains changes markedly from the complex folding and faulting in the southwest, such 
as at Hawk Mountain and Lehigh Gap, through overturned folds at Delaware Water Gap (STOP 1) and 
Yards Creek (STOP 3), to more upright and open folds at High Point.  This deformational trend in the 
Shawangunk is fairly uniform and persistent along the ridge.  Immediately west of Culvers Gap and 
High Point, the Bloomsburg through Marcellus outcrop belt widens to nearly eight miles in the vicinity 
of Montague, NJ.  These rocks, between Wallpack Center and Port Jervis, gently dip northwestward 
forming a monoclinal panel (Monteverde, 1992; Monteverde and Epstein, in prep).  Spink (1967, 1969, 
1972) hypothesized that the decreased structural intensity relates to strain shadow effects of a large 
intrusion, the Beemerville Intrusive Complex, at and near the Shawangunk-Martinsburg contact. 

Several lines of reasoning indicate the possibility of the Beemerville Intrusive Complex acting as 
a buffer to tectonic strain propagation into the foreland during the Alleghanian orogeny  (Figure 155).
The propagation of both penetrative and mechanical strains has been affected by the intrusion.  Cleavage 
developed within Upper Silurian through Upper Devonian sediments displays similar regional trends.
Southwest of Wallpack Center, NJ through Stroudsburg, PA.  Lower Devonian sediments exhibit an 
intense southeast-dipping, closely spaced, regional cleavage.  In select areas the well-developed 
cleavage in the Esopus is a defining characteristic used in bedrock mapping (Alvord and Drake, 1971).
Between Wallpack Center and the New York State line, cleavage is almost completely absent in 

Figure 153 – Photograph of Stop 6, High Point Monument looking northeast 
from southwest margin of Lake Marcia along the field trip route.  The Taconic 
unconformity projects part way across the lake before plunging northeastward.  
Shawangunk beds underlie the far lakeshore.  The cross section depicts a 
stylized cross section interpretation of the folded overlying Silurian sediments, 
unconformity surface and the lower Ordovician beds. 
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Devonian units (see discussion at 
STOP 10, Day 2).  Locally a spaced 
cleavage may occur but it is not 
penetrative.  Compare the well-
developed cleavage within the 
Onondaga and Marcellus at Stops 8 
and 9 with the less penetrative 
pencil cleavage in the Mahantango 
at STOPS 10 and 12.  The regional 
geologic map accompanying STOP 
5 does not display a strong regional 
cleavage in the post-Bloomsburg 
sediments.  Reduced cleavage 
development projects at least up 
into the Mahantango Formation. 

Fold formation and trend 
analysis show the mechanical strain 
interference pattern created by the 
relatively stiff vertical wall of the 
Beemerville.  There is an absence 
of any folding within the Upper 
Silurian through Upper Devonian 
sediments west of the Beemerville.
Along strike on Wallpack Ridge in 
New Jersey and Pennsylvania the 
post Bloomsburg through 
Onondaga sediments delineate tight, 
upright to northwest directed 
overturned folds.  The folds locally 
become subdued and more open as 
they propagate upwards through the 
Oriskany to the Marcellus.  Similar 
steep to overturned bedding occurs 
to the north along Trilobite 
Mountain—over the border in New 
York.  These same sedimentary 

units only display very gentle (8-30o NW) uniform dips within the strain shadow.  Along the southern 
strain-shadow edge, Monteverde (1992) mapped several fold axial trends that diverged by up to 20o

from the northeast-southwest regional orientation into a more west-southwest direction.  The fold pattern 
suggests that the Silurian-Devonian units deflected around the Beemerville Intrusive Complex. A similar 
though muted trend appears with the Martinsburg fold pattern east of the pluton. 

The Beemerville's regional extent is much larger than depicted on geologic maps (Drake et al., 
1996).  Ghatge et al. (1992) and Jagel (1990) used gravity and magnetic methods to model the intrusive 
complex's subsurface expression southwestward.  They depict the pluton continuing almost to Culvers 
Lake and thickening to approximately 2 miles wide at 7000 feet depth.  This large unfoliated plutonic 
body could disrupt the otherwise gently folded pre-Alleghanian structural configuration along which 
strain translated towards the foreland.  Regional cross section analysis offset the syenite along a basal 

Figure 154 – Region bedrock geologic map of the High Point State Park 
region.  Unpublished mapping from Monteverde and Epstein.  
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decollement rooted in basement but 
not within 4 miles below the present 
erosion surface (Herman et al., 1996). 

Some questions remain 
concerning the strain shadow 
hypothesis.  Directly above the 
Beemerville lie the Shawangunk and 
Bloomsburg.  Folds within the 
Shawangunk remain relatively 
unchanged along Kittatinny Mountain. 
 Overturned beds can be seen 
immediately southwest of the exposed 
pluton suggesting the igneous body did 
not buffer the progressing strain.  But 
there are fewer overturned panels close 
to the pluton than farther along strike 
to the southwest.  The mapped 
Shawangunk outcrop belt does double 
its width behind the intrusion, similar 
to the Upper Silurian and Devonian 
units.  The most dramatic outcrop 
widening occurs in the Bloomsburg.
Pleistocene glacial sediments blanket 
most of the Bloomsburg so their 
structural signature cannot be 
interpreted.

EVOLUTION OF DRAINAGE 
AND THE CULVERS GAP RIVER:
A view from the Schooley peneplain, 

or a view from the summit of a very 
long, monoclinal ridge, held up by a 
very resistant rock that weathers so 
slowly over time that it will stand out 
in greater relief amongst the softer 
rocks on its flanks. 

The scientist.  He will spend 
thirty years in building up a 

mountain range of facts with the intent to prove a certain theory; then he is so happy 
in his achievement that as a rule he overlooks the main chief fact of all – that his 
accumulation proves an entirely different thing. 

         Mark Twain, “The Bee” 

Figure 155 – Regional structural interpretation of the Kittatinny Mountain 
region of New Jersey.  Map depicts the outcrop location of the Beemerville 
Intrusive Suite shown in orange as well as the subsurface extension in blue, 
identified by Ghatge et al., 1992. The outcrop width of the Shawangunk 
and Bloomsburg increases markedly behind the intrusion.  Fold trend 
deflects in the Silurian Devonian and also the Ordovician sedimentary units 
along the southern area of the intrusion.  Base map is a compilation of 16 
DEM quadrangle consisting of Blairstown (BL), Branchville (BV), 
Bushkill (BK), Culvers Gap (CG), East Stroudsburg (ESB), Edgemere 
(EM), Flatbrookville (FV), Lake Maskenozha (LM), Milford (MF), Ponds 
Eddy (PE), Port Jervis North (PJN), Port Jervis South (PJS), Stroudsburg 
(SB), and Twelve Mile Pond (TP).  DEM’s have a 5x vertical distortion 
and a southeast looking illumination. 
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Standing on the summit of 
Kittatinny Mountain (Figure 156), we 
would be remiss not to provoke a 
discussion on the evolution of drainage in 
this part of the Appalachians.  Given the 
enormous body of literature on the 
geomorphic evolution of the 
Appalachians, it is not the intent of the 
authors’ to discuss in detail the many 
hypotheses and controversies that 
surround this complex subject, but rather 
only attend to the later geomorphic history 
of Culvers Gap.  Although, many will 
argue that these two are not mutually 
exclusive.  The following discussion will 
focus on the course of the late Culvers 
Gap River, and the timing and 
abandonment of Culvers Gap.

Upon examination of the 
topography of Culvers Gap (Figure 157), 
there should be little doubt that: 1) a river 
(named the Culvers Gap River in this 
report), smaller than the modern Delaware 
River, had at some time flowed through 
the gap; 2) the gap was largely the work of 
the Culvers Gap River over a long period, 
although erosion during three or more 
three glaciations have further widened and 
deepened it since it was abandoned; and 3) 
at some point the Culvers Gap River was 
captured by the Delaware River in what is 
now Minisink Valley.  There are several 
scenarios by which this capture may have 
been facilitated.  These will all be 

discussed in the following sections.  In addition, the idea that the Culvers Gap River may have been 
displaced by an early glaciation will also be discussed. 
Map and Field Observations 

Culvers Gap is a prominent wind gap in northwestern New Jersey that lies in the Delaware River 
drainage basin.  The gap is approximately 23 miles northeast of Delaware Water Gap, and it forms a 
prominent pass through Kittatinny Mountain that joins Kittatinny and Minisink Valleys.  The 
Ogdensburg-Culvers Gap moraine is a recessional moraine of late Wisconsinan age, and it forms a plug 
of thick drift in the gap (see STOP 4).   Based on nearby well records, the elevation of its bedrock floor 
has been estimated to lie between 750 feet (230 m) and 800 feet (245 m) above sea level, which makes it 
the lowest wind gap through Kittatinny Mountain.  Glacial erosion has undoubtedly lowered the gap’s 
floor since it was abandoned.  However, all the gaps mentioned in this report along Kittatinny Mountain 
have experienced a similar history of weathering and erosion with the exception of the number of 

Figure 156.  Shaded relief map showing the area from Delaware Water 
Gap to High Point, New Jersey.  Base image constructed from USGS 
10 meter DEM’s.  Vertical exaggeration = 5x.  List of USGS 7 ½ 
minute quadrangles : PE - Pond Eddy, PJN – Port Jervis North, EM – 
Edgemere, MF – Milford, PJS – Port Jervis South, TP – Twelve Mile 
Pond, LM – Lake Maskenozha, CG – Culvers Gap, BV – Branchville, 
ESB – East Stroudsburg, BK – Bushkill, FV – Flatbrookville, NW – 
Newton West, SB – Stroudsburg, PL – Portland, and BT – Blairstown. 
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glaciations, or they lie well above the 
height of Culvers Gap.  An exception 
may be Wind Gap (Figure 158), which 
lies south of the late Wisconsinan limit, 
but inside the Illinoian glacial limit.  Its 
rock floor lies at an elevation of 980 
feet (299 m) above sea level.  It is 
arguable that the erosional effects of an 
additional glaciation may have lowered 
the floor of Culvers Gap below Wind 
Gap.  However, it seems very unlikely, 
given the difference in their elevations, 
and the resistant nature of the 
Shawangunk Formation to glacial 
erosion.  Because Culvers Gap also lies 
in the Delaware River drainage basin, 
its abandonment presumably represents 
the last major adjustment of drainage in 
this part of the basin.

Descending from the Catskill 
Mountains, the West Branch and East 
Branch of the Delaware River, follow a 
southwesterly course onto the Pocono 
Plateau.  After a distance of 
approximately 50 miles (80 km), both 
branches turn to the southeast and join 
each other near the town of Hancock, 
New York.   From here the river flows 
approximately 60 miles (100 km) 
southeastward towards the town of Port 
Jervis, New York, along a slightly 
meandering course that is deeply 
incised in the gently, northwest-dipping 
country rock.  At Port Jervis, it enters 
Minisink Valley where it makes a 
sweeping right-hand turn and flows 
southwestward following the trend of 
the Marcellus Shale in a course that 
parallels the southwest-trending 
monoclinal structure bedrock structure. 
 At Wallpack Bend, the river follows a 
large, structurally controlled meander 

that cuts through Wallpack Ridge.  From here it turns back to the southwest following a similarly 
parallel course as the stretch north of the bend.  At Delaware Water Gap, a distance of approximately 35 
miles (55 km) from Port Jervis, the river turns back to the southeast through an “S”-shaped bend and 
enters Kittatinny Valley.  From here it flows a distance of approximately 80 miles (130 km) to the fall 
line at Trenton, New Jersey, generally following a southeastward course that cuts across the strata that 

Figure 157.  Surficial geology of a portion of the Culvers Gap quadrangle, 
New Jersey, in the vicinity of Culvers Gap, and topographic profile of 
Culvers Gap.  List of map units: af - artificial fill, Qs - swamp and bog 
deposits, Qal - alluvium, Qta - talus, Qkm - thick till, Qkmr - thin till, Qom 
- Ogdensburg-Culvers Gap moraine, Qmu - small undifferentiated 
meltwater deposits, Qft - meltwater-terrace deposits, sr - regolith, chiefly 
rock waste on steep hillslopes and ridge crests with minor talus, scattered 
erratics, and a few rock outcrops.  Shaded areas represent extensive rock 
outcrop.  Symbology on Qom: curved lines are drawn along the crest of 
large morainal ridges, and small polygons represent kettles.  Modified 
from Witte (1997b). 
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underlies Kittatinny Valley, New Jersey 
Highlands, and the Piedmont.   Water gaps 
south of Delaware Water Gap include those at 
Marble Mountain, Riegelsville (1 and 2), 
Lambertville, and Titusville.

In many places the river is cut down as 
much as 200 feet (60 m) in rock and it lies well 
below the highest parts of the Pocono Plateau, 
Kittatinny Mountain, and the New Jersey 
Highlands.  From Port Jervis, New York, to Foul 
Rift, New Jersey, the river flows over thick 
deposits of glaciolacustrine and glaciofluvial 
sediments laid down during the late Wisconsinan 
glaciation.

The strongly developed northeast to 
southwest topographic grain of the study area is 
aligned with the fold axes and fault traces formed 
in the Paleozoic during the Taconic and 
Alleghanian orogenies (Figure 155).  The 
Delaware River, from its headwaters in the 
Catskill Mountain to the fall line at Trenton, New 
Jersey, flows either in a southeasterly direction 
crosscutting the strike of the country rock or in a 
southwesterly direction parallel to bedrock strike. 
 As previously shown by Epstein (1966), most of 
the gaps through Kittatinny Mountain are located 
in areas where there are structural weaknesses.
Culvers Gap is positioned across the narrowest 
part of resistant Shawangunk Formation, and it 
lies near a structural flexure where immediately to 
the northwest the outcrop width of the 
Shawangunk broadens by as much as 300 percent 
(Figure 155).

Projection of the Culvers Gap River 
southeastward in Kittatinny Valley shows that 
it would now fall near the drainage divide 
between the Delaware and Hudson Rivers 

(Figure 158).  This shows that there has been a complete topographic reversal in the valley since the 
time the gap was abandoned.  The lowest parts of the modern divide lie about 400 feet (120 m) above 
sea level. This unsophisticated analysis shows that there has been a minimum of 350 feet (105 m) of 
erosional lowering in Kittatinny Valley since the capture of the Culvers Gap River.

Further examination of the topography (Figure 1580) shows that some gaps in Kittatinny Mountain 
are aligned in a southeast direction with gaps cut through the New Jersey Highlands and Reading Prong.
The most conspicuous of these is the alignment of Wind Gap with Marble Mountain Gap and the two gaps 
at Riegelsville, and Delaware Water Gap with Pequest Gap, Oxford Gap, and Glen Gardner Gap.  These 
alignments were cited by Johnson (1931) as proof of regional superposition.  In contrast, Epstein (1966) 

Figure 158.  Reconstruction of the late course of the Culvers Gap 
River, and several scenarios for its capture by the ancient 
Delaware River.  Key to gaps not named on Figure: PG - Pequest 
Gap, OG - Oxford Gap, GG - Glen Gardner Gap, MG - Marble 
Mountain Gap, RG - Riegelsville Gaps, CLG - Cranberry Lake 
Gap. Pre-capture course of the Culvers Gap River: A-B Andover-
Ledgewood course, A-C Andover-Musconetcong Valley Course, 
E-F Pequest Valley course. Location of capture: V - Pequest 
Valley capture, W - Wind Gap capture, X - Pequest Gap capture, 
Y - Paulins Kill valley capture, Z - Minisink Valley capture.  
Elevation of nearby wind gaps are listed.  Modified from Witte 
(1997b).
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showed that most of the gaps through Kittatinny Mountain, and especially the larger ones, are positioned in 
areas of structural weakness.  In addition, many Highlands and Reading Prong gaps (Figure 158) lie along 
lines of structural weakness.  Additionally, the absence of paleo-drainage northwest of Culvers Gap on the 
Pocono Plateau and the very small drainage area northwest of Delaware Water Gap would also argue 
against regional superposition. 
Geomorphic History (Summary of Views) 

The following summary limits discussion to the history of the Culvers Gap area.  For those 
interested in the “big picture”, excellent reviews on Appalachian geomorphic history and origin of wind and 
water gaps are found in Morisawa (1989) and Clark (1989).  Water gaps and wind gaps provide direct 
evidence for transverse drainage, and wind gaps further show that the courses of large streams have changed
over time.  The study of gaps can generally be summarized into two main camps of thought.  The first 
includes all theories that suggest the location of gaps through resistant ridges of bedrock was fortuitous, 
either the result of:  1) superposition as envisioned by Johnson (1931), or 2) incision of uplifted, regional 
erosional plains (peneplains), where most of the relief had been formerly reduced to base-level (Davis, 
1889).  During subsequent uplift, streams remained in their gaps, their consequent courses becoming 
antecedent.  The second group includes the more recent investigations of Myerhoff and Olmstead (1936), 
Thompson (1939), and Oberlander (1985).  These studies have explained the origin of gaps in terms of 
headward erosion and stream adjustment to bedrock structure, former location of Appalachia, and migration 
of the Atlantic- Mississippian drainage divide.  The location of gaps is not by chance, because they crosscut 
resistant rocks in areas that show evidence of structural weakness.

Davis (1889) suggested the present drainage system in eastern Pennsylvania and northwestern 
New Jersey started to form during the Permian Period.  The master stream at this time, named the 
Anthracite River, drained toward the continental interior chiefly along longitudinal courses that 
developed on southwest- to northeastward-trending folds.  Transverse west to northwesterly courses 
formed where structural sags, faulting, or extensive jointing weakened the country rock.  The younger, 
southeastward flowing rivers started to form during the Triassic Period during continental rifting and 
subsequent formation of the Atlantic Ocean.  (Though Davis did not explain the Triassic rifting in 
exactly these terms!)   These streams, because they had shorter courses to the newly formed Atlantic 
Ocean, were more aggressive than the tributaries of the Anthracite River, and over time, they captured 
parts of it.  The headward erosion of the Atlantic streams, especially their encroachment across belts of 
resistant rock, was aided by the previous overall lowering of the landscape to a gently sloping plain of 
low relief called the Schooley peneplain.  This erosional surface was thought by Davis to be now 
represented by the crest of Kittatinny Mountain, and accordant hilltops in the New Jersey Highlands. 
Later additional periods of uplift and erosion led to the incision of the Schooley surface and the 
development of lower peneplains.  During these subsequent Davisian cycles, streams became further 
adjusted to structure, and capture occurred where conditions favored one stream over another.  In post-
Schooley time subsequent tributaries of the Delaware River, working their way along belts of weaker 
rock, dismembered nearby rivers and become the master stream.  Although, Davis does not directly 
discuss Culvers Gap or its river it seems implied in his work that the Culvers Gap River was originally 
part of the ancient Raritan or Passaic Rivers. 

Johnson (1931) suggested all the major streams in the study area were initially flowing in a 
southeastward direction on a cover of unconsolidated deposits of Cretaceous age that had previously 
been laid down on a pre-Schooley erosional surface called the Fall Zone peneplain.  Following a lengthy 
interval of erosion the underlying folded and faulted rocks of the Appalachians and Highlands were 
exposed.  The water gaps and wind gaps through Kittatinny Mountain and the Highlands are places 
where the ancestral streams first encountered resistant rocks and cut into them.  During successive 
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cycles of erosion and uplift, which included the formation of the Schooley peneplain, parts of these 
streams became adjusted to the underlying bedrock structure where as other parts remained antecedent.
The present drainage was the result of a series of stream captures by subsequent tributary streams 
working their way headward in a northeastward or southwestward direction along belts of weak rock. 
 Ruedemann (1932, 1949) proposed that the original drainage developed during the Permian or 
Triassic, when consequent streams drained southwestward from the Catskill Mountains, while Myerhoff 
and Olmstead (1936) suggested that the consequent drainage developed southeastward on the more 
gently-sloped limbs of overturned folds.  In contrast, Thompson (1939) suggested that the divide 
originally lay more to the southeast and through headward erosion and stream piracy had moved back to 
the northwest to its present position.  Thompson further suggested that the gaps in the Appalachians of 
Pennsylvania were positioned along areas of weakness and argued there was no compelling evidence to 
show they had originated as a product of superposition.  Oberlander (1985) and Hoskins (1987) also 
cited evidence to suggest that the course of the Susquehanna River above Harrisburg was controlled by 
fluvial adjustment to bedrock structure.  Inherent to all these studies is that gaps are found in areas of 
structural weakness (joints, faults, change in the attitude of bedding).  Work by Epstein (1966) has 
further shown that most of the gaps in the study area are preferentially in areas of structural weakness.

Campbell and Bascom (1933) showed that Culvers Gap River was a tributary of the Proto-
Raritan River, and it flowed through the New Jersey Highlands via Andover to Ledgewood.  The gap 
was abandoned during the early Pleistocene when its river became displaced presumably because the 
gap was blocked by ice or drift.  Meltwater cut a new course down Minisink Valley to Delaware Water 
Gap where it joined a small river that drained the Brodhead Valley.  Campbell and Bascom cited the 
youthful appearance of the Delaware Valley between Easton, Pennsylvania, and Trenton, New Jersey, as 
evidence for the young age of the modern Delaware River.  Happ (1938) in his study on the geomorphic 
history of Minisink Valley supported Johnson’s earlier view that the southeastward course of the 
Delaware River above Port Jervis was proof of superimposed drainage, and all the prominent gaps in 
Kittatinny Mountain were initially the result of southeastward-flowing consequents.  Over time, these 
drainage systems became dismembered as streams adjusted to structure and capture occurred where one 
stream had found an advantage over another.  Mackin (1939) accepted Johnson’s theory of superposition 
and outlined a scenario where the Wind Gap River was captured by the Delaware River. 
Late History of Culvers Gap River 

The Culvers Gap River was part of the Ancient-Raritan River drainage basin during the late 
stages of its history.  Before its abandonment of Culvers Gap, the river followed a course through the 
Pequest Valley and crossed the New Jersey Highlands through the Oxford and Glen Gardner Gaps into 
the Raritan lowland.  Alternatively, the river may have crossed the Highlands south of Andover into the 
Musconetcong Valley, although the Cranberry Lake Gap seems a little too high to have been used at the 
time Culvers Gap was abandoned.  From here, it followed the valley downstream to Glen Gardner Gap. 
Possibly, the Culvers Gap River may have flowed along this path at an earlier time, with the shift to the 
Oxford Gap facilitated by a capture in Kittatinny Valley by a subsequent stream working its way up the 
Pequest Valley.  The part of the Delaware River north of Belvidere may have also been a tributary of the 
Culvers Gap River via the Pequest Gap, based on its small drainage area northwest of Delaware Water 
Gap, and youthful appearance of the modern Delaware River drainage basin south of Riegelsville.  If 
one accepts the course of the Culvers Gap River as it has been outlined here, it may have supplied the 
quartzite, quartz, and chert that make up the Beacon Hill Formation.  A projection of the Bridgeton 
surface inland to Glen Gardner Gap tentatively supports the view that the Culvers Gap River was part of 
the ancient Raritan drainage system. 

At some point during the Late Miocene or Early Pliocene, and possibly driven by base-level 
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lowering and incision during the growth of the 
Antarctic ice cap in the Miocene and flexural uplift 
due to offshore sediment loading (Pazzaglia and 
Gardner, 2000), a tributary of the Delaware River 
captured the Culvers Gap River in Minisink Valley.
Apparently over time, the narrow width and 
structural weakness of Proterozoic rocks in the 
Riegelsville Gaps, and structural weakness of the 
Shawangunk Formation in Delaware Water Gap gave 
the Delaware River an advantage over the Culvers 
Gap River and its more northerly through the New 
Jersey Highlands.  The previous capture of Wind 
Gap River by the Delaware may have also hastened 
the demise of the Culvers Gap River.  The hypothesis 
that an early Pleistocene glaciation may have 
displaced the Culvers Gap River from its course 
(Campbell and Bascom, 1933) is untenable because 
the gap lies well above the projected gradient of the 
base of the Pennsauken Formation; a fluvial deposit 
of Pliocene age (Stanford, 1993).   In addition, 
erosion of a bedrock-floored drainage divide in 
Minisink or Wallpack Valleys by glacial lake 
drainage is highly unlikely (Witte, 1997d). 

The evolution of the Delaware River and 
demise of the Culvers Gap River appears to have 
been the result of a series of stream captures that 
redirected the course of the master stream to the 
southwest.  Water and wind gaps cut by these 
rivers are found over resistant rocks that exhibit 
structural weakness and have narrow outcrop 
widths perpendicular to drainage.  The captures 
postulated in this report were by southwest 
draining subsequent streams that had cut their 
way headward along belts of weaker sedimentary 
rocks.  The variation in the maturation of the 
Delaware River drainage basin further supports 
its expansion through capture, and suggests that 
the ancient Delaware River initially had a more 
difficult time expanding its drainage basin inland. 
 A possible explanation for this latency is the 
nature of the rocks that lie on the southeast side 
of the Highlands.  The rocks in the Raritan 
lowland are less resistant to erosion than the 
basalt and argillite that lie along the modern 
Delaware River. 

Figure 159. 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 shows 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 shows 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.  Data from Ridge (1983), Stanford and Harper 
(1985), Witte (1988), Sevon et al. (1989), Stone et al. (1989), 
and unpublished field maps on file at the New Jersey 
Geological Survey, Trenton, New Jersey.
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Local Glacial History 
The late Wisconsinan advance of ice into 

northwestern New Jersey was marked by lobes 
of ice initially moving southwestward down 
Minisink and Kittatinny Valleys.  Over time, ice 
became thicker, negating the influence of local 
topography on ice flow.  Gradually, ice flow 
turned south, cutting across the region’s 
southwesterly topographic grain (Figure 159).
Drumlins on Kittatinny Mountain (Figure 160), 
till provenance, erratic dispersal patterns, and 
striations (Witte, 1997c) support this southerly 
direction of ice flow and show that ice flowed 
over Kittatinny Mountain into Kittatinny Valley 
during the glacial maximum.

During deglaciation from the late 
Wisconsinan terminal moraine (Figure 159), the 
edge of the ice sheet thinned and its flow 
became more directed 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 did maintain a constant position, and in 

a few instances readvanced a few miles.   During periods in which the glacier margin maintained its 
position, neither retreating nor advancing, outwash deposits built up at and beyond the glacier margin in 
stream valleys and glacial lakes in 
Minisink, Wallpack, and Kittatinny 
Valleys (Figure X-13).  Additionally, 
end moraines were deposited at the 
glacier’s terminus.  Both the heads of the 
outwash deposits and the moraines mark 
the former edge of the ice sheet and 
define its shape both geometrically and 
temporally.

The Augusta margin, which runs 
through High Point State Park (Figure 
161), is delineated by the Augusta and 
Montague moraines and ice-contact 
deltas located along the eastern side of 
Kittatinny Mountain.  The continuity and 
size of the moraines, and the size and 
extent of meltwater deposits laid down in 
nearby valleys down from the Augusta 
margin shows that the glacier’s terminus 
probably maintained a nearly constant 
position for over one hundred years. 

Figure 161.  Late Wisconsinan ice-recession margins and glacial lakes in the 
upper parts of Kittatinny and Wallkill Valleys, New Jersey and New York.  
Data modified from Witte (1997a), Connally et al. (1989), Stanford and 
Harper (1985), and Ridge (1983).   

Figure 160.  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 (1997a). 
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There are excellent examples of 
striations on the glacially polished rock 
surface northeast of the monument.
They show that ice flowed S 80oW to 
due west.  In places weathering has 
removed striations and roughened up the 
polished rock surface.  This suggests that 
parts of the outcrop were once covered 
by thin till which lessened the effects of 
weathering.  Later, the till was stripped 
by erosion.  Crescentic marks (Figure 
162) are also well exposed, and indicate 
a similar direction of ice flow.   Westerly 
ice flow atop Kittatinny Mountain may at 
first seem enigmatic.  However, these 
glacial markings were made near the 
glacier’s margin where ice flow was 
controlled by the lobate geometry of the 
Kittatinny Valley lobe.  Because ice was 
thicker along the central axis of 
Kittatinny Valley flow lines diverged 

outward near the glacier’s margin.  Divergent flow is recorded by striations in northwestern New Jersey 
(Figure 160) and the occurrence of Martinsburg erratics.  These sandstone boulders, some as much as 10 
feet (3 m) in diameter were carried upwards and out of Kittatinny Valley to the top of Kittatinny 
Mountain, where they rest as much as 900 feet (275 m) above the valley floor. 

    Leave STOP 6, returning to park entrance on NJ 23. 
  1.45  76.95 Bear right at sign for Port Jervis, and at stop sign turn right on NJ 23 North. 
  0.35  77.3 Turn left onto Sawmill Road. 
  0.1    77.4 Intersection with Ridge Road on right.  Continue straight. 
  1.0    78.4 Low Shawangunk ridge on right. 
  0.6    79.0 Dam at south end of Sawmill Pond on left. 
  0.1    79.1 Cross over Sawmill Brook. 
  0.35  79.45 Beaver Pond on right. The many swamps and poorly-drained areas are typical of 

constructional glaciated landscapes.  Thick till deposited in drumlins, ground moraine, 
and recessional moraine has completely buried the preglacial surface concealing former 
stream courses.   Upon deglaciation, surface water, which had at one time flowed off the 
mountain in a well defined network of streams, became momentarily trapped in the many 
depressions, swales, and glacial lakes and ponds that made up this landscape.   Over time 
streams expanded their drainage areas by utilizing meltwater channels, cutting down 
through spillways, working their way headward through the thick drift, and by joining 
other streams.

