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INTRODUCTION

The New Jersey and New York portions of the Milford and Port Jervis South 7.5’ quadrangles lie in the Valley and Ridge

The Schoharie grades upwards into Lower to Middle Devonian-aged Onondaga Limestone. Willard (1939) originally
named this unit the Buttermilk Falls Limestone in eastern Pennsylvania, and Epstein (1984) defined three different mem-

CORRELATION OF MAP UNITS

EXPLANATION OF MAP SYMBOLS

DESCRIPTION OF MAP UNITS

Province of the central Appalachians. The rocks exposed in the map area range in age from Ordovician to Devonian (458- bers within the formation. Later another member was added by Inners (1975). Ver Straeten and Brett (2006) showed m Viidal —— - Sg\::f:é 'bDav‘f‘ahtZ? l‘)"(’:lﬁéz approximately located; queried where uncertain, dotted where Mharceh"rs Sl‘ihalr? (k'\ﬂdgcljedDevc?man) - F)I(_Jmlngntly t?'acé‘ Sh?jle' we_att|1erfs m_le_;:ilum gray; fissile, thin-be r? dﬁd
388 Ma, million years ago) and record the history of the Taconic, Acadian and Alleghenian orogenies. The oldest rocks of a direction correlation between the four members of the Buttermilk Falls Limestone in Pennsylvania with those of the b adle y : though locally thici -bedded and massive; lmonlte-_stalne » and sparingly fossiliferous. Upper contact with the
the mapped area include the foreland basin flysch-turbidite assemblage of the Upper Ordovician Martinsburg Formation Onondaga Limestone in New York and assigned the strata to the Onondaga Formation and its 4 members in southeast- evonian Fold - Shows trace of axial surface Mahantango Formation not exposed but elsewhere is gradational through several feet and marked by an abrupt
capped by an unconformity that resulted from regional uplifting after the Taconic orogeny. This unconformity, commonly ern New York and eastern Pennsylvania, based on nomenclatural priority. We herein adopt abandonment of the term = : change from dark gray, soft, silty shale of the Marcellus |nto_ lighter colored harder siltstone of the Mahantango
called the Taconic unconformity, marks the complete erosion of overlying shallow water and terrestrial sediments of Upper Buttermilk Falls Formation and its member level units (from lower to upper, Foxtown, McMichael, Stroudsburg (Epstein, A)( Anticline - large arrowhead shows direction of plunge (Alvord apd Drake, 197.1; Herpers, 1951b). Lower contact is not exposed (Alvord and Drake, 1971; Epstein,
Ordovician and lower Silurian age in New Jersey. Units of this age with similar shallow water and terrestrial depositional 1984) and Echo Lake (Inners, 1975) members) and apply the term Onondaga Formation and its respective members 1973). Thickness approximately 900 feet.
environments still exist in Pennsylvania (Juniata Formation, Darton and Taff, 1896), New York (Queenstown Formation, (from lower to upper, Edgecliff, Nedrow, Moorehouse, and Seneca members), following Ver Straeten and Brett (2006). ))( Syncline - large arrowhead shows direction of plunge ) ) ) . . ) ] )
Fisher and others, 1970) and farther westward. The uplift also beveled the underlying Martinsburg Formation. Early to Shallow water conditions prevailed during deposition of the basal Edgecliff Member’s cherty limestone, while the argil- b ) - Qnondaga legstone (Mlddle_ to !_ower Devqnlan) - Medlur_n gray, thin- t_o medlum_-bedded, fine-grained
early Middle Devonian formations record several relative sea level cycles including the deep-water shale of the Marcellus laceous limestone of the overlying Nedrow Member show a change to deeper water environments. Water levels then Lower evonian PLANAR FEATURES limestone, fossiliferous, weathering light gray. Middle part contains slightly argillaceous limestone. Black chert
Formation, the youngest rocks in the map area. The rocks have a general monoclinal dip to the northwest, interrupted shallowed as cherty limestone deposition renewed in the Moorehouse Member. An additional major sea level cycle is Devonian more abundant in the upper half. Lower contact gradational into limestone and calcareous siltstone of the
in the east by a few moderately tight folds. Post Taconic orogeny comprised a series of gentle Taconic folds in the Mar- repeated from the upper part of the Moorehouse Member into the youngest Onondaga Member, the Seneca Member, m Strike and dip of bedding Schoharie Formation. Thickness approximately 200 feet.
tinsburg Formation (Offield, 1967; Herman and others, 1997). These gently folded rocks were further deformed during and extending through the overlying lower part of the Marcellus Formation. Helderberg 1 _
the Carboniferous to Permian Alleghenian orogeny forming localized steeply dipping to slightly overturned beds in the Group Inclined - Schoharie Formation (Lower Devonian) - Medium- to thick-bedded, calcareous siltstone containing local thin
Shawangunk Formation and the Bloomsburg Red Beds and gentle northwest dipping beds in the younger mapped units. The youngest rocks in the mapped are in the Marcellus Formation which is not subdivided here due to lack of exposure. ) stringers or pods of black chert, weathers yellowish gray to pale-olive. Interbedded with medium- to dark-gray
Regionally the Marcellus contains the basal Stoney Hollow Member that consists of thin-bedded black shale. It is pyritic —+ Vertical calcareous siltstone. Grades downward into medium- to dark-gray calcareous siltstone at base. Contains the
STRATIGRAPHY and contains a dwarf fauna indicative of anoxic basin development below wave base that represents the deeper-water _ _ trace fossil Zoophycos. Lower contact is placed below the last occurrence of calcareous siltstone (Alvord and
conditions of the sea level cycle begun during deposition of the upper part of the Moorehouse Member of the Onondaga — Strike and dip of slaty cleavage Drake, 1971). Thickness approximately 175 feet.
Upper Ordovician through Middle Devonian bedrock crops out in the map area. These units are overlain by unconsoli- Limestone. These rocks are part of a package of sediment from marine basin to terrestrial plain that culminated in the 2 Inclined
dated glacial, fluvial and colluvial deposits of Quaternary age (Witte 2012, 2013). The Martinsburg Formation contains Catskill Delta Complex (Barrell, 1913, Friedman and Johnson, 1966). Similar to the deposition of the Shawangunk For- — - Esopus Formation (Lower Devonian) - Medium-to dark-gray shaly siltstone. Laminated to medium-bedded,
the oldest rocks in the mapped area. Dominantly deposited as turbidites, these sedimentary rocks have been subdivided mation, these rocks originate from sediment derived from maintains to the east formed by the Acadian orogeny. — Vertical 74°37'30" local massive thick-bedded layers. Weathers medium-gray, limonite-stained in places. Bioturbated including the
into four members (Drake and Epstein, 1967; Drake, 1991), two of which crop out in the map area with another in cross upper _ 41°22' trace fossil Zoophycos. Lower contact is abrupt and unconformable overlying coarse sandstone of the Oriskany
section. The B}Jshklll Member (Drak_e and Epstein, 1967) is a ribbon slat.e which contalps fossils at its base suggesting STRUCTURE Silurian LINEAR FEATURES Formation (Epstein, 1984). The Oriskany is rarely seen in the mapped area and if present is included in Glenerie
a shallow marine environment (Paris apd others, 2091) that deepens into the overlyl_ng Ramseybgrg Member. The . ) . . Formation. Where the sandstones of the Oriskany Formation are absent, the lower contact grades over several
Ramseybu.rg Mgmber .(Drake and Epstein, 1967) 00n§|815 of graywacke sandstone. and mterbedded.snltstone and shale. Two broad structural blocks oceur in the mapped area. They include a moderately folded section covering the eastern Silurian Bearing and plunge of intersection of bedding and slaty cleavage feet from arenaceous and calcareous siltstones to silty limestone of the Glenerie Formation (Spink, 1967).
The overlying High Point Member (Drake, 1991), equivalent to the Sandstone at Pine Bush of Epstein and Lyttle (1987), part of the mapped area beginning in the eastern Bloomsburg Red Beds outcrop belt and continuing eastward across Thickness approximately 300 feet
consists of thick bedded coarse sandstone with minor graded beds and shale rip ups in the middle of these thick sand- the Shawangunk Formation and into the Martinsburg Formation. A second block forms a northwest-dipping monocline —>20 Inclined ’
stone beds. west of Kittatinny Mountain. Map-scale folds and smaller outcrop folds in the Martinsburg, Shawangunk and Bloomsburg | Glenerie Formation (Lower Devonian) - Upper part is medium- to dark-gray, fine-grained silty limestone
formations trend north-northeast and plunge both northward and southward (Figures 5, 6 and 7). Most folds are open hang Horizontal - 1-inch-thick heri PP 4 RN bedded di bg dc}i/, d f 9 ilif Y d !
Extensive erosion removed parts of the Martinsburg Formation and any overlying shallow water and terrestrial sediments and upright, except for an area with overturned beds and quartz veining in the Shawangunk Formation near its contact middle containing a -inc -thic ) tan-gray weat ering rind. ¥vavy bedded, medium-bedded, Tossiliierous .an _contalns
that are no longer found in New Jersey. Continued uplift and erosion of the Taconic Mountains deposited sediment with the Martinsburg Formation. The northwest-dipping monocline occurs in the western exposures of the Bloomsburg Unconformity Silurian ' , OTHER FEATURES Itﬁpalbz?jr:jesd of s(ljllceous Illrlnetstoner; Lower t[))a(lj‘tdlsdmed(;u;n- t(_)l_fdark-graLy, flne-graltneij silty Ilrgetgtonle, Ié‘m'tn"?‘ted tg
forming a thick cover of molasse sediment over the eroded Martinsburg. These sediments, found in the Shawangunk Red Beds and continues up through the Marcellus Shale. These rocks then merge into the gently dipping to flat-lying \ o _ _ _ ) |r:1 e : e . ar_:_ glepl(_-:-rl? y r01U79 fcross- edded and fossiliferous. Lower contact is gradational (Epstein an
Formation, were deposited in braided steams in continental environments (Epstein and Epstein, 1972). Large quartz beds of the Pocono Plateau region across the Delaware River in Pennsylvania (Sevon and others, 1989). sol _ \ ' ( Appalachian National Scenic Trail PORT JERVl‘ 2 others, 1967). Total thickness 170 feet.
clasts within the Shawangunk contain zircon that was dated using U/Pb at 950-1200 Ma (Gray and Zeitler, 1997). These = , . . . . . . . .
ages and west flowing paleocurrent data within the Shawangunk led Gray and Zeitler (1997) to suggest the sediment The monocline dips increase dramatically to the northwest to and beyond the New Jersey-New York border. To the south Intrusive contact _ _ X Port Jervis Formatlon (ln. New Yor.k) (Lovyer !Devonla}n_) - thhologlcal!y similar to the unfjerlylng Port Ewgn
was sourced from Grenville-aged rocks from the New Jersey Highlands, east of Kittatinny Mountain. Less common chert in New Jersey and Pennsylvania, Epstein (1970) and Epstein and Epstein (1972) suggested that a structural break or Upper o /\ National Park boundary o Saint: S_hale and ove“rlylng_GIenerle Eormatlon makl_n_g it very dlf_flgqlt to_ m_ap._Rlcka_lrd (1981)_ d_escrlbes the Port Jerw"s
and shale clasts within the lower part of the Shawangunk Formation suggest provenance from lower Paleozoic sediment. a decollement lies along the basal Marcellus that allows for the disharmonic folding between the different rock groups. Ordovician Ordovician RUYRIHE blnjteStone a"s fé)'ssmfer(c)jufharg"Iﬁceolus atntli SI'hceloc:]'?f caICISIItIteDSImItIar in facies and orlglntao the NeV\; Scotlandci
Two similar types of decollements have been proposed by Epstein (1970) and Epstein and Epstein (1972) in the Poxo- . ) nit generally discerne rough paleontological differences. Due to poor exposures in the mapped area an
Fluvial deposition continued in the overlying Bloomsburg Red Beds. Kummel (1909, 1940), Lewis and Kummel (1910- no Island Formation and also at the Martinsburg-Shawangunk contact. These proposed structures are rarely exposed fig. 3@  Location of photograph unfamiliarity with the unit, it was not mapped. It has probably been mapped within the Port Ewen Shale and
1912) and Spink (1967) correlated the red sandstone, siltstone and shale above the Shawangunk Formation with the except for a very thin fault zone on the Shawangunk-Martinsburg formation contact (Figure 3). m ’;% Abandoned quarry Glenerie Formation. Not shown on map or crossections.

