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Introduction
The Flatbrookville quadrangle lies along the northern New Jersey-Pennsylvania boundary within the Valley 
and Ridge physiographic province. Northeast-trending Kittatinny Mountain divides the quadrangle into north-
western and southeastern sections. Cambrian and Ordovician age rocks are exposed to the southeast and 
Silurian and Devonian age formations occur on Kittatinny Mountain and to the northwest. The Delaware Wa-
ter Gap National Recreation Area (DEWA) includes Kittatinny Mountain westward across the Delaware River 
into Pennsylvania. DEWA, managed by the National Park Service offers opportunities for hiking, swimming, 
camping, hunting and boating. 

Kittatinny Mountain forms the highest elevation in the quadrangle and has a steep eastern cliff face and a 
gentle western slope. The topography varies on either side of Kittatinny Mountain. In the southeast broad 
low-lying, northeast-trending ridges controlled by bedrock are separated by south west draining rivers and 
creeks, the largest of which is Paulins Kill. To the northwest Flat Brook, marks the western margin of Kit-
tatinny Mountain to where it flows into the Delaware River south of Flatbrookville. Farther to the northwest 
lies Wallpack Ridge, a relatively steep-sided ridge that plunges southwesterly across the Delaware River at 
Wallpack Bend. At Wallpack Bend, the Delaware River flows through an s-curved bend through Wallpack 
Ridge. 

Pleistocene glaciation has further sculpted the landscape, leaving behind local thick blankets of glacial and 
meltwater sediment (Witte and Epstein, 2012). Post glacial weathering, erosion and fluvial processes contin-
ue to change the landscape.

STRATIGRAPHY
Surficial materials include glacial till and outwash deposited during the late Wisconsinan glaciation, and 
postglacial alluvium, colluvium, talus, and swamp deposits (Witte and Epstein, 2012). These materials are 
as much as 200 feet thick, lie on bedrock, and are the parent material on which soils form. Glacial outwash 
was laid down at and beyond the margin of the Kittatinny Valley and Minisink Valley glacial sublobes (Witte, 
1997) in the Paulins Kill, Blair Creek, Flat Brook, Trout Brook, Van Campens Brook, and Delaware River 
valleys. 

To add clarity to the bedrock map, surficial deposits from Witte and Epstein (2012) are shown only where 
they cover large areas of bedrock and have been grouped into four units. 1: Qt - till, 2: Qsd - glacial stratified 
(glaciofluvial, glaciolacustrine, and outwash fan deposits), 3: Qal - alluvial deposits (alluvium, alluvial-fan, and 
stream-terrace deposits), and 4: Qs - swamp deposits. Areas of thin till, talus, and shale-chip colluvium are 
not shown. As surficial units are generally thin, they are not shown on the cross sections.

The Cambrian and Ordovician rocks southeast of Kittatinny Mountain were deposited on a broad carbonate 
passive margin after the breakup of the Supercontinent Rodinia around 750 Mya (million years ago) (Li 
and others, 2008) The basal part of the passive margin including the Leithsville Formation (_l), Hardyston 
Quartzite (_vh) and Proterozoic basement (<) are shown only in cross section. The Cambrian and Lower 
Ordovician passive margin carbonates in the quadrangle are represented by the Allentown Dolomite – (_a) 
and Beekmantown Group. The Beekmantown Group is divided into the lower (O_bl) and upper parts (Obu) 
of Drake and others (1996), which resolves the differeng usages of Drake and Lyttle (1985) and Markewicz 
and Dalton (1977). The difference in interpretation lies in the use of conodont dating and in the increased 
degree in dolomitization between Reading, Pennsylvania where the Beekmantown formations were first 
described (Hobson, 1963) and New Jersey. Before the use of conodont age dating, the basal unit named 
the Stonehenge Limestone in the Reading area was interpreted and mapped as pinching out towards New 
Jersey by interfingering with dolomite both above and below (Hobson, 1963). It was replaced by the overlying 
Rickenbach Formation, a dolomite unit and mapped as such on early geologic maps of the western Valley 
and Ridge Province in New Jersey (Drake, 1967, Drake and others, 1967). Conodont dating has shown that 
New Jersey units mapped as Rickenbach and the overlying Epler Formation are age equivalent with the 
Stonehenge Limestone in its type area in Reading, Pennsylvania. Drake then included the Stonehenge on 
his geologic quadrangle maps (e.g. Drake and Lyttle, 1985) but changed the name Stonehenge Limestone to 
Stonehenge Formation due to its dolomitization. Markewicz and Dalton (1977) used a more lithostratigraphic 
approach. This map uses the boundary between the lower and upper parts of the Beekmantown which fol-
lows a horizon recognized by both schools of thought. For Drake (e.g. Drake and others, 1996; Volkert and 
others (1989)) it is the boundary between the Stonehenge and Rickenbach. Markewicz and Dalton (1977) 
map this boundary as the contact between the Epler Formation and the younger Ontelaunee Formation.

The Taconic Orogeny began with uplift and erosion of the carbonate passive margin due to migration of a 
peripheral bulge caused by thrust loading related to an approaching island arc in the east (Jacobi, 1981, 
Quinlan and Beaumont, 1984). This created an erosional unconformity between the Beekmantown Group 
and the overlying Sequence at Wantage (Ow), a locally preserved unit of reworked residual material and 
initial marine sedimentation that occurred due to a marine transgression as the bulge continued to migrate 
farther westward. With time the margin was completely submerged leading to deposition of the Jacksonburg 
Limestone (Oj). The basin continued deepening into a foreland basin that infilled with turbidite sedimentation 
of the Martinsburg Formation (Omb, Omr). The basin closed and was uplifted during the Taconic orogeny due 
to collision of the island arc with the Laurentian continent forming a mountain chain to the east. 

