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UNUSUAL FEATURES OF THE NEW YORK SECTOR 
OF THE APPALACHIAN MOUNTAINS 

JOHN RODGERS 
Yale University 

<1967 version, slightly amended)' 

New York State's peculiar shape provides it with a complete cross
section of the Appalachian chain, from the Atlantic Coastal Plain in Long 
Island to the Central Lowlands of the continent around the Great Lakes. The 
cross-section can be complete partly because the Appalachians are particularly 
narrow here, even when one includes the Appalachian Plateau, whose northeastern 
extremity is the Catskill and Helderberg Mountains. The narrowness in turn 
results from a pronounced recess in Appalachian trends between two great 
salients, one in central Pennsylvania and one in southeastern Quebec and 
adjacent New England. The New York recess is not the only recess in the 
Appalachians, although it is one of the most pronounced' others are well 
displayed around Roanoke, Virginia, and Rome, Georgia, or are hidden under the 
Gulf of St. Lawrence or beneath the Gulf Coastal Plain in Alabama and 
Mississippi. All these recesses tend to be angular, in contrast to the 
smoothly arcuate curves of the intervening·salients. Furthermore, the angles 
seem to be formed by intersecting trends of fold axes or other structural 
features. 

Within the New York recess, the trends outline two separate angles, one 
from about N 65• E to about N 35• E at and southeast of the Delaware Water Gap, 
and the other from about N 40• E, to about N 10• E at and s�:�utheast of Kingston,. 
New York. These angles are well shown in the trends and boundaries of the 
narrowed Valley and Ridge province here, which extends northeast from the Great 
v·�lley of Pennsylvania and New Jersey to include, in New York State, the 
Wallkill and middle Hudson Valleys and the bounding Shawangunk and Schunemunk 
Mountains. The province continues to narrow northeastward and seems to 
disappear near Albany, though an Ordovician Valley and Ridge province is 
present in the Champlain Valley,. mainly in Vermont. 

Southeast of the Valley and Ridge province· is the line of Precambrian 
"Highlands" anticlinoria that extends from the Reading Hills <Reading prong> of 
eastern Pennsylvania to the Green Mountains of Vermont' the New York 
representative is the Highlands of the Hudson. The trends of these 
anticlinoria also outline the New York recess and its two subordinate angles, a 
blunt angle near the Delaware River and a deep reentrant in western Connecticut 
between the general east-west trend of the Hudson Highlands coming in from Hew 
York and the general north-south trend of the Berkshire Highlands coming in from 
Massachusetts. This reentrant is only slightly larger than a right angle, 
sharper than any other observable angle in the Appalachians between the Gulf of 
St. Lawrence and the Gulf Coastal Plain. It is almost exactly centered between 
the west end of basement �utcrops in the Reading Hills and their north end in 
the Green Mountains -- 275 kilometers <180 miles) from each. Moreover, the 

The Editors of this Guidebook have kindly offered me the opportunity to 
bring up to date the short summary of Appalachian geology in New York State 
that I prepared for the guidebook the last time the New York State Geological 
Association met in New Paltz, in 1967. Rather. than have me rewrite it 
completely, we decided to republish that summary and simply add some paragraphs 
about new insights reached in the last two decades. I have taken the liberty, 
however, of correcting a few misprJnts, incorrect statements, and infelicitous 
phrases in the original text. 
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anticlinoria seem to rise higher and higher toward the reentrant from both 
sides, so that one mig_ht expect the Precambrian belt to be highest and broadest 
there. In fac.tt howe,7er, the reentrant is marked by a 50-kilometer { 30-mile) 
gap between the Hudson and Berkshire Highlands; the gap flares northwestward and 
is filled mainly with metamorphosed Lower Paleozoic racks. Because the isagrads 
are nat deflec.ted by the reentrant but strike about N 25• E across it, the 
Paleozoic rocks show a complete gradient from virtually unmetamorphosed along 
the Hudson River to sillimanite-grade in the throat of the gap. The 
progressive <Barravianl metamorphism here vas described by Barth and Balk in 
classic papers and has been studied mare recently by Vidale and McClelland. 
Some Precambrian blocks are also exposed within the gap: St.issing Mountain far 
to the northwest, the fairly large Housatonic. Highlands an the New York
Connecticut border, and others still farther east,where Paleozoic metamorphism 
has all but obliterated the metamorphic contrast between Precambrian basement and 
Paleozoic cover. 

The Precambrian anticlinoria! cores are certainly uplifted relative to 
the rocks in the Valley and Ridge province and, in accordance with the 
charac.teristic Appalachian asymmetry, the uplift was accompanied by -relative 
northwestward transport. In the Green Mountains anticlinorium af Vermont and 
the South Mountain or Blue Ridge anticlinorium of south-central Pennsylvania, 
Maryland1 and northern Virginia, the northvestward transport has seemed to be 
rather moderate, associated only vi th the format. ion of the asymmetrical 
anticlinoria and a few discontinuous thrust faults an their aversteepened 
limbs. Elsewhere, hovever, evidence is accumulating for recumbent fc.lding 
involving large-scale horizontal transport. The case is clearest in eastern 
Pennsylvania, where the whole southeast side of the Great Valley from the 
Susquehanna to the Delavare has been shown to be the c.omplex middle limb of one 
or more giant recumbent fold pairs or nappes, and in my opinion gravity data 
strongly support the interpretation that the Precambrian rac.ks of the Reading 
Hills and their eastward extension into New Jersey are the floating basement 
cares of the nappes. Similarly, Ratcliffe's work in western Massacht�setts 
suggests that the Berkshire Highlands are also completely recumbent, overturned 
on the Paleozoic rocks to the vest and sliced into a stack of thin, roughly 
horizontal thrust sheets. 

To what extent the same overturning and recumbency has occurred in New 
York State is uncertain; the northwest side of the Hudson Highlands has 
generally been interpreted as a high-angle reverse fault, although floating 
blocks of Precambrian basement are known northwest of it. One might suggest 
instead that some of the high-angle faulting is <Triassic ?> normal faulting, 
dropping the Precambrian rocks in the core of the recumbent anticline down 
beside the Paleozoic. strata of the underlying middle limb. One might further 
suggest that the horizontal displacement involved in the recumbent fold is 
measured by the depth of the western Connecticut reentrant in the line of 
anticlinoria -- nearly 40 kilometers <25 miles). Indeed, the recess is 
possibly the locus of maY.imum overturning and horizontal transport in the entire 
region from western Massachusetts to eastern Pennsylvania. 

Another unusual feature of the New York sector of the Appalachians is 
the Taconic slate mass, the main body of which lies entirely on the north side 
of the New York recess. This mass has been the subject ef controversy far well 
aver a hundred years because, although its apparent stratigraphic and 
structural position above surrounding Middle Ordovician carbonate strata demands 
a Middle or Late Ordovician age, it contains fossils ranging back to Early 
Cambrian. This mass no longer seems as unuS�al as it used t.a, haw ever, far 
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similar masses now recognized £rom Hew£oundland to the Susquehanna River have 
raised the same problems and have evoked the same answers� i.e., either rapid 
£acies changes in restricted basins surrounded by carbonate shelves or 
allochthonous thrust sheets or slide masses £rom another £acies realm to the 
east <either stratigraphic complexity and structural simplicity or vice versa!. 
Comparison with allochthonous slide masses elsewhere, notably in the Alpine 
chains o£ Morocco, Italy, and other Mediterranean countries, has convinced many 
o£ us o£ the truth o£ the latter answer, but I doubt i£ the debate is over. 

The northern and central Appalachian arcs on either side o£ the Hew 
York recess seem to have had rather di££erent orogenic histories. In the 
central <and southern) Appalachians, the obvious deformation, as in the 
Appalachian Plateau and Valley and Ridge provinces, is late Paleozoic, post
Pennsylvanian and 'perhaps post-Early Permian. Recently, however, stratigraphic, 
tectonic, and radiometric evidence £or older orogeny ther� has slowly 
been accumulating, suggesting major de£ormation also in the early Paleozoic, 
probably in the Ordovician £or the most part. T�e extent o£ this orogeny 
southwest of Hew York State and southeastern Pennsylvania is still quite 
uncertain, except that it a££ected mostly the Piedmont region on the southeast 
side o£ the chain. In the central and southern Appalachians, there£ore, 
orogeny seems to have migrated northwestward toward the interior o£ the 
continent, at least during the Paleozoic. In the northern Appalachians, on the 
other hand, evidence o£ multiple de£ormation is abundant and has long been 
known. The late Paleozoic de£ormation, though present, is con£ined to the 
southea13t side1 the early Paleozoic de£ormation is most obvious along the 
northwest side� and the most widespread and most intense period o£ orogeny was 
middle Paleozoic, largely Devonian. Thus orogency here generally migrated away 
£rom the continent. The

-
relative unimportance o£ the late Paleozoic 

de£ormation in the northeren Appalachians is a reason, I believe, £or re£using 
it the title Appalachian Orogeny or Revolution. I pre£er to call it by 
Woodward's term "Alleghany orogeny•, so that it can take its proper place 
beside the Acadian and Taconic among the Appalachian orogenies, o£ which the 
roster is probably not yet complete. 

Situated between these two di££erent arcs, the Hew York recess should 
contain evidence o£ multiple orogeny, and it does. A Precambrian <"Grenville"! 
orogeny is represented by the contrast between the igneous and metamorphic 
basement o£ the Highlands and the overlying sedimentary Paleozoic rocks. The " 

Taconic orogeny is represented by the angular unconformity between the Middle 
Ordovician and the Silurian along Shawangunk and Schunemunk Mountains on either 
side o£ the Wallkill Valley, on the Shawangunk side the Silurian rocks have not 
overstepped the Middle Ordovician, but on the Schunemunk side they overlap onto 
the Precambrian. In the absence o£ Carboni£erous rocks anywhere between the 
Lackawanna syncline in northeastern Pennsylvania and the Narragansett basin in 
central Rhode Island (except £or some granite intrusions in southwestern Rhode 
Island and southern Connecticut) , the Acadian and Alleghany orogenies cannot be 
clearly distinguished in the Hew York recess, but both are certainly present in 
Rhode Island and probably, to judge by radiometry, in Connecticut and the 
Manhattan prong. 



The intersecting trends 
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pre-Silurian - i.e., Taconic -
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in the New York recess may provide further clues 
the- di:fferent orogenies. Presumably the trends 
the VallE>y and Ridge province aut af 
at least those af the folds in the anthracite 
Evidence in Pennsylvania suggests, however, 

an the southeast sidE> of the Great Valley are 
and the rapid overlaps af the Silurian strata 

around Schunemunk Mountain and its southwestward contin·uation in New Jersey can 
be interprE>ted in the samE> tE>rms. ( IndE>E>d, Ratcliffe in WE>stern l!assac.husE>tts 
reports evidE>nce far recumbent folding of Lower Ordovician rocks before the 
deposition of Middle Ordovician. J On the other hand, thE> broader trends of the 
northern Appalachians are Acadian,·certainly for some distance west af the 
Connecticut River and quite possibly all the way to the Hudson. Very probably 
the folding in the Silurian and Devonian west af the Hudson, north of the anglE> 
at Kingston, is also of this age, but whether the corresponding folds betweE>n 
Kingston and the Delaware Water Gap are Acadian or Alleghany is debatable. 
Their trend is also that of the high-angle faults in the New York and New 
Jersey Highlands; those faults may WE>ll be Triassic in part, but as W. 11. Davis 
showed lang ago in Connecticut, Triassic faults tend to follow pre-existing 
strikes. It is even possible that these trends were first marked out in the 
Taconic orogeny, the western limit of which must trend from Albany to eastern 
Pennsylvania, well to the west of the eastern edge of the overlapping Silurian 
and possibly just east of the abrupt eastern termination of the folds in the 
anthracite basin and along the aberrant trend of the Lackawanna syncline. 

To summarize, the New York sector of the Appalachians is unusual 
because it includes much of a major recess in �he chain, notable <like other 
Appalachian recesses) for the angular intersection of structural trends and 
also for extreme horizontal transport along the northwest margin of the chain's 
metamorphic core. One af the first geologists ta emphasize the angularity was 
Arthur Holmes, who used it as an argument far continental drift, far he saw the 
westward convergence of Caledonian and Hercynian trends in the British Isles 
finally completed by their crassin.g in the New York recess where, as noted 
above, the polarity of orogenic migration during the Paleozoic reverses. 