High Falls Shale of New York. They considered the High Falls Shale coeval with the Bloomsburg Red Beds of Pennsyl-
vania. Subsequently Epstein and Lyttle (1987) and Epstein (1993), based on detailed mapping southward from the High
Falls Shale type area in eastern New York through New Jersey and into Pennsylvania, stated that the High Falls Shale
correlates with the overlying Poxono Island Formation in New Jersey and not the Bloomsburg Red Beds. Their conclusion
agreed with the earlier work of Barnett (1970) who called the red bed sequence the Bloomsburg Formation and further
stated that the Poxono Island Formation thins northeastward from New Jersey into the dolomite of the High Falls Shale
of New York. Mapping by Monteverde (1992) and Drake and others (1996) also correlated this red bed package with the
Bloomsburg Red Beds of Pennsylvania.

Other studies (Epstein and Lyttle, 1987; Prave and others, 1989; Alcala, 1990; and Epstein, 1993) have demonstrated the
interfingering of several tongues of the middle Silurian Shawangunk Formation and middle and upper Silurian Blooms-
burg from the New Jersey-New York border northeastward (Figure 1). Epstein and Epstein (1972), Epstein and Lyttle
(1987) and Epstein (1993) interpreted the Shawangunk Formation basal conglomerate and overlying interbedded shale,
sandstone and conglomerate as a braided fluvial deposit. The Shawangunk Formation grades upwards into the Wurts-
boro tongue of the Bloomsburg Red Beds. Prave and others (1989) and Alcala (1990) defined the Wurtsboro as a series
of a red, fining-upwards sequences with a basal fine- to coarse-grained sandstone grading up through fine-grained sand-
stone, siltstone and capped by mudstone. The Wurtsboro tongue, an intertidal deposit, marks the beginning of a marine
transgression. Slight deepening to subtidal conditions are indicated by the overlying gray, fine- to medium-grained quartz
arenite, minor pebble lags and shale of the Ellenville tongue of the Shawangunk Formation (Prave and others, 1989;
Alcala, 1990). Thinning outcrops of the Ellenville tongue were traced approximately 1000 ft southwest of the New Jersey
state border where the tongue terminates. Approximately 3 miles southwestward along strike a similar lithology crops out
in a small stream suggesting the possible redevelopment of the Ellenville tongue. Till blankets the region (Witte, 2012,
2013) and prevents tracing of this lithology away from the stream cut. Shallowing after deposition of the Ellenville tongue
resulted in deposition of intertidal to subtidal shaly siltstone and siltstone of the Basher Kill tongue of the Bloomsburg
(Epstein, 1993). Southwest of the northern New Jersey area the several tongues of the Bloomsburg and Shawangunk
are not present and a simpler sequence of Bloomsburg Red Beds overlying the Shawangunk Formation is present (Fig-
ure 2). Generally, the Shawangunk and Bloomsburg are braided to meandering stream and marginal marine sediments
(Epstein, 2001) with evidence of paleosols capping fining-upwards cycles in the Bloomsburg similar to the Bloomburg in
central Pennsylvania (Driese and others, 1992). Their sediment source was to the east and southeast and consisted of
uplifted Lower Paleozoic and Grenville rocks probably from the Taconic Orogeny (Gray and Zeitler, 1997; Epstein, 2001).
The Bloomsburg grades upward into interbedded shale, dolomite and limestone of the Poxono Island Formation (White
and Lesley, 1882: Depman and Parrillo, 1969). The Poxono Island Formation is entirely covered by glacial deposits in the
mapped area but is exposed to the south. It is overlain by the Bossardville Limestone, which is dominated by laminated
limestone, locally containing desiccation columns. Both formations are of late Silurian age. These units formed near sea
level in highly saline and/or brackish water, intertidal to supratidal flats and lagoonal paleoenvironments (Epstein and
others, 1967; Barnett, 1970; Epstein, 1986, 2001).

The Decker Formation of late Silurian age, combined with the Rondout Formation on this map, overlies the Bossardville

No large-scale faults were encountered in the mapped area, but a zone of limited movement is indicated along the
contact of the Shawangunk Formation and the Martinsburg Formation where an inch-thick gouge zone was seen in the
Martinsburg Formation during construction of Interstate Route 84 by J.B. Epstein (Figure 3). Farther to the south in the
Branchville 7.5 quadrangle, this same contact lacks gouge but forms a polished surface that lacks any slip lineations.
This structure suggests limited slip of unknown direction but could have developed as flexural slip. Epstein and Lyttle
(1987) suggest the movement to be Alleghenian in age. Limited, layer parallel shear is evident in the Bloomsburg Red
Beds and Bossardville Limestone in the Culvers Gap 7.5 quadrangle to the southwest (Monteverde, 1992) and in young-
er rocks in Pikes County, Pennsylvania (Sevon and others, 1989). There the movement is unrelated to flexural slip but
part of a tops to the northwest bedding shear. This structural feature could continue into the mapped area, because
many bed-parallel slip zones without definitive slip directional indicators were observed. Outcrop scale flexural slip and
minor block faulting with associated veining within the folded Shawangunk Formation and Bloomsburg Red Beds record
the only other movement in the region.

Herman and others (1997) used seismic data (figure 4) and regional mapping of the northwestern region of New Jer-
sey to suggest the Taconic deformation only left broad open folds in Cambrian and Ordovician units. In the region the
more extensive deformation signature of fold and thrust belts correlates to the Alleghenian orogeny. They suggested
that thrust faults were active in the region and show both synthetic (southeast dipping with tops to the northwest sense
of movement) with some later antithetic thrusts (northwest dipping faults with tops to the east sense of motion). In the
mapped area none of these faults reached the modern-day land surface as shown in the seismic study of Herman and
others (1997). Some of the larger folds mapped here probably relate to fault propagation fold structures related to some
of these blind faults.

The Taconic unconformity separates marine sediments of the Martinsburg Formation from the fluvial and marginal ma-
rine Shawangunk Formation and marks the culmination of Taconic uplift and erosion. Bedding in the Martinsburg For-
mation locally is parallel to that in of the Shawangunk Formation though there are some minor strike and dip variations
between the two formations. Farther to the south across New Jersey, the graywacke beds of the Martinsburg diverge in
strike trend and dip by as much as 20 degrees defining an unconformable contact.

Cleavage is not uniform in each unit. The Martinsburg Formation contains slaty, spaced and pencil cleavage, as well as
beds lacking cleavage, with all cleavage dipping to the southeast. Cleavage development varies according to lithology
and proximity to the Taconic unconformity. Medium to coarser grained sandstone in thicker beds and shale units close
to the unconformity have no discernable cleavage or only a weakly developed cleavage. No regional cleavage exists in
the Shawangunk in the mapped area. Localized cleavage is restricted to shaly lenses or areas of shearing on slip zones.
The Bloomsburg Red Beds also lack a pervasive regional cleavage but do contain a local spaced, southeast dipping
cleavage. To the southwest a regularly occurring spaced cleavage which fans around folds persists in the Bloomsburg
Red Beds (Monteverde, 1992). To the northeast cleavage is apparently absent in the Bloomsburg (Epstein, unpublished
field data).
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Helderberg Group (Lower Devonian to upper Silurian)

Consists of seven formations, youngest to oldest, respectively: Port Ewen Shale, Minisink Limestone, Alsen
Formation, New Scotland Formation, Stormville Member of the Coeymans Formation, Kalkberg Limestone,
Coeymans Formation and Manlius Formation. All are Lower Devonian, except the Manlius Formation, which is
largely upper Silurian in New York (personal communication, C. Ver Straeten, 10/2021).