Post-tectonic uplift resulted in subaerial erosion of the Martinsburg and an angular unconformity with the 
overlying Silurian, Ludlowian to Llandovery age (Boucot and others, 1994) Shawangunk Formation (Ss). The 
Shawangunk is an alluvial fan and fluvial deposit with an eastward provenance from the Taconic mountains 
(Epstein, 1993). Following deposition of the Shawangunk the region slowly returned to a passive margin with 
fluvial deposition (Bloomsburg Red Beds, Sb). With continued sea level rise,there was a return to carbon-
ate deposition in the Late Silurian (Poxono Island Formation, Sp, Bossardville Limestone, Sbv and Rond-
out Formation, DSrd). A shallow marine environment continued into Devonian time with the Decker (DSrd), 
Coeymans (Dc) and New Scotland Formations and Minisink Limestone (Dpm). Transgression resulted in 
deposition of the Port Ewen Shale (Dpm) before a regression resulted in deposition of the clastic Oriskany 
Formation (Do). Along strike to the northeast and outside the mapped area, the clastic units of the Oriskany 
Formation grade into and are replaced by the silty limestone of the Glenerie Limestone. Ver Straeten (2001), 
through a detailed sequence stratigraphy, has divided the Oriskany and overlying siltstones of the Esopus 
(De) into a sea level dominated depositional cycle. He further subdivides the Schoharie Formation (Ds) and 
Onondaga Limestone (Don) into individual depositional cycles based on their lithologies across east-central 
New York and eastern Pennsylvania. Not all the detailed units described by Ver Straeten (2001) can be 
traced through the mapped area.

Effects of the Acadian Orogeny repeated the cycle of a deepening foredeep and deposition of the Marcellus 
Shale (Dm), the lower part of the Middle Devonian Hamilton Group (Ver Straeten, 2001). The youngest sedi-

mentary rocks in the quadrangle, west of the Delaware River in Pennsylvania, represents a transition to shal-
lower waters marked by the deposition of the Mahantango Formation (Dmh) of the Hamilton Group. Prave 
and others (1996) described several coarsening-upwards cycles within the Mahantango that commence with 
shale deposition in an offshore shelf environment. This is overlain by hummocky cross-stratification sands 
indicating a shallow marine environment above wave base and finally into shallower waters of a storm-dom-
inated coastline. Shale-rich layers cap the Mahantango (Ver Straeten, 2001). The youngest bedrock unit 
in the quadrangle is the Trimmers Rock Formation (Dtr) which displays depositional features indicative of 
turbidite deposition in a prodelta environment (Epstein, 1986).

STRUCTURE
The structure evident in the rocks of this quadrangle suggest three stages of deformation. The Taconic and 
Alleghanian orogenic events left a strong compressional deformational imprint while Mesozoic tensional re-
activation of older structures is also suggested. Epstein and Lyttle (2012) describe the historical discussions 
concerning the relative deformation between the two orogenic events across eastern Pennsylvania, New 
Jersey and the southern New York region. Detailed mapping across the region from northern New Jersey 
(Merchant and Teet, 1954; Herman and others, 1997) into southern New York (Offield, 1967), suggested the 
post-Taconic structures consisted of only broad open folds. Epstein and Lyttle (2012), working in New York, 
concluded that Taconic structures in the Martinsburg were broad open folds with deformation increasing 
southward. Overturned folds in Cambrian and Ordovician units thought to be related to the Taconic orogeny 
are suggestive of fault propagation folds that commonly occur approximately 25 miles south of this map. In 
New Jersey, Taconic emergent thrusts are limited to southern and eastern regions of the Valley and Ridge 
and Highlands provinces (Herman and others, 1997). Mapping in the Flatbrookville quadrangle suggests 
the Taconic generally left an upright folded terrain like that described in northern New Jersey and New York. 
Possible steeply, dipping Taconic fault propagation folds may occur locally in the mapped area. Later, durring 
Alleghenian deformation northwest-verging thrust faults developed and subsequently deformed the Taconic 
structures. No direct evidence has been found of Acadian-aged deformation in the mapped area (Epstein, 
2012).

Age of cleavage development in the Ordovician Martinsburg has been a topic of controversy. Cleavage has 
been ascribed to either the Taconic (Rowlands, 1980; Ratcliffe, 1981, Ratcliffe and others, 2012) or Allegha-
nian compressive regimes (Epstein and Epstein, 1969; Wintsch and others, 1996) with a third possibility of 
a continuum across both events (Drake and Lyttle, 1980; Drake and Monteverde, 1992). Rowlands (1980), 
Ratcliffe (1981), and Ratcliffe and others (2012) used the presence of apparent cleavage planes discovered 
in Martinsburg xenoliths in the Beemerville nepheline syenite located in the Branchville quadrangle to the 
northeast to date the cleavage as Taconic. The Beemerville intrusive has a Thermal Ionization Mass Spec-
trometry (TIMS) age on titanite of 446+2Ma (Ratcliffe and others, 2012) which would date the cleavage as 
Taconic. However, Martinsburg hornfels surrounding the Beemerville show no evidence of cleavage devel-
opment (Monteverde and Witte, 2012). Cleavage only occurs outside the hornfels zone suggesting cleavage 
formation postdates the metamorphism associated with Beemerville intrusion. Cleavage development could 
have been a continuum with the cleavage-bearing xenoliths representing an early stage of development 
and the cleavage outside the hornfels zone representing a later stage. Epstein and Epstein (1969), Epstein 
and Lyttle (2012) and Epstein (2012) described a decrease in Martinsburg cleavage development proximal 
to the Shawangunk contact across eastern Pennsylvania and New Jersey. This strain shadow suggests the 
cleavage postdates Shawangunk deposition and therefore younger than Taconic. Well-developed cleavage 
with similar trends also occurs in Silurian-Devonian formations (Epstein and Lyttle, 2012). This suggests two 
possible interpretations of the cleavage in the Martinsburg and Silurian-Devonian rocks: either the cleavages 
represent two separate tectonic events during the Taconic and Alleghanian orogenies which had coaxial 
compressive stress, or both cleavages developed from the younger Alleghanian Orogenic event. 