  1.1    80.55 Cross over gas pipeline. 
  0.15  80.7 Intersection with Ridge Road on right.  Continue straight. 
  1.1    81.8 At stop sign turn right onto Deckertown Turnpike. 
  0.1    81.9 Cross over Big Flat Brook. 

Figure 162.  Crescentic fractures on glacially-scoured quartzite 
(Shawangunk Formation) at High Point State Park, Sussex County, New 
Jersey.  Mechanical pencil points in the direction ice flowed (S 800 W) as 
shown by the nested orientation of the fractures.  Outcrop located on the 
northeast side of the monument. 
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  0.4    82.3 Pass over crest of Augusta recessional 
moraine.  Unusual sighting of mud 
women noted here in August, 2001. 

  0.6    82.9 Thick till exposed in road cut. 
  0.4    83.3 Cross over Parker Brook.  Outlet stream 

of Mashipacong Pond. 
  0.3    83.6 Road into Stokes State Forest on left. 
  0.45  84.05 Cross over Forked Brook. 
  0.45  84.5 Pass over crest of drumlin. Drumlins are 

found throughout Kittatinny Valley and 
on Kittatinny Mountain in two different settings.  The first setting consists of multiple 
drumlins that lie in two areas underlain by very thick and widespread till. The first of 
these areas is a 1-to-2 mile  wide belt that extends from the Delaware River to Culvers 
Gap.  The second lies on Kittatinny Mountain north of Culvers Gap and extends 
northeastward toward New York.  Well records and seismic refraction data (Witte and 
Stanford 1995; unpublished data on file at the N.J. Geological Survey) indicate that the 
overburden here is typically greater than 100 feet thick, and most of the drumlins do not 
have bedrock cores. The second setting consists of isolated drumlins located amongst 
areas of thin till. Well records show that many of these do have a bedrock core.  In some 
places, drumlins have cores that consist of weathered pre-Wisconsinan material (Stanford 
and Harper 1985). 

   The direction of the long axes of most drumlins shows they were molded by ice 
that flowed across the regions southwest topographic grain.  Drumlins located in the large 
swarm southwest of Culvers Gap have long axes that range from S25o W to S40oW, and 
drumlins on Kittatinny Mountain have long axes that range from due south to S15oW.  A 
few drumlins have a compound shape, suggesting that they may have been molded by 
multiple directions of ice flow during the late Wisconsinan at different times.

  0.4    84.9 Cross over unnamed brook. 
  0.5    85.4 Leave High Point State Park. 
  1.0    86.4 Four Corners.  Intersection with New Road (Sussex County 675).  Continue straight. 
  0.55  86.95 Low hills to right are ice-hole fillings (“a kame, by any other name is still a hill of sand 

and gravel”) that chiefly consist of deltaic foreset beds.  This is a classic case of “inverted 
topography.”

  0.4    87.35 Outcrop of Coeymans limestone on the left. 
  0.2    87.55    New Scotland outcrop on the left. 
  0.1    87.65 At stop sign, continue straight.  Intersection with Clove Road. 
  0.65   88.3 At stop sign, cross Montague-Millville road and continue straight ahead on US 206 North 

toward Pennsylvania. 
  0.4     88.7 Milford Toll Bridge.  Cross Delaware River and enter Pennsylvania.  The floor of the 

valley, here know as the Minisink Valley, is covered by the head-of-outwash of a valley-
train deposit laid down from the Augusta margin (Montague moraine).  Except for a few 
small segments near the edge of the valley walls the moraine has presumably been eroded 
by meltwater in this area.  The Delaware lies about 100 feet below the outwash plain and 
flows along a deeply incised straight and narrow channel.  These deposits had been 
previously mapped by Crowl (1971) as kame terraces.

  0.35  89.05 Toll booth ($1.00 for passenger vehicles).  Note it only costs money to leave New Jersey.
  0.15  89.2 Intersection of US 206 and US 209.  Turn left (south) on US 209, following signs for 

Figure 163.  Mysterious mud women sighted in 
August, 2001. 
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Dingmans Ferry, Bushkill, and Stroudsburg.  The highway here follows the Montague 
valley-train terrace. 

  0.2    89.4 Enter the Delaware Water Gap National Recreation Area (technically we really haven’t 
left it) and begin descent onto the eroded surface of the valley train.  Meltwater-terrace 
deposits in the valley generally lie more than 50 feet above the Delaware.  Below this, 
you’ll find the postglacial alluvial terraces and the modern flood plain.  In a few places 
the upper alluvial terrace (Qt3) has been eroded, revealing meltwater-terrace deposits.
(See Witte, this guidebook, for a detailed description of postglacial terraces.) 

  0.9     90.3 Behind the trees to right is an abandoned borrow pit in shale-chip rubble derived from 
cliffs of Mahantango shale and siltstone above.  This is first of many such pits you will 
see on the way back to Shawnee and on Day 2. The shale-chip (sharpstone) colluvium 
that forms a thick apron along the base of the steep slope was highly prized as road base 
during the 19th and early 20th century (Henn, 1975). 

  0.6    90.9 To right is another abandoned Mahantango shale pit.  This pit and others in the 
immediate area were featured in Hoskins et al. (1983, p. 150-153) as the fossil collecting 
site for Pike County.  More than 20 genera of fossils, including brachiopods, bivalves, 
trilobites, and cephalopods, could easily be found in the rubble here.  Unfortunately, the 
pits are in the National Recreation area and the Park Service immediately shut down 
collecting after publication of the book.  Much of the rubble material that was present 
here in the early ‘80’s has since been hauled away for various purposes. 

The Mahantango cliff above, known appropriately as “The Cliff”  (Figure 164) 
rises more than 400 
feet above the valley 
floor.  In this vicinity, 
on August 27, 1867, 
fourteen-year-old John 
Brink slipped and 
plummeted 160 feet 
from the top of “The 
Cliff”—and
miraculously
survived, thanks to 
being snagged in a 
tree at the end of his 
fall.  His most serious 
injury was a fractured 
skull, which was 
somehow repaired 
with a silver dollar.
Later in life, he 
became a Justice of 
the Peace in Milford, 
and was known as “Squire Brink” (Hen, 1975; Leiser, 2001).   

  0.3    91.2 Another Mahantango shale pit to right.  The valley floor on the left is covered by 
postglacial alluvial terraces.  The higher terrace is an eroded Qt3.  The lower terraces and 
channels are part of the main Holocene terrace (Qt2) that covers large parts of the valley 
floor.  The low channel near the road is a common feature that forms on the landward 

Figure 164.  “The Cliff” on the southeast-facing escarpment of the Pocono 
plateau.  Dark-gray siltstones and shales of the Middle Devonian 
Mahantango Formation form a steep precipice that extends for nearly 2 miles 
along the Delaware River southwest of Milford.  Elevation of the top of the 
cliff is about 900 ft A.T.  The large parking area in the foreground marks the 
former site of a large shale-chip-rubble quarry.  Looking north. 
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side of the terrace, pinned against the valley wall and the natural backslope of the terrace, 
and further eroded during large floods.  Over time the Delaware may erode westward and 
deposit more proximal overbank sediment (levee facies) over the back channel sediment. 
 This stratigraphy was recently revealed in a large excavation for restroom facilities 
downstream near Bushkill, where 12 feet of overbank sand and silt is underlain by 9 feet 
of orgainic-rich silt and clay. 

  0.4     91.6 Cross Raymondskill Creek, locale of the last two STOPS (11 and 12) of Day 2.  (Details 
of route from here to mile 117.9 are on Day 2 road log.) 

  4.9     96.5 Traffic light at intersection with PA 739.  Continue straight ahead. 
11.7   108.2     Blinking light in Bushkill. 
  0.3   108.5 National Park Visitors’ Center to left. 
  0.3   108.8    Bear left onto Community Drive (Middle Smithfield Township 633). 
  0.05 108.85   Along Sand Hill Creek to right is an old, but well-preserved cobblestone wall, perhaps 

part of a former millrace. 
  0.05  108.9   To left at culvert is a cut in terrace material, sand at the base and cobble gravel above. 
  0.3   109.2 Low cut in intensely cleaved Onondaga Limestone to left at bend in road. 
  0.2   109.4     Schoonover Community House (Bushkill Outreach) to right.  Just beyond on right are 

several low cuts in the Onondaga. 
  0.1   109.5 To the left is one of the numerous fens in this area. 
  0.05 109.55 In front of the house to the right is a handsome cobblestone wall.  A little farther on are 

several low cuts in intensely cleaved Schoharie siltstone. 
  0.45  110.0    Stop sign.  Turn left on River Road (SR 2028).    
  0.1    110.1 Esopus outcrop to right. 
  0.1    110.2 National Park Headquarters to left.  Behind the building is another large fen. 
  0.1    110.3   Cut through cleaved Esopus siltstone. 
0.05 110.35  Another fen to left.  This is “fentastic”!   

  0.05  110.4 Ridge of Oriskany on right, followed by a hill held up by the Shawnee Island Member of 
the Coeymans Formation  (measured section 12 of Epstein et al., 1967).  The New 
Scotland Formation and Port Ewen Shale are covered between the Oriskany and 
Coeymans exposures. 

  0.1    110.5 Historical marker to the right reads:  
            DUTCH SETTLERS.  First European settlers in this region were the Dutch, who came 

over the Old Mine Road, traveling from the Hudson to the Delaware.  Crossing at 
Walpack Bend, they then used this road, oldest in Monroe County.

   0.2   110.7 Outcrop of Decker Formation on right. 
   0.3   111.0 Ruins of lime kiln on right.  The source of the limestone was a nearby quarry in the 

Bossardville Formation.
   0.1   111.1 Parking area for John Turn Farm on left.  Park exhibit reads: 

The story of the John Turn farm and its owners illustrates the changing land-use and 
livelihoods in the Delaware Valley.  John Turn, a carpenter and cabinetmaker, began 
farming here in 1815, building the main house in 1832.  Turn and his wife, Julia Ann 
Shoemaker, had five children who helped with the farm chores.  The eldest son, John Jr., 
after operating a raft on the Delaware River to Philadelphia, returned in 1844, and with 
his wife, Ency Dupue, continued farming here with their nine children.  Of John Turn, 
Jr.’s seven sons, Samuel owned Turn’s General Store in Bushkill, while Melchoir Depue 
built Turn Villa (Ridge View House), a summer resort about a mile away on today’s 
Route 209.  The youngest son, Charles, a prominent busines man in Stroudsburg, 
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converted the farm from subsistence agriculture to dairying.  In 1945, the farm itself 
became a place for recreation when the Turn family sold the property to the Evangelical 
Lutheran Church.  The church operated Camp Ministerium, a summer youth facility, for 
30 years.  In 1975, the land became part of Delaware Water Gap National Recreation 
Area.

   0.1   111.2 Sharp bend in road.  The road will now follow the base of Wallpack Ridge for the next 
two miles roughly paralleling the contact between the very poorly exposed Poxono Island 
Formation and Bloomsburg Red Beds. 

   0.4   111.6 Bloomsburg outcrop in gully on right. 
   0.9   112.5 Postglacial stream-terraces on left. 
   0.3   112.8 Zion Church Road on right.  Rare exposures of Poxono Island Formation in ravine on 

right.  Church and cemetery sit on outwash. 
   0.3   113.1  Hialeah Air Park on right.  Flying area for model plane enthusiasts.  Valley floor here is 

covered by broad terraces of Holocene age. 
   0.3   113.4 Saprolitic Poxono Island Formation in gully on right. 
   0.4   113.8 Entrance to Smithfield Beach on left.  Small quarry in the Bossardville Formation on 

right.
   0.4   114.2 Outwash underlies fields on left (part of the Zion Church valley train). 
   0.2   114.4    Historical Marker to right reads: 

SMITHFIELD CHURCH.  Believed to be the first church built by Dutch Settlers in 
Pennsylvania, it stood below the road toward the river.  The log structure housed the 
Dutch Reform congregation until they moved to the Old Stone Church in Shawnee ca. 
1752.

   0.6   115.0 More outwash on left (Zion Church valley train). 
   0.1   115.1 Massive outcrop on right is a reef within the Shawnee Island Member of the Coeymans 

Formation (Figure 165).   The reef was visited during the 1967 Field Conference (Epstein 
and Epstein, 1967, p. 69-70) and the reef-off reef facies was figured by Epstein et al. 
(1967, p. 24) 

   0.4   115.5 Entrance to Hialeah Picnic area on left.  The terrace here consists of outwash.  
Downvalley, lower terraces are postglacial age. 

   0.5   116.0 Outcrop of Decker Formation in ravine on right. 

Figure 165.  A, Massive limestone that houses a stromotoperoid-coral Devonian reef in the 
Shawanee Island Member of the Coeymans Formation at milage 70.2.   
B,  Scanned image of polished section showing corals (c) encrusted with stromatoporoids (s) as the 
major reef component.  Occassional brachiopods (r) and debris of seashells and echinoderm 
fragments (d) make up the interstitial matrix. 
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   0.2   116.2 Exit Delaware Water Gap National Recreation Area. 
   0.6   116.8 Historical Marker to right reads: 

NICHOLAS DEPUY.  First known settler in this region, 1727.   His home, stockaded and 
garrisoned, became Fort Depuy of the French & Indian War, after 1755.

   0.1  116.9 Quarry in Bossardville on right. 
   0.1  117.0 Bear left at fork in road, village of Shawnee.  Shawnee playhouse, a marvelous summer 

diversion, is on left. 
   0.1   117.1 Small water falls over deep mudcracks in southeast-dipping, overturned beds of the 

Bossardville Limestone to right (Figures 7, page 12). 
   0.2   117.3   Turn left into Shawnee on Delaware entrance.
   0.3   117.6 Front of Shawnee Inn.  End of Day-1 field trip. 
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Route Map for Day 2 of the 2001 Field Conference of Pennsylvania Geologists
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DAY 2 
     Miles 
  Int.    Cum.        Description 

  0.0      0.0 Leave from circle in front of Shawnee Inn. 
  0.3      0.3 Turn left onto River Road (SR 2028) at entrance to Shawnee Inn. 
  0.5      0.8      Intersection with Buttermilk Falls Road.  Continue straight ahead.   
  1.5      2.3 Cross Brodhead Creek. 
  0.2      2.5      Pass under I-80. 
  0.1      2.6      Stop sign.  Turn right onto ramp to I-80 West. 
  0.5      3.1 Merge with I-80 West. 
  0.1      3.2 Deep road cut exposing a shallow syncline in the Port Ewen Shale (base), Shriver Chert, 

and Ridgeley Sandstone.  At the top of the cut are two big joint blocks of Ridgeley 
sandstone held in place over the highway by five steel cables.  The eastern block is 
separating from the cliff face by an open vertical joint striking N60oE.

  0.1      3.3 Cross Brodhead Creek.  The Ridgeley forms a high natural cliff to the south.       
  0.3      3.6 On the right along the on-ramp of Exit 309 the Edgecliff Member of the Onondaga 

Limestone is exposed.  The road then cuts through late Wisconsinan glacial till.
  1.0      4.6 Bear right onto ramp at Exit 308 (East Stroudsburg). 
  0.2      4.8 Stop sign.  Turn left onto Prospect Street. 
  0.1      4.9      Turn right onto Forge Road immediately after crossing I-80 (opposite cemetery). 
  0.4      5.3 Stop sign.  Turn left toward East Stroudsburg sewage treatment plant, then turn left onto 

dirt road just before gate.  (Buses proceed right down Lincoln Avenue 0.1 mi, then turn 
left into East Stroudsburg recycling center where they park.  After STOP is completed, 
buses return for pick up at sewage treatment plant. ) 

STOP  7.   EAST STROUDSBURG RAILROAD CUT: SCHOHARIE FORMATION AND 
ONONDAGA LIMESTONE—STRATIGRAPHY AND STRUCTURE.   
Leaders:  Charles A. Ver Straeten, Jon D. Inners, and Jack B. Epstein. 

This oft-described anticlinal rock cut on 
the Norfolk Southern Railroad at East 
Stroudsburg (Figure l66) provides both the most 
complete exposure of the Early/Middle 
Devonian-age Onondaga Limestone in the Water 
Gap region and an instructive local “snapshot” of 
the complex geology of Godfrey Ridge (see 
Epstein, 1989).  Originally blasted out along the 
route of the old Delaware, Lackawanna & 
Western Railroad (from Scranton, PA, to 
Hoboken, NJ) in the early 1850’s, both its 
stratigraphy and structure were initially described 
by I. C. White of the Second Pennsylvania 
Geological Survey (White, 1882, p. 265-266).  E. 
M. Kindle (1912) and Bradford Willard (1936, 
1939) also made reference to the cut, the former 
noting several typical “Onondaga” fossils and the 
latter introducing the name Buttermilk Falls for Figure 166.  Location map for STOP 7. 
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the limestone here referred to as Onondaga.  However, it was a series of much more recent studies that 
provided most of the information for this STOP description.  Epstein (1970, 1984) described in detail the 
structure and stratigraphy of the cut; Inners (1975) studied its stratigraphy and paleontology; and Ver 
Straeten (1996a) made a detailed stratigraphic analysis of the Onondaga Limestone and correlated 
individual members and beds with units in the Onondaga of New York State.  All three independently 
measured the Onondaga section on the south side of the cut, the measurements being made before the 
upper 27 ft (8.2 m) of the formation were removed by construction of Forge Road across the railroad at 
the northwest end of the cut.

The 267 ft (81.5 m) that comprise the Onondaga Limestone, or Formation, in the Stroudsburg 
area represents the area of greatest thickness for Onondaga and equivalent strata known in the basin, 
with the exception of a more clastic-dominated and volcanic tuff-rich section adjacent to Massanutten 
Mountain, in northern Virginia (Dennison, personal communication; Rickard, 1989; Ver Straeten, 
unpublished data).  This is part of a regional trend of greater thickness and accommodation space 
through Lower to Middle Devonian strata (Rickard, 1975, 1989), focused in a Tri-States area sub-basin 
of the larger Appalachian foreland basin.  (NOTE: The measurements used in this STOP description are 
those of Inners, 1975; both Epstein, 1984, and Ver Straeten, 1996a, record 272 ft/82.9 m.)   

STRATIGRAPHY 

Nomenclature
A number of distinctive marker beds occur through the strata in the railroad cut at East 

Stroudsburg and throughout the Stroudsburg area.  These include K-bentonite beds, a coral-rich 
biostrome, shale-rich intervals, a pair of dark gray to black shales split by a thin limestone bed, and other 
unique beds.  Detailed study of the Onondaga Limestone and equivalent strata across the Appalachian 
Basin by Ver Straeten (1996a, b; this guidebook, p. 35) shows that these same marker beds, along with 
member-level and finer stratigraphic subdivisions are widely correlatable (see Figure 26, p. 42).
Correlation of the East Stroudsburg railroad cut with the Onondaga Limestone in its type area indicates 
that the Buttermilk Falls and the Onondaga Limestones of eastern Pennsylvania and New York, 
respectively, are exact equivalents; the four member-level subdivisions of each also represent almost 
exact correlatives, excepting the boundary between the upper two members, in each area.  

Recognizing the synonomy of the units, and following the North American and International 
stratigraphic codes, Ver Straeten and Brett (in preparation) will propose that the older nomenclature 
(Onondaga Limestone, or Formation, of Hall, 1839; Edgecliff, Nedrow, Moorehouse, and Seneca 
Members) be applied to the strata in eastern Pennsylvania.  The terms Buttermilk Falls Limestone of 
Willard (1936); Foxtown, McMichael, Stroudsburg Members of Epstein (1984); and Echo Lake Member 
of Inners (1975) will be abandoned.  This nomenclature is followed in this guidebook. 

Biostratigraphy and Age 
 Different North American stage-level terms (e.g., Onesquethaw Stage of Cooper et al., 1942; 
Southwood and Cazenovia stages of Rickard, 1975) have been applied in the past to the Onondaga 
Limestone and associated strata in the Appalachian Basin.  Recognizing the increasingly better 
correlation of Appalachian Basin and global Devonian strata, the use of stages (Emsian and Eifelian) 
utilized by the International Subcommission on Devonian Stratigraphy is recommended and applied 
here.  The global GSSP ("Global Stratotype Section and Point") for the Emsian-Eifelian boundary is in 
the Eifel Hills of southwestern Germany. 
 The base of the Onondaga Limestone, or Formation, in New York was long considered to 
represent the Lower-Middle Devonian (Emsian-Eifelian stages) boundary.  However, recent definition 
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of the global Emsian-Eifelian boundary by the Subcommission on Devonian Stratigraphy has raised 
doubts as to it position in Eastern North America. At present the position of the boundary is poorly 
defined, occurring somewhere between the base and top of the Edgecliff Member.  Conodont work is 
presently underway in an attempt to resolve this issue.  Higher up in the Onondaga, Klapper (1971) 
reports two conodont zones within the post-Edgecliff Onondaga, the patulus and costatus zones.  The 
latter includes the upper part of the Nedrow, and the whole of the Moorehouse and Seneca Members.  
So, at present, the Edgecliff Member is considered to be uppermost Emsian and/or lowermost Eifelian; 
the Nedrow to Seneca members are of early Eifelian age. 
 The Tioga B K-bentonite, at the base of the Seneca Member, was dated by Roden et al. (1990) at 

390.0 + 0.5 Ma, using U-Pb dating 
techniques on monazite crystals.
A more recent date of 391.4 + 1.8 
Ma is reported by Tucker et al. 
(1998) for a K-bentonite from the 
Tioga "Middle Coarse Zone" of 
Dennison (1961) from Wytheville, 
VA.  New work by Ver Straeten 
(2001, in preparation), however, 
shows that the Middle Coarse 
Zone underlies and is older than 
the Tioga A-G zone (see below). 

Facies
 Figure 167 displays an 
idealized onshore-offshore facies 
transect for the Onondaga 
Limestone and equivalents across 
the Appalachian Basin. The 
predominance of facies 4-7 
(fossiliferous packstones, chert-
rich limestones, wackestones, and 
calcisilt facies) in the railroad cut 
and the Stroudsburg area is 
characteristic of an intermediate 
water depth position in the basin. 
High subsidence rates in the 
Stroudsburg/Tristates area relative 
to other parts of the basin is 
indicated by greater thickness of 
Onondaga strata.  However, 
regional maintenance of water 
depth trends directly correlative to 
a basinwide relative sea level 
curve indicates high sediment 
productivity rates and steady state 
infilling that kept pace with the 
formation of excess 
accommodation space.   

Figure 167.  Idealized onshore-offshore transect for Onondaga paleoenvironments 
across the Appalachian Basin (Ver Straeten and Brett, 2000). 1 = coral 
biostromal/biohermal facies; 2 = crinoidal grainstones; 3 = fossiliferous packstone-
dominated facies; 4 = chert-rich facies;  5 = wackestone-dominated facies; 6 = 
calcisilt facies; 7 = interbedded argillaceous limestones and calcareous shales; 8 = 
calcareous shales; 9 = basinal black shales.  Sandstone facies (Schoharie Fm.) not 
included in facies scheme. 
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Detailed Description of Railroad Cut 
Schoharie Formation, 58 ft/17 m + 
Saugerties-Aquetuck Members, undivided, 58 ft/17.7m + 

The thick-bedded, partly calcareous, medium-dark-gray, burrowed, sandy to argillaceous 
siltstone to very fine sandstone in the core of the overturned anticline constitutes approximately the 
entire thickness of the “upper” Schoharie in the Field Conference area.  As at other nearby localities 

(particularly on U.S. 209 near 
Buttermilk Falls [mile 8.5 of road 
log]), beds in the upper 15-20 ft 
(4.6-6.0 m) of the formation 
contain considerable fine sand—a 
reflection of the southwestward 
lateral change of the upper part of 
the Schoharie Formation into the 
middle part of the Palmerton 
Sandstone (Epstein, 1970, 1984; 
Inners, 1975; Ver Straeten, 1996a, 
b).  In fact, the uppermost bed of 
the Schoharie in the railroad cut 
and other local outcrops consists of 
a 3 ft/0.9 m-thick, very resistant, 
calcareous, fine-to medium-grained 
sandstone.  The contact is abrupt 
(Figure 168), and clearly defined 
on both sides of the cut.

Onondaga Limestone, 267.5 ft/81.5 m
Edgecliff Member, 82 ft/25 m (= Foxtown Member of Epstein, 1984.) 
Unit 1 (0 to 50 ft/0 to 15.3 m) 

 The lower part of the Edgecliff Member 
consists primarily of thin- to medium-bedded 
(in irregular to lenticular beds 1 in. to 2 ft 
thick), medium-gray (N5) to medium-dark-gray 
(N4), medium-light-gray (N6) weathering, 
fine- to medium-grained, fossiliferous 
limestone, interbedded with medium-dark-gray 
(N4), calcareous, evenly bedded shale and 
siltstone in beds 1 in. to 1 ft thick and grayish-
black (N2) to dark-gray chert.  Chert occurs in 
irregular nodules 0.5 to 6 in. long.  The most 
conspicuous fossils are large crinoid 
“columnals” (probably holdfast fragments) up 
to 1.5 in. in diameter (Figure 169); solitary 
rugose corals are also relatively common, 
especially in the lower 2.5 ft/0.8 m where they 

may represent the equivalent of the non-cherty, coral bioherm facies that is found in basal Edgecliff 
strata all along the New York outcrop belt.  Ostracodes are abundant in thin sections of Unit 1 

Figure 168.  Schoharie-Onondaga contact (at crevice) on the south side of the 
railroad tracks at STOP 7.  The topmost fine-grained sandstone bed of the 
Schoharie is below, the basal coral-rich bed of the Edgecliff Member is above.  
The banded scale is 20 in. (50 cm) long.  

Figure 169.  Large crinoid “columnals” (holdfast fragments?) in 
unit 1 (lower Edgecliff Member), east end of the cut on the north 
side.  Lens cover is about 2.5 in. (14 cm) in diameter. 
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limestones.  The base of the unit is marked by a l-ft thick, medium- to very coarse-grained limestone in 
abrupt contact with the Schoharie Formation (Epstein, 1984, p. 30).

Unit 2 (50 to 82 ft/15.3 to 25.0 m)
The upper 32 ft/9.8m of the Edgecliff is somewhat thinner bedded (beds up to 1 ft/0.3 m thick) 

and conspicuously more cherty (at least 50 percent) than the lower part.  Limestone occurs mostly in 
pods 2 to 6 in. in diameter, while the shale and siltstone beds are 1 to 2 in. thick.  Large crinoid 
“columnals” appear to be absent, but ostracodes continue to be abundant.  (A 6-in.-wide, broken-out 
crevasse along bedding occurs about 7 ft [2.1 m] above the base of the unit.)  The contact with the 
overlying Nedrow Member is transitional thorough a 4-ft/1.2-m interval of cherty limestones and 
calcareous shales, which is well exposed to the south in the East Stroudsburg Sewage Treatment Plant.

Overall, the Edgecliff Member at East Stroudsburg can be subdivided into three medial-scale, 
deepening- to shallowing-up cycles, the upper part of the third extending into overlying strata of the 
Nedrow Member.  These three cycles (with bases at 0 ft/0 m, 21 ft/6.4 m, and 63 ft/19.25 m) are 
recognized in Edgecliff strata across much of the Appalachian Basin, as is one of two thin K-bentonites 
that occur in slickensided crevices at the base of and in the middle of the upper cycle. 

Nedrow Member, 41 ft/12.5 m (= McMichael Member of Epstein, 1984.) 
Unit 3 (0 to 41 ft/0 to 12.5 m) 

As in central New York State, the 
Nedrow Member constitutes the most 
conspicuous shaly interval in the 
Onondaga of the Stroudsburg area (Figure 
170).  It is composed predominantly of 
medium-gray to medium-dark-gray, 
medium-gray weathering, calcareous, 
locally somewhat silty shale in beds 2 in. 
to 1 ft thick.  Interbedded with the shale 
are 1 to 3 in.-thick beds, lenses, and 
nodules 1 to 3 in. thick of medium-gray, 
fine-grained, argillaceous limestone.  
Ostracode, brachiopod, coral, and crinoid 
fragments are common in the limestone, 
the only clearly identifiable fossils being 
Pseudoatrypa and small solitary rugose 
corals.  A thin crevice in the middle of the 

Nedrow, visible on the north side of the tracks is a thin, widely correlatable K-bentonite layer (it is 
covered by a recent debris slide on the south side of the tracks).

The uppermost 6 ft/1.8 m of the Nedrow Member is marked by dark gray to black shales with 
little to no carbonate, and an intermediate, highly argillaceous limestone bed.  This unit correlates with a 
widespread pair of black shales separated by a thin limestone that occurs at the top of the Nedrow 
Member throughout deeper portions of the basin (Brett and Ver Straeten, 1994; Ver Straeten, 1996a). In 
shallower areas it is recognized by distinctive deeper water facies relative to other Nedrow and 
Moorehouse strata below and above. The contact with the overlying Moorehouse Member is gradational 
and marked by the upward appearance of chert and the disappearance of argillaceous beds. 

Figure 170.  Nedrow Member (unit 3), south side of cut toward west 
end.  The debris slide covers a thin K-bentonite bed that is visible on the 
north side of the tracks.  The staff is 5 ft (1.5 m) long.
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The middle to upper part of the Edgecliff Member (56 ft/17 m) and the lower approximate 2/3 of 
the Nedrow Member (28 ft/8.6 m) are best seen in an outcrop on the north side of the East Stroudsburg 
Sewage Treatment Plant, approximately 200 ft/60 m south of the railroad cut. 