<New Material Added in 1985) 

There is another way of thinking about the recesses and salients of the 
Appalachians <ar any other mountain chainl, by leaking at them not from the 
continental but from the oceanic side. Seen' from that side, they would appear 
molded around promontories and embayments along the margin of the Paleozoic 
North American continent, which in turn reflect the <post-Grenville) pattern of 
rifting and subsequent sea-floor spreading that created that margin during 
latest Precambrian time. A number of features then find natural explanations. 
The stratigraphic section is general'ly thinner across promontories than in 
embayments, because the former tend ta rise by isostasy (cf. the high 
southwestern angle of the Arabian Peninsula in Yemen), whereas the latter tend 
to sink. Such thinning is clear in the lower Paleozoic shelf sediments an the 
New York promontory = recess, especially in the Lower Cambrian, bath the 
carbonate strata and the underlying clastics; the latter are almost pure 
quartzite, in contrast to the "dirtier• sediments in the lower parts af the 
thicker sequences an either side. When orogeny smashed the Paleozoic 
sedimentary rocks against the mare rigid continent, the thicker strat.a in the 
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embsyments = salients found it easy to deform by classical thin-skinned 
decollement tectonics, but the thinner strata on the promontories were less 
fortunate; the projecting parts of the continental basment were stressed more 
strongly and probably heated up more, so that they played a larger Pole in the 
deformation. The contrast between smoothly curved fold trends in the 
embayments and more angular, commonly intersecting trends near the promontories 
suggests an analogy with the way ocean waves advancing toward an irregular 
coastline sweep into bays with smoothly curving crests but beat on headlands in 
characteristic interference patterns • 

. The allochthony of the Taconic slate mass and the other masses 
mentioned above now seems firmly established. Many of us now believe, moreover, 
that the same rocks can be followed eastward into the high-grade metamorphic 
rocks of the I!Eiilhsttan prong and its northeastern continuation in 
Connecticut, where they form the bulk of the Manhattan schist and its 
correlatives. Only the lowest part of the old Manhattan would remain 
autochthonous; now distinguished as. the· Wslloomsac formation, known from a few 
fossils to be !Iiddle Ordovician, it is unconformable on the underlying 
(Cambrian to Lower Ordovician> Inwood marble and bevels down across the various 

members of the Inwood to rest in places on the basal Cambrian clastics or the 
Precambrian basement. That this unconformity is particularly clear in the New 

·York recess emphasizes once again the tendency of continental promontories to 
resist subsidence. 

The supposed continentward migration'of orogenies south of New York is 
less clear now than it used to seem. Although the Alleghany orogeny certainly 
deformed the entire Valley and Ridge province from Pennsylvania southwest and 
played a major role in transporting into their present position the rocks of 
the present Blue Ridge and Inner Piedmont (and probably also those of the 
Highlands from New York southwest into the Reading prong!, the deformation and 
metamorphism of the main bulk of those rocks is earlier, largely Ordovician or 
perhaps in part Devonian. Only at the southeastern margin of the Piedmont does 
Alleghany deformation and metamorphism reappear, from Georgia to Virginia and 
again in southeastern Connecticut and southern Rhode Island, and perhaps in 
some places between <around Philadelphia, for example?). In the northern 
Appalachians the general retres� from the continent, orogeny by orogeny, is 
still accepted, though within each orogeny the reverse trend is established or 
probable. It is still true however, that southwest of New York the outermost 
folds were formed in the Alleghany orogeny, northeast of Albany in the Taconic. 
Reflecting on this difference, Shatsky in 1945 suggested that the presence of a 
great foreland basin -- the Appslschsn Plateau or the Alleghany synclinorium -

in the southern and central Appalachians and the absence of anything comparable 
in the northern Appalachians is related to the change in polarity. 

Concerning the fold trends that converge in Europe but cross in the New 
York recess, I now know that Arthur Holmes got the ides from E. B. Bailey, who 
got it from Marcel Bertrand, who stated it quite clearly in 1887! The more 
things change the more they remain the same. 
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.PAC STRATIGRAPHY OF THE BINNEWATER, RONDOUT AND MANLIUS 
FORMATIONS OF THE HUDSON VALLEY 

E. J. Anderson, P. w. Goodwin, T. R. Buggey, s. P. Osborn, 
L. J. Saraka and w. M. Goodman 

TEMPLE UNIVERSITY 

INTRODUCTION 

The purpose of this trip is to present 
field application of the PAC hypothesis. 
include: 

a demonstration of 
Specific objectiVes 

1 .  demonstration of criteria for recognition of PACs in 
a variety of facies (all STOPS) ; 

2. field checking of stratigraphic columns described in 
terms of PACs (all STOPS ) ; 

3. illustration and discussion of methods of 
correlation of PACs (all STOPS) ; 

4 .  demonstration of a major cryptic unconformity at the 
Manlius-Coeymans boundary (STOPS 1, 2, 3 and 6); 

5. demonstration of a minor cryptic unconformity at the 
PAC 3 - 5  boundary (STOPS 1 ,  4 and 6); 

6. demonstration of lateral facies change within a PAC 
(e. g. PAC 9 ,  STOPS 1, 2, 3 and 6); 

7. demonstration of episodic onlap over the Ordovician 
land surface (STOPS 1 ,  4, 5 AND 6) . 

THE PAC HYPOTHESIS 

The PAC hypothesis (Goodwin and Anderson, 1 9 85) is a 
comprehensive stratigraphic model which states that most 
stratigraphic accumulation occurs episodically as thin (less 
than 5 meters thick), generally shallowing-upward cycles 
characterized by internal vertical and lateral facies 
continuity (i. e. conjunct facies relationships). Cycle 
boundaries, defined by abrupt facies change to disjunct facies, 
are created by what stratigraphically appear to be geologically 
instantaneous relative base-level rises. The PAC motif 
(punctuation and aggradation) is independent of specific facies 
and therefore a single PAC may be peritidal at one locality and 
totally subtidal at another locality. The events which produce 
PAC boundaries are thought to be sea-level fluctuations. 
Because s�ch events are allogenic, PAC boundaries are 
essentially synchronous surfaces. PACs are therefore ideal 
stratigraphic units for intrabasinal correlation and 
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paleogeographic reconstruction. 

STRATIGRAPHY OF THE LOWER HELDERBERG GROUP 
IN THE HUDSON VALLEY 

The Binnewater, Rondout and Manlius Formations between 
Wilbur and Catskill, New York are totally divisible into PACs 
which can be correlated throughout the study area (Figs. 1 and 
21. The general stratigraphic relationships of these 
formations and their members (Fig. 3) were carefully documented 
by Rickard 119621. Paleoenvironmental interpretations of these 
rocks were presented by Waines 119761, Harper 119691 and 
Laporte (1g67 and 19691. An episodic IPACJ stratigraphic 
interpretation of the formal rock unit boundaries in this area 
was presented by Anderson, Goodwin and Sobieski 119841 and the 
cyclic facies architecture and its implications were presented 
by Osborn (19831, Buggey 119841, Saraka <19841, Goodman 119851 
and Goodwin et al. 119861. 

In brief summary, the rocks in the study interval represent 
a diverse set of peritidal and shallow subtidal facies 
deposited in small-scale allogenic cycles. CorrelatioQ and 
analysis of the distribution of these cycles leads to 
recognition of a pervasive structure of discontinuities in the 
lower Helderberg Group. There are not only sedimentologic 
discontinuities at the bed level but several types of 
stratigraphic discontinuities (PAC boundaries, small and large 
scale cryptic unconformities and a traditional angular 
unconformi tv I . 
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Figure 1. Locality map, Hudson Valley 
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FIELD TRIP STOPS 

STOP 1. NORTH CATSKILL Route 23 exit ramp, .3 miles southwest ';;{''"New York State Thruway Exit 21. 

The Rondout, Manlius, Coeymans and Kalkberg Formations are 
continuously exposed above an angular unconformity with the 
Ordovician Normanskill turbidites. The Rondout Formation is 
made up of 1 PAC and the �anlius contains 10 PACs <PACS 5-14l 
at this locality <Fig. 2) , The Rondout PAC has a subtidal fauna 
in its base and is topped by a massive supratidal dolomite. 
The first Manlius PAC has been broken up by tectonism. It is 
overlain by a peritidal PAC <PAC 6) which is probably similar 
in facies to the tectonized unit. PACs 7, 8, 11, 13 and 14 are 
entirely subtidal and PACs 9, 10 and 12 are again peritidal 
cycles, 

In addition to discussing criteria for PAC recognition we 
would like to focus attention on the following observations at 
this stop. 1. A major correlation point for Manlius PACs is 
the facies change frcitn cryptalgal laminites to stromatoporoid 
P:e·a,:nng calcarenite at the base of PAC 11. We will trace this 
boundary 

··
throughout the study area. 2. The stromatoporoid 

bearing calcarenite at the base of PAC 9 is replaced laterally 
by thin-bedded shallow-water carbonate turbidites at Stop 2 and 
gastropod bearing calcisiltite in the Kingston area (Stops 3 
and 6), 3. PAC correlations (Fig. 2l reveal that the Manlius
Coeymans formation boundary is a major cryptic unconformity. 
To the south at Kingston, PACs 13 and 14 are missing by 
erosion. To the north and west an additional PAC occurs 
beneath the unconformity. 4 .  A minor cryptic unconformity 
occurs at the boundary between PACs 3 and 5. South of 
Kingston, PAC 4 is found in this gap. 5. Finally, additional 
PACs appear below Rondout PAC 3 in the southern localities 
indicating progressive onlap of the Ordovician land surface. 

STOP 2. SOUTH CATSKILL Route 23A, .2 miles southwest of the 
intersection with Route 9W. 

Manlius PACs 6 to 14 are exposed at this locality. The 
measured section, both overall and cycle by cycle, is nearly 
identical in thickness to the North Catskill section observed 
at the last stop (Fig.2) . There are two purposes to this stop. 
1. We will demonstrate, PAC by PAC, the degree of similarity 
between two localities two kilometers apart. This analysis is 
based on PAC correlations. Marked similarity between the two 
localities is seen in the thick tidal-flat facies in the upper 
part of PAC 9 and in PAC 10 and in the major facies change to 
stromatoporoid bearing calcarenite in PAC 11. In addition, the 
cryptalgal laminite facies with eroded mudcracks on its upper 
surface at the top of PAC 12 is the same as at North Catskill. 
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Figure 2. Correlated columns, Hudson Valley , New York (from Goodwin et a l . ,  1986) 
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Another primary correlation point is the large facies change .1 from peritidal to subtidal facies at the PAC 5 - 6  boundary. 2. 
The second purpose is to demonstrate lateral facies changes 
within PACs. The boundary between subtidal PACs 7 and 8 is 
more sharply defined than at the first locality because the ·.1 
calcarehite in PAC 7 is more current washed than at North � 
Catskill. More dramatic lateral facies change within a PAC is 
illustrated in the base of PAC 9. At this level stromatoporoid · 1  bearing calcarenite at North Catskill changes to thin-bedded 
shallow-water carbonate turbidites. 

STOP 3. KINGSTON A 
'ifhl.!le'Cliff Bridge. 

Route 199, . 5  miles west of the Kingston-

Manlius PACs 7 to 12 are exposed at this locality. In 
addition to checking PAC definitions, the following 
observations can be made at this stop. 1. Th�.Eort.m<�ry 
correlation datum is the major facies change to.stromatoporoid 
bearin<;J ca:tcaFenite at··-t·he base·-··c;·f··-PAC ·· IL · Also, as at 
ca:l::'iilfi11; ··a.· . .  tliin cryptalgal laminite facies occurs at the top 
of PAC 12. 2. If these correlations are correct, PACs 13 and 
14 are missing under the first PAC of the Coeymans Formation 
indicating a progressive enlargement of the cryptic 
unconformity seen at Catskill. 3. A major lateral facies 
change has occurred in the PAC 9-10 interval. These PACs are 
here represented by subtidal gastropod bearing facies while at 
Catskill we saw two well developed peritidal cycles at this 
stratigraphic level. 

STOP 4. KINGSTON B Route 32, .5 miles south of Route 199. 

The top of Rondout PAC 2, Rondout PAC 3-and Manlius PACs 5 
and 6 are well exposed at this locality. The following 
observations can be made at this stop. 1. PACs 5 and 6 are 
peritidal cycles overlain by the subtidal calcarenite facies of 
PAC 7. This pattern supports the correlation with the like 
numbered units at Catskill. 2. As at Catskill, PAC 5 overlies 
the massive Whiteport Dolomite of PAC 3 (Fig. 4). Also, as at 
Catskill, PAC 4 is still missing in a minor cryptic 
unconformity (Fig. 2). 

STOP 5. KINGSTON C Route 32, .5 miles south of Stop 4. 