Data collected here add further information that still does not resolve cleavage age. Poles to Martinsburg 
cleavage recorded during mapping outline a linear pattern (fig. 5) suggesting possible later deformation of 
cleavage. Pole to the best fit great circle of this linear trend is 149o strike and 86o NE dip (using right hand 
rule). Hints of a similar cleavage pattern suggesting possible folding is evident in the Silurian and early De-
vonian rocks (figure 11) with an almost identical fit of great circle but dipping in the opposite direction. Middle 
Devonian poles to cleavage (figure 14) display only a “bullseye” pattern but still fit a great circle of near iden-
tical strike and western dip. This could indicate a later deformational event that more strongly affected rocks 
to the east and deeper in the section.

Three named southeast-dipping thrust faults lie in the southeastern section of the map area. The Duck Pond 
thrust fault and Portland thrust fault place younger rocks over older rocks indicating the faults cut across a 
previously deformed terrain as described above as broad open folds (Merchant and Teet, 1954; Offield, 1967; 
Herman and others, 1997). Mesozoic rifting could also have reactivated these faults to their present forma-
tion offsets. The Portland thrust separates a carbonate valley to the northwest from Martinsburg on the south-
east. It continues for at least 27 miles from Portland, Pennsylvania (Drake and others, 1969) to Branchville, 
New Jersey (Drake and Monteverde, 1992). The younger over older offset of the Portland thrust fault could 
also be partly due to reactivation during Mesozoic rifting as suggested elsewhere in New Jersey by Ratcliffe 
and others (1986) and Swanson (1986). The Portland fault trends parallel to the dominant Newark basin 
border fault, the Ramapo Fault in New Jersey. It also aligns with the Newark basin initial joint orientation that 
parallels the border faults (Herman, 2009). This parallel alignment suggests the probability of a later stage 
of normal motion on the Portland fault during Mesozoic rifting.  Epstein and Epstein (1967, 1969) described 
disharmonic folding between the Martinsburg and younger units. They defined four lithotectonic units (figure 
16)based on lithology and thickness and thereby competency. These were separated by “décollements or 
zones of décollements”. These décollement zones may be discrete surfaces but are more commonly zones 
of deformation that allow detachment between layers/lithologies reacting differently to differential strain that 
create the disharmonic folds. A décollement zone at the Martinsburg - Shawangunk contact separates the 
Martinsburg in lithotectonic unit 1 from the Shawangunk and Bloomsburg sediments of lithotectonic unit 2. 
Epstein (2001a) described an example of shearing within a clay gouge at this décollement at Yards Creek to 
the west in the Bushkill quadrangle. Exposures of this contact are lacking in the mapped area. Lithotectonic 
unit 3 contains sediments from the Poxono Island to Onondaga with the décollement zone suggested to lie 
within the Poxono Island (Epstein, 2001b), a unit that is rarely exposed. Marcellus and younger rocks make 
up lithotectonic unit 4. Ver Straeten and others (2001) describe bed parallel shear features in the Bakoven 
Member of the Union Springs Formation. The Bakoven Member forms the lower part of the “Marcellus Shale” 
in the Bushkill quadrangle to the west of the mapped area. These shear features could represent the de-
collement zone between lithotectonic unit 3 and unit 4. Because of limited exposure the detachment zones 
between zones 2 and 3 was placed at the boundary between the Bloomsburg and Poxono Island and zones 
3 and 4 between the Onondaga and the Marcellus.  The degree of disharmonic folding between units 2, 3 
and 4 increases to the southwest (Epstein, 1973) and decreases to the northeast where lithotectonic units 3 
and 4 are not folded and lack cleavage development (Monteverde, 1992). This suggests that the décollement 
movement between these units is greatly reduced or absent to the northeast.

