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A REPLY TO GEISER!
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We thank Geiser for the opportunity to
further clarify important relationships in
western New England and eastern New York
that bear directly on our tectonic synthesis of
the Taconic Orogeny. Geiser’s main concern
is the possible importance of post-Taconic
deformation to the ‘‘final’’ assemblage of the
Taconic terrane into its present form. Along
this line, Geiser points to several aspects of
the regional geology that he feels are critical
to establishing the credibility of our syn-
thesis. These specifically include: (1) the con-
straints on timing and sequence of thrust
faulting within and adjacent to the Al-
lochthon; and (2) constraints on timing of the
major regional cleavage forming events
within eastern New York. We consider each
of these in turn.

FAULT SYSTEMS

Geiser states that there are two distinct
fault systems in the lower and central Hud-
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son Valley. The first is said to be pre-
metamorphic and of Taconic age, and the
second is post-metamorphic, high angle, and
presumably of post-Taconic age. He further
states that only faults of the later system are
decorated with tectonic slivers of Cambro-
Ordovician shelf-derived carbonate and,

rarely, Grenville basement. We take strong'

exception to this assertion. Detailed mapping
by members of this department (Jacobi 1977;
Rowley 1980, 1982; Bosworth 1980; Vollmer
1981) has dominantly focused on the north-
ern and central Taconics and the immedi-
ately adjacent parautochthonous and autoch-
thonous flysch terrane, north of South
Bethlehem, New York to near Fair Haven,
Vermont. Based on this mapping and previ-
ously published work of Zen, Bird, and
Ratcliffe, among others, we conclude that a
minimum of five fault systems are present
within the Allochthon, and at least two or
three in the parautochthonous flysch to the
west (Bosworth in press; Bosworth and
Vollmer 1981). At least two of the systems
within the Allochthon are cut by the frontal
thrust that forms the present western edge of
the Taconic Allochthon (Rowley and Kidd in
press), and which carries slivers of Cambro-
Ordovician shelf carbonate rocks. On the
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basis of structural relations, the major thrusts
within the parautochthonous flysch are prob-
ably equivalent to the frontal thrust (see
Bosworth in press). In addition, it is now
clearly documented that the frontal thrust and
equivalent thrusts within the flysch are sub-
horizontal, post-cleavage, and therefore pre-
sumably post-metamorphic thrusts of syn-
to post-Caradocian and pre-Devonian, i.e.,
Taconic age. The constraints for this timing
are best provided by exposures at Bald
Mountain and Spruyt Creek.

The Bald Mountain terrane consists of
tectonic slivers of parautochthonous shelf-
derived lithologies within a dark shale matrix
bounded both above and below by subhori-
zontal, post-cleavage thrusts (Bosworth 1980;
Bosworth and Vollmer 1981). Olistostromal
deposits containing shelf-derived carbonate
blocks are exposed below the lower thrust.
These carbonate olistoliths are interpreted to
be derived from the tectonic slivers of the
Bald Mountain terrane, and therefore date
the time of motion on this post-metamorphic
thrust. The age of these olistostromes is syn-
to post-Caradocian based on the presence
of Cryptolithus tesselatus in the carbonate
blocks at Bald Mountain (Platt 1960). From
regional relations and fossils in their matrices
(Berry 1962), these Taconic melanges are late
medial to late Caradocian in age (D. multi-
dens to C. spiniferus zones of Riva 1974).

The time of major thrusting within the
parautochthonous to autochthonous flysch
(‘*‘Normanskill ) of the Hudson Valley is con-
strained to pre-Manlius time (pre-early De-
vonian), by an outcrop in Spruyt Creek de-
scribed by Vollmer (1981) and Bosworth and
Vollmer (1981). At this locality, near South
Bethlehem, New York early Devonian Man-
lius Formation unconformably overlies a
zone of phacoidally cleaved melange asso-
ciated with post-slaty cleavage thrusts within
the parautochthonous medial Ordovician
flysch terrane (Bosworth and Vollmer 1981;
Bosworth in press). Deformation associated
with this thrusting and associated melange
fabric does not affect the unconformably
overlying Manlius, and is therefore pre-early
Devonian, and presumably of Taconic age.