Rondout PACS 2 and 3 (the upper part of PAC 3 covered here 
is fully exposed at the previous stop) overlie Ordovician 
turbidites of the Normanskill Formation in angular 
unconformity. PAC 2 (Fig. 2) is represented by the Wilbur and 
Rosendale Members of the Rondout Formation (Fig. 4) and PAC 3 
(Fig. 2 ). by the Glasco and Whiteport Members (the PAC numbering 
system, data and interpretations in Figure 4 are taken directly 
from Osborn's 1983 thesis and differ slightly from those 
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HELDERBERG STRATIGRAPHY 
(modified after Rickard , 1962) 
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presented in the text of this paper and Figure 2). An increase 
in the number of Rondout PACs at Kingston relative to Catskill 
indicates progressive stepwise onlap to the north over the 
Ordovician land surface during Rondout time (Fig.4l. 

STOP 6. SOUTH WILBUR Abandoned quarry above road along 
Rondout Creek, .5 miles southwest of Wilbur, New York. 

Exposed at this locality are two PACs of the Binnewater 
Sandstone (Fig. 5, taken from Buggey, 1984) , four Rondout PACs 
and eight Manlius PACs (Fig. 2). Several observations and 
interpretations can be made at this locality. 1. There is an 
excellent correlation of PACs in the Manlius interval with 
those observed at Kingston localities A and B. Key correlation 
points include the major facies change to calcarenite at the 
base of PAC 7, the thin-bedded gastropod bearing facies which 
characterizes PACs 9 and 10 and the major facies change to 
thick-bedded stromatoporoid bearing calcarenite at the base of 
PAC 11. 
2. More - erosion at the Manlius-Coeymans cryptic unconformity 
has reduced the thickness of PAC 12 to about 1 meter. Note the 
minor paleokarst qeveloped on the unconformable surface. 3. 
PAC 4 appears between PACs 3 and 5 (Fig. 2). The presence of 
this PAC to the south and its absence to the north is evidence 
of a minor cryptic unconformity. In the initial study of this 
interval Osborn (1983) recognized the facies change which now 
def�nes the boundary at the base of PAC 4 but did not set it 
off as a PAC boundary because it was absent-at the northern 
localities <Fig. 4). Osborn placed this unit in the upper 2-4 
feet of the Whiteport Member of the Rondout Formation at the 
Fourth Lake, Wilbur and Connelly localities. Interpretation of 
a cryptic unconformity at this level provides an explanation 
for these facies patterns. 4. The two Binnewater PACs 
preserved at this locality were shown by Buggey <1984> to be 
correlated with two PACs in the middle of the Binnewater 
Formation ten miles to the south at High Falls (Figs. 6 and 7l. 
This correlation leads to the interpretation of the Binnewater
Rondout contact as a cryptic unconformity at which at least two 
PACs are lost at South Wilbur (Fig. 6). 5. Finally the High 
Falls and Binnewater Formations progressively and episodically 
onlap the underlying Ordovician Normanskill Formation as does 
the Rondout Formation at Kingston and to the north (Figs. 4 and 
6) • 
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PREGLACIAL AND POSTGLACIAL DRAINAGE OF THE CENTRAL HUDSON VALLEY 

The Problem 

by 
R.obert J .  Dineen 

New York State Geological Survey 
Room 3 1 60 ,  Cultural Education Center 

Albany , New York 1 2 2 3 0  

INTRODUCTION 

The preglacial drainage patterns of the mid-Hudson Valley have 
not been studied on a regional basis since the early nineteen
forties. These studies dealt with the meso- to macro- scale 
landscape features and the ir inferred relationships to Late 
Me sozoic and Early Cenoz oic tectonism. They were limited by the ir 
reliance on the small scale and relative ly crude maps and by the 
sparse subsurface information that were available at that time. 
The Holocene history of the area was only mentioned in pass ing in 
those studies because of the lack o f  information concerning 
Holocene features throughout the region. 

Method 
Abundant subsurface and surface data have been as semb led 

during the nineteen seventies and eighties that can be used to 
i l luminate the Late Cenozoic drainage history of the area. The 
modern topographic map and stereo airphoto data t�at are 
available for eastern New York State can be used in comb ination 
with· Cultural Resource Surveys , archeological s tudies,  
engineering reports , historical records , and newspaper accounts 
to develop a Late Holocene through Recent geologic hi story of 
this region. I have used a sampling of such data to prepare thi s  
preliminary report on the Cenozoic drainage of the mid-Hudson 
Valley from Newburgh to Catski l l. I have chosen se lected s ites 
west of the Hudson River to i l lustrate key points in thi s report • 

Previous Studies 

Several workers have noted peneplains in eastern New York 
S tate (Table 1 ) . They have used these erosion surfaces to 
determine probable Cenozoic drainage systems. Ruedemann ( 1 9 3 2 )  
interpreted the regional erosion surfaces as imply ing westward 
drainage into the Mi s s i s s ippi Basin during the Early Cenozoic. 
The erosion surfaces are the Catski ll, 2 , 5 0 0  ft, and 
He lderberg-Rensselaer peneplains. The Helderberg-Rensse laer 
surface has been correlated with either the Harri sburg Peneplain 
( Ruedemann , 1 9 3 2 )  or the younger Ki ttatinny or Schooley Peneplain 
( Happ , 1 9 3 8 ;  Fennema n ,  1 9 3 8 )  of the central Appalachian Plateau. 

Johnson ( 1 9 3 1 )  surmised that the southeast-draining streams 
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were · establi shed during the later stage of the deve lopment of the 
Schooley Peneplain . ·  He noted that the streams presently flow 
across the maj or geologic structures and changes in lithology . He 
theorized that the streams originally flowed acro s s  a nearly-flat 
coastal plain developed on marine sediments that onlapped the 
older rocks from the present Atlantic coast to the Adirondacks . 
Streams were entrenched in their present courses during Middle 
Cenozoic uplift by superposition from the ancient coastal pla i n .  

Ruedemann ( 1 9 3 2 ) , Mackin ( 1 9 3 3 ) , Fenneman ( 1 9 3 8 ) , and Happ 
( 1 9 3 8 )  agreed with Johnson ' s  ( 1 9 3 1 )  s cenario.  Mackin ( 1 9 3 3 ) , 

Fenneman ( 1 9 3 8 ) , and Happ ( 1 9 3 8 )  correlated thi s  superposition 
with the Schooley penepl ain.  All these workers attributed the 
absence of Cenoz oic marine sediments inland from the present 
c oastal plain to severe Late Cenozoic erosion .  

Meyerhoff ( 1 9 7 2 )  noted that the Cretaceous and Early Cenoz oic 
marine rock s ,  presently preserved along the Atlantic coas·t , 
consist o f  near-shore facies . Consequently , it is unlike ly that 
they extended inland for more than 3 0  mile s .  He attributed the 
present drainage to the normal proces ses of stream adjustment to 
structure . The Hudson Valley developed as the Cenozoic Hudson 
River worked its way westward , along the border o f  the arched New 
England thrust sheet. The Hudson undercut the base o f  the 
Appalachian Plateau along the Catski l l  Escarpment .  Thi s  process 
was initiated during the Trias sic , and was well underway by 
Schooley time (Meyerhoff ,  1 9 7 2 ) . 

Fa irchild ( 1 9 1 9 ) , Stoller ( 1 9 2 0 ) , Ruedemann ( 1 9 3 0 ) , and 
Fenneman ( 1 9 3 8 )  noted that the lowest peneplain in the Hudson 
Valley lies at an elevation of 2 0 0  ft , and is cut by a strath 
terrace that lies below sea level south of Troy , NY. Al l the 
present tributaries hang on the Hudson Gorge and enter the 
e stuary of the Hudson across bedrock sills . Stoller ( 1 9 2 0 )  and 
S impson ( 1 9 4 9 )  explained that the flat surface o f  the Albany 
Peneplain was more apparent than rea l ;  the lack o f  relief was 
c aused by a thick blanket of glacial lake clays and sand . Deep 
preglacial valleys underlie the glacial sediment cover (S impson , 
1 94 9 ; Davis and Dineen, 1 9 6 9 ; Dineen and others , 1 9 8 3 ) . 

Chadwick ( 1 9 4 4 )  described the Hudson estuary in the vicinity of 
the Village o f  Catski l l .  He also described a series of 
abandoned stream terraces i n  the vil lages of Saugerties and 
Catski l l  that were formed as the Esopus Creek and Cats Ki l l  cut 
down through the glacial lake deposits during post-glacial time . 

Acknowledgements 

Thi s  field trip is a progress report on pro j ects that started 
twenty years . ago when James F .  Davis and I began a study of the 
bedrock topography of the Hudson Val ley . I continued the study 
a fter Jim ascended to the post of State Geologist of New York in 
1 9 7 0 . Eventually ,  I wa s able to determine the bedrock topography 
by compiling the logs o f  thousands o f  water we lls gathered from 
interviews with home owner s  and drillers , supplimented by 
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S TOP 1 1 : Fawn ' s  Leap (Fig.  1 0 )  

Fawn ' s  Leap i s  a geological feature that was made famous by 
the Hudson River School painters . It i s  a waterfall that is cut 
into the top of the Kiskatom Formation (Fisher and others , 1 9 7 0 ) . 
I t  has formed where one o f  the maj or j oint sets of the 
Appalachian Plateau crosses the Kaaterskill Clove ( Chadwick , 
1 9 4 4 ) . The Kiskatom Formation i s  apparently more resi stant to 
erosion than the overlying rock s ;  the Clove has a distinct V
s haped notch below Fawn ' s  Leap , with a wider , u-shaped valley 
above (Figs . l lb and c) . The Ki skatom Formation also forms 
steeper s lopes along the Catski l l  Escarpment (Fig. l la ) . Seeps 
and springs are common in the inner gorge , many of the landslides 
are associated with the seeps (Bonafede , 1 9 8 0 ;  NYS Dept . o f  
Transportation) • 

The stream gradient i s  0 . 0 4 0  or 2 1 1  ft/mile from Fawn ' s Leap 
to the head of the alluvial fan . The Kaaters Kill has carved 
potholes , grooves and a plunge pool at the falls . Bars composed 
of very coarse-graine d ,  imbricated boulders occur in the stream 
channel up-and down-stream from Fawn ' s  Leap . Luanne Whitbeck 
( personal communication , Fa l l ,  1 9 8 3 )  noted small trees growing 

o n  the bars that were of approximately the same age ( - l o  to 1 5  
years old) . She suggested that the trees indicate that the bars 
were not active in 1 9 8 3 ,  and that the trees probably began 
growing during a drought when the stream flow was low . She also 
observed active lands lides along the channel side s .  

The floodplain i s  still quite thin i n  this reach . Large 
a l luvial fans or cones have been deposited at the mouths of the 
h igh-gradient tributary streams in the Clove . Airphoto analysis 
and field work by Dineen , Whi tbeck , and Lorie Dunn have 
documented abundant evidence for landslide s ,  rockslide s ,  
e arthfal ls , and earthflows in thi s reach. Bonafede ( 1 9 8 0 )  cites 
s everal nineteenth century maps that document s imilar features in 
the Clove . 

S TOP 1 2 : Tannery Mill and East Hunter (Fig.  1 0 )  

This 0 . 5  to 0 . 7 5  mile hike fol lows the floodplain o f  the 
stream. The high embankment of Route 2 3a is on the right ( north ) . 
Many examples of earth falls can be seen in the channel bank s .  The 
exposures along the stream show that the floodplain depos its are 
1 to 2 meters thi c k ,  and are composed o f  imbricated flat cobbies 
overlain by a thin veneer of s ilt . The gradient of the stream in 
the reach from Haine s Falls to Fawn ' s  Leap i s  0 . 0 4 6 ,  or 2 4 1  
ft/mile . 

We will pas s a large ( 3  by 4 by 4 meters in diameter) boulder 
on the bank that was called " Rocke feller Rock" because of an 
i nscription carved into the s andstone (Bonafede , 1 9 8 0 ) . That 
boulder had moved 5 to 1 0  em away from the bank from 1 9 7 9  to 1 9 8 4  
( Martha Costello , personal communication , Winter , 1 9 85 ) . 
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Our trek ends at the defunct East Hunter Tannery . Thi s  tannery 
complex and village were built in 1 8 1 7  and abandoned by 1 8 6 6  
( Bonafede , 1 9 8 0 ) . The vil lage i s  being buried by mas s movement s .  

The tannery shows abundant evidence for stream scour and 
deposition. The milldams that used to serve the tannery have been 
washed away . 