Moorehouse Member, 113 ft/34.4 m (= lower part of the Stroudsburg Member of Epstein, 1984.)
Unit 4 (0 to 55 ft/ 0 to 16.8 m) 
 The lower part of the Moorehouse Member consists of thin- to medium-bedded (in beds, pods, 
and nodules 1 in. to 1 ft. thick), medium-gray to medium-dark-gray, light-gray to medium-light-gray 
weathering, fine- to medium-grained, locally argillaceous, cherty limestone.  Dark-gray (N3) to grayish-

black chert composes 15 to 25 
percent of unit, occurring in irregular 
pods, lenses, and discontinuous beds 
0.25 to 8 in. thick.  Fossil fragments 
are relatively uncommon. 

Two thin, calcite-filled 
crevices 9 and 12 ft (2.7 and 3.7 m) 
above the base of Unit 4 represent a 
widely recognized pair of thin K-
bentonites in the lower part of the 
Moorehouse Member (Figure 171). 
An additional correlatable K-
bentonite associated with a 
slickensided calcite vein 51 ft/15.7 m 
above base of Unit 4 (=7.5 ft/2.3 m 
below top of Unit 4) underlies the 
succeeding shaly Unit 5 across much 
of the Appalachian Basin. 

Unit 5 (55 to 59 ft/16.8 to 18.0 m) 
 This 4 ft/1.2 m-thick shaly 
interval is the “false Nedrow” of 
eastern and central New York (Figure 
172).  As in other areas of the basin 
characterized by intermediate depth 
facies, it consists mostly of medium-
gray, silty, calcareous shale 
containing lenticular beds and nodules 
(to about 2 in. [5 cm] thick) of 
medium-gray to medium-light-gray, 
medium-light-gray weathering, fine- 
to medium-grained, sparsely 
fossiliferous limestone.  Some 
limestone nodules have thin cherty 
rims.

In deeper facies across the 
basin (e.g., central Pennsylvania) the 
"false Nedrow" consists of a thin 

Figure 171.  Pair of thin K-bentonite marker beds in unit 4 (lower 
Moorehouse Member), south side of cut.  The beds are on the overturned 
north limb of the anticline, and are marked by prominent slickensided 
crevices (bedding-plane slip horizons).  Banded scale is 20 in. (50 cm) long. 

Figure 172.  Strongly cleaved Tioga B K-bentonite (unit 7, at hammer) at 
base of Seneca Member.  Bedding dips 88oSE (overturned), and cleavage 48o

SE.  Hammer is 11 in. (27.5 cm) long. 
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interval of black shale. In shallower areas of the basin, it is characterized by distinctly finer-grained 
limestones of deeper water aspect compared to under- and overlying strata.    

Unit 6 (59 to 113 ft/18.0 to 34.4 m)
The upper half of the Moorehouse Member is composed mainly of thin- to medium-bedded (in 

beds 2 in. to 1 ft. thick), medium-dark-gray, medium-light-gray to light-gray weathering, fine- to 
medium-grained, very cherty, fossiliferous limestone.  The chert, constituting 30 percent or more of the 
unit, occurs in elongate, discontinuous pods and ragged nodules some of which are 6 in. or more thick 
perpendicular to bedding.  Overall, strata of Unit 6 show a shallower water character (grain size, 
bedding thickness, fauna) than underlying strata of the Nedrow and Moorehouse members. A 2-in.-wide 
crevice halfway up through Unit 6 is the Tioga A K-bentonite bed of Smith and Way (1983) and Way et 
al. (1986). 

The false Nedrow and overlying strata of the Moorehouse Member, along with succeeding lower 
strata of the Seneca Member (= units 5 to 8), are better seen in a low outcrop approximately 60-100 
ft./18-30 m south of the railroad cut.  Part of Unit 6 and the overlying Seneca Member are also well 
exposed at STOP 8. 

Seneca Member, 31.5 ft/9.6 m (= uppermost part of Stroudsburg Member of Epstein, 1984.) 
Unit 7 (0 to 1 ft/0 to 0.3 m)    

Marking the base of the Seneca Member is a 10 in. to 1 ft thick bed of greenish gray (5GY 6/1) 
to medium-dark-gray, medium-light-gray to moderate-yellowish-brown (10YR 5/4) weathering, non-
calcareous, tuffaceous siltstone and very fine-grained sandstone (Figure 172).  A thin section of the tuff 
bed from a nearby cut on I-80 at Stroudsburg reveals an abundance of ragged biotite flakes and finely 
disseminated pyrite (Inners, 1975, Figure 48).  This is the principal altered volcanic tuff or K-bentonite 
(B) of the famous Tioga ash-bed zone (Smith and Way, 1983).

Recent study of the Tioga K-bentonites across the Appalachian Basin (Ver Straeten, 2001) shows 
that the Tioga A-G interval of Smith and Way (1983) does not correlate to, but overlies, the Tioga 
Middle Coarse Zone of Dennison (1961); for further discussion see Ver Straeten, this guidebook, p.35).
Based on overall and phenocryst-specific grain-size analyses of the Tioga Middle Coarse Zone, 
Dennison and Textoris (1978) and Dennison (1986) project a source in the vicinity of Fredericksburg, 
northeastern Virginia.  In contrast, however, qualitative observation of the Tioga B bed across the basin 
appears to indicate that the phenocryst-rich, silt- to sand-sized lithology of the bed in the Stroudsburg 
area represents the coarsest facies of the Tioga B bed across the Appalachian Basin. This may point to a 
different, and more northwestern, source for the Tioga B bed in the Acadian magmatic arc proximal to 
the eastern Pennsylvania/southeastern New York region.

Unit 8 (1 to 9.5 ft/0.3 to 2.9 m) 
 The beds directly above the Tioga B are mainly thin- to medium-bedded (2 in. to 1 ft. thick 
beds), medium-dark-gray, light-gray weathering, medium grained, very cherty, fossiliferous limestone.  
Grayish-black to dark-gray chert, occurring in nodules 1 to 4 in., is very abundant.  (Only the lower two 
or three feet of this unit are still present, the rest having been removed by road construction.)  On the 
north side of the cut, a fault appears to repeat the Tioga B and overlying strata.  The exact structural 
configuration of this part of the cut is—to say the least—unclear!   

Unit 9 (9.5 to 31.5 ft/2.9 to 9.6 m) 
 Before road construction in the early or mid-1990’s, the distinctive coquinitic “Echo Lake” beds 
of Inners (1975) were well exposed here.  They are now completely missing as a result of road 
construction.  (But fear not, we will get a good look at them at STOP 8.)  You will have to take our word 
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for it that once present at the top of the Seneca at this spot were about 22 ft/6.7 m of medium-gray to 
medium-light-gray, medium- to very coarse-grained, cherty, fossiliferous limestone in beds 2 in. to 1-
foot thick—some of which were coquinites composed mainly of chonetid-brachiopod shells.  Dark chert 
similar to that in the underlying unit was somewhat less common in these upper beds.  (It may have 
constituted 50 percent of the interval directly above the Tioga.)  The chonetid brachiopod in the 
coquinites is Hallinetes.  Other fossils found here—mainly in the shell beds—include Acrospirifer
varicosus, Tentaculites bellulus, and small rugose corals (Inners, 1975).  The contact with the overlying 
Union Springs Formation of the Marcellus Group is not exposed, but it is probably just above the top of 
this unit.

Significant Events, Processes, and Sequence Stratigraphy  
Upper Lower and Middle Devonian strata of the East Stroudsburg railroad cut record several key 

events in the geologic history of the region, associated with tectonic, eustatic, and paleobiological 
processes active at the time of deposition. 
 Strata of the Schoharie, Onondaga, and Union Springs Formations record changes in the 
Appalachian Basin associated with two separate tectonically-active to quiescent stages in the Devonian 
to Mississippian Acadian orogeny (Ettensohn, 1985; Ver Straeten 1996a).  Ettensohn (1985) and Ver 
Straeten (1996a) interpreted the post-Oriskany succession of basinal, dark gray mudstones and 
sandstones (Esopus Formation), mixed clastics and carbonates (Schoharie Formation), and succeeding 
Onondaga carbonates to record a period of active orogenesis, overdeepening of the Appalachian 
foreland basin, and input of clastic sediments, followed by increasing tectonic quiescence and a return to 
carbonate deposition over a period of approximately 18 million years (based on a new Devonian time 
scale of Tucker et al., 1998).  Upper Schoharie and Onondaga strata in the railroad cut record the later, 
relatively quiescent stage of Acadian Tectophase I, immediately prior to the onset of a second phase of 
active tectonism, marked by Marcellus black shales (Union Springs Formation) that closely overlie the 
top of the Onondaga Formation (covered at STOP 7). 
 In the northeastern part of the Appalachian Basin (eastern New York), the transition from the 
widespread, shallow marine sandstones and limestones (Oriskany Formation and equivalents) to basinal 
dark gray mudstones and shales (Esopus Formation) is marked by a K-bentonite-rich interval (Sprout 
Brook K-bentonites).  Similarly, a large number of K-bentonites are concentrated in the upper part of the 
Onondaga into the lower part of the Marcellus black shales (Bakoven Member).  These appear in both 
cases to mark an increase in volcanic activity in the Acadian orogenic belt during, as previously stated, 
times of increased tectonism at the beginning of Acadian Tectophases I and II (Ver Straeten, 1996a). 
 Litho- and biofacies trends through the Schoharie and Onondaga Formations locally also reflect 
changes of relative sea level through the upper Emsian and lower Eifelian.  General lithologic 
coarsening up and overall shallowing upward biofacies trends in upper Schoharie strata in the railroad 
cut indicate shallowing up to the basal coral-rich strata of the Onondaga (or the top sandstone of the 
Schoharie).  An overall deepening through the overlying cherty limestones (Edgecliff Member) and 
mixed shale and limestones (Nedrow Member) culminates in maximum depths in the top "black beds" 
of the Nedrow.  A return to chert-rich limestone facies through the lower to middle Moorehouse marks 
another upward coarsening/bed thickening trend to a series of medium-to thick-bedded limestones above 
the "false Nedrow shale."  The occurrence of a relatively shallow water fauna in the upper Moorehouse 
(including Paraspirifier acuminatus and other forms) records a position of sea level lowstand prior to 
another reversal of both lithologic and faunal indicators, which marks a major deepening into the 
overlying black Bakoven shale, and on a larger scale, into the second major pulse of clastics of the 
Middle Devonian Hamilton Group. 
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 These relative sea level trends can be discussed in the context of the sequence stratigraphic 
model (see also Ver Straeten, this guidebook, p35).  Examining the local strata, a relative water depth 
curve for the railroad cut can be established.  Basinwide comparison of these trends (Ver Straeten, 
1996a, 2001) permit construction of a relative sea level curve from which a sequence stratigraphic 
framework can be interpreted. 

The shallowing up through the upper Schoharie in the East Stroudsburg railroad cut represents 
late highstand systems tract (LHS) deposition in the later part of a sequence that comprises the whole of 
the Schoharie Formation.  The top (1 ft/0.3 m-thick) sandstone of the Schoharie and basal coral-rich 
limestone of the Onondaga may be interpreted as lowstand or basal transgressive systems tracts (LST or 
TST).  LST is generally not recognized in shallower portions of an epicontinental sea (Brett and Baird, 
1996); however, a sequence-bounding unconformity, noted widely at the base of the Onondaga in New 
York and towards Harrisburg, PA, is not recognized in the railroad cut. 
 Succeeding strata of the Edgecliff and Nedrow members represent the TST of a lower to middle 
Onondaga sequence. The so-called Nedrow black beds represent the position of maximum flooding 
basinwide.  An initial slow, then more rapid shallowing through the overlying lower to middle 
Moorehouse represent early and late HSTs, with the LST and TST of the succeeding upper Onondaga-
Union Springs sequence marked by upper Moorehouse (LST) and Seneca and Bakoven (TST) strata. 
 The interplay of tectonics and eustasy in a foreland basin and their effects on relative sea level 
can be difficult to tease apart, as seen in vigorous debates over the recent years by researchers who favor 
one process over the other.  However, through relatively high resolution correlation and subdivision of 
Emsian and Eifelian strata across the entire Appalachian Basin outcrop (Ver Straeten 1996a, 2001), and 
preliminary comparison with the European and North African successions, it appears that the varied 
influences of tectonism and eustasy can begin to be picked apart.  In intervals where conodont 
biostratigraphy is of a high enough resolution for comparison between the Appalachian Basin, Europe, 
and North Africa, patterns of sea level change through the so-called "third order" sequences appear to be 
coordinated in time.  Overall trends do not always match; for example, where the Esopus sequence 
represents a major transgression to depth greater than in the subsequent Schoharie and lower to middle 
Onondaga sequences, the record in much of Europe and North Africa show a greater deepening in a 
Schoharie-equivalent sequence relative to underlying Esopus-equivalent strata. This reflects greater 
subsidence of the Appalachian foreland basin during the early (Esopus-age), tectonically-active stage of 
Acadian Tectophase I.  Other flexural effects of Acadian tectonism across the Appalachian Basin 
include the migration of a peripheral bulge during late Schoharie and Onondaga time, which resulted in 
the formation of pinnacle reefs in deeper, central portions of the foreland basin (Ver Straeten and Brett, 
2000). One of the key paleobiological events in the Phanerozoic was the Late Devonian (Frasnian-
Famennian) Mass Extinction, when as much as 70% or more of all species of marine animals became 
extinct (McGhee, 1996).  Several lesser extinction-radiation events also occurred through the Devonian, 
including the lower Eifelian "Chotec Event," reported from the Devonian around the world (Chlupac and 
Kukal, 1986; Boucot, 1990; Walliser, 1996).  The Chotec Event, which marks the extinction and 
radiation of different goniatite cephalopods and tentaculite-like dacryoconarids, occurs globally near the 
base of the Polygnathus costatus costatus conodont zone.  In the Appalachian Basin, the base of the 
costatus zone occurs at the top of the Nedrow Member (Klapper, 1971, 1981).  Comparison with 
sections in central Europe and Morocco indicate that the Nedrow black beds may represent this global 
bio-event in eastern North America. 
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STRUCTURE
The fold at STOP 7 is typical of folds in lithotectonic unit 2 of Epstein and Epstein (1967, 1969).  

This sequence of rocks, which extends upward from near the base of the Upper Silurian Poxono Island 
Formation to the lower part of the Middle Devonian Marcellus (i.e., Union Springs) Formation, is 
approximately 1900 ft (575 m) thick in the Delaware Water Gap area.  More resistant units in the upper 
part (particularly the Esopus Formation and the Oriskany Group) underlie the crest of the long series of 
en echelon ridges, 900 to 1000 ft high, that extend from Saylorsburg, PA, past Stroudsburg and Bushkill 
into New Jersey (Cherry/Godfrey/Walpack Ridge) (Epstein, 1989).    
 Fold structures in lithotectonic unit 2 are typically third-order folds (Nickelsen, 1963), averaging 
700 ft (215 m) in wavelength and 250 ft (75 m) in amplitude.  The folds vary in style, from concentric, 
flexural and passive slip to similar flow folds, and are typically asymmetrical.  They form en echelon 
trains, die out over short distances, and vary in direction and degree of plunge along strike.  These latter 
characteristics account for the serpentine outcrop pattern displayed by this package of rocks on geologic 
maps.  Northwest movement of the entire stratigraphic sequence is indicated by bedding-plane slippage, 
wedging, and faulting.  Shortening of about 15% more than the shortening in underlying lithotectonic 
unit 2 due to this northwest translation has been computed from the folds in Godfrey Ridge (Epstein, 
1969).
 The top and bottom of lithotectonic unit 2 are apparently bounded by regional decollements, or, 
at least, local zones of decollement.  These discontinuities are at or just above the very poorly exposed 
contact of the Poxono Island Formation with the underlying Bloomsburg Formation and in the lower 

part of the Marcellus shale.  The upper decollement is well documented and will be seen at STOP 8B.
 Figure 173 is a generalized cross section though the fold in the railroad cut at STOP 7.  Bedding 
on the south limb dips a relatively uniform 20-30oSE; but on the overturned north limb, dips vary from 
88oSE at base of the Seneca Member at the northwest end of the cut to mostly 50-60o within the 
underlying Moorehouse and Nedrow Members, and then back to 80oSE to vertical as the axis is 
approached.  Cleavage dips a uniform 40-50oSE on the north limb, but shows considerable variation on  

Figure 173.  Generalized cross section of overturned fold at STOP 7, showing dips of bedding (solid black) and 
cleavage (dashed red).  Section bends around from northwest to east and is not at right angles to fold axis. “View” is to 
southwest. 



229

Figure 174.  Stereonets of bedding (A) and cleavage (B) at STOP 7.  A: solid dots = bedding planes; 
open circles = bedding-plane-slip horizons; axis plunges S40oW at 10o.  B: open triangles = north 
limb; solid triangles = south limb; axis plunges S37oW at 10o.

Figure 175.  Geologic map (A) and cross section (B) in vicinity of STOP 7 from Epstein 
(1989). 
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the south limb—possible due to the misidentification of some closely spaced joint fractures as cleavage.  
Interpretation of stereonets of bedding and cleavage indicate that the fold axis plunges 10o toward 
S40oW (Figure 174A, B).  At least ten calcite-mineralized bedding-plane-slip horizons occur on the 
north limb (Figure 174A), indicating a flexural-slip mechanism of fold propagation.  Some of these slip 
horizons seem to be localized along K-metabentonite beds. 

Epstein (1989; Figure 175A, B) maps the fold at STOP 7 as doubly plunging, with the fold axis 
trending S45oW.  Wavelength is about 1000 ft (300 m), and amplitude about 200 ft (60 m).  The 
maximum amplitude of the fold occurs in the railroad cut, and the fold dies out to both the southwest 
and the northeast within a half a mile in each direction. 

                        Leave STOP 7, turning right onto Forge Road.  
   0.4      5.7     Stop sign.  Turn left onto Prospect Street, then immediately right onto ramp to I-80 East. 
   0.2      5.9 Exposures of Wisconsinan till in bank of on-ramp on right. 
   0.1      6.0 Merge with I-80 East. 
   0.7      6.7 Bear right onto US 209 at Exit 309 (Marshalls Creek). 
   0.2      6.9 Abandoned quarry in woods on right and adjacent railroad cuts contain the Onondaga 

Limestone, parts of the Schoharie Formation, and the Esopus Formation (Epstein, 1984). 
   0.1      7.0     Cross over I-80.   
   0.6      7.6 Behind the Dairy Queen to right is a 

large excavation in deeply weathered 
calcareous siltstone of the Schoharie 
Formation.  The rock is leached of its 
calcium carbonate to depths of at least 
20 feet, unique in this area where 
most bedrock has been stripped of its 
weathered regolith by Wisconsinan 
glacial scouring.  This hill has 
escaped such scouring.  Bedding at 
the locality is N47oE/22-40o SE.  A 
pervasive cleavage cuts the rock: N 
51oE/ 72o SE.  A thrust fault—striking 
N85oE and dipping 66o SE—and a 
bedding plane thrust contort the 
cleavage (Figure 176). 

   0.55    8.15 Cleaved, Taonurus-bearing Esopus 
silty shale in cut to left.   

   0.2      8.35 Buttermilk Falls Road to right.     
   0.15    8.5 Cut in south-dipping lower Onondaga Limestone, Schoharie Formation, and upper 

Esopus Formation (see Figure 29, page 55).  Buttermilk Falls on Marshalls Creek, the 
type locality of the Buttermilk Falls (=Onondaga) Limestone, is about 0.1 mile to the east 
of here. 

   0.4      8.9 Cross Marshalls Creek.  Visible just upstream of here is a picturesque stone arch bridge 
(built 1910) on the old “creek” road.  To the right on the northeast side of the creek is a 
ragged borrow pit in the Port Ewen Shale.      

   0.2      9.1 Deep road cut through the Port Ewen Shale.  On the west side of the road is a 32-foot-
long erratic of cherty limestone sitting on the shale (see Figure 42, page 67).  The erratic 
was derived from the Edgecliff Member of the Onondaga Limestone, which has supplied 
scattered large erratics like this one throughout the area (see White, 1882, p. 46-48).  A 

Figure 176.  Exposure of weathered siltstones of the 
Schoharie Formation at mileage 7.6.   A pervasive 
cleavage dips 72oSE, more steeply than bedding which 
ranges from 22o to 40oSE.  Bedding-parallel thrust faults 
are accentuated by weathering (1) and deform underlying 
cleavage (3).  Another thrust (2) is steeper than bedding 
(66oSE).
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large area of this unit was initially mapped as bedrock (i.e., Buttermilk Falls Limestone)
in “Helderberg” terrain during initial mapping by Epstein.  This required a fantastic 
structural interpretation, until its glacial origin was recognized. 

   0.2     9.3 Pocono Wild Animal Snake Farm to left.  Partially buried on the slope to right are large 
blocks of shaly and silty limestone that have broken off Port Ewen and Shriver ledges 
near the top of the high ridge to the east and moved by gravity and gelifluction to their 
present positions.

   0.3     9.6 Cut through highly fossiliferous Port Ewen shale.  
   0.2     9.8 Another deep cut, this one through the interbedded shales, limestones, and cherts of the 

Port Ewen/Shriver interval.  Mineralized bed-parallel faults are common. 
   0.2   10.0 And still another deep cut in Port Ewen shale/Shriver chert. 
   0.3   10.3 Cross Marshalls Creek.  Just upstream (to right) of here is an Amerind chert “quarry” in 

the Ridgeley Sandstone, recently discovered as a result of archeological investigations for 
relocation of US 209 (P. La Porte, personal communication, 2001).   

   0.1   10.4     Outcrop of the cleaved siltstone of the Gumaer Island Member of the Schoharie 
Formation to left

   0.1   10.5 To left is Riccobono’s “Quarry in the Schoharie,” operated by Route 209 Enterprises, a 
subsidiary of Haines & Kibblehouse, Inc.  (See Inners and Ver Straeten, this guidebook, 
p.61).

   0.3   10.8 Low cut through lower Onondaga Limestone (Edgecliff Member). 
   0.1   10.9 Traffic light.  Turn right, following US 209 North.   
   0.1   11.0 Traffic light at PA 402 intersection; continue straight ahead.  To right in the shopping 

center and northeast along the highway for about 0.5 miles are numerous cuts in an east-
west ridge of Onondaga Limestone. 

   0.1   11.1      Road to right leads to an Amerind archeological site along the proposed new route of US 
209 (P. La Porte, personal communication, 2001). 

   0.3   11.4 On the ridge to right are numerous small excavations made by American Indians in 
extracting black chert from northwest-dipping ledges of Onondaga Limestone (P. La 
Porte, personal communication, 2001).

   0.3   11.7  Oak Grove.  Directly to the south (right) of here (behind Wendy’s) is a large kettle pond, 
at the east end of which is “Leap’s Bog,” site of the discovery of the Marshalls Creek 
Mastodon in 1968 (see Hoff, this guidebook, p. 146).  The high ground between Wendy’s 
and the pond is an elongate kame that extends eastward from the bedrock ridge noted 
above.  Left of the highway is the preglacial drainage divide of the Echo Lake lowland.

   1.0    12.7 Hollow Road on right.  Middle Smithfield School, just past the road on right, rests on 
glacial outwash (elev. 525 ft) laid down from the Echo Lake recessional position. 

   0.5   13.2 Old Church and cemetery to right (just past 209 Diner on left and Muller’s Diner on 
right).

   0.9   14.1 Traffic light at Foxmoor Village.  Continue straight ahead. 
   0.4   14.5 Middle Smithfield Church on left, sits on Echo Lake outwash.  Low area west of church 

is a large ice-block depression.  Erosional channels cut in outwash at the head of the 
lowland may have served as glacial lake sluiceways for meltwater dammed between the 
glacier’s margin and Echo Lake outwash.  These lake outlets operated until the glacier’s 
margin retreated north of  Bushkill, opening up drainage into the main stem of the glacial 
Delaware River.  See STOP 9 for a detailed discussion on the deglaciation of the Echo 
Lake lowland. 
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   0.2   14.7      Caesar’s Pocono Palace to left. 
   0.7   15.4 Small quarry in field to left contains 

calcareous siltstone of the Stony Hollow 
Member in the lower part of the Marcellus 
Shale.  The rock is similar to the Schoharie 
Formation. Bedding dips 6o NW and a 
well-developed cleavage dips 56o SE
(Figure 177).  The dark gray shale of the 
Union Springs Member underlies these 
rocks, and is exposed at the next stop 
(STOP 8) where it is sheared along a 
bedding fault. 

   0.4   15.8 Pocono Indian Museum to left. 
   0.7   16.5 Turn right into entrance at Fairway. 
   0.1   16.6 Turn right onto road parallel to high tension line. 
   0.4   17.0    Turn right at Fairway Ridge sign. 
   0.1   17.1   Park along road at broad grassy area just beyond limestone outcrops. 

STOP  8.   FAIRWAY AND US 209 SHALE PIT: UPPER ONONDAGA LIMESTONE, UNION 
SPRINGS FORMATION, AND BASAL UNION SPRINGSDECOLLEMENT. 
Leaders:  Charles A. Ver Straeten, Donald H. Monteverde, and Jon D. Inners.

INTRODUCTION

STOP 8 consists of two parts: 
STOP 8A includes several rock cuts at 
Fairway on the southeast side of US 209, 
while STOP 8B is a small shale pit on the 
northwest side of US 209 about 500 feet 
to the west (Figure 178).  STOP 8A is on 
property belonging to Resorts USA, Inc., 
near the “pre-development” Echo Lake 
measured section of Inners (1975, p. 522-
524).  The pit at STOP 8B is on the 
property of Yu Tian Chou, who resides in 
the house just to the east.  Permission to 
visit these sites should be obtained from 
the property owners.

Strata exposed on both sides of 
the roadway at STOP 8A include cherty, fossiliferous limestones of the Moorehouse and Seneca 
members of the Onondaga Limestone (Figure 179).  The strata were formerly assigned to the 
Stroudsburg member of the buttermilk Falls and Echo Lake Members of the Onondaga Limestone 
(designations abandoned; see Ver Straeten, this guidebook, p. 35).  The Tioga B K-bentonite bed of 
Smith and Way (1983), which marks the base of the Seneca Member, is exposed partway up through the 
succession (Unit 7 below). 

Among the key features of STOP 8A are two deformed zones in upper Moorehouse and lower 
Seneca strata.  Sedimentary structures inside the zones (e.g., ball and pillow structures, convolute 
bedding) and a lack of brittle deformation features indicate early soft sediment deformation of the strata. 

Figure 177.  Stony Hollow member of the Union 
Springs Formation at mile 15.4 

Figure 178.  Location map for STOP 8.  (8A = Fairway; B = shale pit.)   
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Nodular chert bands within the deformed 
layers are folded with the strata, and 
indicate genesis prior to soft sediment 
deformation.

Chertification remains one of the 
long-unresolved questions in sedimentary 
geology.  The Onondaga Limestone has 
been and continues to be an excellent 
laboratory in which to explore problems 
of the origin, timing, and distribution of 
chert-rich strata in the rock record.
Biogenic opal from siliceous sponges, 
radiolarians, and/or diatoms are often 
suggested as the source of excess silica 
for Onondaga chert.  However, the 
increasing number of recognized K-
bentonites (altered volcanic beds) in 
Onondaga strata basinwide draw attention 
to another potential source of silica. 

Faunas through the upper 
Moorehouse and Seneca members are, for the most part, dominated by medium- to low-diversity 
assemblages.  The small chonetid brachiopod Hallinetes is the most characteristic form of the faunas.  
Within the upper Moorehouse, however (close to the base of the overlying Seneca Member), a very 
different fauna appears, characterized by a more diverse assemblage with larger forms, including 
Paraspirifer brachiopods and solitary and colonial rugose corals.  The change is associated with a shift 
in paleoecologic conditions, driven by a regressive lowstand of relative sea level (= base of Depositional 
Sequence 4 of Ver Straeten, this guidebook p. 35). 

The small pit on the northwest side of US 209 (STOP 8B) exposes black shales and buff-
weathering calcareous shales of the Bakoven and Stony Hollow Members of the Union Springs 
Formation (lower part of the "Marcellus shale").  Fully laminated to slightly burrow-mottled textures 
(best seen in Stony Hollow strata) and a general lack of macrofauna indicate anaerobic to dysaerobic 
conditions at the time of deposition.  A deformed zone at the top of the black shales, found widely 
throughout eastern Pennsylvania and eastern to east-central New York, represents a regional 
decollement surface. 

MOOREHOUSE AND SENECA MEMBERS 
OF THE ONONDAGA LIMESTONE AT FAIRWAY (A) 

Biostratigraphy and Age 
 As reported for STOP 7, the Moorehouse and Seneca Members of the Onondaga Limestone 
occur within the lower Eifelian (Middle Devonian) Polygnathus costatus costatus conodont zone 
(Klapper, 1981).  The Tioga B bed at the base of the Seneca Member has been dated at 390 + 0.5 Ma 
(Roden et al., 1990). 

Stratigraphy
Onondaga Formation, 34.1+ ft (10.4 m+) 
Moorehouse Member, 14.6+ ft/4.5+ m (= lower part of Stroudsburg Member of Epstein, 1984). 