Post- and pre-Taconic rocks have similar structural trends. The software of Allmendinger and others (2013) 
and Cardozo and Allmendinger (2013) was used for stereonet structure data analysis. Bedding in Cambrian 
and Ordovician carbonate rocks shows a dominant moderate northwest dip and a less common southeast 
dip (figure 1). Poles to planes outline a rough girdle that defines a plane with a shallow northeasterly dipping 
pole (red dot) giving an approximate 048o trend and 2o plunge for the fold axis (figure 1). Fractures in these 
rocks have a diffuse pattern with general maximum at west-southwest strike and steep southwest dip (figures 
2 and 3). Poles to Martinsburg bedding (figure 4) and cleavage (figure 5) show well defined girdles. Moder-
ate northwestern dips control bedding orientations while cleavage displays southeastern dips. Poles to the 
girdles of both bedding and cleavage are very similar, with trends of 237o for bedding and 059o for cleavage 
but opposite dips. Martinsburg bedding cleavage intersection lineations (figure 6) display a maximum that 
agrees with both bedding and cleavage pole to girdles suggesting doubly plunging fold axes. Silurian Shawa-
ngunk Formation and Bloomsburg Red Beds have similar trends in poles to bedding, both in girdle and fold 
axis trending 232o to the Martinsburg sediments (figures 4 and 7). Similarity in fold style and trend between 
lithotectonic units 1 and 2 suggests reduced influence of the possible decollement between them. Fracture 
orientations of the Shawangunk and Bloomsburg (figures 8 and 9) contain one maximum like that found in 
the Cambrian-Ordovician carbonates (figures 2 and 3), but two other maximums diverge. This similarity in 
trends suggests a limited detachment along the decollement zone between lithotectonic units 1 and 2. 

Poles to bedding of lithotectonic unit 3 (figure 10) again mimic all other bedding trends. The pole to the 
plane defined by the bedding girdle orientation again presents the characteristic gentle southwest dip with 
a 238o trend. Cleavage defines a slightly more northerly trend of 243o to bedding with a 10o difference with 
lithotectonic unit 1 (figures 5 and 11). Bedding cleavage intersection lineations cover both the fold trends of 
the bedding and cleavage of these younger rocks indicating doubly plunging fold axes. These fold trends 
compare well to that of the Martinsburg Formation (figures 6 and 12). Folding in these younger units is tight, 
upright to locally overturned. Similarity in trends between lithotectonic units 1 and 3 suggests the deforma-
tional conditions were similar for both aged rocks and a result of the Alleghanian event. Lithotectonic units 3 
and 4 show similar structural trends (figures 10-15). Bedding trends are the exception with a 12o difference 
between the two units.

DESCRIPTION OF MAP UNITS 

Postglacial Deposits
Stream deposits (Holocene and late Wisconsinan) - Stratified, moderately to poorly sorted, yellowish-brown, 
brown, and brownish-gray sand, gravel, silt, and minor dark gray clay and dark brown organic material de-
posited by streams. Locally bouldery. Includes alluvium, which forms narrow, sheet-like deposits on the floors 
of modern valleys, and higher terraces that flank the courses of modern streams. Includes stratified, moder-
ately to poorly sorted sand, gravel, and silt in fan deposits that lie at the mouth of tributaries. As much as 40 
feet thick. Thickest deposits are in the Delaware Valley.

Swamp and bog deposits (Holocene and late Wisconsinan) – Dark brown to black, peat (partially decom-
posed remains of mosses, sedges, trees and other plants) and muck. Underlain by laminated organic-rich silt 
and clay. Accumulated in kettles, shallow postglacial lakes, glacially scoured bedrock basins, poorly drained 
areas in uplands, abandoned stream channels on alluvial plains, and hollows in ground moraine. Locally 
interbedded with alluvium and thin colluvium. In areas underlain by limestone and dolomite it may contain 
calcareous marl. As much as 25 feet thick.

Glacial Deposits
Till (late Wisconsinan) – yellowish-, reddish-, olive-brown, and grayish-brown, sandy, sandy-silty, and clay-
ey-silty diamicton consisting of a very poorly sorted matrix of sand, silt, and clay and containing 5 to 35 per-
cent pebbles, cobbles, and boulders. Deposited directly by or from glacial ice. Till is widespread, generally 
less than 20 feet thick and lies on bedrock. In areas of thin till, bedrock outcrops are abundant, and most of 
these exhibit signs of glacial erosion. Thicker till (unit Qt on map) forms aprons on northwest facing hillslopes, 
drumlins, and ground and recessional moraine, and may be as much as 100 feet thick. Typically, it is a com-
pact silt to silty sand containing as much as 15 percent pebbles, cobbles, and boulders. In places overlain 
by thin, noncompact, poorly sorted silty sand to sand containing as much as 35 percent pebbles, cobbles, 
boulders, and interlayered with lenses of sorted sand, gravel, and silt. This overlying material appears to be 
ablation till and flowtill.

Meltwater deposits (late Wisconsinan) - Stratified, well- to moderately-sorted sand, yellowish-brown, brown, 
and brownish-gray boulder-cobble to pebble gravel, pebbly sand and minor silt deposited by meltwater 
streams in valleys as outwash plains and fans and meltwater terraces and in small glacial lakes as deltaic 
and lacustrine-fan deposits. In places includes light to dark gray, parallel-laminated, irregularly to rhythmically 
bedded silt, clay, and very fine sand; and minor cross-laminated silt, fine sand, and minor clay deposited on 
the floors of glacial lakes. As much as 150 feet thick.

Bedrock Formations
Trimmers Rock Formation (Upper Devonian) (Sloat Brook Member of Trimmers Rock Formation of Sevon 
and others, 1989) - Medium dark gray, medium- to coarse-grained, thin to medium-bedded, planar bedded 
and ripple bedded, slightly fossiliferous siltstone interbedded with dark gray, fine- to medium-grained, very 
thin- to thin-bedded sandstone, and dark gray shale. Very fine-grained sandstone may be present. Upward 
fining (Bouma) cycles are common. Lower contact is transitional and placed at change from cleaved shale in 
the Mahantango to blocky siltstone of Trimmers Rock. Based on regional mapping (J. Epstein, unpublished 
data) approximately 300 ft of the Trimmers Rock underlies the northwest corner of the quadrangle.