Bonafede ( 1 9 8 0 )  was not able to document the presence o f  
artifacts that were more than 2 00 years old ,  i n  spite of an 
intensive search that included many shovel test pits . Thi s 
observation suggests that the Clove gets " flushed out" regularly 
by

. 
the Kaaters Kil l ,  � hypothe s i s  that is strengthened by the 

ev7dence for mass wast�ng and flooding and by Route 2 3A ' s severe 
ma�ntenance problems (NYS Department o f  Transportation) • 

The " horseshoe" where the road cros ses the Kaaters Ki l l  below 
Kaaterskill Falls i s  underlain by over 4 9  ft o f  red glacial till , 
b a sed on NYS Dept. o f  Transportation test boring data . Landslides 
occur frequently in the area of the horseshoe ( Frank Irving 
personal communication , Summer , 1 9 8 7 ) . 

' 

STOP 1 3 : North Lake : Catski ll Mountain House (Fig. 1 0 )  

The North and South Lake area i s  a State Park , and i s  the 
headwaters for the Kaaters K i l l .  I t  i s  developed on the dips lope 
o f  the Onteora Formation, the · rock that forms the caprock o f  the 
Catsk i l l  Escarpment .  Glacially striated conglomerates are exposed 
around the lake s .  A maj or mountain inn served tourists in this 
area throughout the late nineteenth and e arly twentieth centuries 
(Bonafede , 1 9 8 0 ) . Its abandoned hulk burned acbout twenty years 

ago . The inn was built at the edge of the Catski ll Escarpment . 
The park i s  on the Helderberg Peneplain. The view from the 

E scarpment overlooks the Hoogeberg and Albany Peneplains . The 
He lderberg Plateau-Hamilton Hills are visible to the north . To 
the east lie the Taconic Mountains , and to the northeast the 
Renss elaer Plateau can be seen.  The Rip Van Winkle and Kingston
Rhine c l i f f  Bridges can also be seen from this vantage point . 

The inn and the magnificent scenery lured many geologists into 
the North Lake area through the years . Darton ( 1 8 9 5 )  suggested 
that the Kaaters K i l l  and the Platte Kill to the south have 
p irated the headwaters of the Schoharie Creek . These high
gradient streams had a maj or advantage over the Schoharie in that 
they had only to flow 7 to 1 0  miles to reach their base level at 
the Hudson , while the Schoharie waters had to flow 1 3 5  miles to 
reach the same point. 

Rodgers ( 1 9 8 7 )  wondered why the piracy took place as late a s  
the Pleistocene . He suggested that the back-tilted edge o f  the 
Onteora Formation was so resistant to erosion that it impeded the 
headward extension o f  streams in the Hudson Valley for a long 
t ime . He also suggested that the Kaaterskill Clove was excavated 
by the stream in post-g lacial time . 

The NYS Department of Transportation dri lled through 6 5  feet 
o f  compact till along the right-of-way of Route 2 3A from 
I ntermann ' s  Bridge to Haines_ Fa lls , so both the upper , wide 
valley o f  the Clove and the narrow gorge below Fawn ' s Leap are 
pre-Wisconsinan in age . The till must be studied in more deta i l  
t o  determine whether earlier glacial deposits are present . 
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hundreds of · test- boring logs from the NYS Dept.  of 
Transportation , the US Geological Suryey , and various consulting 
firms . With the aid of Frank Angelloti , Steve Berger,  Tom 
Coste llo, Pete Knightes ,  Paul Kopsick , and others , I was able to 
suppliment the dril ling data with seismic refraction line s .  The 
d ata permitted me to draft a series of 1 : 2 4 , 0 0 0  overlays , using 
a 5 0 - foot contour interval ,  that show the topography of the 
bedrock surface in the Hudson Valley o f  eastern New York State . 
These maps are in the Open Files of the NYS Geological Survey. 

I became intensely interested in the "overburden" of Ho locene 
and Pleistocene deposits during the course of this study . My 
various studies of the glacial deposits are pub li shed elsewhere 
( D inee n ,  1 9 8 6 1 Dineen and Duskin,  1 9 8 7 ) . My fascination with 

Holocene studies are the result of collaboration with 
. archeologists o f  the NYS Museum , particularly Patty Bonafede , 

Martey Costel lo , Bob Funk , Mark LoRu s so ,  Phil Lord , and Beth 
Wellman .  I have also been helped by Frank Irving and Ed Sees of 
the NYS Dept . of Transportation , who have shared their 
observations and data files with me . I wish to thank Bill Rogers 
and Bob Fakundiny of the NYSGS for their helpful critic i sm o f  
this pape r ,  and Jack Skiba o f  the NYSGS for drafting the 
i l lu strations . 

Geography 

The mid-Hudson s ection o f  eastern New York State contains 
parts of three physiographic province s .  These provinces are the 
Appalachian Plateau , New England Uplands , and the Hudson Lowlands 
( F i g .  1 1  Cressy , 1 9 6 6 ) . The Appalachian Plateau i s  underlain by 

gently monoclinally folded marine and non-marine sedimentary 
rocks of Ordovician and Devonian age . The New England Uplands are 
metamorphosed sediments and igneous rocks of Cambrian and 
Ordovician age . The Hudson Lowlands are developed on highly 
fo lded and faulted sedimentary rocks of Ordovician age . The 
physiographic provinces can be divided into smaller sections on 
the basi s  of topography and underlying bedrock . 

The Appalachian Plateau consists o f  the Catskill Mountains , 
Medus a  plateau , Mariaville plateau , Helderberg Plateau , and the 
Hamilton Hills (Fig .• 1 ) . The plateaux are underlain by rocks that 
dip gently to the southwes t .  The Catskill Mountains are a deeply 
d i s sected cuesta that ranges in elevation from 2 , 0 00 to 4 , 5 0 0  
feet . They are underlain by conglomerates and sandstones o f  the 
Upper Devonian Sonyea and Genesee Groups that are capped by the 
highly erosion-resistant Onteora Formation ( Ruedemann, 1 9 30 1 
F i sher and others , 1 9 7 0 ) . The Medusa plateau rises to 2 , 0 0 0  feet , 
and i s  underlain by red sandstones o f  the Kiskatom Formation of 
Middle Devonian age ( Fi sher and others , 1 9 7 0 ) ·. The Mariaville 
p lateau overlies gently southwest-dipping sandstones and shales 
o f  the Ordovician Schenectady Formation. I t  reaches elevations of 
1 , 5 0 0  feet. The Helderberg Plateau i s  a cuesta underlain by 
Lower Devonian carbonates o f  the Onondaga Limestone and the 
He lderberg Group . I t  i s  moderately di ssected , and attains 
e l evations of 1 , 6 0 0  feet .  The Hamilton Hills are also 1 , 6 0 0  feet 
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high , and are underlain by Lower Devonian sandstones and shales 
o f  the Hamilton (Lower Sonyea) Group ( F i sher and others , 1 9 7 0 ) . 
A prominent cli f f ,  the He lderberg Escarpment , borders the 
He lderberg Plateau . A simi lar cli f f ,  the Wa ll of Manitou or the 
Catski l l  Escarpment , borders the east and north edges of the 
Catski l l  Mountains . 

The New England Upland can be divided into the Rensselaer 
Plateau , Taconic Mountains , and the Hudson Highlands (Fig. 1 ) . 
The Rensselaer Plateau ranges in height from 1 , 6 0 0  to 9 0 0  feet . 
I t  i s  underlain by the relatively flat-lying Cambrian Rensselear 
Quartz ite . The Taconic Mountains reach elevations of 2 , 0 0 0  feet 
and are underlain by intensely folded Cambrian and Ordovician 
phyllites , marble s ,  schists , and s lates (Fi sher and others , 
1 9 7 0 ) . The Hudson Highlands are underlain by highly metamorphosed 
igneous and sedimentary rocks of Precambrian through Devonian age . 
The Highlands are 1 , 1 0 0  to 1 , 6 0 0  feet high . 

The Hudson Lowlands are a continuation of the Ridge and Valley 
Physiographic Province (Fenneman , 1 9 3 8 ) , and include the Rondout
E s opus Va lley , Wallki l l  Val ley , Hudson Gorge , Little Ridge and 
Valley , Slate Hills , Shawangunk Mountains , and Marlboro 
Mountains (Fig.  1 ) . Homocl�nally-folded limestones o f  the 
Devonian Helderberg Group underlie the Rondout-Esopus Valley 
( F i sher and others,  1 9 7 0 ) . The Wallkill Valley is carved into a 

belt of intensely folded shales o f  the Ordovician Martinsburg 
Formation (Waines and others , 1 9 8 3 ) . The Hudson Gorge fo llows 
the tightly folded Normanski l l  Group of sandstones and shales o f  
Ordovician age ( F i sher and others , 1 9 7 0 ) . These lowlands lie 
below the 6 0 0  foot contour line . The Little Ridge and Valley is a 
range of low longitudinal ridges composed of highly folded 
l imestones and shales of the Devonian Onondaga , Marcellu s ,  and 
Bakoven Formations , and the He lderberg Group ( Fenneman , 1 9 3 8 1 
Chadwick , 1 9 4 4 ) . Thi s  range o f  hills attains heights o f  3 0 0  feet . 
The S l ate Hills are an assemblage o f  low ,  rounded hill s ,  with 
heights of 6 00 feet. They have many outcrops of the moderately 
metamorphosed Cambrian slates o f  the Nas sau Formation (Fenneman , 
1 9 3 8 ) . The southern extension o f  the Slate Hills are underlain by 
Cambrian through Ordovician carbonates o f  the Wappinger Group 
( F i sher and Warthin , 1 9 7 6 ) . The Shawangunk Mountains are a 

hogback o f  steeply-dipping beds o f  the Silurian Shawangunk 
Quartz ite . The white cliffs reach e levations o f  2 , 0 0 0  feet . The 
Marlboro Mountains consist o f  fo lded sandstones of the 
Ordovician Quassaic Formation (Waines and others , 1 9 8 3 )  that 
reach elevations of 7 0 0  feet . 

The physiographic provinces were molded by weathering and 
f luvial processes during the Cenozoic era . Al l of the provinces 
have been modified by glacial and postglacial erosion and 
depos ition. 
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PREGLACIAL DRAINAGE 

Peneplains 

Large , near·ly planar erosion surfaces developed during long 
periods of weathering and erosion in the Cenoz oic era . These 
nearly flat to gently undulating plains are peneplains or 
etchplains . Several have been mapped or described in the mid
Hudson region (Campbel l ,  1 9 0 3 ; Ruedemann , 1 9 3 0  and 1 93 2 ; 
Fenneman , 1 9 3 8 ; Happ , 1 9 3 8 ; Chadwick , 1 9 44 ) . These erosion 
surfaces are the Catski l l , Helderberg-Rensselaer,  and Albany 
peneplains ( Table 1 and Ruedemann , 1 9 3 0 )  • Each peneplain was 
developed during long periods of relatively stable base-level 
c ontrol .  The peneplains cut acros s  the geologic structure and 
the bedrock contacts .  Monadnocks of more resi stant rocks locally 
rise above the individual peneplains . The development of each 
peneplain was interrupted by subsequent upli ft . 

These peneplain surfaces were · imperfectly developed or 
preserved. Development o f  a nearly flat surface that i s  graded to 
a base-level requires that the base-level be stable for mi llions 
o f  year s .  Thus episodes of upli ft can interrupt the peneplanation 
proces s .  ' The resu lting upli fted surface will preserve features 
c onsi stant with that peneplain ' s "maturity . "  

Erosion surface first form adj acent to the maj or streams , and 
then broaden by backwasting of the nearby upland surfaces . 
Monadnocks form in areas where the bedrock i s  exceptionally 
resistant to erosion or along the drainage basin divides .  Thus ,  
the incipient peneplain first develop as " strath terraces " 
( f luvially eroded bedrock surface s )  along rivers and later extend 
across the entire landscape . Thi s process requires that the 
peneplains develop by progressive spreading from the trunk 
s treams into the adj acent uplands along upland tributary stream 
va lley s .  The peneplain will thereby be most "mature" near the 
c oast , and will exhibit " youthful" strath terraces in nearby 
upland s .  

Multiple episodes o f  uplift and base-level stabil ity result in 
the development and preservation of multiple peneplain surface s .  
The older peneplains are dis sected during the formation o f  
younger peneplains . Frequently the older peneplains will be 
preserved as accordant elevations of mountain tops or hil ltops , 
windgaps , or as bedrock terraces a long the valley side s .  