Geiser also questions the age of the ‘‘re-
gional” slaty cleavage observed in ‘‘Nor-
manskill”” rocks of the Hudson Valley. He

suggests that the cleavage may be correlative
with the slaty cleavage observed in the Mar-
tinsburg Formation of Pennsylvania. Epstein
and Epstein (1969) suggested that the Mar-
tinsburg slaty cleavage is Alleghanian, and
Geiser suggests that this age may apply as
well to the cleavages in the Normanskill
flysch of the Hudson Valley. The age of the
regional slaty cleavage in the Martinsburg is
not well constrained, but contrary to Geiser’s
interpretation, Beutner (pers. comm.) among
others believes that this cleavage is Taconic,
not Alleghenian in age.

In fact, the best documentation of the age
of this cleavage is available within and adja-
cent to the Taconic Allochthon. Several lines
of evidence show this, including: (1) The
presence of clasts of pre-depositionally
foliated slate in the basal latest Silurian-
earliest Devonian beds at Mount Ida (Rat-
cliffe et al. 1975), in the late medial to late
Ordovician Quassaic sandstones at Illinois
Mountain (Waines 1980), and in medial Or-
dovician Austin Glen greywackes (‘‘Nor-
manskill’’) of the Hudson Valley (Rowley and
Kidd 1981; Vollmer 1981). (2) The presence
of a polyphase deformation history, including
folding (generally considered F,) and asso-
ciated slaty cleavage (S,;) development in
Taconic rocks unconformably below only
poorly cleaved and considerably less de-
formed early Devonian Manlius Formation at
Mount Ida and Becraft Mountain (Ratcliffe et
al. 1975; Rodgers 1971). (3) A few isotopic
dates from metamorphic muscovite devel-
oped along the cleavage in both Vermont
(420+= —revised to 434+ 7) (Harper 1968) and
eastern New York (442+ 16 m.y.) (Ratcliffe and
Hatch 1979). To the south, the Cortlandt
Complex, dated as 430 to 440 m.y. (late Or-
dovician to early Silurian) by a variety of
isotopic systems (see reviews by Ratcliffe et
al. in press; Bender 1981) cross-cuts the slaty
cleavage foliation in the surrounding highly
deformed, metamorphosed, and foliated
country rock, providing a further constraint
on the age of this foliation (Ratcliffe 1968).

In addition to the mesoscopic and micro-
scopic similarity of the slaty cleavage of the
Hudson Valley to the regional Taconic-age
slaty cleavage of the Allochthon there are
numerous exposures of the angular uncon-
formity between Siluro-Devonian sediments
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of the Heldeberg Group overlying folded,
cleaved, and thrust-faulted flysch with no
evidence of correlative deformation affecting
rocks above the unconformity (Vollmer 1981;
Bosworth and Vollmer 1981). Bosworth and
Vollmer (op. cit.) describe the deformation in
the Hudson Valley from the area just south of
Albany to near Schuylerville, New York.
Their observations indicate that the deforma-
tion within this flysch is quite dissimilar to
that observed in the Devonian rocks of the
Heldeberg Group. The major deformation in
the flysch is tectonically most compatible
with deformation related to the medial Or-
dovician emplacement of the Taconic Al-
lochthon.

Ratcliffe et al. (1975) were able to charac-
terize the nature of the post-Taconic defor-
mation in the Hudson Valley region by
studying the structures both above and below
the unconformity exposed at Mount Ida.
They found that the post-Taconic deforma-

tion involved some bedding-parallel slip and
open folding with an associated spaced solu-
tion cleavage in the Manlius and a weak,
spaced crenulation cleavage in the underlying
Taconic units, not the regional slaty cleavage.
These spaced foliations have traditionally
been assigned an Acadian age; however they
may be Alleghanian as Geiser suggests. From
these observations and other relationships
described in our paper we do not think that
the post-Taconic deformation has signifi-
cantly affected the pre-existing structural
relationships associated with the Taconic Al-
lochthon, and therefore cannot consider
this later deformation as ‘‘the’” major de-
formation in the Hudson Valley. Compared
with the large-scale overthrusting and bulk
shortening of the Taconic Orogeny in this
area, the post-Taconic deformation is of de-
cidedly secondary importance, not ‘‘a major
deformation’’ as stated by Geiser.
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