Port Ewen Shale (Lower Devonian) - Upper part is dark- to medium-dark gray, calcareous siltstone and shale;
locally fossiliferous. Lower part is medium-dark gray, calcareous silty shale; thin to medium bedded, and
non-fossiliferous. Lower contact is abrupt and placed at the top of the highest limestone of the Alsen Formation
(Epstein and others, 1967). Thickness approximately 150 feet.

Minisink Limestone, Alsen Formation and New Scotland Formation, undivided

Minisink Limestone (Lower Devonian) — Medium-gray, fine grained argillaceous limestone, medium bedded,
some nodules and lenses of a more calcium-rich limestone. Lower contact covered but gradational elsewhere in
the region (Epstein and others, 1967). Maintains a uniform thickness of 20 feet (Epstein and others, 1967).

Alsen Formation (Lower Devonian) - Medium- to dark-gray, fine- to medium-grained limestone;
medium-bedded, black chert in beds and lenses, fossiliferous. Lower contact is placed at bottom of lowest fine-
to medium-grained fossiliferous limestone overlying argillaceous limestone of the New Scotland Formation.
Thickness approximately 20 feet.

New Scotland Formation (Lower Devonian) - Upper part is dark-gray, siliceous, laminated shale containing
medium-dark gray, very fine-grained limestone pods; also scattered beds and lenses of medium-gray,
fine-grained argillaceous, fossiliferous limestone. Limestone contains small dark-gray chert nodules. Lower part
is medium-dark-gray, siliceous, calcareous, fossiliferous shale containing beds and lenses of medium-gray,
fine-grained, argillaceous, very fossiliferous limestone. Contains nodules, lenses and locally irregularly bedded
dark-gray chert. Total thickness approximately 75 feet. Lower contact is abrupt and placed at top of highest
calcareous quartz sandstone of the Stormville Member of the Coeymans Formation. Where the Stormville is
absent, the contact is gradational into chert-bearing, massively bedded limestone of the Kalkberg Limestone.

Kalkberg Limestone, Coeymans Formation and Manlius Limestone, undivided
Kalkberg Limestone (Lower Devonian) - Medium-dark-gray, fine-grained argillaceous limestone; massively

bedded and fossiliferous, containing very thin to thin beds and lenses of fine-grained quartz sandstone and
dark-gray chert. Lower contact is gradational into the coarser-grained Coeymans. Contact is placed at the base

