Structural and Climatic Controls on

Sedimentation in the Newark Rift Basin
Field Guide to Classic Outcrops Along and Near the
Delaware River, NJ and PA

Roy W. Schlische
Department of Geological Sciences, Rutgers University, 610 Taylor Road, Piscataway, NJ
08854-8066, USA, schlisch@rci.rutgers.edu

Geology of the Newark Basin

The Newark basin of New York, New Jersey and Pennsylvania is part of the Triassic-
Jurassic rift system in eastern North America (Fig. 1b); this rift system formed during the
early stages of the breakup of Pangea (Fig. 1a) (e.g., Olsen, 1997). The Newark basin (Fig.
Ic) is an elongate half graben bounded on its northwestern margin by a predominantly
southeast-dipping border-fault system (BFS) comprised of a number of fault segments. The
dip of the BFS segments generally decreases from the northeastern terminus of the basin
toward the southwest, a trend mimicked by adjacent Paleozoic thrust faults (Ratcliffe and
Burton, 1985; Ratcliffe et al., 1986). Strata generally dip to the northwest, and are cut by
three large intrabasinal faults: the Hopewell, Flemington and Chalfont faults (Figs. Ic, 2, 3).
Adjacent to the predominantly normal-slip faults, strata are warped into a series of anticlines
and synclines whose axes are oriented normal to the associated normal faults (e.g., Schlische,
1992, 1995); these structures are likely fault-displacement folds. Because the basin fill
generally dips toward the major normal faults, strata in the hanging wall of the faults become
younger toward the faults (Fig. 3). Outcrop, core, and seismic-reflection data indicate that
strata thicken toward the BFS, indicating that the faults were syndepositionally active
(Schlische, 1992). Strata also thicken toward the hinges of some synclines and thin toward
the hinges of some anticlines, suggesting that these folds formed syndepositionally
(Schlische, 1992, 1995).

Formations within the Newark basin are, from oldest to youngest: Stockton Formation,
Lockatong Formation, Passaic Formation, Orange Mountain Basalt, Feltville Formation,
Preakness Basalt, Towaco Formation, Hook Mountain Basalt, and Boonton Formation
(Olsen, 1980). Table 1 provides generalized lithologic descriptions, and Figure 4 shows a
composite stratigraphic section based on the Newark Basin Coring Project (NBCP) (Olsen et
al., 1996a). Based on palynostratigraphy, the preserved strata in the Newark basin range in
age from the Carnian of the Late Triassic to the Hettangian of the Early Jurassic (Cornet and
Olsen, 1985). The Triassic-Jurassic boundary is located within the uppermost Passaic
Formation, 10-30 m below the Orange Mountain Basalt; this boundary is associated with a
mass-extinction event and an iridium spike (Olsen et al., 1987; Olsen et al., 2002). Basin
strata are intruded by a number of diabase sheets and dikes. Diabase dikes generally strike
north-northeasterly, but a few northwest-striking dikes are also present. The absolute age of
the igneous rocks in the Newark basin is ~200 Ma, based on isotopic dating of the lava flows
(Hames et al., 2000) and the Palisades intrusive sheet (Sutter, 1988; Dunning and Hodych,



1990), which is physically connected to one of the flows at Ladentown, NY (Ratcliffe, 1988).
Cyclostratigraphy (see below) constrains the duration of the igneous episode (base of oldest
lava flow to top of youngest flow) to <600,000 years (Olsen et al., 1996b; Olsen et al., 2003).
The ~200 Ma igneous rocks in the Newark basin are part of the Central Atlantic Magmatic
Province (Fig. 1a), possibly the areally largest LIP (large-igneous province) (e.g., McHone,
1996; Marzolli et al., 1999; Olsen, 1999; Hames et al., 2003).