Six erosion surfaces can b e  mapped in the mid-Hudson Valley . 
The olde st is the Catskill Peneplain (Table 1 and Fig . 2 ) . I t  was 
de scribed by Ruedemann ( 1 9 3 0 )  as a highly di ssected, 4 , 0 0 0 - ft 
surface that is preserved as accordant mountain tops in the high 
peaks of the Catski ll , Adirondack , and Taconic Mounta ins . I t  
s lopes towards the southwest ( see F i g .  6 i n  Coates ,  1 9 7 4 )  • The 
Catskill Peneplain is deeply embayed by the headwaters Of the 
Schoharie Creek . These headwater valleys are extentions o f  the 
next-youngest erosion surface- the · He lderberg Peneplain 
( Chadwick , 1 9 4 4 ) . 
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TABLE 1 PENEPLAINS OF THE MID-HUDSON VALLEY 

WORKER :  
Campbell , 

1 9 0 3  
Ruedemann , Fenneman , Happ , 

1 9 3 8  
Chadwick, Dineen, 

1 9 3 0 , 1 9 3 2  1 9 3 8  1 94 4  this 

PENEPLAIN/ 
elevation in feet/ 

regional correlation 

Catski l l  

4 , 0 0 0  

2 , 5 0 0  
Kittatinny 

High 
Catski lls 

4 , 0 0 0  

report 

Catskill 

4 , 0 00 

Helderberg
Rennselaer 

Plateau 
2 , 0 0 0  to 

1 , 6 0 0  
Harrisburg 

" 2 , 0 0 0  ft Helderberg He lderberg 
Surface" 

3 0 0 to 
1 0 0  

Somerville 

Albany 
3 0 0  to 

2 0 0  

2 , 0 0 0  t o  2 , 0 0 0  2 , 0 0 0  
1 , 4 0 0  

Kittatinny Ki ttatinny 
( S chooley) ( Schooley) 

5 0 0  to 
4 0 0  

Harrisburg 

4 0 0  to 
2 0 0  

Somerv il le 

Monticello 
1 , 2 0 0  to 

1 , 7 0 0  

Hami lton 
Bench 
9 0 0  

Harri sburg 
( Chambersburg) 

6 0 0  to 
5 0 0  

Somerville 

Hoogeberg 
6 0 0  to 

4 0 0  

Kalkberg 
4 0 0  to 

2 0 0  

" Inner Gorge" "I nner Gorge" 
- 1 0 0  1 0 0  to 

- 7 0 0  

1 , 2 0 0 ?  to 
2 , 0 0 0  

Monticello 
1 , 2 0 0  to 

1 , 7 0 0  

As hokan 

7 0 0  to 
1 , 1 0 0  

Hoogeberg 
6 0 0  to 

4 0 0  

Albany 
4 0 0  to 

2 0 0  

Castleton 
1 2 5  to 

- 2 5  
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The Helderberg Peneplain is highly dissected but widely 
preserved throughout the Hudson Valley ( Table 1 and Fig . 2 ) . It 
is best developed in the Helderberg and Rens selaer Plateaus and 
a long the eastern edge of the Catski l l  Plateau ( F i g .  3 ) . It i s  
the Helderberg-Rensselaer Peneplain of Ruedemann ( 1 9 3 0  and 1 93 2 ) , 
the " 2 , 0 0 0-ft surface" . of Happ ( 1 9 3 8 ) , and the He lderberg 
Peneplain o f  Chadwick ( 1 9 4 4 ) , and ranges in elevation from 
1 , 2 0 0 ( ? ) to 2 , 0 0 0  ft , sloping northward and southwestward off the 
Appalachian Plateau ( s ee Fig . 6 in Coate s ,  1 9 7 4 )  and south in the 
lower Hudson Valley (Figs . 3 a  to c ) . The Helderberg Peneplain i s  
deeply dissected by valleys that are part of the modern drainage 
network and is best developed around the High Peaks of the 
Catskil l  Mountains (Fig. 2 ;  see also Fig. 6 in Coate s ,  1 9 7 4 ) . 

Happ ( 1 9 3 8 )  described the Monticello Peneplain as a late stage 
o f  the " 2 , 0 0 0-ft surfac e . " He mapped thi s feature in the Wal l  
K i l l  and Delaware Valleys .  It i s  developed at elevations from 
1 , 3 0 0  to 1 , 7 0 0  ft and blends into the He lderberg Peneplain to 
the north and southeast (Happ , 1 9 3 8 ) . The Monticello Peneplain 
might have developed as a response to 3 0 0  to 4 0 0  ft of uplift in 
late Schooley time (Happ , 1 9 3 8 ) . It can be considered an immature 
or incipient peneplain that post-dates the Helderberg Peneplain , 
and can be traced from the Rensse laer Plateau to the Hudson 
Highlands (Figs . 2 and 3 ) . It blends into the Helderberg 
Peneplain in many places (note the overlap in elevations in Table 
1 ) . It is seperated from the He lderberg Peneplain by sharp 
e scarpments in the Medusa and He lderberg P1ateaus (Fig. 2 and 3 ) . 

The Hamilton Bench i s  a narrow bedrock terrace developed on 
the Hamilton ( Sonyea) Group in the Monticello area (Table 1 ;  
Happ , 1 9 3 8 ) . The surface i s  at an elevation of 9 0 0  ft near 
Monticello and can be traced to the northeast , where it rises 
from 7 0 0  to 1 , 2 0 0  ft ( Figs . 2 and 3a to c ) . I am renaming this 
surface the Ashokan Peneplain because it i s  best developed in the 
Ashokan Reservoir area (Figs . 2 and 3 c ) . It can be traced north 
to the base of the Rensselaer Plateau ( F i g .  3 a ) . Thi s  peneplain 
grades into the Monticello surface on the dipslopes of the 
Hamilton Hills (Fig.  2 ) . 

Chadwick ( 1 9 4 4 )  classi fied the 6 0 0  to 4 00 ft bedrock terrace 
that lies at the foot of the Catski ll Mountains as a piedmont . I t  
cross-cuts the bedrock structure i n  thi s area and makes up the 
low plateau known locally as the Hoogeberg ( F i g .  3b) . This 
surface can be traced into the Wal l  Kill Valley to the 
Clintondale area (Fig.  3 c ) . It can be traced north into the Cats 
K i l l  Valley ( F i g .  2 ) , and up the Hudson Valley to the bases o f  
the Helderberg and Rensselaer Plateaus · (Fig.  3 a ) . I t  i s  named the 
Hoogeberg Strath Terrace in thi s report. 

The Albany Peneplain i s  an incipient peneplain developed 
adj acent to the Hudson River from Glens Fa lls , NY to Newburgh , NY 
( Ruedemann , 1 9 3 0 ) . It i s  widest in the Albany area and lies 

between elevations of 2 0 0  and 4 0 0  ft ( Fenneman , 1 9 3 8 ; Ruedemann , 
1 9 3 0 ) . Several immature south-dipping strath terraces in thi s  
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elevation range can be traced in the Hudson Valley near Albany 
( F ig. 3 a ;  Dineen and others , 1 9 8 3 ) . The two stongest terraces are 
the Glenmont and Albany Strath Terrace s .  The Glenville Strath 
s lopes south from 3 8 0  to 3 70 ft and has a gradient of O . S  ft/mi . 
The Albany Strath ranges from 2 40 to 2 1 0  ft in elevation and has 
a gradient of 1 . 2 S ft/mi . The Albany Peneplain or Strath Terraces 
c an be traced from Albany to Newburgh (Figs . 2 and 3 ) . 

The Albany Peneplain is deeply incised by the " inner gorge " of 
the Hudson ( Stolle r ,  1 9 20 ; Ruedemann , 1 9 30 ) . The " inner gorge" 
was carved during the Late Cenozoic and i s  part of the 
preglacia l  drainage network ( Table 1 and Fig. 4 ) . 

Preglacial Streams 

The preglacial drainage pattern o f  the mid-Hudson Valley can 
be deduced from the topography o f  the bedrock surface . Deep 
valleys underlie the glacial deposits of the region . The 
connections between the valleys include water gaps (a pass 
through a rock ridge that a stream drains through ) ,  wind gaps (a 
s ag or pass through a ridge that once carried a stream) , and dirt 
gaps ( a buried pass or sag in a rock ridge that once carried a 
s tream) . Thu s , the preglacial drainage of the region can be 
mapped by connecting the buried valleys using s imple rule s ,  such 
a s  "water flows downhil l "  and " the pr.eglacial streams were 
adj usted to bedrock structure . "  Deep scouring of lowland areas by 
glacial ice complicates the interpretation o f  preglacial 
drainage somewhat ( Kemp , 1 9 1 S ;  Dineen and others , 1 9 8 3 ) . The 
preglacial drainage map ( F i g .  4 )  traces the late preglacial 
drainag e .  The Albany Peneplain had been deeply etched by 
rejuvenated rivers during the Late Pliocene or Early Plei stocene . 
Now-buried waterfalls that were paleo-knickpoints are found in 
the Albany region (Fig.  4 ;  D i neen and others,  1 9 8 3 ) . 

The preglacial river network o f  the Hudson Valley had a 
strongly-developed trellis to rectangular drainage pattern (Fig.  
4 ) . The pattern in the Hudson Lowlands was influenced by the 
d istribution o f  belts of folded and faulted shale , limestone , 
s andston e ,  and chert. The chert and sandstone underlie the 
interfluves ,  while shale underlies the valleys or · river channels 
( Davis and Dinee n ,  1 9 6 9 ) . The trunk stream at thi s time was the 

Colonie Channel ( S impson, 1 9 4 9 ) , a buried valley that extends 
from Coeymans to Glens Fa lls , NY ( Dineen and others , 1 9 8 3 ) . The 
present Hudson River was a tributary to the Colonie that rose in 
the Batten Kill- Hoosic River drainage in the Taconic Mountain s .  
The Batten K i l l-Hoosic channel hangs on the Colonie Channel at 
Castleton (Figs . S a ,  Sb and 6 ) . The Castleton Strath Terrace was 
developed in the Batten K i l l-Hoosic channel north of that 
confluence ( Dineen and others , 1 9 8 3 ) . It ' lies between elevations 
o f  1 2 S  and · -2 s  ft in the Albany area ( Dineen and others , 1 9 8 3 ) , 
and has a gradient of 1 ft/mi to the south. It can be traced 
south to the Kingston-Rhinecl i f f  Bridg e ,  where it reaches an 
e levation of -8 0 ft ( F i g .  6 ) . Th i s  strath terrace is incised by a 
narrow gorge that i s  carved to a depth o f  -1 0 0  ft at Castleton 
( Figs . S a  and 6 ) . The Colonie Channel becomes the Hudson channel 
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south of Coeymans (Fig. 
at the Newburgh-Be acon 

B- 1 2  
4 ) , and falls to an elevation o f  - 2 9 0  ft 

Bridge (Fig.  S f ) . 

The tributary streams developed a longitudinal drainage 
pattern that fol lowed the strike of zones of shale , maj or j oint 
sets , or fault zone s .  Transverse streams cut across the resi stant 
rock ridges and connected these longitudinal streams with the 
trunk streams . The drainage pattern that developed along the 
margin o f  the Appalachian Plateau was an especially well
developed trellis drainage pattern (Fig.  4 ) . The longer stream 
segments tended to fol low shale belt s ,  while their tributaries 
were dip- s lope streams developed on the maj or j oint sets 
(Chadwick , 1 94 4 ) . 

The Slate Hi lls were also drained by a longitudinal drainage 
system that developed parallel to the axes of fbld�d shale belts 
and along the edges of the Taconic thrust sheets (Fig.  4 ) . The 
longitudinal drainage in the southern section of the Slate Hills 
was controlled by the strike of Lower Paleozoic carbonates 
( Fisher and Warthin , 1 97 6 ) . The drainage pattern of the Wa ll Ki ll 

Valley was controlled by the fold axe s in the Ma rtinsburg Shales . 
The streams in the Rondout-Esopus Valley and the Little Ridge and 
Valley were controlled by steeply-dipping beds o f  shale s .  The 
adj acent limestones formed ridges . Note that the limestones 
formed ridges in the Little Ridge and Valley area and formed the 
c aprock .of the Helderberg Escarpment , while limestones and 
dolostones underlie the valleys in the southern section o f  the 
S late Hills . The moderately metamorphosed shales of the S l ate 
Hills were more resistant to erosion than the unmetamorphosed 
shales in the Little Ridge and Valley and the Helde rberg P lateau . 

The phylli tes o f  the Taconic section of the New England 
Uplands were very resistant to erosion. Most of the longitudinal 
valleys in thi s  section were underlain by marble (Fig. 4 ;  
Fennema n ,  1 9 3 8 ) . The valleys in the Hudson Highlands tended to be 
underlain by either marble or fault z one s ( Fi sher and others , 
1 97 0 ) . 