Limestone. The pecker Formation consists of two members -_the basal C!ove Brook apd the overlying Wallpac;k Center . ) . ) ) ] 20 of the lowermost chert bed. Thickness approximately 40 feet.
Members (Epstein and others, 1967). The Clove Brook contains a local biohermal facies that grades laterally into more The cleavage in the Martinburg Formation was developed during the Alleghenian orogeny. Cleavage is uncommon to
evenly bedded limestone of the nonbiohermal facies. Bioherms are medium- to coarse-grained and lack muddy matrix notably missing in the units stratigraphically above the Bloomsburg Red Beds (Figure 4) from slightly south of the New . . . . . ) . .
matel}ilal, suggesting moderate water currents. Interbedded with the nonbiohermal Iimesto?me are lenses of fine- to)::oarse- Jersey-New York boundary to the southwestern portion of the Culvers Gap 7.5’ quadrangle (Spink, 1967, Monteverde, Coeymans_ Forr_naﬂon (Lower Devo_n fan) - Medium light- to r_nedmm-gray, fln_e- to medlu_m -gralned_,' locally
. ) . . . , coarse-grained, irregularly bedded argillaceous and arenaceous limestone (non-biohermal facies). Fossiliferous,
grained quartz sandstone and shale. The Clove Brook Member becomes increasingly quartz-rich to the southwest until 1992). To the north of the New Jersey-New York boundary and south of the Culvers Gap 7.5 quadrangle, there well-de- including the quide fossil Gypidula coeymanensis. Contains local bioherms consisting of light gray to
it is completely replaced by the arenaceous Wallpack Center Member of the Decker Formation at Hainesville, NJ, at the veloped cleavage in the Bloomsburg. In Pike County, Pennsylvania, cleavage in the Mahantango Formation, which ! Ing 9 yp yma - e : cal ¢} ght gray
southern boundary of the mapped area (Epstein and others, 1967; Monteverde, 1992). The nonbiohermal limestone directly overlies the Marcellus Shale, becomes prevalent near the town of Bushkill, southwest of the map area (Sevon Ilght-plnklsh-gray,_ very coarse- 1o (_:oarse-gramed, massive biogenic limestone t_hat grade_s along strike into
facies has been interpreted as a biostromal bank to shallow subtidal crinoidal meadow (Epstein and others, 1967; Bar- and others, 1989). The retumn of a well-developed cleavage to the north and south of the mapped area forms a boundary nonbiohermal facies. Lower contact is gradational and placed at base of lowest argillaceous limestone above the
nett, 1970; Denkler and Harris, 1989). The clastic lithofacies that thickens to the southwest is interpreted as a barrier bar that outlines a region of rare cleavage development across the southwestern section of the mapped area and into the Thacher Member of the Manlius Limestone (Epstein and others, 1967). Thickness approximately 30 feet.
deposit (Epstein and others, 1967; Denkler and Harris, 1989). Culvers Gap and Lake Maskenozha 7.5” quadrangles. This marks a large area that only displays a rare cleavage that . . o . ) ) .
coincides with the widest outcrop area of Silurian and Lower Devonian rocks (Figure 4). Spink (1967, 1972) related this Manllus leestone,.Thachgr Member (upper Slluna.n).- Medium-dark to dark gray, very fine-to fmg-gramed
The Rondout Formation overlies the Decker Formation. Epstein and others (1967) and Epstein and Epstein (1969) “strain shadow” to a nepheline syenite intrusion which crops out near Beemerville in the Branchville 7.5" quadrangle Ilme_s_tone; few medlum-_gralned Ilme_s_tone_ beds. Unit is undL_JIatory bgdd_ec_i and flaggy to massive, and
subdivided the Rondout Formation into three members. From older to younger, the Rondout consists of laminated and (Figure 4). This intrusion has been dated at 435+20 Ma (Zartman and others, 1967) and more recently by a TIMS age Pl KE_E,‘L fos§|llferous. Laterally th|n§ ano[ transitions into a Coeymans facies to which it is then .a.s,5|gned. Loyver contapt
locally mud-cracked limestone, calcareous shale and dolomite of the Duttonville Member that grades into mud-cracked on titanite of 447+2 Ma (Ratcliffe and others, 2012). The syenite has been modeled as a body 3.5 miles wide by 6 miles _— _S’JS— SEX-CO varies from sharp to gradational into the calcareous shale of the Rondout Formation. Unit is 35 feet thick (Epstein
argillaceous dolomite of the Whiteport Dolomite Member. The interbedded mud-cracked shale and argillaceous limestone long at depth (Jagel, 1990; Ghatge and others, 1992). Spink (1972) suggests the syenite formed a rigid block during “thin — - and others, 1967).
of the Mashipacong Member is the uppermost member. The Rondout Formation lithologies suggest very shallow brackish skinned gravity sliding” and limited the degree of deformation into the foreland.
water conditions that periodically dried up such as restricted lagoonal and tidal flat paleocenvironments (Herpers, 1951a; - Rondout Formation and Decker Formation, undivided
Epstein and others, 1967; Epstein and Epstein, 1969; Barnett, 1970). Denkler and Harris (1989) used conodonts for age ﬂiﬂgﬁ) PoIiNt
control and placed the Silurian-Devonian boundary within either the Whiteport Dolomite or at the base of the Mashipa- Rondout Formation (upper Silurian) - Upper part is medium-dark-gray, very fine-to fine-grained,
cong Member of the Rondout Formation. medium-bedded, calcareous shale and massive argillaceous limestone. Middle part is medium-gray, argillaceous
dolomite, weathering grayish-orange, medium-bedded, massive to laminated. Basal beds consist of medium- to
The Manlius Limestone, the oldest unit of the Helderberg Group, overlies the Rondout Formation. The Helderberg Group dark gray, very fine- to fine-grained limestone and calcareous shale; medium-bedded, generally massive. Unit is
as used in southern New York consists from oldest to youngest units of the Manlius, Coeymans and Kalkberg Lime- fossiliferous. Lower contact is gradational and marked by medium to coarse grained limestone of the Decker
stones, New Scotland and Alsen Formations, Minisink Limestone and the Port Ewen Shale, The Manlius is combined Formation. Total thickness approximately 40 feet.
with the overlying Coeymans Limestone and Kalkberg Limestone on this map. The Manlius, Coeymans and Kalkberg
Iimes_tone§ of New York a!l correlate to the Coeymans For.mation.of Pepnslvapia (Figure 2). The Thacher Member of the Decker Formation (upper Silurian) - Medium-gray, medium- to coarse-grained, thin- to medium-bedded