As indicated in Table 1, most strata in the Newark basin accumulated in a lacustrine
setting and exhibit a pervasive cyclicity in sediment fabrics, color, and total organic carbon
(from microlaminated black shale to extensively mudcracked and bioturbated red mudstone)
(e.g., Olsen, 1986). The basic cycles, named Van Houten cycles, represent the deepening
and a shoaling of a lake (Fig. 5). Van Houten cycles are grouped into compound cycles, in
which, for example, the deepest lake facies in succeeding Van Houten cycles first becomes
deeper and then shallower (Fig. 5). Olsen (1986) quantitatively analyzed the cycles’
periodicity by depth-ranking stratigraphic successions (i.e., assigning a relative water depth
rank to each facies on the basis of color, sedimentary structures, and type and preservation of
fossils), subjecting the depth-rank curves to Fourier analysis to determine periodicities in
thickness, and converting the thickness periodicities to time using varve-calibrated
sedimentation rates. Van Houten cycles have periods of ~21 kyr; compound cycles have
periods of ~100 and ~400 kyr (Olsen, 1986; Olsen et al., 1989; Olsen and Kent, 1996, 1999).
The ratio of Van Houten to compound cycle thickness for a given section always yields the
typical Milankovitch ratio (1:5:20, equivalent to 20,000:100,000:400,000), even though the
thicknesses of cycles commonly vary significantly from section to section. Thus, although
cycle thickness can vary, the amount of time represented by the cycle is nearly constant. We
can determine absolute ages by counting cycles backward and forward from the isotopically
dated lava flows (Fig. 4) (Olsen and Kent, 1996, 1999).

Variations in the thickness of time-correlative lacustrine cycles with position in the basin
primarily reflect variations in basin subsidence, which are presumably tectonically controlled
(e.g., syndepositional faulting and folding). For example, Figure 5b presents a basin-wide
correlation of the Perkasie Member of the Passaic Formation based on outcrop and core data
Thickening occurs from the longitudinal edge toward the center of the basin as well as from
the hinged margin toward the BFS; lacustrine facies generally deepen in the same directions.
The variations in thickness and facies suggest that the basin resembles a plunging syncline in
longitudinal section; this is consistent with BFS displacement being highest near its center
and decreasing toward its lateral ends (Schlische, 1992, 2003). These interpretations are also
supported by the marked increase in outcrop width (and therefore thickness) of the
Lockatong Formation toward the center of the basin (Fig. 2).

FIELD TRIP

This field-trip guide is based principally on P.E. Olsen, R.W. Schlische, and P.J.W. Gore
(1989), Tectonic, Depositional, and Paleoecological History of Early Mesozoic Rift Basins,
Eastern North America: IGC Field Trip T-351, American Geophysical Union, 174 p., which
contains a road log. The locations of the stops described below are shown in Figures 2 and 6.
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Stop 5: Perkasie Member of Passaic Formation at Pebble Bluff, NJ
[modified from Olsen in Olsen et al. (1989)]

These outcrops consist of thick sequences (>20 m) of red conglomerate and sandstone
alternating with cyclical black, gray, and red mudstone and sandstone. There are several
faults between the largest outcrops. The thickest gray beds (see Fig. 13) appear to be the
Perkasie Member.

Conglomerates at Pebble Bluff occur in three basic styles: (1) Poorly-bedded boulder-
cobble conglomerate with pebbly sandstone interbeds: Matrix rich conglomerates are in
places matrix-supported. These appear to define lenses that are convex-upward and bounded
by the largest clasts at their edges and tops. Pebbly sandstone and muddy sandstone include
“trains” of isolated cobbles often oriented vertically. (2) Well-defined lenticular beds of
pebble-cobble conglomerate separated by pebbly muddy sandstones with abundant root
structures: The conglomerate beds are channel-form with abundant imbrication. Some
internal coarsening and fining sequences are present. Abundant root structures are filled with
nodular carbonate (caliche?). (3) Grain-supported cobble-pebble conglomerate with sandy
matrix. Granules and coarse sand show high degree of sorting and are associated with gray
and black shales and oscillatory-rippled sandstones in Van Houten cycles (Fig. 13).