Figure 179.  Cut in cherty Onondaga Limestone on north side of Fairway 
Ridge road at STOP 8A.  Units 4, 5, and 6 (uppermost Moorehouse 
Member) are at the bottom of the cut; contorted units 7 and 8 (lower part 
of Seneca Member, including the Tioga B K-bentonite) are in the middle; 
and highly fossiliferous unit 9 (upper part of Seneca Member, “Echo Lake 
Member” of Inners [1975]) is at the top.  The staff is 5 feet (1.5 m) long. 
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Unit 1 (Base of exposure to 6 ft/1.8 m) 
 The lowest beds exposed north of the 
road consist of massive, medium-dark-gray 
(N4), medium-gray (N5) weathering, fine- to 
coarse grained, partly bioclasitic limestone 
containing profuse (nearly 50 percent by 
volume) of grayish black (N2) in irregular 
nodules (or concretions) up to about 1 ft (0. 3 
m) in diameter and discontinuous beds up to 
2 ft (0.6 m) long.   Medium-sand to granule-
size fossil fragments include brachiopod, 
rugose-coral, and crinoid debris.  At the very 
top of the unit is a thin drape of bioclastic 
calcarenite.  As in all higher units, abundant 
hairline fractures in the chert are filled with 
white quartz.  From exposures of this same 
interval in the parking lot on the opposite 
side of the road, it is clearly evident that this 
interval has undergone some sort of 
deformation (Figure 180).  For further 

discussion of this point, see Deformed Zones below. 
 The cherts in this interval (and elsewhere in the section) display “circular” structures that may 
represent some sort of chemical differentiation of layers within the nodules, probably during diagenesis.  
The circular rinds may be dolomitic horizons where full chertification has not taken place.  They would 
then represent a kind chemical rim formed at the time of chert formation, associated with the expulsion 
of Mg (Selleck, 1985). 

Unit 2 (6 to 6.5 ft/1.8 to 2.0 m) 
 In sharp contact with the unit below is an irregular bed of medium-gray, mostly leached, tan 
weathering, mostly fine-grained, non-cherty limestone contained abundant comminuted brachiopod 
fragments and crinoid ossicles.

Unit 3 (6.5 to 10.1 ft/2.0 to 3.1 m) 
Unit 2 grades up into medium-bedded (in beds 2 to 6 in. (5 to 15 cm thick), medium gray, 

medium-light-gray (N6) weathering, mostly fine-grained, partly bioclastic limestone containing 
abundant (30 to 40 percent), grayish-black chert in irregular nodular “courses” 1 to 7 in. (2.5 to 17.5 cm) 
thick, the largest nodules occurring toward the top.  Fragmental fossil debris occurs in numerous thin 
stringers and wisps.

Unit 4 (10.1 to 13.7 ft/3.1 to 4.2 m) 
The next unit up is in sharp contact with unit 3, its base consisting of a thin band of leached, 

slightly cherty, fine-grained to bioclastic limestone similar to unit 2.  The main part of the unit is very 
much like unit 3, though not quite as cherty—the nodular chert bands being 1 to 3 in. (2.5 to 7.5 cm) 
thick.  Relatively complete and fragmental fossils are profuse in the lower 6 in. (15 cm), but fossil debris 
is scattered and patchy in the upper 3 ft (0.9 m): Paraspirifer acuminatus and Pseudatrypa sp. occur 
near the base of the unit.

Figure 180.  Massive, “chaotic” cherty limestone of unit 1 (lower 
deformed zone, upper Moorehouse Member) on the south side of 
Fairway Ridge road.  At the top of the photo are the contorted beds 
of the upper deformed zone (units 7 and 8) and the overlying 
gently northwest-dipping beds of unit 9 (top of the Seneca 
Member) exposed on the north side of the road.  
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Unit 5 (13.7 to 14.2 ft/4.2 to 4.3 m) 
 Above unit 4 is a 0.3- to 0.8-ft- (9 to 24 cm) 
thick bed of medium-dark-gray, medium gray 
weathering, mostly fine-grained, slighty cherty 
limestone that is intensely burrowed (Figure 181) 
and coarsens upward into a 2- to 3-in.- (5 to 7.5 cm) 
thick coquinitic layer composed of a profusion of 
Hallinetes valves.  Grayish-black chert occurs as a 
few ragged nodules 1 in. (2.5 cm) or less in 
diameter.

Unit 6 (14.2 to 14.6 ft/4.3 to 4.5 m) 
 Capping the Moorehouse Member is a 
single, continuous, locally folded bed—0.3 to 0.6 ft 

(9 to 18 cm) thick—of medium-dark-gray, cherty, fine-grained to coarsely bioclastic limestone 
containing abundant fragments of crinoids, small rugose corals, and chonetid (Hallinetes) brachiopods.
Grayish-black chert occurs as nodules 1 to 3 in. (2.5 to 7.5 cm) thick that coalesce into a single irregular 
bed at the top of the unit.

Seneca Member, 19.5+ ft/5.9= m (= upper part of Stroudsburg Member of Epstein, 1984). 
(The next two units are part of a 6.5-ft- [2.0 m] thick, structurally disturbed zone—sharply defined at the top and 
bottom—composed of rather chaotically mixed limestone, chert, and volcanic ash.) 

Unit 7 (0 to 3 ft/0 to 0.9 m) 
At the base of the contorted interval is 2.5 ft  (0.75 m) of massive, light-gray (N6), micaceous 

and finely siliceous, noncalcareous, tuffaceous siltstone (Tioga B of Smith and Way, 1983).  Wedged in 
above and below the tuff bed are layers of contorted, light-gray, fine-grained to bioclastic, cherty 
limestone locally containing abundant Hallinetes valves and other fossil debris.  Soft sediment 
deformation structures are visible at various positions along the outcrop (Figures 182 and 183) (see 
further discussion below). 

Figure 181.  Intensely burrowed unit 5 (near the top of the 
Moorehouse Member).  Hammer is 11 in. (27.5 cm) long.

Figure 182.  Ball- and-pillow in tuffaceous beds of unit 7 
(Tioga B K-bentonite) in the lower part of the upper 
deformed zone.  Same hammer. 

Figure 183.  Contorted bedding within the Tioga B K-
bentonite of unit 7 (Seneca Member, lower part of upper 
deformed zone), indicative of soft sediment deformation of 
the bed.  Marker pen is 5.5 in (13.8 cm) long. 
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Unit 8 (3.0 to 6.5 ft/0.9 to 2.0 m)
 The upper half of this structurally disturbed 
interval consists mostly of tightly folded beds of 
medium-bedded (in beds 3 in. to 1.5 ft [7.5 cm to 0.45 
m] thick), light-gray, cherty, fine-grained to coarsely 
bioclastic limestone (Figure 184).  Grayish-black 
chert occurs in pods to 6 in. (15 cm) in diameter and 
discontinuous beds (folded) to 2 in. (5 cm) thick.  At 
one spot at the top of the unit is a pocket of contorted, 
dark-gray (N3), very fine-grained, calcareous, 
probably tuffaceous, siltstone. 

Unit 9 (6.5 to 13.5 ft/2.0 to 4.1 m) (w/ Unit 10 = 
Echo Lake Member of Inners, 1975)

 Sharply overlying the contorted beds is a gently northwest-dipping interval of medium- bedded 
(mostly in beds 4 to 8 in. [8 to 20 cm] thick), medium-gray, fine-grained to coarsely bioclastic, cherty 
limestone containing numerous 2- to 4-in.-(5 to 10 cm) thick, wavy, coarsening-upward, coquiitic bands 
composed of profuse Hallinetes valves and abundant small rugose corals (probably “tempestites”) (see 
Figure 179).  Chert, grayish-black and occuring in irregular nodules 1 to 3 in. (2.5 to 7.5 cm) in 
diameter, is more abundant in the lower half of the unit (where it makes up about 30 percent of the 
rock).

Unit 10 (13.5 to 19.5 ft/4.1 to 5.9 m) 
Exposed farther up the road (not in direct contact with the beds below, but directly succeeding 

them) is a 6-ft- (1.8 m) thick interval of cherty, mostly highly fossiliferous limestone identical to unit 8.  
About 20 percent of the unit is chert.  The contact of the Onondaga Limestone and Marcellus Formation 
probably occurs not far above the top of this ledge. 

        
Discussion 
Deformed zones

A thick zone of deformed cherty limestones in the lower interval, exposed in the road cut and in 
the parking lot south of the road, feature cherts nodule layers that shift from horizontal- to vertically-
bedded along the outcrop (see Figure 180).  Characteristic features associated with brittle deformation 
appear to be absent.  The lower deformed zone is approximately 15 ft (4.5 m) thick in the parking lot 
exposure; it also crops out in the lower two meters of the cut on the north side of the road (Unit 1, 
above).

The second deformed zone, approximately two meters in thickness, incorporates an upward 
succession of a thin cherty limestone (ca. 0.6 ft/0.2 m), green to light-gray, tuffaceous siltstones of the 
Tioga B K-bentonite (ca. 2.5 ft/0.75 m), an additional interval of cherty limestones (ca. 3.5'/1.0 m), and 
a thinner bed of tuffaceous siltstones (ca. 0.3 ft/0.1 m) at the top.  The folded strata again lack brittle 
structures; features diagnostic of soft-sediment deformation are clearly visible along the outcrop, 
including small to large-scale ball and pillow/load structures and contorted bedding (see Figures 182, 
183, and 184).  The thin K-bentonite at the top of the deformed interval may represent a widely 
correlatable bed that occurs basinwide closely above the Tioga B bed, which was not previously 
reported by Smith and Way (1983) and Way et al. (1986). 

The prevalence of soft sediment deformation features and the absence of brittle structures 
indicate early deformation, while the sediments were not fully lithified.  No plastic deformation was 

Figure 184.  Contorted, cherty, bioclastic limestone beds 
of unit 8 (Seneca Member) at the top of the upper 
deformed zone.  Same hammer. 
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noted in the cherts; this appears to indicate very early diagenesis of the chert, prior to lithification of the 
limestones and also prior to folding of the strata.  Ball and pillow structures visible in the upper 
deformed zone may imply in situ deformation.  However, the larger-scale rollover of the sediments in 
the thicker, lower zone could be indicative of slump processes.  

The deformation of pre-lithified sediments can be the result of many different factors, such as: 1) 
simple foundering of denser, coarser sediment layers into underlying less dense and more fluid layers; 2) 
seismic shocks and resulting deformation (producing a "seismite" layer); and 3) slumping and removal 
of strata during a relative sea level lowstand.  Upper Moorehouse strata were deposited close to the onset 
of orogenesis Acadian Tectophase II, and during a lowstand of relative sea level sea level (beginning of 
Sequence 5 of Ver Straeten, this guidebook, p. 35).  Therefore, any of the three factors could potentially 
have contributed to the deformation of upper Onondaga strata here. At present, the geographic 
distribution of the disturbed zones is unknown, and no detailed, bed-by-bed correlation of upper 
Moorehouse strata has as yet been attempted (e.g., STOPS 7 and 8), to determine if any upper 
Moorehouse strata are missing locally at STOP 8 due to slumping.  More work is needed to determine 
the cause or causes of the early, soft-sediment deformation of the Onondaga Limestone seen at this 
locality.

Chert in the Onondaga Limestone
The process and timing of chert formation remains one of the great problems in sedimentary 

geology.  Some cherts are recognized as undergoing early lithification; others are interpreted to reflect 
secondary replacement of limestone during later stages of diagenesis.  The source of silica for chert 
formation is also a significant question; is it of a biogenic or inorganic origin?  Biogenic sources include 
siliceous oozes of opal formed from the skeletal material of radiolarians, diatoms, or siliceous sponges.  
Dissolved silica in natural waters, including ground waters, may originate from different processes (e.g., 
chemical weathering, dissolution of skeletal opal, devitrification of volcanic ash).  

The distribution of cherts in Devonian strata across the Appalachian Basin indicate that its 
genesis is controlled by depth-related processes, as yet not well understood.  The chert variously occurs 
in carbonates (nodular and occasionally bedded types), fine-grained clastics, or as massive cherts, most 
notably in the Esopus- and Schoharie-equivalent Huntersville Chert (Ver Straeten, 2001) in the southern 
part of the Appalachian Basin.  Field observation and numerous studies show a predominance of chert in 
facies deposited below normal wave base, and its near total absence in shallow (littoral to shoal) facies  
(e.g., Wilson, 1975; Maliva and Siever, 1989; Brett and Ver Straeten, 1994; Ver Straeten and Brett, 
2000).

In the Onondaga Limestone, chert is predominantly nodular, sometimes appearing to take the 
form of Ophiomorpha-like trace fossils.  The concentration of chert varies both vertically through the 
formation and regionally.  In eastern New York and eastern Pennsylvania (Catskill to Stroudsburg area) 
chert is abundant in the Edgecliff and Moorehouse and locally the Seneca Members.  In western New 
York, chert again becomes a significant part of the Edgecliff and Moorehouse Members, in some 
intervals comprising over 80% of the rock.  The cherty Edgecliff facies in western New York were 
formerly assigned to the "Clarence Member," now recognized as chert-rich "Clarence facies" of the 
Onondaga (Brett and Ver Straeten, 1994). 

Selleck (1985) suggested a biogenic origin of cherts in the Moorehouse Member due to solution 
of skeletal biogenic opal deposited with finer-grained carbonate, followed by transport and precipitation 
in local microchemical environments conducive to silica precipitation.  In his model, distribution of 
silica was controlled by hydrodynamics, where fine biogenic silica material settled out in finer-grained 
carbonate facies.  The occasional observation of siliceous sponge spicules and radiolaria in Onondaga 
and Esopus cherts (Selleck, 1985; Rehmer, 1976) and the general lack of sponge fossils does not 
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necessarily support a biogenic origin for the silica in the Devonian cherts; their presence could also be a 
function of preferential preservation within the cherts. 

April et al. (1984) projected that the small amount of clay minerals in the Onondaga Limestone 
would provide only a small amount of silica for chertification.  However, since that time, workers have 
documented an increasing number of K-bentonite beds in the Onondaga Limestone and equivalents. 
Smith and Way (1983) reported up to 8 beds in the upper Moorehouse to Seneca and lower "Marcellus" 
equivalents in central Pennsylvania.  Conkin and Conkin (1984) reported additional beds through the 
formation, as has Ver Straeten (1996a; see Figure 26, page 42).  At least 15 separate beds are 
documented from the Onondaga and basal Union Springs Formations at present, with an additional 
concentration in the middle part of the Onondaga in the southern part of the basin (Ver Straeten, 2001).
Additional ash material may have been deposited and mixed into background carbonate sediments, 
leaving no easily recognizable traces.  The process of altering volcanic ash to clays (devitrification), 
especially ash of high silica rhyolitic composition as documented for the Devonian K-bentonites 
(Waechter, 1993; Hanson, 1995), releases dissolved silica.  This could provide a significant source for 
chertification. 

The distribution of both chert and K-bentonites through Lower and Middle Devonian strata 
throughout the Appalachian Basin supports this correlation.  Three clusters of K-bentonites occur in 
lower to middle Devonian strata across the basin—in the Kalkberg-New Scotland (Bald Hill K-
bentonites), lower Esopus (Sprout Brook K-bentonites) and Onondaga (Tioga A-G K-bentonites, the 
Tioga Middle Coarse Zone and additional beds) Formations and their equivalents across the basin.  Each 
of these formations and immediately underlying rocks (Glenerie Limestone, Huntersville Chert) feature 
widespread nodular to massive chert facies.  In contrast, analogous offshore facies in Silurian rocks in 
New York, where only rare K-bentonites occur, show surprising little chert development.  Much further 
work is needed to resolve these issues. 

BAKOVEN AND STONY HOLLOW MEMBERS
OF THE UNION SPRINGS FORMATION (B) 

The small pit at STOP 8B on the northwest side of US 209 exposes the contact of the Bakoven 
(3.3 ft/1.3 m) and the overlying lower part of the Stony Hollow (9.5 ft/2.9 m) Members of the Union 
Springs Formation, in the lower part of the "Marcellus Shale" (Marcellus Subgroup of Ver Straeten et al, 
1994; see Ver Straeten, this guidebook, p. 35). This exposure was formerly more continuous (Figure
185) but blocks of Stony Hollow recently separated along cleavage planes, slumped, and covered part of 
the Bakoven Member low in the outcrop. The base of the exposure is approximately 18 ft (5.5 m) above 
the Onondaga Limestone.

Recent studies of Lower to Middle Devonian (Pragian-Eifelian) strata better outline the 
relationships of Middle Devonian strata of the "Marcellus Shale" all along the Appalachian Basin 
outcrop belt. Two main successions occur within the former Marcellus Formation of New York, which 
overlies the Onondaga Limestone and is overlain by the Skaneateles Formation.  Ver Straeten et al. 
(1994) defined two formation-level units within a redefined "Marcellus Subgroup"—a lower Union 
Springs Formation and upper Oatka Creek Formation.  A pair of thin limestone units (Hurley and Cherry 
Valley Members) lie at the base of the Oatka Creek Formation.  The two formations, various subunits 
and several distinctive, time-significant marker beds are widely correlatable across the Appalachian 
Basin, between New York, southwest Virginia, and central Ohio. 
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The term "Marcellus Shale" is used differently in 
Pennsylvania from the New York succession, where it is 
bounded by time-significant marker horizons.  In 
Pennsylvania it is used as a lithologic term for all lower 
Hamilton Group black shale facies, and variously 
represents strata of only the Bakoven Member (Union 
Springs Formation) to what likely represents strata of the 
Skaneateles Formation in the middle part of the Hamilton 
Group.  Widespread recognition of the various member 
and marker beds permits basinwide correlation of Union 
Springs and lower Oatka Creek strata. Ver Straeten (this 
guidebook, p 35) briefly outlines this new stratigraphic 
revision and applies it to strata in eastern Pennsylvania.
The Union Springs Formation in eastern Pennsylvania is 
comprised of the Bakoven (lower black shales; formerly 
Union Springs) and Stony Hollow (upper calcareous 
shales and siltstones) Members.  The Oatka Creek 
Formation in the area is comprised of the Hurley and 
Cherry Valley Members at its base (previously 
unrecognized at the top of the Stony Hollow Member) and 
overlying strata of the Brodhead Creek Member.  The top 
of the formation at present remains poorly constrained, 
pending further work. 

Union Springs Outcrop Description and Regional 
Overview 

Organic-rich, dark-gray to black shales of the 
Bakoven Member generally appear laminated to locally 
burrow-mottled in the region.  The laminated textures of 
the organic-rich Bakoven point to deposition under 

widespread anoxic conditions across much of the Appalachian Basin during the onset of the second of 
four major Tectophases (Ettensohn, 1985) of the Acadian orogeny. 

Weathered surfaces of the more buff to medium-gray Stony Hollow exhibit the laminated to 
burrow-mottled textures characteristic of the lower to middle parts of this member throughout the 
region.  When  present, its fauna is characterized by small, elongate, conical dacryoconarids and 
styliolinids, with rare small brachiopods and bivalves.  Textures and macrofauna present indicate anoxic 
to dysoxic conditions succeeded by a trend of increasing oxygen availability and shallowing upward to 
the overlying Hurley Member (not seen in this outcrop).  Another pit on the north side of US 209 a short 
distance to the south exposes middle strata of the member, characterized by calcareous silty mudstones 
and siltstones and a macrofauna including proetid trilobites (Dechenella) and the small rugose coral 
Guerichiphyllum.

In distal areas of the basin in central New York and south-central Pennsylvania, the Bakoven 
black shale facies extends higher in the section completely displacing the Stony Hollow and reaching up 
to the Hurley Member and equivalents.  However, in more proximal outcrops across eastern New York 
to central Pennsylvania, the contact between the Bakoven black shale below and the overlying Stony 
Hollow, Purcell, or Turkey Ridge members is synchronous, and closely overlies a thin K-bentonite bed. 
The K-bentonite represents a significant marker bed within the Union Springs Formation and equivalent 
strata, and is correlatable from eastern New York through Pennsylvania to southwest Virginia and into 

Figure 185.  Bakoven (below) and Stony Hollow 
Members of the Union Springs Formation at STOP 
8B.  The uppermost Bakoven here is sheared and 
contorted within a bedding-parallel detachment zone 
which is probably a regional decollement (forming 
the boundary between lithotectonic units 3 and 4 of 
Epstein and Epstein (1967, 1969).  The staff is 5 ft 
(1.5 m) long. 
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the middle of the Delaware Limestone in central Ohio.  It has not as yet been located at this outcrop or in 
the Delaware Water Gap area. 

Projecting across US 209 from the top of the exposed Onondaga Limestone, the Bakoven 
Member here is approximately 24 ft- (7.3 m-) thick.  The total thickness of the Union Springs Formation 
is not known for this locality.  Alvord and Drake (1971) estimate 200 ft (61 m) for the combined 
Bakoven (formerly Union Springs) and Stony Hollow Members in the Bushkill quadrangle. In the 
Stroudsburg quadrangle immediately south, Epstein (1973) projected 50 ft (15 m) of Bakoven at the 
base of the formation.  Alvord and Drake's (1971) 200-ft estimate for the Union Springs Formation as a 
whole is probably high; they include the Hurley and Cherry Valley Members at the top of the Stony 
Hollow, which are now placed within the overlying Oatka Creek Formation.  Alvord and Drake (1971) 
also estimate 750 ft  (230 m) of post-Stony Hollow Brodhead Creek Member (Willard, 1938) in the 
Bushkill quadrangle. It is not presently known how much of this represents Oatka Creek-equivalent 
strata.

The relatively thin nature of the Union Springs and associated strata in Monroe County is in 
sharp contrast to subsurface data from Pike County to the north and the Hudson Valley in eastern New 
York.  Well log correlations by Rickard (1989) indicates 300 ft (91 m) of Union Springs strata and a 
total of 1238 ft (377 m) for the Marcellus Subgroup from a well in Shohola Township, Pike County, PA.  
In western Pike County (Blooming Grove township), Rickard (1989) reports a thickness of 260 ft (79 m) 
for the Union Springs Formation.  Near Kingston, New York, the Bakoven and Stony Hollow Members 
total approximately 310 ft (100 m) and 223 ft (68 m), respectively (Rickard, 1989; Ver Straeten, 1996a).
The overlying Hurley and Cherry Valley members of the Oatka Creek Formation total 7 and 10 m, 
respectively (Ver Straeten, 1996a).  The post-Cherry Valley Oatka Creek Formation strata near Kingston 
totals 1293 ft (394 m), which yields a combined Union Springs and Oatka Creek (Marcellus Subgroup) 
thickness of 1900 ft (579 m) (Rickard, 1989). 

Union Springs Structural 
Interpretation

The Stony Hollow Member has 
slumped over the faulted Bakoven 
Member.  Most of the deformed rock is 
now covered by slumped Stony Hollow 
debris. The Union Springs consists of at 
least 6 ft (1.8 m) of deformed medium-
gray to dark gray, non-calcareous, poorly 
to thinly bedded shale overlain by at least 
10 ft (2.9 m) of laminated to thin-bedded, 
medium-gray, calcareous siltstone (Figure
185). The bedding trends N60oE/12oNW. 
A cleavage (trending N56oE/60oSE) cuts 
through the entire section, as does a 
scattered second-generation crenulation 
cleavage (trending N38o/61oSE).  The 
Bakoven also contains a phacoidal-like 
cleavage that contains sigmoidal drag at 
its extremities and down-dip slickenlines.

These features portray a tops- to-the-northwest sense of rotation.  This can be seen both within 
individual beds but also over the entire zone (Figure 186).  Of particular note here is the near complete 
separation of the deformation from the overlying Stony Hollow.  The uppermost Onondaga that is 

Figure 186.  Close up of decollement in Bakoven shale at STOP 8B.  
Note the sigmoidal drag in the cleavage, indicating a tops-to-the-
northwest transport direction.  Hammer is approximately 1 ft (15 cm) 
long. 
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observed at STOP 8A also appears to be relatively free of tectonic deformation.  This suggests a thin 
layer-parallel deformation zone (“decollement”) totally within the Bakoven. 

This exposure is important because outcrops illustrating the deformation between 
Pocono/Catskill Plateau rocks above and the more complexly folded Middle Devonian-Silurian rocks 
below are rare.  Several other examples of Marcellus deformation exist in the region.  Fletcher and 
Woodrow (1970) described two separate slip zones at 168 and 468 ft (51.2 and 142.6 m) above the 

Onondaga contact in the Hess #1 well in 
Shohola Township, Pike County. Across 
the Delaware River an isolated Bakoven 
exposure exhibits similar structures 
(Herpers, 1951).  There, the deformed 
shale was shiny enough that it was 
mistaken for coal and an adit was 
constructed. The adit in northwestern 
New Jersey was excavated in 1818 
(Figure 187). Herpers (1951) 
rediscovered the “mine” and described a 
27-ft long, 3-ft wide and 5-ft high (8.2 x 
0.9 x 1.5 m) adit.  Strained, slickensided 
Bakoven shale was also mistaken for 
coal at different sites in eastern New 
York, and similar horizontal shafts 
driven into the rocks (Chadwick, 1944; 
Don Van der Zee, personal 
communication to CVS, 1990).  The 
deformed Marcellus exposure in New 

Jersey is approximately 180 ft (54.9 m) above the Onondaga contact (Herpers, 1951).  However, all 
these regional Marcellus slip zones appear to be stratigraphically higher than exposed at STOP 8B.
Detailed local mapping of the Marcellus is lacking so other, higher slip horizons can not be verified.

The Marcellus Shale is a major regional slip/decollement horizon.  Numerous examples of a 
deformed zone just below the contact of the Bakoven and Stony Hollow exist along the 120 mi (200 km) 
separating Kingston and Oriskany Falls, New York (Chadwick, 1944; Rickard, 1952; Pedersen et al., 
1976; Bosworth 1984a, b; unpublished data of Ver Straeten). Bosworth (1984a,b) suggested this 
represented a regional decollement zone.  Characteristics of this zone include duplex structures, discrete 
faults and associated slickensided and striate /polished shale fragments (Bosworth 1984a, b).  Similar 
Marcellus examples exist along the Pennsylvania outcrop belt to the west (Wood and Bergin, 1970; 
Nickelsen, 1986; Zhou et al., 1996; Shumaker, R.C., 1997; Faill, 1998; Faill and Nickelsen, 1999). 
Epstein and Epstein (1967) and Epstein et al. (1974) also suggested that the Marcellus is a regional 
decollement zone in the Delaware Water Gap region.  They proposed that due to difference in formation 
thickness and rheology, select sedimentary packages responded differently to the regional stress than 
other sediments.  In his model the Poxono Island through Buttermilk Falls/Onondaga consists of thinner 
bedded units that vary considerable lithologically over short thickness.  This allowed a stronger degree 
of folding than the more consistently bedded and lithology of the underlying Shawangunk and 
Bloomsburg package and overlying Mahantango and above formations. 

Decollements in the Marcellus as exposed here relate to accommodation of strain translation 
originating lower in the crust.  Herman et al. (1997) modeled approximately 1 kilometer translation 
strain on the leading-edge thrust mapped in the Paulins Kill window, just east of Kittitanny Mountain.
This thrust could have ramped upsection through the Shawangunk and Bloomsburg and into bed-parallel 

Figure 187. Interior of Bakoven “coal mine” adit in northwestern New 
Jersey, showing slickensided black shales within a deformed zone 
similar to that seen at STOP 8B.  The mine was misguidedly excavated 
in 1818. 
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decollement horizons in horizontal lying, stratigraphically higher units.  Unfortunately, the 
Shawangunk-Bloomsburg section where this might have occurred has all been removed by erosion; 
therefore, this idea is pure supposition.  Shear strain seen at this location is consistent with northwest-
directed motion possibly related to Paulins Kill structures.  In this region the Poxono Island and 
Marcellus Formations, acting as weak layers separating stiffer Shawangunk-Bloomsburg and 
Helderberg-Onondaga rock packages, are susceptible horizons to accommodate this northwest-directed 
strain (Epstein and Epstein, 1967).  If deformation at this location relates back to the Paulins Kill 
structures and not some unknown overlying decollements, only 1 km of translational strain would be 
partitioned between the Marcellus and Poxono Island detachment zones.  Therefore total offset at this 
outcrop is relatively minor, less than 1 kilometer. 

Several questions do remain, though. Are the Marcellus decollement zones the same throughout 
the region? In other words, is there one horizon that bifurcates into several zones along strike or several 
discrete horizons that can be traced along the outcrop belt? Drilling may be needed to answer this 
question as the Marcellus resides under the Delaware River from Bushkill to and past Port Jervis, New 
York. Is the northwest-directed thrust sense of motion consistent throughout the region? If this zone 
represents a detachment/decollement zone caused by large block differences in rheology and associated 
fold formation, would a consistent sense of motion be indicated?  