Mahantango Formation (Middle Devonian) – Medium-dark to dark gray, laminated to thick-bedded, gray-
ish-orange to dark yellowish-orange, moderate yellowish-brown, and light to medium olive gray weathering, 
slightly fossiliferous and bioturbated, cleaved siltstone and silty shale. Weathers to a shale chip gravel at 
the base of the steep slopes along US 209. A few zones of dark gray, very fine-grained siliceous siltstone 
nodules are in the bottom of the formation that weather medium-olive gray and are about 0.5 inches thick 
and several inches long. Fossil zones present to the southwest (Alvord and Drake, 1971; Epstein, 1973) but 
were not seen here. About 1,800 ft thick. Lower contact is gradational through 100-200 feet and is placed at 
the change from dark gray shale and silty shale of the Marcellus to the lighter colored, more massive siltstone 
and silty shale of the Mahantango.

Marcellus Formation (Middle Devonian) - Medium dark gray to grayish black, laminated to poorly bedded, 
light olive gray and grayish orange weathering, locally pyritic, sparingly fossiliferous, locally bioturbated shale 
and silty shale. Weathers to small fragments which locally forms deposits of shale chip gravel, especially at 
the base of the steep slopes along US 209. Lower contact buried beneath the Delaware River, but probably 
abrupt and may be a fault contact with the underlying Onondaga Limestone. About 1,000 feet thick.

Onondaga Limestone (Middle Devonian) - Medium gray to medium dark gray, fine- to medium-grained, 
evenly to unevenly bedded, thin-bedded, light gray to medium gray weathering, fossiliferous, cherty lime-
stone and argillaceous limestone, and medium gray to medium dark gray, laminated to thin-bedded, medium 
gray to light olive gray weathering, calcareous shale and shaly siltstone. Dark gray chert occurs in lenses and 
nodules as much as 5 inches thick. Lower part of the formation is at least 70 feet thick and contains crinoid 
columnals about 1 in wide. At least 240 ft thick. Lower contact transitional.

Schoharie Formation (Lower to Middle Devonian) - Medium dark gray, evenly bedded, thin- to thick-bed-
ded, medium gray to medium dark gray weathering, Zoophycos locally present, slightly calcareous, shaly 
and finely arenaceous siltstone. Lower contact transitional; the Esopus and Schoharie are separated with 
difficulty. About 140 ft thick.

Esopus Formation (Lower Devonian) - Medium dark gray to dark gray, laminated to thick-bedded, light olive 
gray, and dark yellowish-orange to moderate yellowish-brown weathering, pyritic, generally noncalcareous 
shaly siltstone with abundant Zoophycos. Lower contact abrupt. About 200 ft thick.

Oriskany Formation (Lower Devonian) – Light- to medium-gray, very fine- to coarse-grained, evenly to 
unevenly bedded, planar-bedded and cross bedded, thin- to thick-bedded, partly channeled, grayish-orange 
and very pale to dark yellowish-orange weathering, fossiliferous with many spiriferid brachiopods, conglom-
eratic sandstone with quartz pebbles as much as 0.5 inches; medium dark gray, fine-grained, thin- to medi-
um-bedded, light- to medium-gray weathering, arenaceous and argillaceous, dark gray, irregularly bedded 
and nodular chert present. Lower contact gradational. About 110 ft thick.

Port Ewen Shale, New Scotland Formation, undivided, and Minisink Limestone, undivided (Lower 
Devonian)
Port Ewen Shale of the Helderberg Group (Lower Devonian)- Medium dark gray to dark gray, irregularly 
laminated, light gray weathering, sparsely fossiliferous, calcareous and siliceous, silty shale at bottom be-
coming more siliceous, calcareous, irregularly bedded, and fossiliferous upwards. Lower contact abrupt. 
About 150 ft thick. 

Minisink Limestone of the Helderberg Group (Lower Devonian) – Medium- to dark-gray, fine-grained, thin- 
to medium-bedded, light- and medium light-gray weathering, abundantly fossiliferous, argillaceous limestone 

and nodules with lenses of purer limestone. Lower contact gradational. 12 to 15 ft thick. 

New Scotland Formation of the Helderberg Group (Lower Devonian) - Maskenozha Member - Dark gray, 
laminated, medium-gray weathering, siliceous and calcareous shale with medium-gray to medium-dark-gray, 
fine-grained, fossiliferous, argillaceous, partly nodular limestone, contains scattered, dark gray chert nod-
ules. Interbedded with laminated shale and silty shale. Abundantly fossiliferous, including the brachiopod 
Macropleura macropleura. Lower contact placed at top of highest dark gray chert or pure limestone bed of 
the Flatbrookville Member. About 48 ft thick. Flatbrookville Member – Medium-dark to dark-gray, irregularly 
bedded, fossiliferous, siliceous and calcareous shale with beds and lenses of medium-gray, fine-grained, 
very fossiliferous, argillaceous limestone with lenses and nodules of dark gray chert. 18 to 40 ft thick. Entire 
map unit about 255 ft thick. 