Manlius Limestone contains a sequence of dominantly fine-grained ribbon limestone and stromatoporoid biostromes. limestone containing very thin shale beds. Locally interbedded with light gray to medium-gray shale, calcareous
Epstein and others (1967) suggested the Manlius Limestone represents increased water circulation where more open A siltstone to coarse-grained sandstone; locally cross-bedded. Lower contact is gradational (Epstein and others,
water cpndltlon§ replaced the brackish water of the Rgndout Eormatlon. In New York within the main body.of the Manlius 1967). Total thickness approximately 70 feet.
Formation, sedimentary structures clearly define a tidal environment (C. Ver Straeten, written communication, 2021).
:ersns(tjtn(]:r?;?l) Igtzrr?;itee:u;hfix:sqgﬁ i?t?] :lIJDbetlda| ipwro?men'\t/i Thg Mafntllhus é;rades uprard m:_o theE argtgll!acecijustﬁnd, - Bossardville Limestone (upper Silurian) - Medium-gray to medium-dark gray, weathers medium-bluish-gray,
Y. ) ’ pue Limestone lember otthe Loeymans Formation. Epstein and otners very fine-grained, argillaceous limestone and limestone. Thin bedded to laminated. Lower contact is gradational
(1967) selected an arbitrary cutoff between the Depue Limestone Member of the Coeymans Formation and the Thacher . . . .
Member of the Manlius Formation in the covered region between Hainesville and Montague, west-northwest of Shaytown gnd placed at tOP O.f uppermost dolomite of the Poxono Istand Formation. Total thickness approximately 100 feet
(fig. 2). Coming from the southwest the Shawnee Island Member of the Coeymans Formation overlies both the Depue in the southwest, thins to 10 feet at the New York border.
and the Thacher at the New Jersey-New York boundary. It was subdivided into two facies, a fine- to coarse-grained lime- . A . ) . i, . .
stone with as much as 30 percent):quartz sand compri;};ng the nonbiohermal facies, which contrasts with ve?’y coarse- to Sp Poxono Island Formation (upper Silurian) - Greenish gray, finely crystalline to aphanitic dolomite containing
coarse-grained biogenic limestone containing massive tabulate corals and stromatoporoid reefs of the biohermal facies discontinuous lenses of disseminated rounded quartz grains, local quartz sandstone and argillaceous dolomite
(Epstein and others, 1967; Precht, 1982, 1984, 1989; Finks and Raffoni, 1989; Raffoni and Finks, 1989). Two bioherms beds. Unit is thin to medium bedded, and flaggy. Thickness is as much as 500 ft (Epstein and Lyttle, 1987). Unit
occur between Montague and Four Corners (Epstein and others, 1967; Spink, 1967) (fig. 2). ténn? 'towfgr%;h?\l ntorthwes:j .Lower cc;ntact thought to be gradational (Spink, 1967; Alvord and Drake, 1971;
pstein, . Not exposed in mapped area.
Northeastward, the medium- to coarse-grained limestone of the Ravena Member of the Coeymans Limestone lies atop
the Thacher (Epstein and others, 1967). Chert bearing, argillaceous limestone of the Kalkberg Limestone overlies the N - Bloqmsburg Red Beds, _undivided (upp_er Silurian) - Pale_red to grayish-red, grayish red purple, and I_esser
Ravena and the Shawnee Island Member. It also grades southwestward along strike into the upper Shawnee Island. The Mantague: medium-gray and greenish-gray, very fine- to coarse-grained, cross bedded to planar bedded, thin- to
transition into the Shawnee Island occurs on the Culvers Gap quadrangle (Figures 2 and 4). Locally capping this se- thick-bedded, partly conglomeratic sandstone with quartz grains as much as 0.4 inches in diameter and flattened
guence is the calcareous quartz-pebble conglomerate and calcareous sandstone of the Stormville Member of the Coey- grayish red shale pebbles as much as 0.8 inches in diameter; poorly bedded to laminated, pale red, light brown
mans Formation. The Shawnee Island and Ravena Members both formed under high-energy, shallow subtidal conditions to moderate brown, and greenish-gray shale and siltstone with scattered green reduction spots, conspicuous
(Epstein and others, 1967; Spink, 1967; Barnett, 1970). The overlying, finer grained Kalkberg Limestone was deposited cleavage, partly mud cracked and with scattered ferroan dolomite concretions about 0.5 inches in diameter.
under storm wavebase conditions. Shawnee Island bioherms formed as shallow water patch reefs (Precht, 1982, 1984, Fining upward cycles with basal channel sandstones are abundant. Minor medium gray, fine-grained, planar
1989; Finks and Raffoni, 1989; Raffoni and Finks, 1989). Due to high quartz clastic content, Epstein and others (1967) bedded sandstone. Lower contact, placed at the base of the lowest red bed, is transitional. In some places a
interpreted the Stormville as a barrier beach deposit. All these units from the Manlius Formation through the Stormville gray quartzite bed like typical Shawangunk lithology is found interbedded with red beds less than 20 feet above
were mapped as a single unit on this map. the base. About 1,500 feet thick.
The overlying units, from o-ldest to youngest, the New Scotland anq Alsen Fo_rmations, the Min!sﬁnk Limest_one and the - Basher Kill Tongue of Bloomsburg Red Beds (upper Silurian) - Grayish-red, thin-to thick-bedded mudstone,
Port Evyen Shale (all of yvhlch are.combmed on this map) and conS|st§ of a thick sequence of siliceous Iamlnz.aﬁed shale siltstone, fine to coarse sandstone, and lesser local quartz-pebble conglomeratic sandstone, poorly to
fr?; tli:lrl?e:'zns,:rzFI)I;i;%IIIzcle':r?\lésstlénr:eestt:a?eeTehnetﬁzmicogigﬁ::én;?\zoph:? gﬁpﬂztgi: gezpr)]er g:tgg;oer::ldlttrlmoeniﬂt':?sn moderately sorted, massive, with local planar to trough cross-beds, laminations and desiccation cracks.
the & - Argl us i Detw! w verlyl wen wi | Inis- , Conglomerate consists of quartz, green and red shale pebbles in grayish red, fine to coarse matrix supported
mkrtlr_]lmefwton(e;| gy 'I\E/Ipsttem a(r;d Eg;tzem (L QI(-_S)E)).k The gartr;]e wajgzxéenged to Wa”"t):thr?erl;te:t’ L\I.J.: agd ?:meg lt;al'll—it‘heé 1730 sandstone. Sandstone consists of subrounded grains of quartz and lithic fragments, poorly to well sorted. Lower
northeastwarc oy Vonteverde ( . ) an rake anc otners ( ) criowever, within the Fort Jervis South and Mifor contact is probably gradational with the underlying Ellenville tongue of the Shawangunk Formation and placed at
quadrangles, this interval is occupied by medium- to fine-grained fossiliferous limestone and is well exposed at the Near- 7% the base of the first persistent red bed (Epstein, 1993). Estimated thickness 370 feet