Many of the clasts in the conglomerates are very well rounded, yet the border-fault
system (BFS) is located less than 2.4 km to the northwest. In addition, other locations along
the BFS exhibit a very small clast size. Seismic data show that a series of subparallel faults
are present in the footwall of the present-day border fault. These observations suggest that
the present-day edge of the basin was not the edge of the basin during deposition of the strata
(Fig. 14). Rather, the present-day edge of the basin was located farther to the NW, where the
coarser, more angular clasts accumulated.

Laterally continuous black and gray siltstones and claystones within division 2 of Van
Houten cycles (Fig. 13) contain pinch-and-swell laminae, abundant burrows, and rare
conchostracans. These are definitely lacustrine deposits, almost certainly marginal to the
finer-grained facies more centrally located in the basin, reflecting submergence of the distal
ends of alluvial fans during rising lake level.

Individual Van Houten cycles of the Perkasie Member in this area average 7 m thick, as
compared with a mean of 4.4 m at New Brunswick, NJ, and Pottstown, PA, and 5.3 m in the
Titusville core (see Fig. 5b). These thickness trends clearly demonstrate that the basin was
deeper at its center immediately adjacent to the BFS.
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Figure 14. Schematic cross sections showing border-fault development during deposition. (a) Model with
multiple active faults. Coarse-grained sediments preferentially accumulate in hanging walls of outer border fault.
Later erosion removed these sedimentary rocks. (b) Model with basinward migration of border faults. During the
early stages of rifting, the outer border fault was active, and coarse-grained sediments accumulated in its
hanging wall. During the later stages of rifting, the inner border fault became active, and coarse-grained
sediments accumulated in its hanging wall. Later erosion removed the coarse-grained sedimentary rocks. From
Withjack and Olsen (1999).



Stop 6: Small Normal Faults in Passaic Formation at Haycock Mountain, PA
[modified from Withjack & Olsen (1999)]

Mudstone red beds typical of the middle Passaic Formation are cut by a series of normal
faults (Fig. 15). Although less than 4 km from the boundary fault, the section is fine grained.
This reflects the relative insignificance of sediment sources from the footwall side of the
basin compared to axial and hanging-wall sources during Triassic sedimentation as well as
the likelihood that the present-day edge of the basin was not the edge during deposition of
these units (Fig. 14).

The 15-meter exposure spans about 50 kyr of the dry phase of a 400 kyr climatic cycle
(upper part of member K). The wet phase of the next 400 kyr cycle (lower part of member
L-M) begins just above this outcrop. Deposition was predominantly in playas with
modification by roots and burrows. A prominent bed contains vugs that were once filled
with evaporite minerals. A vague cyclical pattern is evident in the degree of preservation of
silt bands. These silt bands are of use in determining the amount of stratigraphic offset on
the normal faults and probably represent slightly deeper or more permanent shallow lakes.
Although black, organic-rich units are present cyclically throughout the Passaic Formation
(in the wettest phases of the 20, 100, and 400 kyr cycles), red beds similar to these account
for more than 80% of the Passaic Formation.

The normal faults strike NE and generally dip to the SE (Fig. 15). Slickenlines are
steeply raking, indicating predominantly dip-slip movement. Fault 2 has the smallest
displacement and narrowest zone of breccia and gouge; fault 4 has the highest displacement
and widest zone of breccia and gouge. Thus, these faults obey an approximately linear
scaling relationship between fault width and fault displacement (e.g., Hull, 1988; Knott,
1994). The sequence going from fault 2 to 3 to 1 to 4 likely reflects stages in the evolution of
normal faults with increasing displacement.



Figure 15. Sketch of normal-faulted Passaic Formation at Stop 6 (left) and inferred evo-
lution of faults (right) based on geometries at Stop 6. From Withjack and Olsen (1999).
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