Coeymans Formation of the Helderberg Group, undivided (Lower Devonian) - Stormville Member- 
Medium light gray to medium gray, fine- to coarse-grained and conglomeratic, cross bedded, lenticular bed-
ded, light tannish-gray weathering, slightly limonitic sandstone, with lenses of medium-gray, fine- to medi-
um-grained, biogenic, arenaceous, limestone and conglomerate with quartz and minor chert pebbles as 
much as 1 inch long. Lower contact abrupt. 7 to 9 ft thick. Shawnee Island Member - Medium gray, fine- to 
coarse-grained, irregularly bedded, medium light gray and light tannish-gray weathering, fossiliferous, argil-
laceous and arenaceous limestone with lenses and nodules of dark gray chert as much as 4 inches thick 
(non-biohermal facies); and medium light gray to light pinkish-gray, fine- to very coarse-grained, crudely 
bedded to massive, light gray weathering, biogenic, limonitic limestone that weathers to large spheroidal 
blocks (biohermal facies). Contains the brachiopod Gypidula coeymanensis. Lower contact gradational. 45 
ft thick. Peters Valley Member - Medium gray, fine- to medium-grained, arenaceous limestone and light 
medium gray, fine- to coarse-grained, locally cross bedded, pebbly, calcareous sandstone with scattered 
fossil fragments. Lower contact abrupt to gradational. 15 ft thick. Depue Limestone Member - Medium gray 
to medium dark gray, fine-grained, slightly argillaceous and arenaceous, thinly and evenly bedded limestone 
with numerous thin layers containing strophodontid brachiopods. Base not exposed. Lower contact probably 
abrupt. About 20 ft thick. Entire map unit about 75 ft thick.

Rondout Formation, undivided, and Decker Formation, undivided (Lower Devonian to Silurian, Pri-
doli) 
Rondout Formation, (Lower Devonian and Silurian, Pridoli) - Mashipacong Member (Upper Devonian) - 
Medium dark gray shale and calcareous shale and light to medium dark gray, very fine- to medium-grained, 
light medium-gray weathering, argillaceous, mudcracked limestone with curly bedding. About 20 ft thick. 
Whiteport Dolomite Member (Lower Devonian and Silurian, Pridoli) - Medium to medium dark gray, very 
fine grained, laminated and platy to massive, grayish orange and light yellowish gray weathering, pyritic, ar-
gillaceous, unfossiliferous dolomite with local mudcracks. Lower contact abrupt. 8 to 13 ft thick. Duttonville 
Member (Silurian, Pridoli) - Interbedded medium-gray, fine-grained, laminated, medium-gray to light yellow-
ish-gray weathering, limestone, argillaceous limestone, dolomitic limestone, mudcracked calcareous shale, 
and dolomite. About 10 ft thick. Lower contact probably abrupt.

Decker Formation (Silurian, Pridoli) - Wallpack Center Member – Medium- to medium-light gray, fine- to 
coarse-grained, thin- to medium-bedded, light tannish-gray and yellowish-gray to grayish-orange weather-
ing, calcareous sandstone and calcareous conglomerate with quartz pebbles as much as 1/2 inches, lens-
es of calcareous quartz pebble conglomerate, fine- to coarse-grained calcareous sandstone, calcareous 
siltstone, fine- to coarse-grained arenaceous limestone, medium dark gray calcareous shale, and dark- to 
medium-dark gray, very fine-grained, partly mudcracked dolomite. Sparingly fossiliferous. About 80 ft thick. 
Entire map unit about 120 ft thick.

Bossardville Limestone (Silurian, Pridoli) – Medium- to dark-gray, very fine- to fine-grained, laminated to 
thin-bedded, ripple bedded, light- to medium-light gray weathering, argillaceous, pyritic limestone that is 
mudcracked in many places. Abundant leperditiid ostracods. About 100 ft thick. Base not exposed.

Poxono Island Formation (Silurian, Pridoli) - Light olive- to greenish-gray and medium gray, light gray and 
yellowish-gray weathering, calcareous and dolomitic shale; medium- to greenish-gray, very fine-grained, 
laminated to medium-bedded, yellowish-orange to yellowish-gray weathering, calcareous, mudcracked do-
lomite; and medium light to medium gray, very fine grained, pale to dark yellowish-orange weathering lime-
stone. About 650 ft thick. Base not exposed.

Bloomsburg Red Beds (Silurian, Ludlow to Pridoli) - Pale red to grayish-red, grayish red purple, and less-
er medium-gray and greenish-gray, very fine- to coarse-grained, cross bedded to planar bedded, thin- to 
thick-bedded, partly conglomeratic sandstone with quartz grains as much as 0.4 inches long and flattened 
grayish red shale pebbles as much as 0.8 inches long; poorly bedded to laminated, pale red, light brown to 
moderate brown, and greenish-gray shale and siltstone with scattered green reduction spots, conspicuous 
cleavage, partly mud cracked and with scattered ferroan dolomite concretions about 0.5 inches in diameter. 
Forms fining upward cycles with basal channel sandstones grading upwards through siltstone into shale. 
Minor medium gray, fine-grained, planar bedded sandstone. Lower contact, placed at the base of the lowest 
red bed, is transitional. In some places a gray quartzite bed like typical Shawangunk lithology is found inter-
bedded with red beds less than 20 feet above the base. About 1,500 ft thick.