DEPOSITIONAL HISTORY OF THE ROCKS AT STOP 8 
(AND ASSOCIATED STRATA) 

 The limestones of the Onondaga Formation and overlying clastics of the Hamilton Group record 
a second major shift in deposition associated with alternating tectonism and quiescence in the Acadian 
orogeny (Ettensohn, 1985; Ver Straeten, 1996a).  Onondaga and equivalent carbonates, which occur 
widely across eastern North America from James Bay, Ontario to Maine, southwest Virginia, and 
Illinois (Koch, 1981), were deposited during a late, relatively quiescent stage of Acadian Tectophase I. 
The sharp shift to fine-grained, organic-rich black shales in the overlying lower part of the Hamilton 
Group, especially in the Union Springs and Oatka Creek Formations, mark a period of subsidence of the 
Appalachian foreland basin system during the early stage of Acadian Tectophase II (Ettensohn, 1985). 
This indicates, in part, the foundering of the widespread Onondaga platform to ramp geometry of the 
basin and load-induced overdeepening of the foredeep.  With decreasing subsidence during middle 
Hamilton time, the initial black shales are succeeded by coarser-grained progradational sandstone-
dominated strata, which progressively young toward the basin center.  On the proximal margins of the 
basin, the sand-rich facies grade through shelf and nearshore facies to at least temporary continental 
facies; this is apparently seen as low in the section as in Stony Hollow-equivalent strata of the Turkey 
Ridge Sandstone at Swatara Gap, PA, where plant root traces are found within the unit.  In eastern New 
York, shallow marine to shoreface sandstones strata give way to continental deposits near the top of the 
Oatka Creek Formation. 
 Increased sandstone deposition characterizes middle Hamilton Group strata all across the central 
and northern Appalachian basin (e.g., middle member of the Mahantango Formation, PA; Ludlowville 
Formation, NY).  However, upper Hamilton rocks (upper member, Mahantango Formation, PA; 
Moscow Formation, NY) are characterized by a decrease in sandstone and increased mudrock content, 
followed by a return to widespread limestone deposition or equivalent proximal sandstones (Tully-
Gilboa-Sparrow Bush Formations, PA and NY). The succession of basinal black shales to coarser 
sandstones and the following return to carbonate-rich facies reflects an overall decrease in tectonism and 
its effects in the Appalachian foreland basin during Acadian Tectophase II. 
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 A number of discrete, thin clay beds, representing altered volcanic ash falls, have been noted 
within the upper part of the Onondaga and lower part of the Union Springs Formations.  These K-
bentonite beds include the Tioga A-G zone of Smith and Way (1983) and additional beds that have been 
discovered by various workers since (e.g., Conkin and Conkin, 1984; Ver Straeten, 1996a, 2001).  These 
appear to indicate an increase in magmatic activity in the adjacent Acadian orogen during the onset of 
Acadian Tectophase II. 

Detailed study of litho- and biofacies trends across the basin reveal several scales of fining- to 
coarsening-up cycles, reflective of changes in relative sea level during the Middle Devonian.  At STOP 
8, a shallowing into the upper part of the Moorehouse Member of the Onondaga Limestone is reflected 
in a subtle coarsening-up and gradational shift toward shallower water carbonate lithologies. Also 
notable through the succession is a shift from fossil assemblages characterized by small- to medium-size 
brachiopods (especially Hallinetes) and other fossils characteristic of relatively deeper water "shelf" 
settings in the Onondaga to medium to large forms, including Paraspirifer and colonial rugose corals 
seen in intermediate depth Onondaga facies (seen in Units 3-5 here).  Interpreted within the context of 
the sequence-stratigraphy paradigm, the transition to the shallower facies from the middle to upper 
Moorehouse represents late Highstand Systems Tract of a lower to middle Onondaga depositional 
sequence (Depositional Sequence 4 of Ver Straeten, this guidebook, p. 35).  Relatively shallow upper 
Moorehouse facies are interpreted to represent the Lowstand Systems Tract of a fifth depositional 
sequence above the base of the Oriskany Sandstone. 

Subsequent strata show an initial return to Hallinetes-dominated, relatively deeper shelf facies in 
the Seneca Member of the Onondaga Limestone, marking initial transgression (base Transgressive 
Systems Tract of Sequence 5).  Covered at STOP 8A, somewhere very close to the top of the exposed 
Seneca, is a sharp transition into basinal black shale facies of the Bakoven Member of the Union Springs 
Formation.  Within the overlying covered Bakoven lies a point of maximum flooding during 
Depositional Sequence 5; this marks the contact between the Transgressive and early Highstand Systems 
Tracts.  Upper black Bakoven Shales and the lower part of the Stony Hollow Member, exposed in the pit 
at STOP 8B, mark aggradational to early progradational deposits in the upper part (late Highstand 
Systems Tract) of Sequence 5. 

The sequence stratigraphy of the overlying remainder of the Hamilton Group and Tully are well 
defined in New York (Brett and Baird, 1996; Ver Straeten, 1996a; see Ver Straeten, this guidebook p. 
35).  Four additional "third order" sequences occur through the Hamilton Group; these comprise strata of 
the Oatka Creek, Skaneateles, Ludlowville, and Moscow Formations of New York (Sequences 6-9).  A 
tenth sequence at the in uppermost Middle Devonian strata consist of the Tully Limestone and overlying 
Geneseo Formation and their equivalents.

In Pennsylvania, post-Union Springs sequence stratigraphy is, in general, poorly constrained 
(however, see Prave and Duke, 1991, and Slattery, 1996, for a discussion of Mahantango Formation 
sequence stratigraphy in central Pennsylvania).  These sequences can tentatively be identified through 
Middle Devonian strata in the southern part of the basin.  As a guide to future work in Pennsylvania, a 
challenge will be to delineate four depositional sequences within the upper part of the “Marcellus Shale” 
and the Mahantango Formation throughout Pennsylvania, building on a simple framework laid out in 
Ver Straeten (this guidebook, p. 35).

 Leave STOP 8, returning to US 209 North 
   0.6   17.7      Stop sign.  Turn right onto US 209 North at Fairway entrance. 
   0.1   17.8 To right is an old abandoned sand pit in the Sand Hill delta, a late Wisconsinan ice-

contact delta (see STOP 9). 
   0.2   18.0 Traffic light.  Turn left onto SR 1016. 
   0.2   18.2      Turn left into gravel pit. 
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STOP  9.   SAND HILL DELTA:  
WISCONSINAN GLACIAL 
DEPOSITS IN THE ECHO 
LAKE LOWLAND AND 
MANNER OF 
DEGLACIATION.
Leader: Ron W. Witte.  

INTRODUCTION

 This sand-and-gravel pit is one of 
several intermittently active operations in the 
Sand Hill delta, a prominent ice-contact 
feature developed in the Echo Lake lowland 
(Figure 188).  This particular pit is on land 
owned by Resorts USA, Inc., and permission 
to enter it should be obtained at their nearby 
offices on US 209 at Shoemakers. 

Geologic Setting 
The Delaware River at Wallpack 

Bend (Figure 189) leaves a strike valley 
underlain by the Marcellus shale and cuts 

through Wallpack Ridge following the line of a large structurally controlled meander.  From here, it 
continues to Delaware Water Gap 
following a narrow strike valley 
underlain by the Poxono Island 
Formation.  The Echo Lake Lowland 
is the continuation of the 
“Marcellus” valley, forming the head 
of a strike valley that continues 12 
miles southwest through Oak Grove
to Brodhead Creek valley.  White 
(1882) referred to this strike valley 
as the “Stroudsburg buried valley,”
noting that it was filled with glacial 
drift that in places may have been as 
much as 100 feet thick.  Topography 
around the Wallpack Bend area lends 
itself to the supposition that the 
Delaware River at one time flowed 
through the Echo Lake lowland on 
its way to the Delaware Water Gap.  
However, the narrowness of the 
lowland near Oak Grove does not 
support the location of a Delaware 
River paleovalley here during the 
Pleistocene.  The Stroudsburg buried 

Figure 188.  Location of STOP 9, Sand Hill delta, and surficial 
geologic map near Shoemakers, Pennsylvania.  Base map modified 
from Bushkill 7.5-minute quadrangle.  Legend:  af = artificial fill; 
Qal = alluvium; Qaf = alluvial fan; Qf = outwash fan; Qft = 
meltwater-terrace; Qd = Sand Hill delta; Qtr = thin till; and r = rock. 

Figure 189.  Physiography of the area around Wallpack Bend area and 
location of Sand Hill, Echo Lake Lowland, Stroudsburg buried valley, and 
features and places named in text. 
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valley is likely the product of 
glacial erosion, given the weak 
resistance of the Marcellus shale to 
corrasion and the fact that ice flow 
was directed down the valley.

Oak Grove also marks the 
former drainage divide of the buried 
valley.  Southward, the buried 
valley floor slopes to the southwest 
toward Brodhead Creek.
Northward, the valley’s rock floor 
slopes northeast, passing beneath 
Echo Lake and Sand Hill toward the 
Delaware Valley at Bushkill.  The 
present drainage divide lies about 3 
miles northeast of Oak Grove near 
Echo Lake. 

The Echo Lake lowland is 
floored by thick deposits of 
stratified drift (Figure 190).  
Texture of the materials ranges 
from boulder-cobble gravel to silt 
and clay.  Deposits are typically 
collapsed and kettles are common, 
showing that these materials were 
laid down against ice.  A few level 
outwash plains exist around Echo 
Lake and Sand Hill.  The Echo 
Lake outwash reaches an elevation 
of 535 feet, and the Sand Hill 
outwash reaches an elevation of 520 
feet (elevation was determined from 
the 1998 revision of the Bushkill 
quadrangle).  Northeast of Sand 
Hill, the elevation of the valley 
floor quickly drops off to less than 
380 feet.  Bushkill Creek enters the 

lowland just behind Sand Hill, flowing about 2 miles northeastward before emptying into the Delaware 
River near Bushkill, PA.  White (1882) estimated that the bedrock floor of the valley near Echo lake was 
below 400 feet in elevation and may be much lower, given that the elevation of Bushkill Creek is about 
340 feet before it enters the Delaware. 

Discussion 
Several investigations on meltwater deposits in Minisink Valley have argued that the late 

Wisconsinan ice sheet disappeared from this area either by regional stagnation or marginal retreat.  This 
controversy is a recurring argument, and it is certainly not unique to the Minisink Valley area.  Earlier 
research by White (1882) and Salisbury (1902) favored a marginal retreat model.  Their interpretations 
were largely based on the identification of recessional moraines, and the ice-contact heads of valley-

Figure 190.  Surficial geology of the Echo Lake lowland, Bushkill quadrangle.  
Because the bedrock floor of the Echo Lake Lowland slopes northeast from 
Oak Grove, glacial retreat into the lowland resulted in the formation of a small 
proglacial lake.  Two morphosequences, represented by the Echo Lake 
outwash and Sand Hill delta, delineate two ice retreat positions.  Following 
retreat from the Sand Hill margin through the Bushkill Valley to Minisink 
Valley, meltwater streams abandoned the Echo Lake Lowland and flowed 
directly to the Minisink. 
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train deposits that represented positions where the retreating glacier margin had halted.  Later work by 
Happ (1938), Depman and Parillo (1969) and Crowl (1971) favored a stagnation model where the 
uplands were deglaciated first with residual masses of ice left in the valleys.  Large areas of collapsed 
topography in kames and kame terraces, many kettles, ice-contact scarps, and unpaired terraces were 
cited as evidence for stagnation.  Epstein (1969) and Epstein and Koteff (in press) near Stroudsburg, PA, 
and Ridge (1983), Witte, (1997a; this guidebook, p. 81), and Stone et al. (in press) in northwestern New 
Jersey have returned to the marginal retreat model.  Based largely on the morphosequence model of 
Koteff and Pessl (1981), these investigations have shown that deglaciation took place largely by the 
systematic melting back of the margins of the Kittatinny and Minisink Valley ice lobes.  A narrow zone 
of stagnant ice bordered on the glacier’s margin, but it wasted back synchronously with the retreating 
active glacier margin. 

Crowl (1971) surmised that glacial materials covering the Echo Lake lowland were chiefly the 
products of glacial stagnation.  He based this on the many kames and kame terraces he identified, the 
existence of kame (collapsed) structures, kettles, and highly variable surface texture.  Ice-retreat 
positions were not mapped.  However, the end moraine near Dingmans Ferry and Montague in Minisink 
Valley did show that ice in Minisink Valley was active at times and possibly readvanced for several 
miles before depositing the moraines.  The overall context of deglaciation, however, was one of valley-
wide stagnation and not sequential ice margin or stagnation-zone retreat.  Most ideas about deglaciation 
during the middle part of the 20th century involved models of stagnation.  A common view was that 
uplands became deglaciated first leaving large residual masses of ice on the valley floors.  Meltwater, 
derived from melting stagnant ice, deposited sediment over and around residual ice blocks left in the 
valleys.  Upon their melting, kames, kame terraces, and kettles were formed.  In addition, after residual 
ice masses melted, outwash from distant sources upvalley formed an extensive outwash plain, covering 

Figure 191.  Top-down model of glacial stagnation that was used to illustrate deglaciation and 
meltwater deposition in Minisink Valley.  Modified from Depman and Parillo (1969, Figure 4). 
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the lower parts of the valley floors.  This model of deglaciation is summarized in Figure 191.  Locally it 
was used to explain deglaciation of the Delaware Valley around Tocks Island (Figure 192).  The 
complex geometry of glaciolacustrine and glaciofluvial deposits illustrated in Figure 192 was a product 

of the chaotic environment in which they were deposited.

SAND HILL DELTA 

Local Geology 
Crowl (1971) suspected that the flat-topped deposit that made up the Sand Hill area was deltaic.  

However, because good exposures of foreset bedding were not available and the margins of the deposit 
exhibited ice-contact topography, he mapped the deposit as a kame that was laid down between ice 
blocks that lay in the 
Werry Lake depression 
and Bush Kill valley.  The 
pit at STOP 9 shows that 
Crowl’s original 
suspicions were correct.  It 
also shows why this area 
is so appropriately named 
Sand Hill.  Materials 
exposed along the pit’s 
high, steep walls show that 
the Sand Hill delta 
consists of about 10 feet of 
gravelly topset beds 
overlying about 55 feet of 
sandy foreset beds (Figure 
193).  Topset beds, which 
in many places have been 

Figure 192.  Typical cross-section of Minisink Valley at Tocks Island.  Modified from Depman and Parillo (1969, 
Figure 3). 

Figure 193.  Sandpit in Sand Hill delta at STOP 9.  View is southward, with location of 
Figures 194 and 195 indicated.  The pit face is approximate 60 feet high. 
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partly stripped, consist of 
planar-bedded, 
framework-supported,
cobble-pebble gravel 
(Figure 194).  Elongated 
clasts exhibit imbrication 
that show a paleo-stream 
flow of south to southeast.
Larger cobbles are as 
much as 8 inches in 
diameter, and many of the 
gravelly beds contain 
larger clasts at their base.  
The gravel is largely 
derived from local 
sources, and consists of 
gray shale, siltstone, and 
sandstone with secondary 
amounts of white quartz-
pebble conglomerate, red 
sandstone, and limestone. 

Foreset beds 
(Figure 195) consist 
chiefly of fine to medium 
sand with a few thin beds 
of pebbly sand.
Dropstones are common.
Individual beds are 
typically less than 2 
inches thick and dip less 
than 11o in a northeast to 
southeast direction.
Sedimentary structures 
consist of stacked sets of 
climbing ripple-drift 
sequences of Type A and 
B ripples capped by silt 
drapes.  These rhythmic 
sets of sandy foresets are 
typically deposited on the 
middle part of the delta 
slope by underflow 
currents that flow down 
the delta front along 
distributary channels.  The 
Sand Hill section 

represents a subaqueous environment where sedimentation was rapid (possibly on a daily or hourly 
scale).  These structures also reflect rapid changes in current velocity along the prograding delta front.  

Figure 194.  Planar-bedded, imbricate, cobble-pebble gravel topset beds overlying 
southeastward dipping sandy foresets.  Scale is 2 feet long. 

Figure 195.  Climbing ripple sequence in foreset beds exposed at STOP 9.  This sequence 
is repeated many times throughout the pit and forms the bulk of the low-angle sandy 
foreset beds that make up this part of the Sand Hill delta.  The winter clay layer is often 
absent from the upper part of the sequence.  This shows that these climbing ripple 
sequences represent multiple cycles of deposition during the summer season. 
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The clay drapes are probably seasonally deposited, laid down during the winter months when meltwater 
production was minimal.

The thick mid-delta component represented here is probably a function of the small size of the 
lake basin and that the delta was chiefly built by meltwater from a distant source up Bush Kill valley. 
Pebble provenance, and direction of paleo-flow determined by the dip of foreset bedding, and gravel 
imbrication support a westerly meltwater source.  A slight rise in elevation of the delta plain in a 
northwest direction (510 to 520 feet) also supports a Bush Kill source. 

A second pit that lies about 1000 feet northwest of STOP 9 (see Figure 188) shows similar 
materials with the exception that the lower part of the pit contains a core of very coarse gravel.  Bedding 
here dips about 12o to the northwest.  This material does not look collapsed.  Perhaps these coarse gravel 
beds were deposited at the mouth of a subglacial tunnel prior to their burial by the sandy foresets.

ECHO LAKE LOWLAND 
Summary of Deglaciation 

Meltwater deposits in the Echo Lake lowland delineate two ice-retreat positions, one near Echo 
Lake, the other near Sand Hill (Figure 190).  The Echo Lake morphosequence consists of an extensive 
valley train that has its head located just northeast of Echo Lake.  Reaching an elevation of about 535 
feet, the Echo Lake sequence continues downvalley about four miles to Marshalls Creek, where it lies at 
an elevation of about 490 feet.  Several lakes and many smaller kettles show that the Echo Lake outwash 
was deposited over and around small stagnant ice blocks.  Because the floor of the Echo Lake lowland 
slopes northward, glaciolacustrine deposits probably lie beneath the valley train.  Higher standing 
deposits downvalley from Echo Lake (Figure 190) are outwash fan deposits laid down by meltwater 
entering the lowland at the mouths of tributaries.  There are a few kames between Meadow Lake and 
Oak Grove.  These deposits are small mounds of sand and gravel that lie above the Echo Lake outwash.
They predate the outwash, and represent places where depressions in the glacier’s stagnant margin were 
filled with sand and gravel.  The Echo Lake margin has been tentatively correlated with the Zion Church 
margin in Minisink Valley. 

Retreat from the Echo Lake margin to the Sand Hill margin resulted in the formation of a small 
proglacial lake between the Echo Lake outwash and the margin of the glacier.  Collapsed topography on 
the northeast side of the Sand Hill delta places the Sand Hill margin near the modern location of 
Bushkill Creek.  Later meltwater and postglacial drainage has eroded part of the Sand Hill delta, 
especially where Bushkill Creek enters the Echo Lake lowland. “Sand Hill Lake” drained over a rock-
floored spillway (elevation 495 feet) near Middle Smithfield Church.  The lake may have also drained 
out through a series of ice block depressions now marked by Echo and Coolbaugh Lakes.  Since this 
spillway elevation is estimated at 505 feet, lake drainage along this path was probably short-lived.  
Downstream from Coolbaugh Lake, the lake’s outlet waters cut an erosional channel in the Echo Lake 
outwash.

Retreat from the Sand Hill margin resulted in meltwater draining the Bushkill Creek valley to 
flow northeastward, directly to the Minisink valley.  Outwash fan deposits and meltwater-terrace 
deposits behind the Sand Hill delta mark the lowering of local-base level control in the lowland and 
eventual opening of meltwater through-drainage to the Minisink as ice retreated out of the Echo Lake 
Lowland.

The northeast, stepward style of ice retreat suggested for the Echo Lake lowland is similar to that 
suggested for Minisink Valley by Witte (this guidebook, p. 99) where the longitudinal profiles of valley-
train terraces and their downstream continuation from their heads show that large masses of residual ice 
did not cover the valley floor.  Collapsed topography and kettles do indicate deposition against and over 
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stagnant ice.  However, these landforms are common components of stagnation-zone retreat, and there is 
no need to invoke regional or valley ice-tongue stagnation to explain deglaciation. 

 Leave STOP 3, turning right on SR 1016 to return to US 209 North. 
   0.2   18.4  Traffic light. Turn left on US 209 North.  
   0.1   18.5 Fernwood Resort Hotel to left.  Resort sits on an outwash terrace about 50 feet below the 

Sand Hill delta. The terrace is a remnant of a large meltwater fan laid down at the mouth 
of Bushkill Creek valley after ice retreated from the Echo Lake lowland. 

   0.4   18.9 Enter Delaware Water Gap National Recreation Area. 
   0.3   19.2 Bushkill Creek to left, well below a steep fluvially cut scarp.  US 209 runs along a 

remnant of the meltwater fan discussed at mile 18.5.   
   0.4   19.6 Pass Community Drive on right and descend onto flood plain of Bushkill Creek (elev. 

~360 ft, about 120 feet below the Sand Hill Church delta plain). 
   0.3   19.9 Bushkill Visitors’ Center to right. 
   0.1   20.0 Cross Bushkill Creek into village of Bushkill, passing from Monroe County into Pike 

County.  Bushkill was once a thriving community, boasting—with adjacent Maple Grove 
in Monroe County—two tanneries, two grist mills, a sawmill, at least two hotels, and 
passenger train service.  On the creek bank to the left are the stone foundation ruins of the 
mill built by Henry Peters in early 19th century—and still standing in the 1970’s.  A mill 
had existed on this spot since at least 1770 (Henn, 1975).      

   0.2   20.2      Traffic light (blinking).  Road to Bushkill Falls (SR 2001) to left.  The store on the corner 
(now “Deli Depot”) is one of the oldest enterprises in continuous service in Pike County.  
A store was first established here by Henry Peters (of the mill).  After several changes of 
ownership, Ralph Turn and William Cook took over the operation—and the inscription 
“Turn and Cook” is still imbedded in the concrete step at the front entrance (Henn, 1975).  
Spared destruction by the Park Service in the 1970’s, the store now does a good business 
in food, sundries, antiques, and tourist items.

   0.1   20.3 Reformed Church of Bushkill (1874) and old cemetery to right.  The elevated tract north 
of the creek here has been mapped as a gravelly kame terrace, the top surface of which 
lies 70-80 feet above the Delaware River (Crowl, 1971).  Alternatively, the terrace may 
be a remnant of much more extensive outwash laid down by meltwater in the Delaware 
River and Bushkill Creek valleys.  As the glacier’s margin retreated up the Delaware 
Valley, the meltwater river adjusted to its longer course by eroding outwash downvalley. 

   1.1   21.4 Pass Brodhead Road on left.  From time to time Brodhead Road has been closed after an 
oversteepend till slope (about 0.3 miles from Route 209) failed, sending an earth flow 
across the road. (Epstein, this guidebook, p.119) 

   0.1   21.5 Bushkill Access Area to right.  Buses pull up along right side of road to discharge 
passengers, then drive ahead about 0.1 mile and park in large parking area to the left.
Lunch will be served along the banks of the scenic Delaware River.  Good restroom 
facilities are available.   

LUNCH STOP.  BUSHKILL ACCESS AREA: THE POWER OF WATER—A BRIEF 
HISTORY OF THE DELAWARE WATER GAP NATIONAL RECREATION 
AREA.

 Host: Megan O’Malley. 
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Water—one of the most powerful and important forces on Earth:  In the right amount, water is the 
giver of life, but too little or too much of it wrecks havoc.  It is the multifaceted nature of water, its 
inherent life giving properties that exist alongside its ability to destroy that have motivated people for 
millennia to control its power.  Battles have been fought and lives lost over control of water rights. 
Though not bloody battles, the story of the Tocks Island Dam Project, the beginning of Delaware Water 
Gap National Recreation Area, and the question of just who gets to control the water of the Delaware 
River are issues as dramatic and complicated as any military conflict (Albert, 1987).  

With an average discharge of 11,750 cubic feet per second, the Delaware River is only the 33rd 
largest river in the United States.  At 331 miles long and at places less than 150 yards wide the Delaware 
is certainly no Amazon or Nile.  Why then the controversy?  As they say in the world of retail—
location, location, location.  About 10 percent of the United States population lives within the Delaware 
River Basin.  That's millions of people who could potentially benefit from the river as a source of 
drinking water and as a source of energy in the form of hydro-electric power.  It is also thousands of 
people living along the river in towns and cities who could lose their homes and lives should the 
Delaware flood. 

The issue of damming the Delaware River first appears in 1783 when the nation is still in its 
infancy and the states of New Jersey and Pennsylvania sign an anti-dam treaty.  For the next 200 years 
or so, the issue would be revisited in the countless court cases and involve many millions of dollars. 
Pennsylvania, New Jersey, and New York battled well into the 20th century without conclusively 
resolving the issue of who got to control the water of the Delaware River. 

Though the fight raged in the U.S. Supreme Court for years, it wasn't until 1955 that the damming 
of the Delaware River captured the attention of the general public in a very real and emotional way.  

The summer of 1955 was hot and dry.  By August the region was in the middle of a drought that 
was quickly becoming severe.  Water levels were low and the ground was bone dry.  On August 12 the 
drought ended with what would become catastrophic results.  Little can heave rain on an area with the 
intensity and violence of a hurricane.  And that's exactly what hit the Delaware River Basin on the 12th. 
Hurricane Connie hit land in North Carolina and ended the drought that had plagued the East Coast. 
Because of the drought, water levels throughout the east were very low and as a result the water was 
absorbed by the soil with much less flooding than would otherwise have resulted.  The drought ended, 
water levels were restored to normal and the parched soil was saturated. But the story does not end there.  

Hurricane season is still peaking in August, and days later another large-scale storm, Hurricane 
Diane, pounded the East Coast.  The path of Diane, which closely followed the Delaware River and its 
tributaries, caused a tremendous amount of severe flooding.  Eleven inches of new rain fell on the 
Delaware River Basin on soil that was still saturated from the rains of Hurricane Connie. The flooding 
left nearly one hundred people dead. The issue that had been argued in the courts for years suddenly 
crystallized.

The issue of damming the Delaware River had for years been an issue debated among New York, 
Pennsylvania, and New Jersey.  Building a dam to facilitate using the river for drinking water was an 
issue between these states, but flood control was the responsibility of the federal government.  Thus, a 
new chapter in the story begins. 

The U.S. Army Corps of Engineers, the agency responsible for building most major dams in the 
United States, was called in to survey the river and determine where to build the dam.  With the 
involvement of the federal government, new elements were added to the project.  From this point on the 
dam project would be designed to provide drinking water, hydro-electric power, flood control, and 
recreation.  After several years of surveys, appropriations and debate Congress passed the Flood Control 
Act of 1962.  Under the provisions of this act, the Army Corps would build a dam at Tocks Island, 
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located about 6 miles up river from the Delaware Water Gap.  In 1965 a second act authorized the 
creation of Delaware Water Gap National Recreation Area which would be a unit of the National Park 
Service.

Though a definitive plan was now in place, the project was nowhere closer to being realized.  New 
and old problems alike plagued the project.  The escalation of the Vietnam War meant less money for 
Tocks Island Dam.  Problems also arose with the dam itself.  The unique geology of the area (Depman 
and Parillo, 1969) meant the plan for the actual structure of the dam would have to be revised.  This 
revision would add millions of dollars to the project.  New problems loomed for the Tocks Island dam.  

The 1960's saw the beginning of the environmental movement—and soon the Tocks Island dam 
project was doomed.  It began in 1965 with the sale of Sunfish Pond, one of the few glacial lakes in New 
Jersey.  A pristine and unique environment, Sunfish Pond was sold to a consortium of power companies 
so that a storage reservoir affiliated with hydroelectric power could be established on top of Kittatinny 
Ridge.  None other than Supreme Court Justice William O. Douglas spoke out against the destruction of 
Sunfish Pond.  In fact, he led a hike to Sunfish Pond that brought national attention to the project. 
Sunfish Pond was saved.  But new attention was focused on the impact the dam would have on the river 
itself and the surrounding area.

The Army Corps had been in the process of acquiring the privately held land along the river since 
the Flood Control Act of 1962 and in the process made quite a few enemies.  The most vocal local and 
national opponents combined to form a coalition group called Save the Delaware. This coalition, which 
included the Sierra Club, Trout Unlimited, and the National Wildlife Federation—among others, became 
such a powerful voice that Congress began to listen.  Federal legislation caught up with the 
environmental movement in the form of the National Environmental Policy Act of 1970.  The Army 
Corps was required to research the environmental impact the dam would have on the surrounding area. 
Not surprisingly, it was concluded that the dam would have potentially devastating affects on water 
quality and the overall health of the adjacent area.  The death knell was sounding for the Tocks Island 
Dam!

No one factor can stand alone as the reason the Tocks Island Dam project failed.  Rather, a 
combination of all the issues mentioned worked together to prevent the dam from being realized. 
Though the dam was not officially de-authorized until 1992, the project was essentially killed forever 
with the Wild and Scenic River Act of 1978.  The inclusion of the Middle and Upper sections of the 
Delaware River in this act guaranteed that the cultural and natural resources that would have forever 
been altered or destroyed had the dam been built are now protected and preserved indefinitely. 

What we know today as Delaware Water Gap National Recreation Area is far from what planners 
envisioned over thirty-five years ago when Congress authorized the establishment of this National Park 
System unit.  Though the Tocks Island Reservoir never came to be, the natural and cultural resources 
that were saved combine with the diverse recreational opportunities available at the Recreation Area to 
create one of the most dynamic and varied units of the National Park System. 

**********
In the 19th and early 20th centuries, the area around what is now the Bushkill Access Area was the 

site of several hotels, the earliest dating from 1838.  The later Riverside Hotel catered to “wheelmen” 
and advertised (in 1902) its access to “the finest natural shale roads, level and good for wheeling at all 
seasons.”  In 1898, Philip S Rosenkranz operated a ferry in this area after moving the site about two 
miles upstream from Wallpack Bend (Decker Ferry).  By the 1920’s the ferry had a capacity of two cars;  
it was the last one to operate in the upper Delaware Valley.  Service ended on May 4, 1945, when a 
student pilot from Stewart Army Air Force Base, New York, accidentally cut the ferry’s guide cable 
during a training flight (Henn, 1975; Clemensen, 1996). 
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In 1996 a small log was retrieved by John Wright (NPS) from a deep pit dug near the restroom 
facility at the Access Area prior to its construction.  The log was found at a depth of 21 feet, lying on 
gravel.  Overlying materials consisted of 10 feet of channel-fill silt and clay overlain by distal and 
proximal levee sand.  It yielded a radiocarbon date of 4,105 + 90 yr B.P. (GX-22942).