pass quarry. Weller (1902) named these rocks the Becraft Limestone, but Rickard (1962) and Barnett (1970) indicated a )jj p p ) - .
lithologic affinity to the Alsen Formation, the name used in this report. The Alsen developed in subtidal waters shallower %" - Wurtsboro Tongue of the Bloomsburg Red Beds (upper Silurian) - Grayish-red, medium-olive-gray to
than the underlying New Scotland. ,L?%'J light-olive-gray, thin- to thick-bedded mudstone, siltstone, fine to coarse sandstone, and local quartz-pebble
The Port Ewen caps the Helderberg Group in the mapped area. A decrease in carbonate content and a corresponding E“ conglomeratic sandstone, poorly to moderately sorted, massive, with local planar to trough cross-bedded
increase in clay content in the lower part of the Port Ewen indicated a deepening of sea level. The upper part of the Port : laminations and mudcracks. Conglomerate consists of matrix-supported quartz, green and red shale pebbles in
Ewen displays a slight increase in grain size. Epstein and others (1967, 2001) suggested that relative sea level dropped ?r;agyrlr?erz]ntrsed’pc:g]r?y tt% ‘;\?;{S:O;ggdsptlgzzr Taa;:fe-\r Stgnt(rj::%rt:ecfgsnsslztesdc?;dsugrn?tuggr?tdaig;alrg; ect)ifti\(/]:?ﬁn gn:p\:\l/t:rlg
as the Port Ewen Formation was deposited based on this coarsening upward change in the upper Port Ewen. ! , :
P gup 9 PP sequences, consisting of an erosional base beneath a discontinuous basal pebble lag, grading upwards through
Sea level continued to lower during regional deposition of the calcareous shale and sandstone of the Oriskany Formation fine to coarse sandstone and siltstone, and terminating in mudcracked mudstone (Prave and others, 1989,
(not shown on map but found to the south in New Jersey and Pennsylvania, and to the north in New York), that overlies Epstein, 1993). The conglomerate resembles the light- to medium-gray quartz-pebble conglomerate of the
the Glenerie Limestone. A major regional unconformity, the Wallbridge Unconformity (Sloss,1963) identified in Pennsylva- Shawangunk Formation. The finer grained beds consist of red to medium-gray and lesser greenish gray to
nia and New York did not develop in New Jersey due to a deeper basin that allowed continued deposition of the Glenerie grayish-orange, medium-bedded, fine sandstone and siltstone. Lower contact is abrupt and placed at lowest
Limestone (C. Ver Straeten, written communication, 2004). At Peters Valley (Culvers Gap Quadrangles, Figure 1) the significant red bed in a sequence of abundant red beds (Epstein, 1993). At Route 84 in Port Jervis, Prave and
Glenerie has completely replaced the Oriskany Formation (Spink, 1967, Monteverde, 1992). Spink (1967) suggests that others (1989) and Alcala (1990) measured 207 feet of this unit.
the Glenerie Formation formed under a similar paleoenvironment to the upper part of the Port Ewen Shale.
- Shawangunk Formation (upper to middle Silurian) - Upper part is medium-to medium-dark-gray, or
In New York, the Port Jervis Limestone has been described by Rickard (1981) as lying between the Port Ewen Shale ) dark-greenish-gray, medium- to thick-bedded sandstone and pebble conglomerate having well rounded grains,
and Glenerie Limestone. Most deSCriptiOnS of this unit dealt with its paleontology as related to the Underlying Helderberg B some limonite Staining_ Cong|omerate consists of matrix_supported quartz and subordinate shale pebb|es
Group and o_\{erlying Gle_nfar_ie Li_m_esto_ne. F_{ickard (1931) describes the Port Jervi:_s Lim_estone as “fossilife_rous_ argilla- (maximum diameter 2 inches) in poorly- to well-sorted, planar tabular to trough cross-bedded sandstone. Local
ceous a}nc.i siliceous calcisiltite S|m|Iar. in fa(.:le.s apd origin to the New Scotland".. This unit was not mapped in this study black to dark-greenish-gray, thin-bedded shale near upper contact. Middle part is interbedded thin- to
due to limited outcrop exposure and lithic similarity to the Port Ewan and Glenerie. medium-bedded shale and sandstone, planar to tabular to trough cross-bedded. Grains are well rounded and
. ) ) . . moderately well sorted. Contains sparse graphite flakes. Lower part is light- to medium gray to light-olive-gray,
The dark gray o black §hale throggh argillaceous sﬂtstqne tq fme-gn:amed sand§tope of the Esopus Formation confo_rm- thin- to thick-bedded quartz and feldspathic sandstone, quartzite, and quartz-pebble conglomerate,
ably over!les the Glenerie Formatlon. The Esopus cpntams dlagnpstlctrace fossils including Zpophycos and Chondrites. matrix-supported, poorly- to well-sorted, cross- to planar-bedded. Clasts are primarily quartz, some dark-gray
K-bentonites (altered volcanic ash beds) located in New York in the basal Esopus have yielded *’Pb*Pb ages of illite and black chert. Sandstone is feldspathic and locally approaches arkose in composition. Lower contact
408.3+1.9 Ma (Tucker and others, 1998; Ver Straeten, 2004a, b). Water depths deepen upward through the black shales argl -hert. \ p y app p n.
) " ) . : unconformable. Thickness approximately 1,400 feet at southwest border of map area and thins to 1,200 feet
of middle Esopus deposition and then slowly shallow through the argillaceous siltstones into the sandstones to the con- towards the northeast border
tact with the Schoharie (Ver Straeten, 2001a). Ver Straeten (2001b) divided the Esopus into three members, each rep- '
resenting a single major upwards-coarsening cycle. Over the duration of the three members, relative sea level deepens . . A . . .
initially and gradually lowers through the upper two members (Ver Straeten, 2001a). These members are not recognized - Eliflz\éghederor;g::glocl’;e?;:vn?ggutgkml;t;lrjnnité?; n(:dpzﬁ; rtszzltgrlgzt)j ;eélsgel:t-g rt:e ;?::I::;yd::]l;%r:gsm;?:;na ;g
in the mapped area. shale. Generally cross-bedded containing individual foresets of alternating finer and coarser grained sized sand.
Two similar sequences occur within the Schoharie which overlies the Esopus. The lower one contains siliceous to locally The top of the highest grayish red bed marks lower contact with the Wurtsboro tongue of the Bloomsburg Red
calcareous mudstone, siltstone and sandstone. The upper sequence contains a coarsening-upwards cycle from mud- Beds. Unit is approximately 12 feet thick at the New Jersey — New York border and thickens to the northeast.
