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. Foreland deformation in the Appalachian Plateau, central New York:
the role of small-scale detachment structures in regional overthrusting
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Abstract—Northwest-directed Acadian or Alleghenian overthrusting occurred through décollement along the
black, carbonaceous Union Springs Shale in central New York. Detachmentwas accommodated at: (1) discrete
faults marked by striated and polished shale bedding planes and fibrous calcite crystal growths between stepped
surfaces; (2) duplex structures defined by upper and lower bounding faults 3-10 m apart with internal faults that
developed both early and late in the movement history of the bounding faults; and (3) 5-20-cm wide shear zones
also possessing an internal duplex or imbricate structure. Ramps through carbonate units adjacent to the black
shale have displacements of less than one meter. Total displacement above the décollement horizon is not
well-constrained, but is inferred to be on the order of a few tens or hundreds of meters. Fabric of the undeformed
shale has been locally modified by a widely spaced cleavage (average 5-mm intervals) with no apparent shear
offsets. This microstructure is most evident near ramps through overlying carbonate and in the vicinity of shear
zone terminations. An intensely anastomosing and complex shear fabric is present within the shear zones.

These structures appear to represent the initial stages of overthrust propagation in a region dominated
mechanically by the presence of alternating thick, stiff sedimentary layers and weak shale horizons. Further
southwest, more interior to the orogen, displacement was accommodated through décollement along deeper salt
horizons. Detachment in the stratigraphically higher black shale was generally restricted to an area where the salt
is not present, and may represent a regional stepping-up of structure in the Appalachian Foreland.

INTRODUCTION at least 10% layer-parallel shortening normal to fold
trends of this décollement-fold system.
CenTrAL New York State south of the Mohawk River The Salina Salt does not extend to the present eastern
Valley is underlain by Silurian and Devonian rocks of
the Appalachian Plateau structural province (Fig. 1) N . D —
(Rodgers 1970). The stratigraphic section in this area Tecmg';:agc;?:nf i 4 {

reaches a maximum thickness of approximately 3000 m atter Roggers.
and is dominated by alternating shales, sandstones and

several thick carbonate units (Rickard 1975). Silurian
units rest disconformably to unconformably on Ordovi-
cian shales and sandstones, while all post-Devonian
rocks have been removed by erosion. Structurally, the
Silurian and Devonian sequence appears at first unde-
- formed, and is therefore associated with the most exter-
nal parts of the Appalachian Orogen. Broad wavelength
~ gentle folds have been traced to west-central New York
(Fig. 1) (Wedel 1932, Rodgers 1970) where axial planes
strike roughly E-W. In central New York limb dips are
~ generally less than 2° and the location of major structures
is difficult to determine.

In addition to the limited large-scale folds of the New
- York Plateau province, other responses to deformation
have been documented by previous workers. Small-scale
thrust faults were described by Schneider (1905) and
Long (1922) in west-central New York and Prucha
(1968) and Chute (1972) have interpreted intense defor-
‘mation in the Silurian Salina Salt as evidence for décolle-
ent on the salt horizons. Frey (1973) emphaSized the Fig. 1. Structural provinces of the central Appalachians, after Rodgers
elationship between areal extent of the salt u“i‘t andthe  (1970). The study area is located in east-cerﬁEal New York State {Iglew
location of the overlying, gentle folds mapped by Wedel  Yorkis outlined by a dot-dash symbol) in a region not underlain by the
.(Fig. 1)_ He interpreted those folds to lie above a Si]uria‘rl Salina Salt (limits qf salt deposits from Frey 1973}This areais
regional décollement in the Salina Salt. Engelder & a portion of the Appalachian Plateau, a structural province that has

5 § B i e undergone limited folding and overthrusting to the northwest. Thin
‘Engelder (1977) measured strained fossils indicative of lines in the Plateau locate anticlinal hinges.
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CHERRY VALLEY, CENTRAL NEW YORK

Fig. 6. Tracing from photographic mural of the Cherry Valley roadcut (Chestnut Street near intersection with U.S. Rt. 20).
Stakes A-F are for reference purposes. Facing approximately south.

presentin this tilted shale, dipping roughly 50° southeast.
The cleavage is defined by clay—carbon partings (Nic-
kelsen 1972) spaced at approximately 5-mm intervals.
No consistent offsets along cleavage lamellae have been
recognized, but it cannot be definitively stated that these
surfaces did not originate as shear fractures or joints,
that subsequently facilitated preferential transport of
mobile phases. Several small-scale thrust faults are pre-
sent here parallel to the shale fissility, and these are also
associated with asymmetric kink bands that indicate
southeast-over-northwest movement.