 Leave LUNCH STOP.  Be careful crossing US 209 to parking area at shale pit where 
buses are waiting.  Continue north on US 209.

   0.1   21.6 Long exposure of lower Mahantango shale to left.  Shale-chip rubble has been cleared out 
to form parking area.  (See STOP 10 for discussion of importance of this shale-chip 
rubble to the “River Road” from here north to Matamoras).  The over-steepened slopes in 
the weak shales and siltstones along this part of the Delaware River are the result of deep 
scouring by the Wisconsinan ice sheet (and probably even earlier glaciations)—similar to 
El Capitan in Yosemite Valley!  The steeply southeast-dipping cleavage abetted the shape 
of the slope. 

   0.5   22.1 Another long exposure of Mahantango shale to left. 
   0.3   22.4 The elongated pond on the right is a beaver pond, formed where the busy little critters 

have constructed a dam across a narrow and shallow channel.  These channels are 
common along the outer margins of postglacial stream terraces, typically forming where 
the backslope of the terrace meets the valley wall. 

   0.4   22.8 Small sand and gravel pit on left in outwash-fan deposit.  To the right are a broad 
postglacial stream terrace and a good view of Wallpack Ridge in New Jersey.   

   0.3   23.1      Bear left onto park road (the former “River Road”) following signs to Toms Creek Picnic 
Area.  Climb low rise onto large alluvial fan laid down at the mouth of Toms Creek.  The 
surface of the fan is cut by two successively lower fans that show it is of multiple ages.  
These fans are graded to postglacial stream terraces in the main valley. 

   0.4   23.5 Little Egypt Road to left. 
   0.1   23.6      Cross Toms Creek.  In the late 1700’s, the Nyce brothers built a grist mill here near the 

old road and the area became know as “Egypt Mills” by the pioneer settlers (because they 
obtained flour and meal at the mill and carried it home on pack horses, like the “brethren 
of Joseph” in the Old Testament) (Henn, 1975).  The name still appears on the most 
recent USGS topographic map.

   0.1   23.7 Toms Creek Picnic Area to left. 
   0.2   23.9      Park buses near entrance to old shale pit on left.  Follow road into shale pit and gather 

near the back of the pit. 

STOP 10.  TOMS CREEK SHALE PIT: PLEISTOCENE SHALE-CHIP RUBBLE DEPOSITS, 
POSTGLACIAL STREAM SEDIMENTS, AND PRICKLY PEAR CACTI. 
Leaders: Ron W. Witte and Jon D. Inners.  

INTRODUCTION

STOP 10 is located in the southwest corner of the Lake Maskenozha 7 ½- minute quadrangle in 
Delaware Water Gap National Recreation Area (Figure 196). 
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Historical Context 
At the base of the cliffs 

on the western side of Minisink 
Valley, there are thick deposits 
of shale-chip rubble that were 
mined to build River Road.  I. C. 
White (1882) wrote:  

Immense quantities 
of debris from the 
higher portions of 
these cliffs have 
accumulated along 
the lower slope, 
making great heaps 
of small fragments 
broken by frost and 
the friction of 
sliding down the 
cliffs…., which are 

much used on the public roads under the name of “slate gravel”.  ….  The unrivaled excellence of 
the Delaware Valley road between Matamoras and Bushkill being due to the fact that vast beds of 
this “slate gravel” are formed along its entire extent so convenient to the road that hauling is often 
unnecessary for several miles at a stretch.   

Between Bushkill and Milford, there are a dozen large pits and several smaller ones that supplied the 
slaty material (Figure 197).  The original construction of River Road began around 1750.  By 1810 it 
had been completed between Bushkill and Milford (Henn, 1975).  The New York Sunday Tribune called 
the road a “Wheelman’s Paradise” and compared the smoothness of its surface with macadamized roads 
such as the Merrick Turnpike in Long Island (Henn, 1975).  At the height of the biking sport, over 600 
cyclists were reported to have passed through Milford, on Memorial Day, 1896 (Henn, 1975).  The thick 
deposits of shale-chip rubble and their fortuitous location on the west side of Minisink Valley, played an 
important role in the settlement of these lands, and its later growth by providing a ready source of 
natural aggregate to build River Road. 

Figure 196.  Location of STOP 9 (Toms Creek shale pit).  Lake Maskenozha 7 ½-
minute quadrangle.  Legend:  Qst2 = Holocene stream terrace;  Qal = late Holocene 
alluvium. 

Figure 197.  Panorama of Toms Creek shale pit.  The top of the pit scarp lies about 300 feet above US 209 (Minisink Valley 
floor).  About 400,000 cubic yards of rubble were mined from this pit, enough material to build a road 34 miles long.  (Road 
length based on a thickness of 3 feet, and width of 20 feet.)  By a remarkable coincidence(?), the distance from Marshalls 
Creek to Matamoras along the “Old River Road” (now US 209) is 34 miles!  
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Geologic Setting 
Shale-chip rubble or as 

it is known by its other names 
“slate gravel”, or “sharpstone 
colluvium” is common in 
Pennsylvania (Figure 197).  It 
is not common, however, in 
areas glaciated during the last 
Ice Age (late Wisconsinan).
The shale-chip rubble of 
Minisink Valley is the only 
large deposit found north of 
the late Wisconsinan glacial 
limit (Figure 198).  The 
rubble, well described in 
Sevon et al., (1989), consists 
of angular, elongated, platy, 
prismatic and bladed clasts of 
the Mahantango Formation.

Average clast length varies between one and six inches.  Larger clasts, up to boulder size, may be 
interspersed throughout the deposit.  Typically, the rubble has very little matrix, although many of the 
clasts exhibit a thin coating of clay.  The few beds that do have a substantial matrix component display a 
coarsening upwards of shale clasts, suggesting that they were deposited as a slurry flow.  Bedding is 
slope parallel, and averages between one to four inches thick.  However, in many places the 
homogeneity of the rubble makes it difficult to discern bedding.  Most of the elongated fragments are 
oriented down slope.  Bedding, sorting, and clast orientation of the rubble suggests that most of this 
material, after it has fallen off the outcrop and accumulated at the top of the apron, moves downslope as 
a massive sheetflow.  Bedding and grading show that this downslope transport is episodic and in some 
cases may have involved water. 

 Glacial erosion and the lithology and 
structural elements of the Mahantango 
Formation have created a geologic setting that 
is conducive to the formation of very large 
volumes of shale-chip rubble over a short time.  
Glacial erosion over the course of at least three 
glaciations has cut back the west side of 
Minisink Valley and formed a very steep rock 
face that is as much as 500 feet high.
Mechanical weathering of the rock by frost 
shattering has formed of an extensive apron of 
shale-chip rubble that has accumulated since 
Minisink Valley was deglaciated about 18,000 
years ago.  The steep southeast-dipping 
cleavage of the Mahantango Formation, which 
is well formed at the Toms Creek pit, the thin, 
northwest-dipping beds of shale and siltstone, 
and the vertical joints form weak zones and the 
extensive surface area required for rapid 

Figure 198.  Areas of shale-chip rubble, limit of late Wisconsinan glaciation, and 
location of Minisink Valley in Pennsylvania.  Figure modified from Sevon and Berg 
(1979, Figure 1). 

Figure 199.  Extensive fragmentation of the Mahantango 
Formation along bedding and cleavage intersections.  Exfoliation 
of the cliff face is due to weathering along vertical joint faces.  
This results in sheeting across the cliff face in a direction away 
from the joint.  Photo taken at site b.
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fragmentation.  Places on the cliff face 
where vertical joints intersect cleavage are 
especially prone to attack by frost riving 
(Figure 199).  Weathering of the rock 
surface in these areas results in the 
fragmentation of the rock as a series of 
sheets that propagate away from the joint.  
This step-like exfoliation or sheeting 
occurs across the cliff at Toms Creek, and 
it appears to be the major mechanism in 
which shale-chip rubble is made.  The size 
of the rubble clasts is directly related to 
cleavage spacing, bedding thickness, and 
joint penetration.  The shale-chip rubble 
formed at Toms Creek (Figure 200) is 
typically bladed in habit (“pencil shale’) 
due to the local closely spaced cleavage.  

Near Dingmans, located twelve miles upstream, rubble clasts are more platy because cleavage is absent, 
or at least poorly developed (Figure 201).  Sandy beds typically form platy or flaggy fragments when 
weathered, because cleavage in these coarser beds is typically more widely spaced than the shale and 
siltstone beds, and bedding thickness is greater.  Clast habit is also a function of joint spacing and depth.  
Most of the joints at Toms Creek are nearly vertical, have a cross-strike orientation, and only penetrate 
the rock face a few inches to several feet.

SHALE-CHIP RUBBLE AND OTHER 
DEPOSITS

STOP 9 consists of three sites—a,
b, and c (Figure 196).  Due to the large 
number of field trip participants, please 
spread out and break off into smaller 
groups. Sites a, b, and c do not have to be 
visited in sequential order. 

a. Shale-chip diamicton and postglacial 
stream sediments.     .

Site a is located 350 feet southwest 
of the pit entrance along Toms Creek Road 
(Figure 196).  Here a road cut at the distal 
edge of the shale-chip rubble apron reveals 
a four-unit stratigraphy that consists of 

shale-chip rubble and diamicton overlying postglacial fluvial overbank deposits (Figure 202). 
The lowest unit (d) consists of more than 29 inches of planar, thinly bedded, very fine sand (10 

YR 4/3) and silt (7.5 YR 4/4), with minor beds of fine sand (10 YR 5/3).  A few subangular and 
subrounded shale pebbles less than 0.5 inch in diameter are in some of the coarser-grained sand beds.  In 
places, reddish lamella (5 YR 4-3/4) a product of oxidation, are found along the contact between an 
upper more porous sand bed, and a lower, much less porous silt bed.  Bedding in the upper 18 inches of 

Figure 200.  Bladed shale-chip rubble (“pencil shale”) at site b.

Figure 201.  Platy shale-chip rubble near in a shale pit at Delaware 
Cemetery, Dingmans Ferry, about 8 miles northeast (mile 32.0 of 
Day-2 road log). 
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unit (d) is highly deformed.  Bedding 
contacts have irregular to wavy traces 
that vary from 0.25 to 4.0 inches.  
Pinch-and-swell bedding is common 
and near the top of the unit, there are a 
few folded beds.  Intensity of 
deformation attenuates rapidly with 
depth.  Deformation in the upper part 
of unit (d) was due to compaction and 
dewatering caused by the weight of the 
overlying colluvial mass.  The alluvial 
materials here lie about fifteen feet 
above the Qst2 terrace, which forms 
the high-standing terrace across US 
209.  This height, absence of paleosols, 
and indication of episodic overbank 
sedimentation shows that unit (d) is 
part of the Qst3 terrace, the oldest 
flood plain deposits in the valley, and 
not glacial outwash.

Unit (c) is 14 inches thick and 
consists of massive very fine sand and 

silt with a few deformed beds and lenses of very fine sand.  Angular shale pebbles make up about 3 
percent of the sediment by volume.  These pebbles are typically concentrated at the base of some of the 
poorly formed beds.  Unit (c) is a transitional unit that consists of a mix of alluvium and shale-chip 
diamict.  It marks a zone of interbedding and mixing that occurred at the edge of the colluvial apron.   

Unit (b) is more than 3 feet thick, and it consists of very fine sand and silt that contains by 
volume 5 percent shale clasts.  Shale clasts vary in habit from pebble-size blades and chips to cobble-
size platy fragments.  Most of these lie on their flat sides, dip downslope, and exhibit faint bedding.  
This unit appears to be a distal facies of the shale-chip rubble apron formed where wind-blown sand and 
silt became mixed with the rubble at the edge of the apron. 

Unit (a) forms the surface deposit.  It is shale-chip rubble that consists of more than 25 percent 
by volume of small bladed and prismatic shale chips and some larger more platy clasts.  Very fine sand 
and silt form a loose matrix.  The hillslope above the road bank slopes about 28o.  Farther up, where the 
slope becomes steeper, the volume of shale chips greatly increases.  The large boulder, five feet to the 
right of the outcrop, appears to lie at the base of unit (a).  It is a large joint block that made its way to the 
edge of the apron by either rolling or sliding down the steep face of the apron. 

b. Mahantango outcrop and the formation of shale-chip rubble.
Site b is located on the far-left (southwest) side of the pit about twenty-five feet above the pit 

floor (Figures 196 and 199). 
Shale-chip rubble is the product of intense frost shattering along the cliff face.  The size and 

shape of the fragments and rate of fragmentation is controlled by the attitude and spacing of cleavage, 
joints, and bedding and grain size.  Bedding (N640E/320NW) and cleavage (N700E/540SE) largely 
control the shape of the fragments.  In places where cleavage is closely spaced and bedding is thin, 
fragments will be bladed to prismatic.  In places where cleavage is more widely spaced or absent, platy 
fragments are more common.  Grain size also controls size and shape of fragments.  The finer-grained 

Figure 202.  Road cut at site a.  Legend:  unit b = Shale-chip diamict, unit 
c = transitional unit between diamict and lower alluvium, unit d = 
alluvium, overbank sediment of late Pleistocene to early Holocene age.  
Dashed lines drawn along selected deformed beds show attenuation of 
bedding with depth in unit d.  Unit a = surface shale-chip rubble is not 
shown.
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shale and siltstone beds form thinner fragments, while the coarser, sandstone beds form thicker 
fragments.

The subvertical, nonpenetrative, cross-strike joints found throughout the Mahantango formation 
hasten rubble formation by providing additional surface area and access to cleavage partings.  This 

results in the disintegration of rock by 
cross-cliff sheeting, a step-like removal of 
rock away from the joint face (Figure 
203).  Shallow joints result in the 
weathering of thinner sheets, while 
deeper joints result in the weathering of 
larger sheets.  At times, large joint blocks 
also become dislodged from the cliff.
Several of these may be seen throughout 
the pit, either partially buried in the 
excavated rubble or lying on the modern 
rubble apron, which formed after the pit 
was abandoned.  Up close, rock 
fragments are loosened individually or in 
small aggregates.  Typically, there is a 
joint-side downward rotation of the 
fragment (Figure 203).  Eventually, the 
tilted fragment dislodges and falls to the 
apron’s surface.  Another form of small-
scale fragmentation includes flaking, a 
process where small rock chips and flakes 

on the exposed cleavage face become dislodged.  This type of fragmentation occurs around shallow 
surface fractures, many of which were glacially formed. 

c. Glacial erosion and puzzling vertical striations.
Site c is located on the far-right (northeast) side of the pit, about 100 feet above the pit floor 

(Figure 196). 
Glacially polished rock and glacial striations 

are rare because the “rubble machine” has been very 
effective in weathering the cliff face.  The glacially 
polished and sculpted rock, downvalley striations, 
and sichelwannen preserved at this location strongly 
hint that this part of the cliff was not exposed to 
weathering as other parts of the cliff were.  In most 
of the shale pits, fresh to lightly weathered, glacially 
scoured rock occurs at the base of the cliff where it 
was quickly buried by rubble following 
deglaciation.  Preserved polish and striations higher 
on the cliff face would have taken much longer to be 
covered were exposed to weathering for a much 
greater length of time.  Perhaps stagnant ice may 
have protected the cliff.  Another explanation is that 
weathering of the cliff face was lessened in areas 
that had fewer joints, resulting in decreased rates of 

Figure 203.  Joint-side rotation of dislodged rubble fragments related to 
cross-face sheeting of the Mahantango Formation away from 
subvertical joints—site b.  This type of disintegration is common along 
the frost-shattered cliffs of Toms Creek and probably accounts for most 
of the rubble.

Figure 204.  Vertical striations on glacially polished 
Mahantango formation—site c.
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fragmentation by exfoliation. 
Striations at site c have two orientations.  The first set nearly parallels the cliff face in a 

downvalley direction.  These are very faint, consist of scratches to small grooves, and are tilted upwards 
in a downvalley direction by as much as 20o from a horizontal plane.  These features are glacially cut; 
their tilted orientations were due to outward and compressive flow at the valley side, caused by thicker 
ice in the center of Minisink Valley.  The second set of striations has a subvertical orientation (Figure 
204) that varies about ten degrees from the vertical.  They occur only on glacially polished rock, and in a 
few places crosscut the first set.  They are very fine, are continuous for only a few inches or less, and 
they were not found elsewhere in the valley.  How did they form?  Are they a product of glacial erosion 
or postglacial slope processes?  Individual rock fragments sliding down the cliff face, or fragments at the 
slip face of a larger slide may have formed these striations.  Because both of these processes are 
common, it is puzzling that the striations were not observed elsewhere in the valley.  A second 
possibility is that the scratches may have formed when debris-rich stagnant ice along the cliff face 
collapsed, due to undermining by meltwater.  Because the shale and siltstone here is relatively soft, 

quartz sand embedded in the ice may have 
cut the striations as the ice slid down the 
valley wall.  Because the effects of glacial 
erosion are so well preserved here, high 
above the pit floor, stagnant ice may have 
initially protected parts of the cliff from 
erosion.  Perhaps, you have a better idea 
about the formation of these enigmatic 
scratches.

Other glacial erosional forms 
include several large crescentic gouges 
Figure 205).  These formed where a large 
chip of rock was dislodged at the base of 
the glacier.  They typically form where 
shallow surface fractures, a product of 
glacial loading, cut the rock face. 

CACTI ON MINISINK ESCARPMENT 

 Cacti were first discovered on the Minisink escarpment in the 19th century, reportedly by a Dr. 
Barrett of Port Jervis (White, 1882).  In fact, White observed that “cactus plants of the species Opuntia
Vulgaris” cover the cliffs of “Hamilton sandstone” (Mahantango Formation of modern usage) in 
Westfall Township, Pike County, between Matamoras and Milford (p. 195-196).  Nearly a hundred 
years after White’s report, R. C. Smith, II, of the Pennsylvania Geological Survey—in searching this 
same area for lead, zinc, and copper mineralization (also, but mistakenly, reported by White)—
rediscovered the cacti (Smith, 1973).  Smith’s botanical sources identified the plants as Opuntia
compressa (Salisb.) Macbr. (O. vulgaris), the prickly pear cactus.  He noted that such cacti had recently 
been reported in New Jersey, but that there was no correlation of the occurrences to slope, soil 
composition, soil pH, organic matter, or other plant species.  His sources stated that “this variety of 
prickly pear makes its home on rocks, sand dunes, or sandy prairies from eastern Massachusetts to 
southern Ontario and southern Minnesota and south to Georgia, Alabama, and Missouri”—but is not 
found in the far west (Smith, 1973).

Figure 205.  Large ice scoured crescentic fracture—site c.
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 Prickly pear cacti have also recently been 
found in some profusion near the top of the 
escarpment above the southwest end of the Toms 
Creek shale pit—GPS location 
41o07’44”N/74o57’08”W at an elevation of 
approximately 750 feet (Figure 206).  The cacti here 
occur at the very top of the shale-chip rubble slope 
where the deposit feathers out against a low shale 
cliff, in the lowest part of the cliff face, and at the 
very top of the cliff.  The roots of most of the plants 
appear to be anchored in small fractures in the 
bedrock, though some cacti are growing where the 
rubble is very thin (less 6 inches thick).  Many of the 
plants are concentrated in thin shale and rubble strips 
extending about 50 feet downslope from the main 
bedrock cliff, with the intervening strips filled with 
“mobile” shale-chip rubble.  At least one of these 
strips is directly downslope from a large tree that 
blocks rubble from covering the area (Figure 206).
The slope of the rubble surface in the area of the 
cacti is about 30o; the face of the cliff is along 
cleavage (attitude N72oE/66oSE)
 Rhoads (1993) and Rhoads and Block (2000) 
identify the prickly pear cactus that occurs in 
Pennsylvania as the eastern prickly pear, Opuntia
humifusa (Raf.) Raf.  It is described as an herbaceous 
perennial that puts out bright yellow flowers in July 
(Figure 206) and produces a red to red-purple fruit 
(“pear”) that is fleshy, many seeded, and 3-5 cm long 
(Rhoads and Block, 2000). O. humifusa grows on 

dry, shaly cliffs and barrens and is reported from numerous places across the Commonwealth, 
including—in addition to Pike—Bucks, Montgomery, Berks, Lancaster, Cumberland, Franklin, Bedford, 
Huntingdon, Snyder, and Allegheny Counties  (Rhoads, 1993).  In the early 1980’s, it thrived on a 
porous siltstone rubble slope at a fossil site in the Trimmers Rock Formation southeast of Danville, 
Montour County (site described, but cacti not mentioned, in Hoskins et al., 1983, p. 137-139)—but the 
plants apparently disappeared from this area several years ago.    

 Leave STOP 10, turning left onto park road. 
   0.1   24.0 Stop sign.  Turn left on US 209 North.  
   0.2   24.2 To left in the woods is more of the old River Road.  From this point north numerous 

stretches of the old road can be seen roughly paralleling US 209.  
   1.0   25.2 George Nyce farm to left (see Henn, 1975).  An 18th-century stone house on this property 

is constructed of blocks of Onondaga limestone and Schoharie siltstone.  The farm 
buildings rest on glacial outwash, thinly covered by shale-chip colluvium.  On the right 
beyond the entrance to Eshback Access Area are two postglacial stream terraces.  The 
higher terrace (Qst3) remnant is located upstream from the access entrance where it lays 
against a lower terrace (Qst2).  Hand auger holes show that these deposits consist chiefly 
of very fine sand, and fine sand.  The few surface cobbles and pebbles presumably have 

Figure 206.  Eastern prickly pear cacti (Opuntia humifusa),
top of shale-chip-rubble slope at southwest end of Toms 
Creek shale pit. Note that the tree protects the plants from 
rubble moving down the slope.  Photo was taken on June 
26, 2001.  The hammer is 11 inches long.   
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an anthropogenic placement.  Although some of this material may be ice-rafted, carried 
onto the terrace during winter floods.  (See Witte, this guidebook, p. 99.) 

   0.9   26.1 The farm to left is “Wheat Plains,” homestead of the Brodhead family.  A farm was 
established here in the 1770’s by Gabriel Brodhead, a Revolutionary-War soldier, and 
bequeathed down through six generations (passing out of the family’s hands only 
between about 1871 and 1894) (Henn, 1975). 

   0.3   26.4 Cross Elfin Gorge creek.  To left, just to the south of the bridge, is a parking lot from 
which a trail leads back to the beautiful Elfin Gorge falls (over Mahantango shale and 
siltstone) and the provocatively named Diana’s Bath plunge-pool just below.  The tract 
along the creek northwest of US 209 was once the homestead of the Van Gordon family.  
One of the family daughters, Savanah, married Henry C. Ford, who as Chairman of the 
State Fishery Commission in the late 1800’s, was instrumental in restoring the once 
much-depleted shad fishery to the Delaware River (Henn, 1975).

   0.6   27.0 Briscoe Mountain Road (to Pocono Environmental Education Center) to left.  
   0.1   27.1 To left is a beautiful stone arch bridge on the old “River Road.”  Postglacial stream 

terrace (Qst3) remnant on right.  Hand auger in field showed 3 ½ feet of silty very fine 
sand over presumably a cobble-gravel lag. 

   0.2   27.3 Big pit exposing Mahantango shale to left.  
   0.3   27.6 Cut in lower Mahantango shale to left. 
   0.4   28.0 Another cut in Mahantango shale to left. 
   0.2   28.2 Abandoned Mahantango shale-chip-rubble pit to left.  Outwash terraces on right (60 to 80 

feet above river).  Old sand and gravel pit (1500 feet east of US 209) revealed about 12 
feet of fine cobble-pebble gravel overlying sand and pebbly sand.  The outwash terrace 
surface is gravelly, unlike postglacial stream terraces, which may have only a few 
pebbles and cobbles.

   0.4   28.6 Park maintenance and storage yard to left on floor of large shale pit.  More than 50 feet 
(angle of repose) of framework-supported shale-chip colluvium is exposed at the pit’s 
north end.  Average size of chips is about 1.5 in., and there is very little matrix.  Layering 
is slope parallel.  Postglacial stream terraces on right. 

   0.6  29.2 To left is an unmarked gravel lane leading to a parking lot at the head of a well-
maintained trail along Hornbecks Creek.  Follow this trail for a mile through the woods 
and you come to two picturesque waterfalls over ledges of Mahantango shale and 
siltstone—Cascade Falls and Indian Ladder Falls (see Henn, 1975).  (The latter is well 
named for it consists of many low falls in the gorge above the 25-foot-high Cascade 
Falls.)

   0.2  29.4 Cross Hornbecks Creek. 
   0.4  29.8 To right near the highway is a remnant of Qst3 (highest postglacial stream terrace in 

valley).  A hand auger hole revealed more than four feet of very fine sand with no gravel.
In some places the flanks of these higher terraces are gravelly suggesting that the 
overbank materials are thin, possibly removed by erosion as the river cut down to a lower 
level.  The high bank to the left is part of the Hornbecks Creek outwash fan. 

   0.2  30.0 To the right is a low bedrock knob (Mahantango Formation) that was a small nearshore 
island in the glacial (and early postglacial) Delaware River.  On the east side is a steep 
scarp, along the top of which are numerous moderately dipping (25o SW) ledges of dark 
gray, silty shale (with very thin sandstone beds) (see Sevon et al., Plate 1).  The scarp 
borders an old braid channel of the river.  A narrow kame extends to the south in the 
hill’s protected “current shadow” (Crowl, 1971).  The knob was at one time known 
locally as “Bald Hill” because its thin soil cover supported few trees (see Henn, 1975). 
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   0.3  30.3 Bald Hill Farm on left.  This was the former site of Pine Hill Golf Course in the early 
1900’s (Henn, 1975).  High terraces to the right near highway are meltwater-stream 
terraces.

   0.2   30.5      Large abandoned shale pit in Mahantango to left. 
   0.4   30.9  Another large Mahantango shale pit to left. 
   0.1   31.0 Dingman’s Campground to right.    
   0.3   31.3 Wilson Hill Road on left.  On right just before the road is an interesting cobblestone 

building.  While such buildings are common in the glaciated terrain of central New York 
(McKinney, 2000), this is one of the few, if not the only one, in this area. 

   0.3   31.6      To get to Dingmans and Silver Thread Falls turn left on Johnny Bee Road (TR 325) here 
and follow signs.

   0.1   31.7 Cross Dingmans Creek.  High-standing terrace on left just past the bridge is part of the 
Dingmans Creek outwash fan. 

   0.1   31.8 Traffic light at intersection with PA 739.  Continue straight ahead. 
   0.1   31.9 Historical Marker to right reads: 

DINGMAN’S FERRY.   Here was located one of the earliest ferries across the Delaware.  
Andrew Dingman in 1750 built the flat boat he used as a ferry with his own handaxe.
Dingman was one of the pioneer settlers. 

   0.1   32.0 To right, the classic building with four Doric columns across the front is the former 
Dutch Reformed Church, erected 1850.  Just beyond on the left is Delaware Cemetery.  It 
lies in outwash and shale-chip colluvium.  Buried here among many pioneer families and 
more recently deceased individuals is Thunder Cloud (1856-1916), a half-breed 
Blackfoot Indian who served as a U.S. Army scout in the Sioux Wars of 1872-76 and 
toured with Buffalo Bill’s Wild West Show.  Later he became the foremost Indian model 
in the country, his likeness appearing in such famous works as “The Treaty of Traverse 
de Sioux” (a mural in the Minnesota State Capital at St. Paul) and “Father Hennepin 
discovering the Falls of St. Anthony.”  He married the artist Henrietta Hasagen and lived 
on Mill Street in Dingman’s Ferry (Henn, 1975 

   0.8    32.8 Higher terraces to the left are outwash. Postglacial steam terraces to the right. 
   0.2    33.0 Cross Adams Creek.  A hike up this stream, though rather rigorous, is well worth the 

effort.  About 1.2 miles upstream is a spectacular gorge and waterfall (called Liberty 
Falls by Henn [1975]) in upper Mahantango shale and sandstone.  Downstream from the 
gorge the stream valley exhibits at least two outwash/alluvial terrace levels.  About 750 
feet northwest of US 209, the creek runs through a low, 500-foot late glacial/postglacial 
bedrock gorge, the old channel appearing as steep, cobble-covered slopes just upstream 
and downstream on the southwest side of the gorge. 

   0.5   33.5 Climb back onto high-standing outwash terrace. 
   0.8   34.3 Cross over Dry Brook. 
   0.4   34.7 Pass Zimmerman Road on left.  Nearby terraces are outwash while those farther out in 

valley are postglacial stream deposits. 
   0.4   35.1 Start descent toward Conashaugh Creek.  High-standing terrace on the left is the 

Conashaugh Creek outwash fan. 
   0.1   35.2 Cross Conashaugh Creek. 
   0.5   35.7 To left is another typical cut in the lower Mahantango with low banks of shale-chip 

rubble.
   0.4   36.1     Large shale-chip-rubble pit to left. 
   0.5   36.6     Good view of Mahantango cliffs on the Minisink escarpment ahead.  Road cut on left in 

Raymondskill Creek outwash fan.  Low terraces to right are postglacial age. 
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   0.1   36.7     Turn left into “parking area” abandoned house on Raymondskill Creek (about 0.1 mi 
before intersection with SR 2009 to Raymondskill Falls). 

STOP  11.  RAYMONDSKILL CREEK SURFICIAL SECTION:  GLACIAL AND POST 
GLACIAL GEOLOGY AND AMERIND HISTORY. 
Leaders: Ron W. Witte and John Wright. 