HOLOCENE 
Sea level was significantly lower during the glacial periods 

than it is at Present . Much of the Earth ' s  water was " locked up" 
in the retreating glaciers during late glacial time . This lowered 
the base level o f  the streams in the mid-Hudson Valley and 
a llowed them to deeply entrench the glacial depos its that clogged 
the Hudson Gorge and -its tributaries . Sea level was 1 8 0  feet 
below its present level 1 0 , 2 0 0  years ago (Wiess , 1 9 7 4 ) . It had 
r isen to 4 5  feet below present level by 8 , 0 0 0  yr B . P . , and was 1 2  
feet below by 4 , 0 0 0  yr B . P .  ( Averill and others , 1 9 8 0 ;  w .  s .  
Newman , personal communication , Spring , 1 9 8 6 ) . The Hudson i s  now 
an estuary from the New York Harbor to Troy , NY . 

Bridge borings indicate that the Hudson had scoured an inner 
gorge to 3 0  ft BSL in the Castleton area (Figs . 5 and 6 )  and to 
1 2 0  ft . BSL near Poughkeepsie (Fig . 5 e  and 6 ) . The .  tributaries o f  
the Hudson eroded at least 1 5 0  feet o f  glacial sediment out o f  
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their lower valleys during Holocene time (Fig.  6 1  D ineen and 
Duskin , 1 9 8.7 ) . Organic-rich silty fine sands have filled the 
Hudson and its tributary confluences as they were flooded with 
tidal waters within the past 4 , 0 0 0  year s .  Many o f  the 
tributary streams have deposited large Holocene deltas in the 
Hudson, these deltas are drowned south o f  Saugerties (Fig. 7 ) . 
Rogers I s land , under the Rip van Winkle Bridge , i s  the 
southernmost . extension o f  the Hudson River ' s  Holocene delta 
( Figs . S c  and 7 ) . The Hudson ' s  floodplain and delta is at least 
8 , 0 0 0  to 1 0 , 0 0 0  years old near Albany , based on Spruce Pollen
bearing floodplain deposits that was encountered in test borings 
( personal communication , Mr . Donald Lewis-NYS Biological Survey , 

Summe r ,  1 9 85 ) . 

The tributaries o f  the Hudson River still exhibit a trellis 
drainage pattern in the upland areas (Fig.  7 ) . Nevertheless , 
these tributaries form a dendritic drainage pattern where they 
cross the wide glacial lake plains in the Hudson Lowlands . The 
deposits of lake clay are significantly thinner and more 
restricted in the southern Hudson Lowlands and stream pattern i s  
therefore more trellised (Fig.  7 ) . 

The tributary streams tend to meander across wide floodplains 
that are developed on the lake clays . The broad floodplains o f  
the Wappinger Creek , Wal l  Ki l l ,  Rondout Creek , Kaaters Ki l l ,  Cats 
Kil l ,  Normans K i l l ,  and the Kinderhook Creek are all developed 
upstream from bedrock-defended rapids .  Downstream from the rocky 
knickpoints ,  they flow in narrow , steep-walled valleys with 
perched (abandoned) meanders along the valley wal l s .  Almost all 
o f  the Hudson ' s  tributarie s ·  fall acros s  rock ridges as they reach 
the Hudson . The waterfalls are developed on the edge of the 
Albany Peneplain ( Stoller , 1 9 20 ) . The floodplain deposits are 
coarse-grained at their base and tend to become finer-grained 
towards their top ( Dineen and Duskin ,  1 9 8 7 ) . 

Large alluvial fans have been deposited at the base o f  the 
Catskill Escarpment at We st Shokan, Bearsvi lle ,  We st Saugertie s ,  
and Pa lenville ( F i g .  7 ) . These fans have fresh surfaces with 
poor soil development and many abandoned and active braided 
s tream channel s . ' Some have deeply inci sed their heads and have 
been reactivated (We st Saugerties) • Locally they dammed small 
preglacial lake s ,  as at Palenville ( Dineen , 1 9 8 6 ) . Thu s , they 
started forming during . the Late Pleistocene , but are probably 
still active . Similar fans lie along the base o f  the Rensse laer 
P lateau at Hoags Corners and Poestenkill and at the base of the 
Hoogeberg Peneplain at Napanoch and Tongore Road (Fig. 7 ) . 
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Figure 7. M o d ern Drainage 
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FIELD STOP S-NYSGA 1 9 8 7  FIELD TRIP 

START : SUNY at New Paltz ( F i g .  4 )  

S TOP 1 :  New Paltz Bedrock Terrace- SUNY at New Paltz Parking Lot 
--clintondale , Gardiner , and Rosendale 7- 1 / 2  minute quads . 

The section of the Wal l  Kill Valley near the State University 
C o l lege contains a sequence of strath terraces that range in 
e l evation from the Hoogeberg to the Albany Peneplains (Figs . 3 c  
and 8 c ) . Several o f  these terraces are mappable in the lower Wal l  
K i l l  Val ley . D i s sected and glacially scoured remnants o f  the 
Hoogeberg Peneplain occur along the western edge of the Marlboro 
Mountain s .  Thi s surface is sharply truncated at Clintondale by a 
4 0 0 - to 4 2 0 -foot surface that can be traced southwest to the 
S tate line . The 4 0 0 - to 4 2 0- ft terrace is cut ,  in turn , by a 3 4 0 -
t o  3 6 0 -ft terrace. This terrace extends through the windgap in 
the Marlboro Mts known as The He ll (Figs . 2 ,  4 and 8a) . A third 
t errace lies at 2 8 0  to 3 0 0 ft ( Figs . S a ,  b ,  c ) . The SUNY at New 
P altz campus is built on this terrac e .  The 2 8 0 - to 3 0 0 - ft terrace 
can not be traced south of Walde n .  It extends north into the 
Hudson Valley and west into the upper Rondout Va lley . 

The Ashokan 
Shawangunk Mts 
and Monticello 
Shawangunks .  

Peneplain i s  pre served by the ridge line of the 
( F igs . 2 and 3 c ) . Monadnocks of the He lderberg 
Peneplains remain as high points along the 

STOP 2 :  Wall Kill Floodplain : intersection o f  Mountain Rest and 
S p ringtown Roads (Fig , 4 )  

Rosendale , Clintondale , Gardiner , and Mohonk Lake 7- 1 / 2  minute 
quad s .  

The reach o f  the Wal l  Kill downstream from New Paltz i s  
underlain by 2 0 0  f t  o f  glacial-lacustrine deposits . These 
s ed iments fi l l  a gorge that was cut into the Albany Peneplain 
( Figs . 6 and 8 )  during preglacial or interglacial time . The gorge 

narrows and becomes shal lower to the south , and disappears 
b e tween Wallki l l  Camp and Wal lki ll Village (Figs . 8b and c ) . The 
gorge underlies the T i l l son area (Fig , Sa)  and passes west of the 
present Rondout Creek through the Eddyville area (D ineen and 
Duskin , 1 98 7 ) . 

The abrupt widening of the Wal l  Kill ' s  floodplain between New 
P altz and Til lson i s  controlled by the preglacial topography . 
The soft glacial depos i ts al lowed the Wa ll Kill to migrate 
laterally . Thus , the floodplain of the Wa ll Kill is 4 , 0 0 0  ft wide 
i n  the stream reach between New Paltz and Til lson . It narrows to 
5 0 0  ft to the south . The floodplain is 15 to 2 0  ft above the 
level of the stream channel ,  and is underlain by 1 1  to 2 2  ft o f  
f loodplain deposits i n  the New Paltz area. These deposits tend 
t o  become finer-grained towards the surfac e .  The sinuo sity of the 
river in this reach is 1 . 6 .  The Wall Kill ' s  floodplain contains 
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Woodland through Late Archaic Indian arti j:acts , suggest ing an age 
for the floodplain deposits o f  7 0 0  to 5 , 0 0 0  yr (Len Isenberg , 
personal communication , Feb . 1 9 8 7 ) . The Wa l l  Ki ll i s  deflected 
across a rock sill by the large glacial lake delta at Tii lson 
( D ineen and Duskin ,  1 9 8 7 )  and flows through a rocky channel to 
its confluence with the Rondout Creek . The bedrock sill is the 
base- level control for this reach of the Wall Ki l l .  

S TOP 3 :  Rondout Creek Floodplain at Napanoch (Fig. 4 )  
E l lenville , Napanoch , and Kerhonkson 7 - 1 / 2  minute quads 

This section of the Rondout Creek ' s  floodplain was mapped 
during a Cultural Re source Survey by Mr . Mark LoRu s so of the NYS 
Museum (LoRu s s o ,  1 9 8 6 ) . The floodplain north o f  the Eastern 
Correctional Facility is 2 , 0 0 0  to 3 , 0 0 0  ft wide and 6 to 20 ft 
thick . Several abandoned meander s  are visible on its surface . It 
is developed downstream from a large alluvial fan that lies at 
the base of the Shawangunk Mountains . The floodplain deposits 
were intensely tested during the Cultural Resource Survey , but 
contained very spars!" evidence of Indian occupations , although 
the meager sample of artifact s . sugge st an Archa ic age (LoRusso , 
1 9 8 6 ) . 

The site i s  downstream from the large alluvial fan o f  the 
Rondout Creek at the Vil lage of Napanoch . It was built where the 
Rondout enters its low-gradient middle valley . The upper Rondout 
drains the rugged foothills of the southern Catskill Mountains . 
The base- level of the central low gradient area is controlled by 
a bedrock s i l l  at High Fa lls . The stream flows across deeply
incised glacial lake deposits ( Dineen , 1 9 8 6 )  that fill a 
preglacial valley (Figs . 2 ,  3 c ,  and 9e) . The preglacial valley 
is graded to the Albany Peneplain , and i s  cut into the Ashokan 
Peneplain . The valley also erodes a section of the Hoogeberg 
Peneplain ( F i g .  2 ) . 

S TOP 4 :  E s opus Floodplain at Old Tongore Road Town Park (Fig. 4 )  
Mohon�Lake , Ashokan , Kingston West 7- 1 / 2  minute quads 

Thi s  stop is at the al luvial fan of the Esopus Creek that 'was 
built where · the Esopus flows o f f  of the Ashokan Peneplain and 
onto glacial lake deposits that clog a valley cut into the Albany 
Peneplain (Fig.  9b) . The Esopus Creek ' s  base-level for this 
r each is·  controlled by a bedrock spillway at Glenerie Falls . The 
s tream meanders across a 3 , 0 0 0  ft wide floodplain that is 12 t o  
2 0 ft thick ( Stop 1 i n  Dineen and Duskin , 1 98 7 ) . The sinuosity o f  
the stream is 1 . 2  to 1 . 3  i n  thi s  reach . Many oxbows are visible , 
e specially near Kingston. D r .  Len I senberg · noted that many 
surface find s  of Archaic artifacts occur on the surface of the 
Esopus Creek ' s  floodplain (personal communication , Feb . 1 9 8 7 ) . 

The buried valley contains a narrow inner gorge that i s  cut to 
s ea level (Fig.  9 a  and b ) . The inner gorge extends south into 
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the Marb l etown area , although it narrows considerably (Figs . 9 c  
and d) . The Rondout-Esopus Valley contains a sequence of strath 
terraces that lie between the Hoogeberg and Alb any Peneplains 
(Figs . 2 and 9d) . The Albany Peneplain extends into the middle 

Rondout Valley through the High Falls water gap ( F igs . 2 and 9d) . 

STOP 5 :  Kingston Point ( F i g .  4 )  
K ingston East , Hyde Park , and Saugerties 7-1 / 2  minute quads . 

The " i nner gorge" of the Hudson i s  deeply inci sed into the 
Albany Peneplain in the Kingston area (Fig.  Sd and 6 ) . The inner 
gorge attains depths of 2 0 5  ft below sea level .  The Castleton 
strath terrace lies at -8 0 to -1 0 0  ft in thi s  area (Fig.  Sd) . 
The irregular surface of the Albany Peneplain is probably caused 
by glacial scour of the weak shale beds that lie between the 
relatively resi stant sandstone and limestone layers . The Albany 
Peneplain c learly extends south as far as the Newburgh-Beacon 
Bridge (Fig S f ) . 