stone to fine-grained sandstone with occasional interbedded limestone (Ver Straeten, 2001b). Like the Esopus, both Unit pinches out to the southwest.
Schoharie sequences record a major transgressive-regressive sea-level cycle (Ver Straeten, written communication, N dik ( | 4 ) ‘ g N
2004). I [Ye]] Lamprophyre dikes (Lower Silurian to Upper Ordovician) — Dark- to medium-gray, aphanitic to
finely-crystalline and locally contains porphyritic plagioclase crystals in alkalic to calcic-alkalic dikes and sills.
Only intrudes either the Ramseyburg or High Point Members of the Martinsburg Formation. K-Ar date of 422+14
Ma from biotite phenocrysts in a minette lamprophyre dike suggest an Early Silurian age (Milton, 1972, written
communication) A related intrusion just over the southern border of the mapped area has been dated at 435+20
m.y. (Zartman and others, 1967) and a TIMS age on titanite of 447+2 Ma (Ratcliffe and others, 2012). As the
wm dikes are only found intruding into Martinsburg Formation rocks in New Jersey the older age of Ratcliffe and
others, (2012) is accepted here as the most accurate age. Average thickness is 3 feet.
- High Point Member of Martinsburg Formation (Upper Ordovician) - Medium-dark-gray, thin-bedded shale,
siltstone and fine-grained sandstone, containing turbidite sequences Tbhcde to Tcde of Bouma (1962).
- Interbedded with less abundant light-yellowish-gray weathering, medium gray to medium-dark-gray,
) medium-grained, medium- to thick-bedded and massive, quartz and calcareous-cemented quartz sandstone,
Drd containing rip-ups of medium- to dark-gray shale and siltstone (Omhps). Contains Tab to Ta turbidite sequences.
4 ¢ - Near intrusive bodies unit is thermally metamorphosed (Omhph, Omhpsh). Beds within the High Point Member
]’ Q are not shown on cross sections. Grades along strike into Ramseyburg Member of Martinsburg Formation by
A 41°15' - decrease in average grain size, absence of shale rip-ups and medium-grained sandstone, and absence of
50" D’ 47'30" 74°45' 42'30" 0% 74°37'30" siIice;ous ctergent. Lowekr contatct_ gradat'iorllal gnd placlj:d_tat bgse (cj)f tIowgrtmhost thtiCk-bed(:jed gra)_/wzacke (t)r
i ” ; ” amalgamated graywacke containing shale rip-ups. Unit assigned to Orthograptus ruedemanni Zone to
X Milford, PA, NJ 7.5 quadrangle | Port Jervis South, NY, NJ, PA7.5 quadrangle Climacograptus spiniferus Zone of Riva (1969, 1974) and graptolites studied by Parris and Cruikshank (1992).
Topographic map produced by the " Bedrock geology mapped by D.H. Monteverde in 1999, 2014-2015 Maximum thickness 4,500 feet.
United S_tates Geological Survey % an QUADRANGLE LOCATION . J.B. Epsteint in 1992-2013 - Ramseyburg Member of Martinsburg Formation (Upper Ordovician) - Interbedded medium- to dark gray, to
orth American Datum of 1983 (NADBS) o Digital cartography by D.H. Monteverde brownish-gray, fine- to medium-grained, thin-to thick-bedded ke sandst d siltst d medium- t
World Geodetic System of 1984 (WGS84). Projection and oL . ) ' gray, fine- to medium-grained, thin-to thick-bedded graywacke sandstone and siltstone and medium- to
- id- Uni deceased, United States Geological Survey dark gray, laminated to thin-bedded shale and slate. Unit may form complete Bouma (1962) turbidite sequences
1 000-meter grid: Universal Transverse Mercator, Zone 18T _ . gray, y p ( ) q
10 000-foot ticks: Pennsylvania Coordinate System of 1983 ° 2 retired, N.J. Geological and Water Survey Tabcde, but basal cut out sequences Tcde dominate. Basal scour, sole marks, and soft-sediment distortion of
(north zone), New Jersey Coordinate System of 1983 T GRID AND 2015 MAGNETIC NORTH é\OQ beds are common in graywacke. Lower contact placed at bottom of lowest thick- to very-thick-bedded
DECLINATION AT CENTER OF SHEET St Research supported by the U.S. Geological Survey, National Cooperative graywacke, but base locally grades through sequence of thin-bedded shale and slate and minor thin- to
IMAYETY .. ceeee e NAIP, July 2020 - July 2010 TR T— Get;/llogitc mazs ifg ;ezgional area Geologic Mapping Program, under USGS award number G14AC00238. medium-bedded discontinuous and lenticular graywacke beds in the Bushkill Member (exposed outside of map
Egﬁ:s ©2006'201é:‘-|%m;8g Y — b Wi et i’egey’ 1882 SCALE 1:24 000 The views and conclusions contained in this document are those of the authors area). Parris and Cruikshank (1992) correlate unit with Orthograptus ruedemanni to lowest part of
Hydrography..... -~ National Hydrography %aiasett: 2010 oA ¢ - Drake and Monteverde, 19920 1 12 0 1 MILE and should not be interpreted as necessarily representing the official F&'ﬁ%ﬂ?&aﬁgﬂi;ﬁr‘;"fems Zones of Riva (1969, 1974). Thickness approximately 3,500 feet at the New Jersey
ONTOUNS. ..o ational evation Dataset, ’ ici i i i .
Boundaries...................... Census, IBWC, IBC, USGS, 1972 - 2012 " z&z@ fggztk‘;h:;:’;ﬁo‘:]‘/tzeg:g‘g iggga o0 0 1000 2000 3000 4000 5000 6000 7000 FEET policies, either expressed or implied, of the U.S. Government.
S @g» ) g - Sevon and others, 199 I ~ 5 T KILOMETER Omb Byshklll Member qf thg Martinsburg Formation (Upper Ordovncnan) — Medium to dark gray, .Ia.mlnated to
gnation h - Ries, 1895 e T thin-bedded slate with thin beds of quartzose to graywacke siltstone and carbonaceous slate in fining-upward
e i- Shapard, 1832 CONTOUR INTERVAL 20 FEET sequences. Variations in grain size and sedimentary structures within neighboring beds gives unit a
NORTH AMERICAN VERTICAL DATUM OF 1988 characteristic ribbon slate appearance. Bed thickness does not exceed 6 inches throughout the member and is
NJ generally less than 2 inches. Lower contact gradational and marked by increase in argillaceous content into a
\/,3&3;00%& ‘OQ’Q 6&\6 &v"& slate unlike the underlying argillaceous limestone to limestone of the Jacksonburg Limestone. About 1,400 feet
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Figure 1. Stratigraphic section showing the interfingering of the Bloomsburg Red Beds and Shawangunk Formation across the southern
New York and northern New Jersey boundary (Epstein and Lyttle, 1987; Prave and others, 1989; Alcala, 1990; Epstein, 1993). Mapping has
highlighted the southward extension of the Ellenville Tongue. A direct connection cannot be established due to surficial cover.
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Figure 5a. Rose diagram of Martinsburg bedding
trends displayed by dip direction. Bedding strike is
90° from dip direction. Plot based on 154 data points
using 10° sectors.