INTRODUCTION

 STOP 11 is on the northwest side of 
the Minisink Valley in a reentrant at the 
mouth of Raymondskill Creek in the upper 
part of the Delaware Water Gap National 
Recreation Area (Milford 7 ½ - minute 
quadrangle; Figure 207).  In the mid-
nineteenth century, Henry Depue 
developed the Raymondskill House on this 
site as accomm0dations for raftsmen and 
possibly hunters.  Around 1880, Emile 
Schanno bought the property and renamed 
it the Schanno House.  In 1892, the three 
sons of Emile Schanno enlarged the hotel 
to service the coaches that traveled River 
Road.  Because of its reputation for fine 
dining it became known as the “Little 
Delmonico” (Henn, 1975).  In 1989, the 
hotel, long abandoned, burned.  The 
damaged structure was razed by the 
National Park Service in 1995.
 Raymonds Kill is also the site of an 
infamous skirmish where thirteen 
colonialists were killed trying to attack a 
small group of Indians who had retreated 
up the Raymonds Kill.  Apparently, two 
thirds of the attacking party fled after being 
ambushed near Bastian Spring, leaving the 
rest to unsuccessfully fend off the attack 
(Henn, 1975).

Geologic Setting 
Minisink Valley is a deep, glacially scoured river valley underlain by a complex stratigraphy 

consisting of late Wisconsinan glaciolacustrine, glaciofluvial, and postglacial alluvial sediment.  The 
low ridge across the river (eastward) is Wallpack Ridge.  The high cliff on the western side of Minisink 
Valley is held up by the Mahantango Formation, which is Upper Devonian age and consists of repetitive 
sequences of shale and siltstone.

A high-standing terrace to the south, locally known as Indian Point, rises about 70 feet above the 
parking area.  The terrace is the remnant of a large outwash fan (Qf on Figure 207) that was laid down at 
the mouth of Raymondskill Creek during deglaciation.  At one time, the fan filled the reentrant.  Later, it 

Figure 207.  Location of STOP 11, Raymondskill Creek bluff and 
surficial geologic map of part of the Milford 7 ½-minute quadrangle.  
List of map units: af = artificial fill; Qal = alluvium; Qaf = alluvial 
fan; Qs = swamp and bog deposit; Qsc = shale-chip colluvium; Qed = 
sand dunes; Qes = thin sheet of wind-blown sand; Qst2 = abandoned 
flood plain (Holocene); Qst3 = abandoned flood plain (Pleistocene); 
Qft = meltwater-terrace deposit; Qov = valley-train deposit; Qod = 
ice-contact delta; Qf = outwash-fan deposit; Qt = thick till; and Qtr = 
thin till.  Shaded areas represent extensive bedrock outcrop and the 
curved dashed lines on stream-terrace deposits represent channel 
scrolls.  
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was eroded down to its present level by meltwater and postglacial Raymondskill Creek.  High, gravelly 
terraces up Minisink Valley are part of the Montague valley train, laid down from an ice margin position 
about two miles upstream from Raymondskill Creek.  The low broad plain that forms the valley floor 
across US 209 is an abandoned flood plain of Holocene age (Qst2 on Figure 207).  The terrace lies 20 to 
30 feet above the Delaware River (measured above the river’s mean annual elevation here of 370 feet).  
The terrace is underlain by overbank deposits of fine sand and silt that are as much as 20 feet thick.  In 
places, the Qst2 deposits comprise several levels that represent flood-scoured areas, and younger Qst2 
subsets.  These terraces of intermediate elevation, found between the Qst2 terrace and the modern flood 
plain, are found throughout the valley.  Most of these appear to be related to local riparian conditions 
controlling erosion and deposition.

A recent slump, near the top of bluff overlooking the parking area, exposed a 15-foot section of 
outwash (area mapped as Qf, Figure 207).  We won’t climb there today.  (What, and miss another 
opportunity to dirty our hands in glacial drift!)  However, Indian Point affords an excellent view of the 
Montague valley train and the lower meltwater and postglacial terraces in Minisink Valley.  Sediment 
exposed along the face of the slump consists of four feet of planar-bedded cobble-pebble gravel 
overlying, pebble gravel, and pebbly sand with minor cross-bedded sand.  Clasts chiefly consist of gray 
shale, siltstone, and sandstone.  The direction of paleoflow is east to southeast, based on the orientation 
of elongated clasts and crossbedding.  This shows that the outwash was laid down by meltwater draining 
the Raymondskill Creek drainage basin, rather than the Delaware mainstem.  The dominant lithologic 
suite of shale, siltstone and sandstone clasts also shows that most of the material here was largely 
derived from local upland sources.  Small exposures dug out below the slump revealed cross-stratified 
sand, pebbly sand, and pebble gravel.  Topography of the fan’s south side suggests it was laid down 
against stagnant ice.  However, the fan appears to be graded to the surface of the Montague valley train 
(see Figure 63c in Witte, this guidebook p. 108), showing that the ice was only of local extent and did 
not fill the valley as a tongue of dead ice. 
Question.  Does the distribution of valley-train and outwash-fan deposits in Minisink Valley indicate 
deposition against large blocks of stagnant ice, or have meltwater and postglacial streams eroded most of 
this material?  

Directions to Raymondskill Bluff
Carefully cross US 209 (does the video game Frogger seem like an appropriate analogy here?) 

and follow a fishing-access road across the Qst2 terrace toward the river.  At large right-hand bend in 
road (about 450 feet from US 209) turn left (north) and follow the footpath through wooded area to the 
bluff overlooking Raymondskill Creek.  Please note that the bluff face is extremely precarious.  Stay 
back at least 5 feet from its edge.  The low bluff (Figure 208) exposes about 15 feet of overbank sand 
and silt, replete with buried A and B soil horizons that preserve a history of episodic alluviation, vertical 
flood plain accretion, and prolonged periods of land stability marked by soil formation.  Beneath this 
material is coarse gravel and sand, part of an old alluvial fan.  Minisink Island (Figure 207), across the 
Delaware, is also a Qst2 terrace, except for a few narrow strips of modern flood plain that lie on the 
flanks of the island.
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RAYMONDSKILL BLUFF 

The late-glacial Delaware River is assumed to be a braided stream, given the large volume of 
meltwater that flowed through the valley and the readily available source of sediment.  In contrast to the 
late glacial river, the modern Delaware is a meandering stream of very low sinuosity (so low that many 
sections of the river channel are straight) flanked by two abandoned flood plains.  These flood plains are 
mapped in the valley as Qst3 and Qst2 terraces (see Witte, this guidebook, p. 99).  The deep, dated, 
alluvial sequences at the Shawnee-Minisink (McNett et al., 1985), and Upper Shawnee Island (Stewart, 
1991) sites show that the form of the Delaware River at the end of the Pleistocene was also a non-
braided one with a well-established flood plain.  The river was also at or slightly above its present 
elevation.  For the sake of brevity in this discussion, the postglacial form of the Delaware will be 
referred to as meandering. 

Figure 208.  Panorama of Raymondskill bluff at STOP 11, with inset photographs showing close-ups of alluvial strata and 
buried paleosols.  The bluff exposes coarse gravel of an older alluvial fan (Qaf) overlain by about 5 m of overbank sediment.  
Radiocarbon dates 4500 + 40 yr B.P. (GX-28162-AMS) and 3230 + 40 yr B.P. (GX-28163-AMS) were determined from 
charcoal that was collected from charcoal-enriched alluvial stratum.  The oldest date suggests that the Qst2 stream-terrace 
may be as old as 5000 years, an age that represents the last half of the Holocene.  Cultural periods represented by the bluff 
include the Late Archaic (6000 to 4000 yr B.P.), Terminal Archaic (4000 to 3000 yr B.P.), Woodland (3000 to 400 yr B.P.) 
and Historic cultural periods.  Qfp is the modern flood plain. 
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The transition, from a braided glacial stream with a very distant meltwater source to a 
meandering stream, represented significant hydraulic changes during the close of the Pleistocene.  Most 
obvious was a substantial decrease in stream discharge due to the retreat of the Laurentide ice sheet from 
the Delaware River drainage basin.  The minimum date for this event is estimated at 14,000 yr B.P., 
based on the mapping and correlation of ice-marginal positions by Ozvath and Coates (1986) in the 
Western Catskill Mountains, and Fleisher (1986) in the upper part of the Susquehanna drainage basin.
The dramatic decrease in discharge was accompanied by a change in channel form from braided to a 
meandering channel of low sinuosity.  This transition may have already been underway during the later 
stages of deglaciation of the drainage basin when meltwater found new flow paths into the Susquehanna 
Valley and to a lesser extent the Hudson Valley.  At some point, after deglaciation, the Delaware River 
cut down to a level at or near its present elevation.  The timing and possible causes of this event will be 
examined.

Previous investigations by Crowl (1971) and Dent (1991) suggested that the gravel beneath the 
postglacial stream terraces is glacial outwash, laid down by meltwater during the latter stages of 
deglaciation of the upper Delaware River drainage basin.  Based on the oldest dates at the Shawnee-
Minisink and Upper Shawnee Island sites (see Table 4, p. 114), the basal gravel is older than 11,000 yr 
B.P.  The period represented by the sequence of sediments below the older dates and above the coarse 
gravel is unknown.  Because the rate of sedimentation for the late Pleistocene alluvium has not been 
sufficiently constrained by radiocarbon dating and is too variable throughout the valley, an accurate 
estimate of its age cannot be determined.  However, ancillary evidence (chiefly stratigraphic) suggests 
the basal gravel beneath the postglacial stream-terrace deposits is not glacial outwash, but outwash that 
had been reworked and incised by the postglacial Delaware River.

Postglacial alluvial terraces in Minisink Valley consist of two abandoned flood plains that cover 
large parts its floor. These are designated Qst3 and Qst2.  The higher position, slightly coarser strata of 
the Qst3 terrace show that it is older than the Qst2 terrace and that it was laid down by a river that was 
higher than it is today.  The Qst3 terrace represents the oldest flood-plain deposits in Minisink Valley.
They were probably laid shortly after ice had withdrawn from the Delaware Valley, about 15,000 to 
14,000 yr B.P. The lack of multiple buried soils show that the period of Qst3 deposition was probably 
short-lived.   Incision to the Qst2 level may have been initiated by the onset of delayed isostatic rebound, 
and a reduction in sediment supply due to the transition from tundra to a closed boreal forest.  The 
14,000 yr B.P. maximum date for the start of rebound (Koteff and Larsen, 1989) and the 14,250 yr B.P. 
date marking the transition from herb to spruce pollen zones (Cotter, 1983) may be in accordance with 
the estimated age of the Qst3 terrace.   

The Qst2 terrace represents episodic periods of alluviation throughout the Holocene.  Leopold et 
al. (1964, p. 326) noted that the “progressive lateral migration of the river channel removes portions of 
the flood plain and so limits the elevation of its surface.”  Due to the narrow width of Minisink Valley 
and low sinuosity of the Delaware River channel, the Qst2 flood plain outgrew its fluvial setting, 
receiving sediment only during the greatest of floods.    

Deep, well-exposed, alluvial sections, like the one at Raymondskill bluff are rare in Minisink 
Valley.  Most of the information about these postglacial fluvial deposits comes from the many 
archaeological investigations conducted over the last fifty years.  Because all these investigations 
involved the digging of pits, recurring visits to the study sites, once the work was completed, only 
yielded a filled excavation.  Fortunately, Raymondskill Creek changed its course about thirty years ago, 
providing archaeologists, soil scientists, and geologists with a highly informative outcrop, and causing a 
dilemma for cultural and natural resource preservationists. 
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Raymondskill Creek, a Change in its Course 
Delaware Water Gap National Recreation Area contains numerous archeological sites, several of 

which are included in archeological landmark districts.  One archeological landmark district, the 
Minisink Historic Landmark District, is comprised of 19 archeological sites and one standing historic 
structure.  This district is important due to its ability to yield information that has significance on the 
historic contact between the Indian and European people in Munsee County, a region which 
encompasses southern New York through northern New Jersey to northeastern Pennsylvania.  The 
Manna Site (36Pi04), located about 100 feet south of the bluff, is one of the 19 archeological sites in the 
district.  Historically, the Manna Site contains evidence of ancient Native American populations from 
the Early Archaic cultural period (ca 8000 B.C.) through the Contact cultural period (A.D. 1750).  

Stereoscopic air photos from 1979 (scale 1:12,000, on file at NJ Geological Survey, Trenton, NJ) 
show that Raymondskill Creek flowed through a much straighter channel at its mouth than it does today 
(Figure 209).  Prior to 1979, the creek used a more northerly channel on its way to the Delaware.  The 
exact time of abandonment is unknown.  However, the straight nature of the 1979 channel Figure 209) 
suggests the creek changed its course in the 1970’s, possibly during June, 1972, when the remnant of 
Hurricane Agnes devastated the Delaware Valley.  From 1979 to the present, the creek has carved out a 
sinuous course, eroding substantial parts of the lower Qst2a and Qst2b terraces in its mouth, and Qst2 
along the bluff at STOP 11.  Based on a comparison of 1979 and 1997 photos of the creek’s mouth 
(Figure 209), the bluff face has retreated as much as 50 feet from its 1979 location.  A large point bar 

Figure 209.  Surficial geologic map and color-infrared photograph (1997) of the Raymondskill bluff site, showing the 
change in the course of Raymondskill Creek near its mouth over the last thirty years. 
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was also deposited just upstream from our overlook as the creek channel quickly evolved from straight 
to a meandering one.

Raymondskill Creek has probably changed its course numerous times throughout the Holocene.
Based on the amount of erosion that has occurred since 1979, and the current configuration of the 
channel, Raymondskill Creek will probably cut a new channel (Figure 209) to the Delaware within the 
next twenty-five years.  When this happens, undercutting of the bluff section at STOP 11 will diminish, 
slowing the rate of bank retreat.  Eventually, the abandoned channel may become filled with overbank 
sediment, a process mostly facilitated by hydraulic ponding during the larger flood events on the main 
stem.  “Ah yes, geologic processes working in harmonious accord with the natural surroundings.”  
However, “letting nature take its course” does present a specific set of problems.  Because the terrace 
that forms the bluff contains a diverse assemblage of Amerind cultural components that date back to the 
Late Archaic, including burials, what is the role of the National Park Service regarding the preservation 
of this site?  Do they shore up the bluff face, which would severely diminish the site in terms of its 
geologic and archaeological value or just let it be?  

Stabilization efforts for this type of erosion are complex in nature.  One option is the traditional, 
hardened containment of the stream channel (the utilization of rip-rap).  This method is expensive and 
distracts from the stream’s natural setting.  Using this type of stabilization would reduce fisheries habitat 
and would accelerate stream velocity to downstream reaches.  An alternative stabilization technique 
would involve utilizing natural channel design principles, which in turn is more cost efficient.  The 
lower cost changes would include improving fishery habitats, avoiding downstream impacts and 
retaining the natural appearance of the stream.  

Archeological Setting
The Delaware Water Gap National Recreation Area lies within the Upper Delaware River Basin, 

a unique drainage containing abundant physical evidence of a rich cultural past.  Riparian lands along 
the Delaware River enticed the earliest North American inhabitants to exploit its resources.  Changing 
climate at the close of the last Ice Age to modern time has fostered varied econiches that maintained a 
wide diversity of flora and fauna.  These plants and animals supported human occupations spanning a 
continuous period from approximately 10,500 yr B.P. to the present day. This rich history is preserved in 
both historical and archeological record of the Delaware Water Gap National Recreation Area.  

In the late 1950’s, the proposed construction of the Tocks Island Dam stimulated historical and 
archeological interest in this valley.  Historians and archeologists were summoned to identify, record, 
and salvage data before the valley was inundated.  Archeological investigations from 1959 through 1975 
involved archeologists and historians from academic institutions from Pennsylvania, New Jersey, New 
York, and the District of Columbia.  During this time, these investigators mounted the largest and most 
complex research programs ever directed to a specific location along the Mid-Atlantic seaboard.  The 
results of their efforts have yielded information concerning the evolution of human settlement and 
environmental adaptation within the valley over the last 10,000 years.  By the mid 1960’s, recognized 
that this area offered a rich and well preserved record of prehistoric occupation, beginning with the 
Paleo-Indian, the earliest known culture in the New World.  Current theory suggests that during the late 
Wisconsinan glacial period, a land bridge existed between Asia and Alaska, vanishing around 10,000 yr 
B.P.  Hunter-gatherers migrated across this land bridge following herds of caribou and other large 
mammals.  This early culture is recognized archeologically by distinctive fluted points, called Clovis, 
which are found in eastern North America as isolated finds.  Three sites in the Delaware Water Gap 
Recreation Area contain evidence of this culture.  The oldest radiocarbon dates place the earliest 
occupation at 8640 B.C. + 300 years near the Delaware Water Gap.
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The intensive archaeological investigations also documented the record of the changing 
environment through the Archaic Period (8,000 yr B.P. to 3,000 yr B.P.) and how the Archaic 
populations adapted to those pressures.  The data is being used to reconstruct, in more detail than any 
other location within the Mid-Atlantic area, the Archaic settlement distributions of this region.  

Over 478 archeological sites have been documented within the Delaware Water Gap National 
Recreation Area.  Among these sites, several have been placed into specially designated districts based 
on their unique and nationally significant composition.  This district, which includes the area around the 
mouth of Raymondskill Creek, entitled the Minisink Historic District, received National Landmark 
status on April 19, 1993.  Sites such as these are of extreme interest to scholars of the northeastern 
United States because they provide information about the immediate ancestors of the Algonkian Indians, 
who occupied the Atlantic seaboard before European contact in the 17th century.  In the Upper Delaware 
River Valley, archeological evidence shows that the initial Late Woodland occupations represent the 
ancestral tradition of the Minisink Indians, an Algonkian group of the terminal Late Woodland (Late 
Woodland Period—A.D. 900 to A.D. 1550).  Further research may link the Owasco culture with the 
New York and New Jersey Owasco cultures.  The earliest evidence for domesticated corn in this valley 
is documented in this period from an archeological site in New Jersey within the recreation area.  At this 
same time, archeological evidence indicates these sites show an increase in size and number, suggesting 
a rise in population.

Since the Delaware River is not navigable north of Trenton, New Jersey, Euro-American 
settlement in the Upper Delaware Valley occurred almost a century later than the coastal areas of New 
York, the Hudson Valley, and the Delaware Bay.  Thirty-nine of 478 documented archeological sites 
within the park are contact period sites or contain contact period cultural components.  These sites 
contain European-made objects traded inland by other Native American Indians.  This evidence offers 
and opportunity to study how this introduction changed Native American Indian society in this area.  

The first Euro-American settlers of the valley in the early 18th century claimed the land for 
agriculture.  As transportation routes expanded, villages were built to support a growing agricultural 
base.  After the American Revolution, this area witnessed a boom in population growth.  There are 
several of these sites within the boundary of the park which offer an archeological record that 
reconstructs the life ways of these early frontier settlers.  In the post-Civil War period, agriculture 
declined and was supplanted by recreation affording people the opportunity to view the natural scenic 
splendor of the Water Gap.  Continued research and preservation of archeological and historic sites 
within the Delaware Water Gap National Recreation Area promises to clarify and aid in the 
development of a systematic understanding of American prehistory and history in the northeastern 
United States. 

Evolution of the Holocene Flood Plain at the Mouth of Raymondskill Creek 
 The Raymondskill bluff site records episodic periods of alluviation between extended periods of 
landscape stability marked by buried soils.  Radiocarbon dating of charcoal fragments, which were 
found concentrated along well-defined alluvial strata, show that flood plain materials preserved here 
may be as old as 5000 yr B.P.  Most of the buried soil horizons and alluvial beds could be traced across 
the face of the bluff.  Bedding on the far right side of the bluff (west) dipped westward and in some 
places pinched out.  This geometry suggests that this part of the terrace may represent an overlapping 
alluvial sequence that covered a lower terrace along the creek.  Proof that some of the stream terraces 
grow by lateral accretion.  The left side of the bluff lies truncated against the younger floodplain 
deposits that form a narrow, low terrace along the flanks of the modern river. 

The bluff section may be divided into two parts (Figure 208).  (Apologies to those wishing to 
discuss each buried soil horizon, alluvial bed, and oxidation lamella in detail.  Hey, I usually map all this 
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stuff as Qst2 and move on!)  The lower part (below 3.55 m) consists of a sequence of closely spaced 
buried A horizons that represent extended periods of soil formation, and infrequent flooding.  Overall, 
alluvial beds here are finer grained, thinner and represent multiple periods of land stability.  A date of 
4500 + 40 yr B.P. (GX-28162-AMS) was determined from a piece of charcoal collected at a depth of 
4.55 m, about 0.45 m above the base of the terrace. 

Above 3.55 m, there are fewer buried soil horizons, and the alluvial beds are typically thicker, 
and coarser-grained. A date of 3230 + 40 yr BP (GX-28163-AMS) was determined from a piece of 
charcoal collected from a very rich charcoal layer, section B.  This horizon, projected back to section A, 
gives a depth of 3.25 m or 0.3 m above the contact between the upper and lower parts shown in Figure 
209.  Minimal soil development, increased bedding thickness, and increased grain size point to a 
substantial rise in flood frequency and rate of alluviation in the upper part of the bluff. 

Stewart (1991) has observed a similar, but older alluvial pattern in the Delaware Valley showing 
that depositional rates for the period between 4200 B.C and 800 B.C. were consistently higher than 
anytime before or after. The cause of the increased alluviation may be due to a change in vegetative 
cover that coincides with the Holocene Altithermal, a period of rapid climatic fluctuations in which the 
overall trend was toward a warmer and dryer climate.  During this time, vegetative cover may have 
changed from a closed temperate forest to a mix of forest and patchwork grasslands.  This led to 
increased erosion along the Delaware’s tributaries and increased alluviation along the mainstem 
(Stewart, 1991).  The lower part of the Raymondskill bluff section seems to be too young to coincide 
with the beginning of Holocene Altithermal (~6000 – 3000 yr B.P.).  It does, however, correlate with the 
late part of the Altihermal, the two sections of the bluff marking the transition from the Atlantic Period 
(8000 to 4000 yr B.P.) to the Sub-Boreal Period (4000 to 3000 yr B.P.). Clearly, the upper part of the 
section shows a substantial increase in the frequency and rates of alluviation, presumably representing 
change in the hydraulic and sedimentologic characteristics of the drainage basin.  These changes appear 
to be climatically driven and not the result of local riparian conditions.  Continued work at the 5000-year 
old-Raymondskill Bluff site will hopefully yield a higher resolution record of alluviation and soil 
development and comparison to other dated sections in Minisink Valley. 

The coarse gravel and sand deposits beneath the Qst2 flood-plain sediments are part of an old 
alluvial fan laid down at the mouth of Raymondskill Creek.  Because the elevation of this material lies 
well below nearby glacial outwash, it probably is of late Pleistocene age, or early Holocene age 
deposited well after the late Wisconsinan ice sheet retreated out of the Delaware River drainage basin.  
The eastward dipping surface of the fan, and its high percentage of clasts derived from local sources 
(mostly the outwash fan that sits just upstream in the reentrant) show that these materials were deposited 
by Raymondskill Creek rather than a glacial meltwater stream. 

The lower terraces at the mouth of the creek, Qst2a and b (Figures 209 and 210) are no higher 
than 15 feet above the Delaware, and they consist of massively to thickly bedded fine sand, very fine 
sand, and silt.  Soil development here is very weak, and it appears that depositional rates here are very 
high based on thickness of bedding.  A date of 330 + 30 yr B.P. (GX-28164-AMS), determined from a 
piece of charcoal collected at a depth of 2.15 meters (Figure 210) shows that the terraces in the mouth of 
Raymondskill Creek are very young and that they were built very quickly.  The history of channel 
abandonment, erosion, and high rates of sedimentation at the mouth of Raymondskill Creek show that 
this area of confluence is a highly dynamic environment, susceptible to rapid change over periods of x10 
to x102 years.

If you wish to view the bluff face follow the footpath toward the mouth of Raymondskill Creek 
and approach the lower part of the bluff from its left (eastern) side.  Continue along the face of the 
outcrop and exit along its right side, climbing back onto the Qst2 terrace.  Please, limit scrapping and 
digging to the cleaned-off areas on the bluff—and remember collecting artifacts is not permitted. 
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After exiting the right side of the bluff, follow the top of bluff back toward the Delaware and 
retrace route back across US 209 to the parking area.

 Leave STOP 11, turning left on US 209 North to cross Raymondskill Creek.  The 
Historical Marker on right reads: 
WYOMING-MINISINK PATH.  Here, an important Indian trail connecting the Delaware 
and Susquehanna Rivers ascended Indian Point to Powwow Hill.  The path was used by 
Delaware Indians in their migration to the Wyoming Valley, and later by Connecticut 
settlers.

   0.1   36.8 Turn left on SR 2009. 
   0.2   37.0      To right over the next 0.2 mile are several cuts exposing gently northwest-dipping, 

fossiliferous shale and siltstone beds in the Mahantango Formation. 
   0.3   37.3 Turn left into parking lot the at the “Million-Dollar Outhouse.” 

STOP  12.  RAYMONDSKILL FALLS: MAHANTANGO FORMATION, ORIGIN OF WATER 
FALLS, AND PLANT ECOLOGY OF THE GORGE. 
Leaders: Ron W. Witte, Donald H. Monteverde, and Jeanine Ferrence.

INTRODUCTION

STOP 12 is located on Raymondskill Creek about 0.6 mile above its confluence with the 
Delaware River, in Dingman Township, Pike County (Milford 7 ½-minute quadrangle; Figure 211).  

Geologic Setting  
Raymondskill Falls, one of many waterfalls in the Delaware Water Gap National Recreation 

Area, is located where Raymondskill Creek has cut a deep glen in the Mahantango Formation.  The falls 
consists of three closely spaced plunges that drop 127 feet to the floor of a rock-walled chasm.  
Raymondskill Creek, spilling over a series of low cascades, enters an oversized plunge basin about 70 
feet above the upper falls through a narrow rock-walled gorge (Figure 212).   The upper falls (Figure 
213) plummets 49 feet over a lip held up by a thick sandstone bed into a small, narrow plunge basin.
During periods of low flow, Raymondskill Creek flows through a small notch cut back 15 feet from the 
upper lip of the falls.  The creek quickly exits the middle plunge pool, dropping 38 feet over the middle 

Figure 210.  Panorama of the mouth of Raymondskill Creek, showing modern point bar and lower terraces.  Detrital 
charcoal collected from a depth of 2.15 meters (Qst2a on Figure 209) yielded a date of 330 + 30 yr B.P. (GX-28164-AMS).  
The mouth of Raymondskill Creek lies between two higher terraces (Qst2) that were built during the latter half of the 
Holocene.  For the most part, this terrace represents a stable landform that has confined the lateral boundaries of the creek. 
The mouth of the creek has widened over time, but has done so slowly.  The high rates of bank retreat we see today at 
Raymondskill bluff are episodic, only related to periods where the creek has migrated to the far sides of its mouth.  Most of 
the time the creek is eroding the younger deposits laid down in its mouth.  High rates of deposition and rapid channel 
migration show that the creek’s mouth is highly dynamic environment and not well suited for long term occupation.  



272

falls (Figure 213) into another oversized 
plunge basin.  From here the creek is diverted 
around either side of a large dislodged joint 
block boulder to where it plunges 40 feet over 
the lower falls (Figure 214) into another large 
plunge basin.  Directly across from the lower 
falls is Bridal Veil Falls, a narrower cascade of 
similar height, formed where an unnamed 
tributary meets Raymondskill Creek.  The 
creek flows from the lower plunge basin 
through a narrow rock-walled gorge, dropping 
20 feet over low (< 2 foot) cascades for a 
distance of about 600 feet.  The mouth of the 
gorge is guarded by a 12-foot high rock 
promontory that juts out from the north bank 
of the creek.  Several other rocky “shoulders” 
are found throughout Raymondskill glen, their 
eroded forms suspiciously resembling parts of 
the modern falls.  Downstream from the gorge, 
Raymondskill passes through a large valley-
side reentrant on a more leisurely course to the 
Delaware River, a distance of about 2600 feet.
Once outside the lower gorge, the bedrock 
floor of the valley quickly dives beneath thick 

glacial outwash mantled by thin alluvium. 

Bedrock Geology 
Although the main topic of 

STOP 12 is the origin of 
Raymondskill Falls, it must be 
admitted—even by the most 
narrow focused of glacial types—
that the local bedrock plays a 
significant part in this 
evolutionary story.  The water has 
to fall from somewhere.  So what 
about the bedrock?  The host rock 
of Raymondskill Falls is the 
middle Devonian-age 
Mahantango Formation, part of 
the Hamilton Group.  The 
Mahantango and its equivalent 
crop out across central 
Pennsylvania to Port Jervis, New 
York.  North of Port Jervis, the 
Mahantango correlates to the 
Skaneateles, Ludlowville and 
Moscow Formations in eastern 

Figure 211.  Location of Raymondskill Falls, Raymondskill 
Creek, and nearby streams (Milford 7 ½-quadrangle).  Filled 
shaded-contour base map was constructed from USGS 10-m 
DEM.  Preglacial or early glacial course of the upper part of 
Raymondskill Creek is shown in red. 

Figure 212.  Rock-cut ravine above upper plunge pool believed to be late 
Wisconsinan age.   
On left side of photo above cascade is an abandoned falls.  View from upper 
observation deck.  Scale to right of upper cascade is two feet. 
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New York and the Hudson Valley (Ver Straeten, 
personal communication, 2001).  It gradationally 
overlies the various Marcellus units along this strike 
belt (see discussion at STOP 8). 