Shawangunk Formation (Silurian, Llandovery to Ludlow) - Very light- to medium-dark-gray, and green-
ish-gray to medium greenish-gray, very fine- to coarse-grained, thin- to thick-bedded, planar bedded, cross 
bedded, and ripple bedded, light gray to light olive gray and moderate yellowish-brown to moderate red-
dish-orange and moderate brown weathering, conglomeratic quartzite with rounded to subangular quartz 
and lesser chert pebbles as much as 2.25 inches long, but averaging about 0.25 inches thick, and dark gray 
to grayish black silty shale pebbles averaging about 2 inches long, but as much as 10 inches. Medium dark 
to dark gray, thin- to thick-bedded siltstone and shale is interbedded with the sandstone and conglomerate 
in a zone about 300 feet thick lying about 350 feet above the base of the formation in the western part of the 
quadrangle and thins to about 110 feet and lies about 175 feet above the base in the eastern part. These 
shales and siltstones appear to be the Lizard Creek Member of the Shawangunk Formation which separates 
the Tammany Member above from the Minsi Member below at Delaware Water Gap, 11 miles to the south-
west (Epstein, 1973). These shales and siltstones are found in scattered outcrops along Kittatinny Mountain 
at about this stratigraphic level, but the members are not readily mapped in this quadrangle. Their presence 
does show, however, that the shales and siltstones ascribed to the Lizard Creek Member in eastern Pennsyl-
vania thin northeastward through New Jersey and are represented by thin scattered intervals in southeastern 
New York (Epstein, 1993). The lower unconformable contact is covered by talus along the south slope of 
Kittatinny Mountain. About 1,400 ft thick.

Ramseyburg Member of Martinsburg Formation (Upper Ordovician) – Medium- to dark-gray slate and 
medium gray, fine- to medium-grained, thin- to thick-bedded, cross bedded to planar bedded, moderate 
brown-weathering, graywacke sandstone and siltstone in fining upward sequences. Lower contact is grada-
tional and placed at base of lowest prominent graywacke bed but contact locally grades through sequence 
of dominantly thin-bedded shale and slate and minor thin- to medium-bedded, discontinuous and lenticular 
graywacke beds in the Bushkill Member. About 4,000 ft thick.

Bushkill Member of Martinsburg Formation (Upper Ordovician) – Medium- to dark-gray, laminated to 
thin-bedded slate with thin beds of quartzose and graywacke siltstone and carbonaceous slate in fining-up-
ward sequences. Variations in grain size and sedimentary structures within neighboring beds gives unit a 
characteristic ribbon slate appearance. Bed thicknesses do not exceed 6 inches throughout member and are 
generally less than 2 inches. Lower contact gradational and marked by increase in carbonate content into the 
argillaceous limestone to limestone of the Jacksonburg Limestone. About 1,400 ft thick.

Jacksonburg Limestone (Upper Ordovician) – Medium- to dark-gray, laminated to thin-bedded, argilla-
ceous limestone grading downward into medium- to dark-gray, fine- to medium-grained, thin- to medium-bed-
ded, light gray to light bluish-gray weathering, fossiliferous limestone. Locally argillaceous limestone may be 
thin to absent. Contains sporadic, lenticular, medium- to thick-bedded dolomite cobble conglomerate near the 
base. Lower contact is disconformable on the Beekmantown Group dolomites but gradational on the locally 
preserved Sequence at Wantage. About 200 ft thick.

Sequence at Wantage (Middle Ordovician) – Medium- to dark-gray, very fine- to fine-grained, locally un-
evenly bedded, planar bedded to cross bedded, thin- to thick-bedded, moderate yellowish-brown- to olive 
gray-weathering dolomite containing quartz sand as discontinuous lenses and floating grains. Dolomite and 
chert cobble conglomerate lenses locally occur within the unit. Unit is discontinuous and only exposed north 
of White Lake. Lower contact unconformable. Thickness ranges from 0 to 100 ft.

Beekmantown Group

Beekmantown Group, upper part (Lower Ordovician) – Medium- to dark-gray, aphanitic to medium-grained, 
laminated to medium-bedded, locally mottled, light- to medium-gray to yellowish gray-weathering dolomite. 
Local quartz sand lenses and floating grains, chert nodules and lenses; unit may be slightly fetid. Grades 
down to medium-gray to black, fine- to medium-grained, locally coarse-grained, locally unbedded, medi-
um- to thick-bedded, mottled medium- to medium-dark-gray weathering dolomite. Chert pods, lenses, and 
disseminated grains weather to a cauliflower texture. Lower contact gradational into fine-grained, laminated 
to thin-bedded dolomite of the Beekmantown Group, lower part. Contains conodonts of the North American 
Midcontinent Province Rossodus manitouensis Zone through Oepikodus communis Zone (lower zone E). 
Upper part of unit contains the Oepikodus commisunis Zone (Repetski and others, 1995). Thickness ranges 
from 100 to 300 ft due to erosion.

Beekmantown Group, lower part (Lower Ordovician to Upper Cambrian) - Light-olive-gray to dark gray, 
fine- to medium-grained, laminated to medium-bedded, dark yellowish orange- to medium-gray-weathering 
dolomite. Grades down to medium to dark gray, fine-grained, mostly laminated and medium-bedded, olive 
gray-, light brown- and dark yellowish-orange weathering dolomite containing occasional medium to dark 
gray, fine-grained, lenticular, thin- to medium-bedded, light bluish- to light-gray-weathering limestone. Lower 
sequence is medium- to medium-dark gray, fine- to coarse-grained, laminated to thick-bedded, locally mot-
tled and slightly fetid dolomite with quartz-sand laminae and very thin to thin black chert beds and lenses. 
Lower contact is conformable and placed at base of lowest dolomite which overlies a medium-gray, medi-
um- to coarse-grained, medium-bedded quartzite containing dolomite rip ups. Contains conodonts of the 
North American Midcontinent Province Cordylodus proavus to Rossodus manitouensis Zones (Repetski and 
others, 1995). Unit is approximately 600 ft thick.