The Holocene deposits o f  this section of the Hudson ' s  estuary 
are predominently silty sand to sandy silt with abundant organic 
matter (Figs . 5 and 6 ) . The deposits overlie an unconformity 
that was carved into glacial deposits by the Hudson during the 
long period of lower sea level ( 1 2 , 0 0 0  to 4 , 0 0 0  yrs ago) . The 
organic-rich siltf and sands were depos ited by the Hudson during 
the later stage of sea level rise . The Holocene unconformity 
lies at - 2 0  to -3 0 ft at the Castleton Crossing of the Thruway , 
at - 4 0  ft at the Rip Van winkle Bridge , at �s o ft at the 
Kingston-Rhinecliff Bridg e ,  at - 1 2 0  ft at Poughkeepsie , and at 
- 9 0  ft at the Newburgh-Beacon Br idge (Figs . 5 and 6 ) . The 
excessive depth at Poughkeepsi e  is somewhat puz z ling ,  it might be 
c aused by either the presence of a glacial kettle hole , by 
c atastrophic floods during deglaciation (Dineen and Duskin , 1 9 8 7 )  
o r  by tidal scou r .  

STOP 6 :  Catski ll Point ( F i g .  4 )  
Hudson-south , Cementon , and Hudson North 7-1 / 2  minute quads 

The bottom of the Hudson gorge is over 1 2 2  ft BSL at the Rip 
Van Winkle Bridge (Fig.  S c ) . It has been scoured into the Albany 
Peneplain . Remnants o f  the Hoogeberg Peneplain might ex i st at 
Mount Merino and the Becraft Mts . ,  beyond the east end of the 
bridg e .  

The tidal flats and swamps south o f  the Village of Catskill 
are the Holocene delta of the Cats K i l l .  The tidal flats around 
Rogers I s land are the southernmost extent of the Hudson ' s  
Holocene delt a .  Both of the se deltas are composed of s ilty sand . 

STOP 7 :  The Kaaters Kill at Timmerman Hill (Fig. 4 )  
Cementon , Hudson South , Saugerties , and Kaaterskill 7 - 1 / 2  minute 

quads . 
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The Kaaters Kil l ' s  headwaters are in the eastern edge of the 
Catski ll Mountains . The stream flows across the remnant of the 
Hoogeberg Peneplain and into the Bakoven valley at High Fa lls . 
The Hoogeberg i s  -underlain by sandstones of the Mount Marion 
Formation . The Bakoven valley is underlain by the Bakoven Shales 
and is bordered on the east by the relatively resi stant 
carbonates of the Onondaga Formation and the He lderberg Group 
that underlie the Kalkberg (Chadwick , 1 9 4 4 ) . The Bakoven valley 
was eroded to sea level by the late preglacial Cats Ki ll ( Figs . 
2 ; 4 ,  and lld) . The Cats Kill entered the Bakoven valley through 
the dirt gap at Leeds Flats , flowed into the Esopus Valley at 
Mount Marion , and entered the Hudson ' s  inner gorge through a dirt 
gap at Wilbur , near Kingston ( F i g .  4 ) . 

The Kaaters Kill flows between deeply inci sed clay bluffs . 
These rounded bluffs resemble Dutch colonial baking ovens , hence 
the name "Bakoven" for the valley (Chadwick , 1 9 4 4 ) . The bluffs 
are failing by a myriad o f  land s lides as the Kaaters Kill 
undercuts their base when it overflows its narrow floodplain 
every spring . The c lays are over 8 0  ft thick in the Bakoven 
valley and overlie shale-pebble rich esker gravels . The base
level of this reach is controlled by the bedrock s i ll in the 
water gap at the Thruway ' s  cross ing of the Kaaters K i l l .  

S TOP 8 :  Lower Palenville Fan ( F i g .  1 0 )  
Kaaterskill , Wood stock , and Cementon 7 - 1 / 2  minute quads 

The next four stops will give us an opportunity to examine 
several features o f  the Kaaters Kill as it leaves its upland 
headwaters and debouches onto the Hoogeberg Peneplain or 
p iedmont . The stream begins near North Lake ( STOP 1 3 )  on the 
dips lope of conglomerates that are part of the Onteora Formation 
( F i g .  1 1a ) . It spi l l s  over the edge of the Helderberg Peneplain 

at Kaaterski l l  Falls and enter s  the Kaaterski ll Clove . It has a 
high gradient in the Clove (Fig.  1 la ) . The Clove i s  carved into 
the sandstones and shales o f  the K iskatom Formation . Many 
knickpoints have developed on the sandstone beds in the Clove 
( S TOPS 1 0  and 1 1 ) . The gradient flattens somewhat when the stream 

exits from the Kaaterski l l  Clove and flows across the surface o f  
the Hoogeberg Peneplain . A large alluvial fan has been deposited 
at the mouth of the Clove ( F i g .  1 0 )  • 

The Vil lage of Palenville i s  built at the head of the fan 
( F ig .  1 0  and STOP 9 )  • Abandoned braided stream channels 
(distributaries) traverse the fan ' s sur face . The soil development 

i s  very poor on the surface of these sandy , cobbly gravel s .  The 
stream abandons its braided habit at the foot of the fan and 
meanders across the lake clays that mantle the Ki skatom Valley 
( F i g .  1 0 ) . The stream ' s gradient acro s s  the alluvial fan is 0 . 0 3 4  

o r  1 8 0  ft/mil e .  

STOP 8 i s  near the distal edge o f  the fan (Figs . 1 0  and 1 1 ) . 
The stream cut next to the the road exposes c lean , open-work , 
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imbricated cobbles that are interbedded with muddy matrix
supported cobbly grave l s .  During low stream flow stages , the 
stream disappears into the open-work cobbles exposed in the 
streambed . Rock is exposed in the streambed and the stream flows 
across a rock ledge upstream at the bridge . Large swampy areas 
lie along the foot of the fan , thus many of the camps in that 
region are built on stilt s .  

The muddy grave ls were probably deposited a s  either wet 
s ediment flows during catastrophic floods or as s ieve deposits 
left as the stream waters flowed into the highly permeable 
channel deposits , and the open-work cobble beds are probably 
channel deposits of more "normal "  flows . The outcrops of ledge 
rock are "mini-hogback s "  of Mount Marion sandstones that have 
been incompletely covered by the fan . The stream channel i s  
approximately at the the same height a s  the adj acent road , s o  the 
stream could break through the intervening levee and to spill 
onto the roadway , thus creating a new distributary ! 

STOP 
TO) 9 :  Red House at Head of Fan, Vil lage o f  Palenville (Fig.  

The head of the Palenville alluvial fan can be examined at 
this stop . The Kaaters Kill crosses a bedrock ledge as it ex its 
from the Kaaterski l l  Clove . The stream gradient is abruptly 
reduced , causi ng the stream to deposit the coarse bedload that it 
c arried in the Clove . Many 1 -meter diameter clasts are depos i ted 
each Spring in the backyards of the people that l ive next to the 
creek . A s ignificant number of the se , boulders are composed o f  
l imestone , a l i thology that i s  not native t o  the Clove . The 
primary upstream source of limestone appears to be the rip-rap 
that is emplaced along the roadbed of Route 2 3A .  These limestone 
c lasts might have traveled a mile from their origin in the 
roadbed ! The fan head is deeply trenched by the stream channe l .  
I t  i s  composed of coarse-grained material.  

STOP 1 0 :  Intermann ' s  Bridge (Fig.  1 0 )  

The stre.am flows i n  a steep-walled valley upstream from STOP 
9 .  The floodplain is thin in thi s section , exposures are less 
than 6 ft thick . The floodplain deposits are also very ephemeral 
i n  the Clove- they have been deeply scoured several times s ince 
1 89 0 .  The bridge and local houses have been swept away in those 
f loods (Bonafede , 1 9 8 0 ) . The bridge ' s  1 8 5 0  foundations are on 
rock and usually survive the flood s ,  so they are reused i n  
succeeding b ridges .  Landslides and rockfalls are common in the 
Clove (Fig.  1 0 1  Bonafede , 1 9 8 0 ) . 

The records o f  .the NYS Dept . o f  Transportation identi fy many 
landslides and seeps along the road from Intermann ' s  Bridge to 
Moore ' s  Bridge ( the bridge near Fawn ' s Leap) . The roadbed crosses 
a buried valley with over 1 0 0  ft o f  "hard to compact red c layey 
s i lt wit!). angular grave l "  ( t ill)  approximately mid-way between 
the two bridg e s .  The records also note that the road was severely 
washed-out during a hurricane in 1 9 35 . 
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STRUCTURE AND STRATIGRAPHY ABOVE , BELOW , AND W I THIN 
THE TAC O N I C  UNCONFORM I TY , S O UTHEASTERN NEW Y O RK 

B y  

J a c k  B .  E p s t e in a n d  � e t e r T .  L y t t l e  

U . S .  G e o l o g i c a l  S urv e y  
Re s t o n ,  V i r g i n i a  

INTRODUCT I O N  

I n  t h e  e a r l y  P a l e o z o i c , c a r b o n a t e  banks l a y  a l ong t h e  e a s t  
c o a s t  o f  t h e  a n c i e n t  N o r t h  Ame r i c a n  c o n t i n e n t . I n  O r dov i c i a n  
t ime , p l a t e  c o nv e r g e n c e  c omme n c e d  t h e  c l o s ing of t h e  a n c i e n t  
p r o t o -A t l a n t i c  o c e a n  ( I a p e t u s ) a n d  a d e e p  b a s in dev e l o p e d  in t o  
wh i c h  t h i c k  m u d s  and d ir t y  s an d s  w e r e  d e p o s i t e d . Th e s e  w e r e  
l a t e r  t o  h a r d e n  a n d  b e c ome t h e  M a r t i n s burg Forma t io n .  L a t e r  
s t i l l ,  w i t h  c o nt i n u e d  compr e s s i o n ,  t h e  s e d imen t s  w e r e  f o l d e d  and 
f a u l t e d  dur ing t h e  c omp l e x d e f o rma t i o n  of t h e  T a c o n i c  O r o g e n y  . 
I n  t h e  f i e l d  t r ip a r e a  t h e  t r e n d  o f  t h e s e  f o l d s  and f a u l t s  i s  
a b o u t  N .  2 0 ° E .  T h e s e  s t ru c t u r e s  b e c ome l e s s  in t e n s e  w e s twa r d . 
F o l l ow ing T a c o n i c  d e f o rma t io n ,  moun t a in s  r o s e  t o  t h e  e a s t  and 
c o ar s e  s e dime n t s  w e r e  t r a n s p o r t e d  w e s tward and d e p o s i t ed .  as  
s a n d s t o n e s  a n d  c o n g l om e r a t e s  o f  the S h awang unk Forma t i o n  ac r o s s  
b ev e l e d  f o l d s  o f  t h e  M a r t i n s b u r g  F o r ma t i o n . Howev e r , a t h in 
d i ami c t i t e  w i t h  e xo t i c  p e b b l e s  r e c o r d s  a h er e t o f o r e  unr e p o r t e d  
g e o l o g i c  ep i s o d e  wh i c h  o c cur r e d  dur ing t h e  T a c o n i c  h i a t u s . A s  
t h e  mo u n t a i n s  w e r e  w o r n  down , f in e r  c l a s t i c  s e d imen t s  a n d  
c a r b o na t e s  w e r e  d e p o s i t e d  mo r e  o r  l e s s  c o n t inuous l y  t h r ough t h e  
M i d d l e  D ev o n i a n . C l a s t i c in f l ux dur ing t h e  M i d d l e D ev o n i a n  
r e c o r d s  a l a t e r  o r o g en y ,  t h e  A c a d i a n . I t  i s  p r o b a b l e  t h a t  t h e  
s t r u c t u r a l  e f f e c t s  o f  t h i s  o r o g e n y  d i d n o t  e x t e n d  a s  f a r  we s t  a s  
t h i s  f i e l d  t r ip ar e a ;  t h e  l im i t  o f  A c a d i an f o l d s , f a u l t s , a n d  
i g n e o u s  in t ru s i o n s  l i e s  t o  t h e  e a s t .  F in a l l y ,  n e a r  t h e  end o f  
t h e  P a l e o z o i c , c o n t i n e n t a l  c o l l i s i o n  d e f ormed a l l  r o c k s , down t o  
and b e l o w  t h e  M ar t i n s b ur g . T h e  t r e n d s  o f  t h e s e  l a t e r  
( A l l e g h a n i a n )  s t r u c t u r e s  a r e  mo r e  n o r t h e a s t e r l y . 