Figure 5b. Rose diagram of Shawangunk and
Bloomsburg bedding trends displayed by dip direc-
tion. Bedding strike is 90° from dip direction. Plot
based on 416 data points using 10° sectors.

Figure 5c. Rose diagram of Poxono Island through
Marcellus bedding trends displayed by dip direction.
Bedding strike is 90° from dip direction. Plot based on
213 data points using 10° sectors.

Figure 5d. Contour diagram of poles to bedding in
the Martinsburg Formation. Contour interval is 2%
based on counting area of 1% of net area. Equal
angle lower hemisphere stereonet. 154 data points.

Figure 5e. Contour diagram of poles to bedding in
the Shawangunk and Bloomsburg. Contour interval is
2% based on counting area of 1% of net area. Equal
angle lower hemisphere stereonet. 416 data points.

Figure 5f. Contour diagram of poles to bedding in the
Poxono Island through Marcellus. Contour interval is
2% based on counting area of 1% of net area. Equal
angle lower hemisphere stereonet. 213 data points.

Figure 2. Graphic modified from from Epstein and others (1967) showing the stratigraphic along-strike facies changes within the “Coeymans” interval from Pennsylvania in the south,
through New Jersey and into southern New York. Vertical red lines are locations of measured sections from Epstein and others (1967). Length of red lines corresponds to amount of
section studied by Epstein and others (1967) at each location. Numbers above red lines of measured sections correspond to sections in Epstein and others (1967). Letters are from Spink
(1967). Red boxes along the measured sections locate reefal structures within the Shawnee Island Member of the Coeymans Formation. An isolated remnant or possible continuation of
the Stormville Member occurs just west of the William Nearpass Quarry and overlies the Kalkberg Limestone.

Figure 3. Taconic unconformity contact exposed during construction of Interstate 84 marked by red line. A slight angular difference can be
seen between the Shawangunk Formation sands above and the Martinsburg turbidite sediments below looking north. J. Epstein noted a thin
fault zone along the contact. Ss = Shawangunk Formation, Omhp = High Point Member of the Martinsburg Formation. Photo by J. Epstein
(Epstein and others, 2001). Location shown on map and figure insert.
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Figure 4. Hillshade map of Sussex County and parts of Warren County New Jersey. Map shows relative extent of outcrop of four geologic units defined by age. The outcrop
width of the Shawangunk + Bloomsburg rocks is west of the Beemerville igneous outcrop. The extent of the Beemerville units continues in the subsurface to approximately
Culvers Gap, a gap in Kittatinny Mountain (Jagel, 1990; Ghatge and others, 1992). The Beemerville creates a strain shadow to the west where cleavage is absent in the
younger units of the Poxono Island to Marcellus. Red lines correlate to seismic lines interpreted by Herman and others (1997). Black dots represent seismic shot points. Blue
dashed lines outline region of limited to no cleavage development within the Bloomsburg Red Beds and younger Silurian and Devonian rock units.
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