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INTRODUCTION

The Newark basin of New York, New Jersey, and Pennsylvania is
an eroded half-graben bounded on i%s northwestern and northern
margins by the SE- to S-dipping border fault system. Synrift
strata within the Newark basin generally dip toward the border
fault, although they are warped into gently plunging folds in the
hanging walls adjacent to the border fault and the two major
intrabasinal faults, the Flemington and Hopewell faults (Figure
1) . Based on outcrop studies and propreitary seismic reflection
profiles of the Newark basin, corroborated by published profiles
of coeval synrift basins on the continental shelf (Hutchinson et
al., 1986), younger strata generally dip at a shallower angle than
older strata, although again complicated by the effects of folding
adjacent to the border fault. These observations indicate that
sedimentation and hanging wall rotation as a result of slip on the
border fault system occurred simultaneously.

The border fault system strikes ENE in the northern Newark
basin, NE in the central and southwestern portions of the basin,
and ESE in the area west of Boyertown, Pennsylvania, and into the
narrow neck between the Newark and Gettysburg basins. The faults
appear to progressively step back to the northwest, going from
northeast to southwest, such that the border fault system has a
relay geometry (Figure 1). The dip of the border fault system
decreases from 60° SE in Suffern, New York, to 30° SE and less in
Pennsylvania (Ratcliffe and Burton, 1985). However, the border
fault again appears to steepen markedly in the area west of
Boyertown. The variations in the attitude of the Mesozoic border
faults closely mimic that of the Paleozoic thrust faults formed
during the Taconian, Acadian, and Alleghenian orogenies. In fact,
all along the border fault system, Mesozoic brittle structures,
including fault breccia and gouge, overprint but parallel the
phyllonitic and mylonitic rocks of the Paleozoic faults. Hence,
the border faults of the Newark basin, most of which were active
during sedimentation (Arguden and Rodolfo, 1986), represent
reactivated Paleozoic structures (Ratcliffe, 1980; Ratcliffe et
al., 1986).
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According to the Ratcliffe and Burton (1985) model, the
direction of fault slip depends on the orientation of
(reactivated) faults with respect to the early Mesozoic extension
direction. Faults oriented normal to the extension direction
should experience pure dip-slip. Faults whose strike is oriented
clockwise from the extension direction should experience a
component of left-lateral slip, whereas those oriented counter-
clockwise from the extension direction should experience a
component of right-lateral slip.

We estimate the extension direction to be ESE, normal to the
average strike of Early Jurassic diabase dikes (see Figure 1B),
which typically form perpendicular to the O3 direction. This
extension direction produced largely dip-slip on the majority of
the border faults and the two intrabasinal faults, all of which
strike NE, and left-lateral strike-slip on the E-W trending border
fault west of Boyertown. A large component of strike-slip is
supported by the observed steepening of the dip of the fault west
of Boyertown and by studies of the border fault and related
structures in the Jacksonwald syncline (Lucas et al., 1988).

GEOMETRY AND ORIGIN OF FOLDING

In the hanging walls of the border fault system and the Flemington
and Hopewell faults, folds whose axes are normal to the associated
faults are a common and obvious feature of the Newark basin. Most
of the axes are oriented within 15° of perpendicular to the faults
(Figure 1B). It appears unlikely that these folds formed as a

Figure 1: (A) Geologic map of the Newark basin. Regular stipple represents diabase intrusions, irregular
stipple represents lava flows. Dotted lines are form lines of bedding, and thin black lines are gray and black
units in the Passaic Formation. Abbreviations are: S, Stockton Fm.; L, Lockatong Fm; P, Passaic Fm., O,
Orange Mountain Basalt; F, Feltville Fm.; Pr, Preakness Basalt; T, Towaco Fm., H, Hook Mountain Basalt;
B, Boonton Fm.; J, Jacksonwald Basalt; and Pd, Palisades diabase. (B) Structural map of the Newark
basin and surrounding area, illustrating the close correspondence in attitude between the border faults
and Paleozoic thrust faults. Thin double lines represent dikes. Abbreviations are: r, Ramapo fauit; h,
Hopewell fault; f, Flemington fault; ¢, Chalfont fault; z, zone of intense normal faulting (shown
schematically); cl, Cameron's line; w, Watchung syncline; j, Jacksonwald syncline; bd, Birdsboro dike;
da, anomalous NW-striking dike; and db, dike apparently offset by Chalfont fault. Paleoczoic structures
after Lyttle and Epstein (1987) and Ratcliffe (1980).
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result of strike-slip along these faults for the following
reasons: (a) folds formed by strike-slip have their axes oriented
at 45° or less with the fault (Christie-Blick and Biddle, 1985);
(b) the Newark basin folds are not en echelon; as are folds formed
by strike-slip; and (c) the Newark basin faults experienced
predominantly dip-slip. The only exception to this appears to be
the Jacksonwald syncline, the axis of which trends at a much lower
angle to the border fault, and probably was influenced by a
strike-slip faulting, consistent with the attitude of the border
fault.

In addition to their transverse nature, the folds die out away
from their associated faults in the hanging wall, readily
observable in the three lava flows of the northern Newark basin
(Figure 1lA). The associated faults themselves are not folded, and
the folds are not found in the footwall. It therefore appears
likely that these folds are intimately associated with the faults
and faulting responsible for basin subsidence (Schlische and
Olsen, 1987). In the following section, we document the evidence
that these folds were growing during basin subsidence and
sedimentation.

Our arguments hinge on the contemporaneity of the igneous rocks
within the Newark basin. Existing radiometric dates for diabase
intrusions continually point to an age of 201 Ma (Sutter, 1988).
Dates on the extrusive rocks show a great deal of scatter, but
also cluster around 201 Ma (Olsen et al., 1987). Physical
relationships suggest that many of the plutons have fed the
extrusives: the Palisades diabase has been shown to
have fed the Ladentown flows in New York (Ratcliffe, 1988).
Furthermore, the pattern and hierarchy of Milankovitch-period
lacustrine cycles in the sediments between the lava flows
constrain the total duration of the extrusive igneous activity to
less than 600,000 years (Olsen and Fedosh, 1988). Hence, it
appears likely that all of the igneous rocks in the Newark basin
date to 201 Ma, and for the purposes of this discussion, are
considered coeval.

In the Sassamansville area of Pennsylvania, diabase plutons are

concordant and sill-like in the synclines but discordant in the
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