Allentown Dolomite (Upper Cambrian) - Medium light to dark gray, fine to medium-grained, locally coarse 
grained, locally cross bedded, thin- to thick-bedded dolomite, commonly weathering to alternating light and 
dark gray. Orthoquartzite and nodular to bedded chert occur throughout but more common in upper part. 
Shaly dolomite occurs in increasing amounts lower in section. Characteristic sedimentary features include 
planar and trough cross bedding, oolites, algal stromatolites, ripple marks, edgewise conglomerate and 
mud cracks. Coarser grained units may be bioturbated. Lower contact gradational into dark- gray, medium 
grained, medium to thick bedded dolomite of the Leithsville Formation. Regionally unit is 1,800 ft thick.

Leithsville Formation (Middle and Lower Cambrian) - Regionally unit is medium- to medium-dark gray, 
fine- to medium-grained, medium-bedded, medium-gray-weathering, commonly bioturbated dolomite. Middle 
of unit is interbedded, medium- to dark-gray, pale reddish-brown to dark yellowish-orange to greenish-gray, 
thin- to medium-bedded quartz sandstone, siltstone, shale and shaly dolomite. About 800 ft thick. Shown in 
section only.

Hardyston Quartzite (Lower Cambrian) - Medium- to light-gray, fine- to coarse-grained, medium- to 
thick-bedded quartzite, arkosic sandstone and dolomitic sandstone. Contains Scolithus linearis (?) and frag-
ments of the trilobite Olenellus thompsoni of Early Cambrian age. Thickness ranges from 0 ft. to a maximum 
of 100 ft. regionally. Only on cross sections.

Proterozoic Undivided – Mixed assemblage of rocks metamorphosed to granulite facies and younger intru-
sive bodies shown in section only.
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Figure 1. Poles to bedding planes of Allentown Dolomite through Jacksonburg 
Limestone. Data density contour using 1% area with a 2% contour interval. 
Maximum contour 20%.  Red dot is the pole to best fit great circle (strike, dip, Right 
Hand Rule, RHR) 139, 89 (194 readings).

Figure 2. Poles to fracture planes of Allentown Dolomite through Jacksonburg 
Limestone. Data density contour using 1% area with a 2% contour interval (193 
readings).

Figure 3. Allentown Dolomite through Jacksonburg Limestone dip-direction trends 
of joints. Outer circle represents 7% of readings (190 readings).

Figure 4. Poles to bedding planes of Martinsburg Formation. Data density contour 
using 1% area with a 2% contour interval. Maximum contour 26%.  Red dot is the 
pole to best fit great circle (strike, dip RHR) 326, 87 (146 readings). Part of 
Lithotectonic unit 1.

Figure 5. Poles to cleavage planes of Martinsburg Formation. Data density 
contour using 1% area with a 2% contour interval. Maximum contour 14%.  Red 
dot is the pole to best fit great circle (strike, dip RHR) 149, 86 (148 readings). Part 
of Lithotectonic unit 1.

Figure 6. Bedding-cleavage intersection lineations of Martinsburg Formation. Data 
density contour using 1% area with a 2% contour interval. Maximum contour 34% 
(144 readings). Part of Lithotectonic unit 1.

Figure 7. Poles to bedding planes of Shawangunk and Bloomsburg Formations. 
Data density contour using 1% area with a 2% contour interval. Red dot is the pole 
to best fit great circle (strike, dip RHR) 327, 87 (653 readings). Part of Lithotecton-
ic unit 2.

Figure 8. Poles to joint planes of Shawangunk and Bloomsburg Formations. Data 
density contour using 1% area with a 2% contour interval (394 readings). Part of 
Lithotectonic unit 2.

Figure 9. Shawangunk Formation and Bloomsburg Red Beds dip-direction trends 
of joints. Outer circle represents 10% of readings (394 readings). Part of Lithotec-
tonic unit 2.

Figure 10. Poles to bedding planes of Bossardville through Onondaga Forma-
tions. Data density contour using 1% area with a 2% contour interval. Maximum 
contour 22%.  Red dot is the pole to best fit great circle (strike, dip RHR) 329, 88) 
(201readings). Part of Lithotectonic unit 3.

Figure 11. Poles to cleavage planes of Bossardville through Onondaga Forma-
tions. Data density contour using 1% area with a 2% contour interval. Maximum 
contour 26%.  Red dot is the pole to best fit great circle (strike, dip RHR) 334, 90) 
(145 readings).  Part of Lithotectonic unit 3.

Figure 12. Bedding-cleavage intersection lineations of Bossardville through 
Onondaga Formations. Data density contour using 1% area with a 2% contour 
interval. Maximum contour 36%  (144 readings).  Part of Lithotectonic unit 3.

Figure 13. Poles to bedding planes of Marcellus through Trimmers Rock 
Formations. Data density contour using 1% area with a 2% contour interval. 
Maximum contour 62%.  Red dot is the pole to best fit great circle (strike, dip 
RHR) 342, 86) (34 readings).  Part of Lithotectonic unit 4.

Figure 14. Poles to cleavage planes of Marcellus through Trimmers Rock 
Formations. Data density contour using 1% area with a 2% contour interval. 
Maximum contour 40%. Red dot is the pole to best fit great circle (strike, dip RHR) 
338, 82) (29 readings).  Part of Lithotectonic unit 4.

Figure 15. Bedding-cleavage intersection lineations of Marcellus through 
Trimmers Rock Formations. Data density contour using 1% area with a 2% 
contour interval. Maximum contour 66% (28 readings).  Part of Lithotectonic unit 4.
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