Beneath the lowermost shaly limestone of the Cherry
Valley Limestone, within the upper section of the Union
Springs Shale, is a horizon of carbonate concretions
lying in a generally limy interval of the shale (Fig. 6).
This layer of concretions is truncated at the footwall
syncline above the position of Stake C. A few concre-
tions are present in the tilted shale section, with their
long axes parallel to the shale fissility. It is important to
note that no cleavage occurs around the peripheries of
these concretions, which might conceivably have acted
as strain ‘concentrators’ for the adjacent shales.

Shear zones

Two zones of intense cleavage development are pre-
sent at the Cherry Valley outcrop. The lower zone starts
.above Stake B and continues beneath deep rubble west
of the end of the section shown in Fig. 6. The upper zone
begins west of the footwall syncline (discussed above)
and terminates between Stakes E and F. The upper and
lower surfaces of the cleavage zones are discrete faults,
with striations and fibrous crystals parallel to the regional
overthrust direction inferred from the faults described in
the previous section. The cleavage zones therefore rep-
resent sites of intense deformation, across which signifi-
cant displacements have occurred, and therefore have
been referred to as shear zones (Bosworth 1982a,b).
This term is used in the broad sense advocated by
Ramsay (1980), and should not be misconstrued as a

statement suggesting that these zones have experienced
a progressive ‘simple shear’ strain history.

The internal fabric of the shear zones consists of a
complexly anastomosing, in part sigmoidal, ‘phacoidal’
cleavage (Figs. 7, 9 and 10). Individual surfaces are
polished or glazed, and in some cases bear subtle grooves
or striations. In thin section the cleavage lamellae are
defined by discrete fractures surrounded by concen-
trations of clay and carbon. They cut through asymmet-
ric microfolds, and there are bent clay flakes and offset
microstructures adjacent to many lamellae. This indi-
cates that shear has taken place parallel to the phacoidal
cleavage surfaces at some point in their deformation
history. Scanning electron microscopy studies of cleav-
age lamellae surfaces reveal the presence of micro-
striations that support this conclusion (Bosworth in
prep.). The sense of shear on surfaces within the shear
zones is again generally southeast-over-northwest, but
the details of the movement history are more compli-
cated. The average strike of the phacoidal cleavage is
approximately perpendicular to the inferred overthrust
direction (Fig. 4). All the structural evidence therefore
suggests that the shear zones represent another aspect of
the same deformational sequence as that responsible for
the simpler detachment structures described above. The
maximum thickness of the shear zones is about 20 cm.

The internal geometry of the shear zones is compli-
cated by the presence of cross-cutting, small-scale thrust
faults (Fig. 8). These faults appear to merge with the
upper and lower bounding faults of the shear zones. As
illustrated in Fig. 8, they frequertly connect calcite-filled
pull-apart structures, that confirm their thrust geometry.

The terminations of the shear zones have been
examined in some detail. The eastern termination of the
lower shear zone is located above Stake B shown in Fig.
6. This area is depicted in detail in Fig. 9. The lower
bounding fault of this shear zone appears to be a major
detachment surface for the entire section, as it runs the
total length of the exposure and is defined by laminations
of fibrous quartz and calcite separated by thin sheets of
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Fig. 7. Photograph of the lower shear zone illustrated in Fig. 6, taken above Stake C. A small ramp and pocket of deformed
shale is visible above the shear zone. This reverts to undeformed, fissile shale to the right of center. Length of the hammer
handle is about 0.6 m.