Recent study of the Mahantango in the 
Raymondskill area began with Fletcher and 
Woodrow (1970).  They described three members, a 
more sandy, middle member sandwiched by an 
upper and lower shaly members.  Raymondskill 
Falls lies entirely within the middle sandy member.

Based on mapping farther to the south, Alvord and Drake (1971) mapped an upper and lower member of 
identical lithology that was separated by the “Centerfield Reef,” a coral-bearing calcareous-siltstone 
biostrome. Epstein (1973) did not subdivide the Mahantango, but noted the existence of the Centerfield 
biostrome.  Sevon et al. (1989) tried to follow the subdivision of Fletcher and Woodrow (1970), but 
were unable to trace the units on a regional scale.  They noted that the Centerfield does not extend very 
far from Monroe into Pike County.  All these authors indicated that Mahantango was deposited under 
shallower water conditions than the underlying Marcellus. 

Prave et al. (1996) in their study of the regional facies of the Mahantango analyzed the 
Raymondskill and two other sections approaching Port Jervis, New York.  They identified six 
coarsening-upwards cycles in the Raymondskill Creek section, each of which begins as a mudstone-
dominated interval.  These grade upwards through hummocky and into hummocky/swaley cross-
stratified sandstone bodies capped by abraded fossiliferous wackestone (Figure 215).  The mudstone 
beds characterize normal offshore-shelf deposition.  The hummocky cross-stratification signifies a 
shallowing relative sea level with the sediment deposition now above storm wave base. Fletcher and 
Woodrow (1970) noted ball-and-pillow structures in the sandstone bodies (Figure 216).  These deposits 
represent storm-dominated shelf deposits off a northwest facing shoreline (Figure 217). 

Figure 214.  Lower falls (right) and Bridal Veil Falls (left), 
Raymondskill Falls.  The upper falls (upper right of photo) has 
retreated about 250 feet from the lower falls.  At one time, 
Raymondskill Falls may have existed as one large cataract 
over 150 feet in height.  Erosion, largely by meltwater streams 
of greatly varying discharge during the Illinoian and late 
Wisconsinan glaciations, has cut back the falls to their present 
form. 

Figure 213.  Upper and middle falls, Raymondskill Falls.  
View from lower observation deck.  Prior to the last major 
period of knickpoint retreat and notching, which is believed 
to be late Wisconsinan age, the upper and middle falls were 
one larger falls named here the “upper greater falls.”  The 
large plunge basin below the middle falls is not a product of 
the geometry of the current falls, but rather erosion related 
to the “upper greater falls”. 
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Figure 215.  Measured sections along the eastern Mahantango outcrop belt from eastern Pennsylvania and southern most 
New York (modified from Prave et al., 1996).  Sections measured at B = Bowmanstown, R = Raymondskill, S = Sawkill 
Creek, P = Port Jervis.  Sections depict coarsening-upwards succession that represents prograding strata from offshore (1+2) 
through lower to upper shoreface (3+4) paleoenvironments.  A flooding event followed by coarser-grained transgressive lag 
sediment (7) caps each of the cycles.  Hummocky cross stratification (modified from Maill, 2000) indicates that sediment 
rose above storm wave base during the shallowing cycles.  Prave et al. (1996) represent these sections as indicating storm-
dominated marine-shelf depositional environments.  

RAYMONDSKILL FALLS 

Waterfalls are common along many of the tributaries of the Delaware River in Delaware Water 
Gap National Recreation Area.  Many of these are found on the western side of Minisink Valley along a 
northeast-trending strike belt of the Mahantango Formation.  Waterfalls are also the most photographed 
and visited geologic feature in the Recreation Area.  Dingmans, Raymondskill, and the many other falls 
throughout and near the park (including the commercially operated Bushkill Falls) are places people 
seek, hoping to provide themselves with at least a moment of serenity in their very hectic lives.  
Actually, most people seem to visit Raymondskill Falls, because they want to photograph the $800,000 
outhouse (Figure 218).

What Got It All Started? 
Prior to the onset of continental glaciation in the Northern Hemisphere (> 2.3 ma), the 

Delaware’s tributaries probably had gentle profiles, the result of millions of years of erosion in a passive 
continental margin setting.  Waterfalls may have existed, but only in places where streams crossed or cut 
back across rock layers that varied greatly in their ability to withstand erosion.  Most of the falls in this 
area formed on thin, interlayered sequences of shale, siltstone, and sandstone of the Mahantango and 
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overlying Trimmers Rock Formations.  Because 
their ability to resist erosion is similar, 
waterfalls probably did not exist, except for a 
few, low cascades. 

Glacial erosion over the course of at 
least three glaciations has deeply scoured the 
floor of Minisink Valley and cut back its walls, 
especially on the western side of the valley 
where the Mahantango Formation was readily 
eroded.  Because ice flow was generally directed 
southward down the axis of the main valley, 
erosion here was much greater than it was along 
the tributary valleys, which were oriented 
obliquely to glacial flow.  Witte and Stanford 
(1995) have estimated as much as 150 feet of 
valley-bottom scour in the Minisink over the last 
two (late Wisconsinan, and Illinoian) 
glaciations, and Braun (1989) has suggested that 
as much as 450 feet (150 m) of land may have 
been removed in eastern Pennsylvania due to 

glacial erosion.
Due to glacial scour, preglacial tributaries were truncated by glacial erosion where they entered 

the Minisink.  After the first ice sheet retreated northward, the Delaware’s tributaries, now found 
themselves in hanging valleys and falling over a cliff in a waterfall that was not there prior to the 

Figure 216.  Example of ball-and-pillow structure 
photographed from the upper falls observation platform.  View 
is looking northeast.  Due to density contrasts between the 
heavier sandstone bed and lighter siltstone bed, the sand has 
settled into and displaced the silt.  This is characteristic of soft 
sediment deformation that occurred prior to lithification.  Sand 
bed is approximately 1-1.5 feet thick. 

Figure 217.  Paleogeographic reconstruction of a northwest-facing shoreline during Mahantango deposition (from Prave et 
al., 1996).  Lettered locations are same as sections in Figure 215.  Number regions correspond to different facies identified in
measure sections.  Prave et al. (1996) identified two other coarser facies (5+6) in central Pennsylvania.  Facies 5 contains 
tidal-channel-mouth shoals and facies 6 consists of subtidal to intertidal flats and tidal channels.  This two facies represent
farther shoreline progradation than observed here at Raymondskill and indicate deposition under tide-influenced conditions. 
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glaciation.  Over time, erosion of the falls face 
by hydraulic plucking formed a knickpoint 
along the slope of the tributary.  During the 
many tens of thousands of years before the 
next glaciation, the waterfall retreated slowly 
upstream.  Below the falls, a narrow rock-
walled gorge marks this retreat.  It seems 
reasonable that this process repeated itself 
during successive glacial and inter-glacial 
periods.  During each glaciation, a new and 
lower fall closer to the main valley would 
form.  Over the course of three glaciations, one 
would expect to see three sets of falls, with the 
oldest one cut back farthest upstream.  Both 
Dingmans Creek and Sawkill Creek have 
widely-spaced falls that may correlate to 
different periods of glaciation.  Raymondskill 
Creek does not.  However, an “upper knick 
point” above Raymondskill Falls (Figure 219), 
formed by many closely spaced cascades, may 
represent an older and eroded falls.  One reason 
for the absence of multiple, widely spaced falls 
on Raymondskill Creek may be that it is much 
younger than Dingmans and Sawkill Creek.
Another explanation may be that the hanging 
valleys cut by the younger glaciations lie 
beneath thick deposits of meltwater sediment, 
far below the modern stream. The rock 
promontory at the mouth of the gorge 600 feet 
downstream from the lower falls is probably an 
abandoned falls that was notched and eroded.
The former falls is probably a younger 
knickpoint related to a younger glaciation.  Its 
position near the head of the valley-side 
reentrant lends itself to the possibility that a 
large part of this knickpoint may lie beneath 
alluvium and late Wisconsinan outwash.  Both 
Conashaugh Creek and Dry Brook (Figures 
211, and 219), which lie southwest from 
Raymondskill Creek, do not have waterfalls 
(other than a few very low cascades).  These 
streams appear to be much younger than 
Raymondskill based on their much smaller 

drainage basins and narrower valleys.  The lack of falls along these streams shows that the later 
glaciations were probably not nearly as effective forming waterfalls along the tributaries of the 
Delaware.

If waterfalls result directly from glacial erosion in Minisink Valley, then their heights may be 
used to estimate glacial erosion.  Raymondskill Falls drops 125 feet (the actual height of the pre-notched 

Figure 218.  Comfort $tation at Raymondskill Falls. 

Figure 219.  Stream profiles of Raymondskill and Conashaugh 
Creeks (panel A) and detailed profile of Raymondskill Falls 
(panel B).
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falls may have been as much as 150 feet).  The bedrock floor of Minisink Valley lies 150 to 200 feet 
below the Delaware River (unpublished data on file at New Jersey Geological Survey, Trenton, NJ).  
Added together, they show that glacial scour since the earliest glaciation to have reached this area (either 
2.3 ma or .83 ma, based on the offshore 18O record discussed in Braun (1989) may have been as much as 
350 feet.  This estimate is reasonably close to the 450 feet (150 m) suggested by Braun (1989).

Raymondskill Falls: a Product of Multiple Glaciations 
The morphology of Raymondskill Falls suggests that at one time it may have consisted of one 

larger falls or cataract, rather than the three smaller falls we see today.  Abandoned falls, notched falls, 
and over-sized plunge basins in Raymondskill glen all show that the current falls are a product of 
multiple cycles of erosion and knickpoint retreat.  Because waterfalls retreat largely by hydraulic 
plucking (the removal of rock by the impact of running water), increased rates of stream discharge due 
to the addition of meltwater, probably had a dramatic effect on erosion and shaping of the falls.  During 
the late Wisconsinan, meltwater flowed from several sources, including nearby, small upland proglacial 
lakes, and stages five and six of glacial Lake Wallenpaupack (Duane Braun, personal communication, 
2001).  Although, it is tenuous at best to link these specific geologic events to the various erosional 
forms of the falls, there appears to have been at least six major periods of erosion (Figure 219; see also 
Sevon and Inners, this guidebook, p. 136).
1) Retreat from the original hanging valley to a valley-head position (late Pliocene to middle 

Pleistocene age), 
2) Notching and retreat from the early glacial valley head falls position, and the formation of an upper 

and lower falls.  Formation of large plunge basin below the greater upper falls (Illinoian). 
3) Retreat of upper falls to form the middle and upper falls and formation of the middle plunge basin 

(late Wisconsinan). 
4) Retreat of upper falls and formation of upper plunge basin (late Wisconsinan). 
5) Cutting of narrow gorge above upper plunge pool and erosion of the falls that formed the upper 

plunge basin (late Wisconsinan).
6) Minor notching (< three feet) and retreat of the falls’ lips (< 10 feet) (postglacial late Wisconsinan 

and Holocene).

Lithologic and Structural Control of the Falls 
Sedimentological and structural features control the morphology of the falls.  Grain size variation 

within the Mahantango at this STOP is subtle.  Thick packages of finely interbedded siltstone and fine 
sandstone do not portray much apparent differential weathering and yield a uniform weathering profile.  
Thinly bedded, slightly coarser grained sand beds do weather in relief but these units are uncommon.  
The most resistant beds are generally thicker, fine-grained sandstones.  Still sediment grain size does 
play a sizeable part in the falls development.  This is evident in two major ways:
1) Just above each major falls, the creek flows under a gentle gradient across a nearly flat bed.  Once it 

reaches the edge, the water cascades over the falls.  This topmost or “cap” bed is strong enough to 
resist the further recession of the falls.  Layers that are more resistant originate from thicker uniform 
sand beds without intervening silts that create weaker bedding partings.  Disrupted bedding caused 
by load casts or some other soft sediment deformation seems to prohibit cleavage development and 
thereby strengthens the bed.  The cap bed on the upper falls is fine sand that shows ball-and-pillow 
and disruption of the overlying bed caused in part by the differential subsidence.

2) The cleavage development is variable within the Mahantango.  In this region, cleavage is weakly 
developed and not strongly penetrative.  Finer grained beds have a more persistent cleavage that 
leads to easier paths for water infiltration and subsequent frost shattering.  
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Preliminary mapping of waterfalls within 
the Mahantango suggests that joints play a 
major factor in their evolution.  Joints appear 
more penetrative than the regional cleavage.  
Therefore they become avenues for water 
flow and subsequent enhanced erosion.  A 
study of the upper falls (Figure 220) shows 
that joints have largely controlled its 
development.  The main face of the upper 
falls is marked by a steeply southeast-dipping 
joint.  The joint face is straight and smooth.  
Above this trace, the face appears to be 
receding by the selective removal of material 
along cleavage planes within individual beds.
The slope angle above the joint is less steep.
The same joint trend appears on the block 
jutting out over the falls.  A second joint 
trend can be seen where the tree trunk hangs 
from the upper cap bed.  Water is funneling 
down the intersection of the two joint trends 

and enhancing the weathering of the face of the falls.  
The second joint trend projects to the south and creates a 
“joint cave” similar to what is seen at site 3 on the loop 
trail.  Again, the more penetrative nature of the joint as 
opposed to cleavage apparently receives higher water 
flow and enhanced erosion.  All along the course of 
Raymondskill Creek this same feature can be seen.
Once sufficient weathering occurs and weakens the rock 
along a joint it will drop off and further set back the 
slope.  An example of this process can be seen by 
looking down towards the plunge pool of the upper falls.
South of the plunge pool a joint controlled setback 
appears in the wall rock.  Visually tracing this trend up a 
small saddle appears.  This joint location probably sited 
a previous falls location. 

Regionally the joints do not parallel the cleavage 
trends.  Figure 221 shows how the joints are subparallel 
to bedding strike and are straighter and more 
penetrative.  Farther up stream from the upper falls, the 
joints and cleavage are more parallel to each other 
(Figure 222).  Here the joints still control the falls 
development.  Again, the more penetrative fabric of the 

Figure 220.  Photograph of upper falls from the observation 
platform.  Straight trending joints can be seen to control the 
evolution of the falls.  The penetrative nature of the joints can be 
seen as they descend almost the entire face of the falls.  The gentler 
slope is created by weathering along cleavage planes within 
individual beds.  As cleavage trends vary according to grain size, 
they are not as efficient an avenue for water flow and erosion.  Two 
joint trends can be seen, one shown by three dotted lines on the left 
of the photograph and the second trend intersecting the falls at the 
tree trunk.  The second trend is responsible for the enhanced 
weathering and creation of a joint cave just off the upper right of the 
corner, on the other side of the falls. 

Figure 221.  Photograph depicting the different trends 
of joints (wide dashed line) and cleavage (short dashed 
line) upstream from the upper falls.  The more 
penetrative joint fabric is evident.  View is looking 
down on a northwest-dipping (right side of photo) 
bedding plane.  Upstream is to the right. 
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joints causes them to be more dominant feature.  
Cleavage planes change orientations or defract 
when entering beds of finer or coarser grain 
size.  Joint dominance can be seen by their 
uniform wider spacing along the stream channel.  
These planes stand out stronger than the 
cleavage planes. 

Modification of the Falls by Glacial 
Derangement

During deglaciation, meltwater streams 
may cut new stream courses in areas of thick 
glacial drift and modify preglacial drainage by 
damming valleys with drift.  I.C. White (1882) 
suspected that the upper part of Raymondskill 
Creek in preglacial time flowed to Sawkill 
Creek through the valley of Motts Run (Figure 
211).  During one period of deglaciation, 
meltwater deposits (stratified drift) presumably 
blocked drainage to the Sawkill.  Meltwater 
found a new path to the Minisink Valley, along 
the path that is the modern Raymondskill.
Several pieces of evidence support White’s 
hypothesis:  1) Present-day Motts Run valley is 
filled with late Wisconsinan outwash.  This 

material filled in a small, upland proglacial lake that spilled into Conashaugh Creek and later the lower 
part of Raymondskill.  The upper part of the Raymondskill Valley above Silver Spring appears to be an 
older valley because it has a broad floor and low gradient, unlike its lower part, which is deeply incised 
and has a steep slope (Figure 211).  Of the larger falls in the Recreation Area (see below), Raymondskill 
has retreated the least distance from the Delaware (retreat distance measured from base of falls to far 
edge of valley reentrant, determined by drawing a line along base of cliffs on either side of reentrant).
Retreat distances for various falls are as follows:

Raymondskill Falls = 0.44 miles
Pinchot Falls (Sawkill Creek) = 1.54 miles (Pinchot Falls also looks to be a product of glacial 
derangement.)
Dingmans Falls (Dingmans Creek) = 1.36 miles 
Bushkill Falls (Little Bushkill Creek) = 1.66 miles 

Since Raymondskill Creek only ranks behind Sawkill Creek in terms of its discharge, its minimal retreat 
distance supports a change in the size of the Raymondskill drainage basin sometime during the 
Pleistocene as postulated by I.C. White.   

The Hemlock Glen: Unwelcome Guests 
The Raymondskill Falls trail leads to the falls area through one of Delaware Water Gap National 

Recreation Area's most valuable treasures, a natural hemlock ravine.  While geologists may be intrigued 
by the story in the rocks, there is another story, equally compelling, in the struggle for life in the shallow 

Figure 222.  Orientations of bedding, cleavage and jointing.  
This photograph is upstream of the upper falls.  Here the 
cleavage is more tightly spaced and better developed than near 
the falls.  A penetrative joint, more gently southeast dipping, is 
controlling the weathering of the rock.   Cleavage planes stop 
or deflect at bedding planes indicating a lithology change.  This 
reduces their penetrative nature as related to water percolation 
and subsequent freeze thaw and other methods of erosion.  A 
small joint cave has formed on the intersection of the joint with 
a lower, apparently weaker bed.  Evolution of this joint cave is 
probably similar to the one along the loop trail.  This joint, 
bedding and cleavage interaction can be seen up and down 
Raymondskill Creek 
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soil and rocky environment.  Hemlocks, the most common tree in the ravine, have shallow roots, which 
enable them to live in the shallow soil.  Their probing roots wrap themselves around rocks and grow into 
any available crevice, grasping for a foothold.  The ravine protects the trees from strong winds; 
however, erosion or damage to their roots can weaken their already tenuous foundation and fell a 
majestic forest. 

The cold water of Raymondskill Creek chills the air in the glen creating a cool, damp 
environment.  The dense foliage of the hemlocks also helps cool the glen by filtering out 95% of the 
sunlight before it reaches the forest floor (Battles et al., 2000).  Streams entering a hemlock glen may 
drop in temperature by as much as 9°F (5°C) (Evans et al., 1996).  This shade provided by the hemlocks 
is the difference between life and death for many species of insects and fish living in the stream. 
Because the temperature of their environment controls their body temperature, even a small change in 
water temperature can stress or kill them.  One fish that requires cool water is the native Brook Trout. 
Small streams in hemlock forests are three times more likely to support reproducing Brook Trout 
populations than similar streams in hardwood forests (Snyder et al., 1998).  These streams also support a 
greater variety of aquatic insects (35% more), an important food source for the Brook Trout (Snyder et 
al., 1998).

Several species of birds also depend on the hemlocks.  Blackburnian warblers, black-throated 
green warblers, and blue-headed vireos all nest in hemlock trees, each using a different part of the tree 
for their nest.  In Delaware Water Gap National Recreation Area, these three species are found almost 
exclusively in hemlock forests (Evans et al., 1996). 

The hemlocks in the park’s ravines are in some cases 150 years old, survivors of a time when 
hemlocks were prized for bark and timber.  A natural chemical known as tannin is found in hemlock 
needles and bark.  This chemical is an important natural pesticide that protects the trees from insect 
pests.  When fallen bark and needles decompose these natural pesticides are released, making the soil 
and water acidic and staining the water the color of tea.  Tannins were useful to settlers as part of the 
tanning process.  In the mid to late 1800s, most (70%) of Pennsylvania's extensive, mature hemlock 
forests were cut down for bark to supply tannins to the world's largest leather tanning industry (Whitney, 
1990).

Perhaps the biggest threat to the hemlocks today, is the hemlock woolly adelgid (Adelges
tsugae), an aphid-like insect that sucks the sap from the trees.  Hemlock woolly adelgid is an exotic 
species, and because of a lack of predators in the United States, its populations are largely uncontrolled. 
Trees infested with hemlock woolly adelgids often lose most of their needles and may eventually die 
because of the infestation.  The weakened trees are vulnerable to attack by a native beetle, the hemlock 
borer beetle (Melanophila fulvoguttata) that attacks and kills the trees within a few years.  Hemlocks 
infested with hemlock borer beetles attract woodpeckers, which chip of the bark in an attempt to capture 
and eat the beetles.  This chipping gives affected trees a characteristic red trunk. 

In an attempt to save the trees, the park has initiated a program in which Japanese ladybird 
beetles (Pseudocymnus tsugae) are released into infected hemlock stands.  Because the ladybird beetle is 
a wooly adelgid predator, it is hoped that the beetle will control the adelgid populations in the park. 

THE FALLS LOOP TRAIL 

Please follow the loop trail shown on Figure 223.  Because the observation areas around the 
falls are small, allow the groups in front sufficient time to move along the trail.  Stepping-stones along 
the trail are slippery; proceed with caution.   
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You can descend a staircase here a hundred and fifty feet down, and stand at the edge of the 
water.  After you have done it, you will wonder why you did it; but then you will be too late.  

                                                   Mark Twain on Niagara Falls in “Sketches Old and New” 

Description of Features found along 
Loop Trail 

Site 1. Trail intersection and NPS 
placard describing several plants that 
thrive in these shaded, cool, and moist 
hemlock glens.  The rock promontory 
here may represent the former position 
of a waterfall that has long since been 
abandoned.  Erosional slope processes 
have further reduced the size of the 
falls.  Rock promontories (shoulders of 
rock that jut outward from steep slopes) 
are common in Raymondskill glen.  
Many of them are former waterfalls that 
have been deeply notched; their former 
faces have retreated far upstream.  In 
some places, the intersection of closely 
spaced vertical joints and cleavage in 
the Mahantango Formation forms a 
zone of weakness that is easily eroded.  

Over time, differential erosion along the steep walls of the ravine will form a high-standing shoulder of 
rock.  Weathering and moss have obscured many of the sedimentary structures in the nearby outcrops.  
If one looks closely, the bedrock is a thinly, interbedded siltstone and fine sandstone, probably from 
facies 2 of Prave et al. (1996) (Figure 215).  Subtle hummocky cross stratification is also present. 

Site 2.  Upper observation deck and top of the upper falls.  The small observation deck is partly built on 
the lip of the upper falls.  Postglacial erosion has carved a 25-foot wide notch, 15 feet back from the lip.  
The Mahantango shows some good sedimentary structures here.  Firstly, ball-and-pillow structures can 
be seen on the northern wall, just below the path you just descended (Figure 216) and just across the 
falls on the block that juts out over the falls.  Next to the overlook is a strange bedding feature believed 
to be related to the differential subsidence related to the ball-and-pillow structure.  It resembles pinch-
and-swell textures with the arcuate lines termed rib-and-furrow and suggesting northwest-directed 
transport direction (Ricci Lucchi, 1995).  Joints can be seen to control development of the fall faces.  
Joints trend differently (N46o/71oSE on face of falls and N65oE/73oSE into the joint cave on opposite 
shore) than the cleavage (N73oE/70oSE).  These joint faces appear to control the weathering and retreat 
of the falls.  There are several interesting features above the upper falls (Figure 223) that tell an intricate 
story of knickpoint retreat, and notching.  The first is the abandoned plunge basin that forms the upper 
pool.  Clearly, this basin is not related to the modern Raymondskill Creek.  Thirty feet above the creek, 
and to the left of the narrow ravine at the head of the plunge basin, is an abandoned falls.  It is similar in 
elevation to the high surface on the far side of the pool.  The rocky surface behind the abandoned falls is 
devoid of gravel or till clasts, having the appearance of being washed by a great torrent of water.  In 
places low rock ledges mark former cascades.  Based on the width of this upper surface, imagine a 
stream two to three times wider than the upper pool and plunging over a falls 25 feet above our heads.  If 

Figure 223.  Loop trail through Raymondskill glen and location of sites 
along trail. 
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one goes back a little farther in time, imagine this falls in its former position near the lip by the 
observation deck, a cataract of about 80 feet in height.  What a great river this must have been!  Based 
on the size of the Raymondskill Creek drainage basin only glacial Raymondskill Creek could have 
carved these features.  The rock-cut gorge upstream from the plunge basin (Figure 212) represents a 
later stage of meltwater erosion that presumably was caused by a decrease in stream discharge and 
channelization behind the abandoned falls.  The timeline for this story is unclear.  The washed surface 
above the abandoned falls (Figure 223) shows that late Wisconsinan meltwater scoured this surface.
Otherwise, it would have been covered by till, or outwash.  Based on this evidence, the story of 
knickpoint retreat above the upper falls (70 feet) and notching (30 feet) is one that was played out during 
the last glaciation. 

Stop 3.  Joint cave/rock shelter (Figure 224): 
Entrance is 5 feet high x 2 1/2 feet wide; 
inside dimensions are 7 feet high x 7 feet 
wide x 16 feet long.  The roof of the cave is 
partly held in place by hemlock roots.  Joint 
caves are common in the Mahantango 
Formation in places where there are steep 
slopes.  Rock fragments were preferentially 
removed in places where the orientation of 
cleavage, joints, and bedding plane 
intersections, formed highly fractured zones.  
The fractured rock is loosened and dislodged 
largely by frost shattering.  Root growth in 
places plays a secondary role.  Most of the 
debris in the cave was removed to build the 
nearby trail.   

Stop 4.  Lower observation deck.  Good view of upper and middle falls (Figure 213), and top of lower 
falls.  Several abandoned falls positions including area around observation area can be seen from here.
Raymondskill Creek does not plunge over the upper and middle falls in two consecutive drops, but 
rather over a series of steep, widely spaced steps.  The step-like character of the falls and the lower 
cascades in Raymondskill glen is closely related to bedding thickness, grain size, and the orientation and 
spacing of joints and cleavage.  The large plunge basin below the middle falls is also not a product of the 
current geometry of the falls.  The key to its origin lies well above our heads.  Left of the upper falls and 
partly screened by vegetation is a high rock knob that is similar in height (6 feet lower) to the lip of the 
upper falls.  This knob is an abandoned falls whose position marks the location of the upper “greater” 
falls.  Prior to knickpoint retreat from this position, the middle falls did not exist.  Formation of the 
middle falls involved at least two phases of erosion.  Phase 1 consisted of retreat to a position a marked 
by the face of the middle falls.  The deep plunge pool below the observation deck marks the former 
location of the falls.  Phase 2 consisted of retreat to the position marked by the face of the upper falls, 
which included the formation of the upper and middle falls, and small plunge basin between the two 
falls.  The age of these erosional phases is unclear.  Based on the amount of erosion upstream, it appears 
that the middle falls may have also formed during late Wisconsinan time.  The timing of retreat from the 
lower falls is tenuously placed as pre-Wisconsinan.  The large joint-block boulder near the lip of the 
lower falls has channelized stream flow, resulting in additional scour of the channel bed and erosion 
along the lip of the lower falls. 

Figure 224.  Joint cave at site 3 along loop trail.  Scale = 2 feet. 
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Stop 5.   Small notch cut in the Mahantango cut by late Wisconsinan meltwater.  This cut offers another 
example of highly moss covered and weathered outcrop that hides the nature of the rock.  On the south 
side of the exposure, a six-inch thick sandstone bed stands out against the otherwise siltstone and fine 
sandstone.  Around the corner on the uphill (west) side of the path, there is an example of differential 
loading that creates a circular weathering pattern on the rocks.  Above this, if one climbs up some, the 
rocks show a thinly interbedded nature and yield hints of laminations and hummocky cross bedding.   

Stop $ 6.  High tech, environmentally friendly, on-site waste composting facility (Figure 218).  Private, 
spacious, his and her rooms, naturally cooled, energy efficient, mostly built with natural materials, 
including imported roofing slates.  Cost $800,000 to a cool $million. 

 Leave STOP 12, returning to US 209 via SR 2009. 
    0.5   37.8 Turn right on US 209 South. 
    5.0   42.8 Traffic light at intersection with PA 739.  Continue straight ahead. 
  11.7   54.5 Traffic light (blinking) in Bushkill. 
    0.3   54.8 National Park Visitors’ Center to left. 
    0.3   55.1 Bear left onto Community Drive (Middle Smithfield Township 633). 
    1.2   56.3 Stop sign.  Turn left on River Road (SR 2028). 
    0.2   56.5 National Park Headquarters to left. 
    7.1   63.6 Turn left at entrance to Shawnee Inn. 
    0.3   63.9 Front of Shawnee Inn.  End of Day-2 field trip.  Have a safe trip home!


	The Field Trip
	Road Log
	Day 1
	Stop 1- Delaware Water Gap
	Stop 2- Cold Air Cave
	Stop 3- Yards Creek
	Stop 4- Culvers Gap
	Lunch- Stony Lake & Stokes State Forest
	Stop 5- Mantague Mini-mall Fossil Site
	Stop 6- High Point

	Day 2
	Stop 7- East Stroudsburg Railroad Cut
	Stop 8- Fairway and US 209 Shale Pit
	Stop 9- Sand Hill Delta
	Lunch- History of Delaware Water Gap NRA
	Stop 10- Toms Creek Shale Pit
	Stop 11- Raymondskill Creek Surficial Section
	Stop 12- Raymondskill Falls