On t h i s  f i e l d  t r i p  w e  w i l l  d e v e l o p  new i n t e r p r e t a t i o n s  o f  
O r d o v i c ian a n d  S i l u r i a n  s t r a t i g r a p h y , d e mo n s t r a t e  s t r u c t u r a l  
z o n e s  a t  t h e  l im i t s  o f  T a c o n i c  d e f o r ma t i o n ,  inve s t ig a t e  t h e  
r e l a t iv e  e f f e c t s  o f  T a c o n i c , A c a d i a n , a n d  A l l e g h a n i a n  d e f orma t ion 
i n  s o u t h e a s t e r n  New Y o r k , a n d  d i s c u s s  the s t r a n g e  g o i n g s - o n  in a 
t h in e n igma t i c  un i t  a t  t h e  u n c o n f o rm i t y  b e tw e e n  t h e  Mar t i n s b u r g  
a n d  S hawangunk F o r ma t i o n s . We w i l l  s e e  a v a r i e t y  o f  c omp l e x  
s t r u c t ur e s  w i t h in t h r e e  T a c o n i c  t e c t o n i c  z on e s  ( S t o p s  1 ,  2 ,  5 ,  6 ,  
7 ,  a n d  8 ) , e x a m i n e  t h e  n a t u r e  o f , a n d  d e p o s i t s  a t , t h e  T a c o n i c  
u n c o n f o rm i t y  ( S t o p s  2 ,  5 ,  and 8 ) , r ev iew s ome o f  t h e  p r o p o s e d  
f a c i e s  r e l a t i o n s h i p s  i n  S i l ur i a n  r o c k s  ( S t o p s  3 ,  7 ,  and 8 ) , a n d , 
w e a t h e r  p e rm i t t in g , l o ok o u t  o v e r  t h e  r e g i o n a l  g e o l o g y  f r om h ig h  
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a t o p  t h e  S hawangunk Moun t a in s  dur ing l un ch ( S t op 4 ) . 
' 

In t h e  c a s e  o f  d i s a s t r o u s  w e a t h e r , a l t e r n a t e  S t o p s  lA an d / o r 
l B  may b e  s u b s t i t u t e d  f o r  S t o p  1 .  T h e s e  s t o p s  w o u l d  a l l ow a 
b r i e f  l o o k  a t  a me l a n g e  z o n e  of T a c o n i c  ag e ,  a l b e i t  n o t  a s  
s p e c t a c u l a r  a s  a t  S t o p 1 ,  and a t h ru s t  fau l t  z o n e  o f  Al l e g h a n i a n  
ag e ,  b o t h  i n  t h e  Mar t in s burg F o r ma t io n .  

S TRAT IGRAPHY 

A g e n e r a l i z e d  d e s c r ip t i o n  o f  t h e  s t r a t ig r a ph ic un i t s  in t h e  
f i e l d  t r ip a r e a  i s  g iv e n  i n  t a b l e  1 .  B e c au s e  we w i l l  c o n c e n t r � t e  
o n  r o c k s  j u s t  a b o v e  and b e l o w ,  a s  we l l  a s  ''w i t h in'' t h e  T a c o n i c  
u n c o n f o r m i t y , c e r t a in d e t a i l s  o f  t h e s e  r o c k s  a r e  d e s c r i b e d  b e l ow .  

Tab l e  1 .  
n o t e  t h a t  
L i me s t on e  
1 9 6 4 ) . 

Gene r a l i z ed s t r a t i g r aphy i n  f i e l d  t r i p  ar e a . P l e a s e  
s t r a t i g r aph i c  t erm i n o l ogy f o r  r oc k s  above the  Onondaga 
i s  n o t  we l l  e s t ab l i shed i n  t h i s  a r e a  ( s e e  R i ckar d ,  

PLATTEKILL FORMATION o f  F l e t c her ( 1 9 6 2 )  (M i dd l e  Devon i an ) : 
Red and g r ay s·h a l  e ,  s i l t s t on e  and s and s t one . 5 0 0 +  f e e t  
t h i ck .  

ASHOKAN FORMATION (Mi dd l e  Devon i an ) : 
o l i ve -g r ay s and s t on e , and m i nor 
7 0 0  f e e t  t h i ck .-

Th i n - t o  t h i ck - bedded , 
s i l t s t one and s h a l e .  5 0 0 -

MOUNT MARION FORMATION (Mi dd l e  Devon i an ) : Ol i ve-gray t o  dark
gray,  p l a t y ,  very f i ne - t o  med i um-gr a i ned , s and s t one , 
s i l t s t on e , and s ha l e .  Probab l y  mor e  t han 1 0 0 0  f e e t  t h i ck .  

BAKOVEN SHALE ( M i dd l e  Devon i an ) : Dark-gray s h a l e .  2 0 0 - 3 0 0  f e e t  
t h i c k .  

ONONDAGA LIMESTONE ( M i d d l e  Devon i an ) : Cher t y  f o s s i l i f e r ou s  
l imes t one . Fr om t op t o  b o t t om ,  Mo o r ehou s e , Ned r ow ,  and 
Edgec l i f f  Membe r s . 1 0 0  f ee t  t h i ck .  

SCHOHARI E  FORMATION ( Lowe r  Devon i an ) : Th i n- t o  med i um-bedded , 
c a l car eous mud s t one and l i mes t one ; mor e  c a l c a r e ous  
upwa r d s . Fr om t op to  b o t t om ,  Sauge r t i e s ,  Aqu e t uck , and 
Ca r l i s l e  Cen t er Member s as r ed e f i ned by Johnsen and Sou t h a r d  
( 1 9 6 2 ) . 1 8 0 - 2 1 5  f e e t  t h i ck .  

ESOPUS FORMATION ( Lowe r  Devon i an ) : Dar k ,  l am i na t ed and mas s i v e ; 
non- c a l car eous , s i l i c eous , a rg i l l ac e ous s i l t s t on e  and s i l t y 
sh a l e .  2 0 0  f e e t  t h i ck ;  t h i ckens  t o  s o u t hwe s t .  
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GLENERIE FORMATION o f  Chadw i c k ( 1 9 0 8 )  (Lowe r Devon i an ) : 
S i l i c e ous l i me s t one , cher t ,  and sh a l e ,  t h i n- t o  med i um
bedded . 5 0 - 8 0  f e e t  t h i ck .  

CONNELLY CONGLOMERATE ( Lower Devon i an ) : 
bedded pebb l e  congl omer a t e ,  quar t z  
c h e r t . 0 - 20 f e e t  t h i c k .  

Dar k ,  t h i n - t o  t h i ck 
aren i t e ,  s ha l e ,  and 

PORT EWEN FORMATION ( Lowe r Devon i an ) : Dark , f i ne- t o  med i um
g r a i ned , spar s e l y  f o s s i l i f e r ou s , c a l careous , par t l y  cher ty , 
i.r r egu l ar l y  bedded mud s t on e  and l i mes t one . 7 0 - 1 2 5 ?  f e e t  
t h i ck ;  1 8 0  f e e t  t h i ck near  Por t J e r v i s ,  N . Y .  

ALSEN L IMESTONE ( Lower Devon i an ) ·: F i n e - t o  c o a r s e - g r a i n ed , 
i r r egu l ar l y  bedded , t h i n- t o  med i um-bedded , arg i l l ac e ous and 
p ar t l y  cher t y  l i mes t on e . 20 f e e t  t h i c k . 

BECRAFT LIMESTONE ( Lowe r  Devon i an ) : Ma s s ive , very l· i g h t - t o  
d a r k - g r ay and p i nk , coar s e -gr a i ne d ,  c r i no i da l l i me s t on e ,  
w i t h  t h i n-bedded l i me s t one w i t h  s h a l y  par t i ng s  near  t h e  
b o t t om i n  p l a c e s . 3 0 - 5 0  f e e t  t h i c k ;  t h i ns t owar d s  H i gh 
Fa l l s ;  3 f e e t  t h i ck n e a r  Por t Jer v i s ,  N . Y .  

NEW SCOTLAND FORMATION ( Lower Devon i an ) : Ca l c ar eou s  mud s t on e  and 
s i l t y ,  f i ne - t o  med i um-g r a i ned , t h i n- t o  med i um-b edded 
l i mes t on e . May c o n t a i n  s ome cher t .  1 0 0  f e e t  t h i c k .  

KALKBERG LIMESTONE ( Lowe r  Devon i an ) :  Th i n- t o  med i um-bedd ed , 
mode r a t e l y  i r r egu l ar l y bedded l i mes t on e , f i ne r  gr a i ned t han 
Coeymans Forma t i on be l ow ,  wi t h  a bundan t beds and nodu l e s of 
cher t and i n t e r b edded c a l c a r e o u s  and a r g i l l ac e ous  sha l e s . 
7 0  f e e t  t h i ck . 

-

RAVENA LIMESTONE MEMBER OF THE COEYMANS FORMATION ( Lower 
Devon i an ) : Wavy bedded , f i ne - t o  med i um-gr a i ned and 
o c c a s i ona l l y  c o a r s e -g r a i ned , l i me s t one w i th  abundan t t h i n  
s h a l y  par t i ng s . 1 5 - 2 0  f e e t  t h i ck .  

THACHER MEMBER OF THE MANLI US LIMESTONE ( Lower Devon i an ) : 
Lam i na t ed t o  t h i n - bedded , f i ne - g r a i ned , c r o s s - l am i na t ed , 
g r aded , m i c r oc hann e l ed ,  mudc racked , l oc a l l y  b i o s t r oma l 
l i me s t on e  w i t h  s h a l e par t i ng s . 4 0 - 5 5 f e e t  t h i ck .  

RONDOUT FORMATION ( Lower Devon i an and Upper S i l u r i an ) : 
Fo s s i l i f e r ou s , f i ne - t o  c o a r s e - gr a i ned , t h i n- t o  t h i ck 
bedded l ime s t on e  and b a r r en , l am i na t ed , ar g i l l ac e ous 
do l om i t e :  L imes t on e  l en t i l s  c ome and g o , and the mor e  
p e r s i s t en t  ones  have b e e n  named ( f r om t op t o  b o t t om) : 
Wh i t epor t D o l om i t e ,  G l a s c o  L i me s t on e ,  and Rosenda l e  
Member s .  3 0 - 5 0  f e e t  t h i ck • 
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BINNEWATER SANDSTONE of  Har t nag e l  ( 1 9 0 5 ) (Upper S i l u r i an ) : F i ne 
g r a i ned , t h i n- t o  t h i ck -bedded , c r o s s b edded and p l anar 
bedded , r i pp l ed quar t z  a r en i t e  , wi t h  g r ay sha l e  and sha l y  
car bona t e .  Proba b l y  grades  s o u t hwe s twa r d l y  i n t o  t h e  Poxono 
I s l and Forma t i on .  0 - 3 5  f e e t  t h i ck .  

POXONO I SLAND FORMATION ( Upper S i l u r i an ) : Poor l y  exp o s ed g r ay 
and g r e en i sh do l om i t e  and sha l e ,  po s s i b l y  wi t h  red sha l e s i n  
t h e  l ower pa r t . 0 - 5 0 0  f e e t  t h i ck .  

HIGH FALLS SHALE ( Upper S i l u r i an ) : Red and g r e e n , l am i na t ed t o  
ma s s i v e , c a l car eous  s ha l e  and s i l t s t on e , o c c a s i ona l t h i n  
arg i l l ac eous  l imes t one and do l o s t one . R i pp l e  marks , 
d e s s i c a t i on c r acks . 0 - 8 0  f e e t  t h i ck .  

BLOOMSBURG RED BEDS ( Upper S i l ur i an ) :  
s h a l e ,  s i l t s t on e , and s a nd s t on e . 

Gray i s h - r e d  and g r ay 
0 - 7 0 0  f e e t  t h i ck .  

TONGUE OF THE BLOOMSBURG RED BEDS : Gray i sh - r ed s i l t s t on e  
a n d  sha l e  and s l i gh t l y  cong l omer a t i c ,  par t l y c r o s sbedded 
s ands t one w i t h  pebb l e s of m i l ky quar t z ,  j asper , and r o c k  
f r agmen t s ,  and g r ay s and s t on e . 0 - 3 0 0  f ee t  t h i ck .  

SHAWANGUNK FORMATION ( M i dd l e  S i l u r i a n ) : Cr o s s bedded and p l an ar 
bedded , chann e l ed ,  quar t z -pebb l e  cong l omer a t e  ( r o s e  quar t z  
c onsp i cuous i n  upper par t ) ,  quar t z i t e ,  m i nor g r ay , s ha l e  and 
s i l t s t on e ,  and l e s s e r  r e d  t o  g r e e n  s h a l e .  Lower c o n t ac t 
unconf ormab l e .  0 - 1 , 4 0 0  f e e t  t h i ck .  

TONGUE OF THE SHAWANGUNK FORMATION :  Cr o s sb edded , c r o s s 
l am i n a t ed ( d i s t i nc t i v e very - l i gh t  and med i um-da rk-gray 
l am i nae ) ,  and p l anar  bedded , t h i n- t o  t h i ck-b edded , med i um
g r a i ned quar t z i t e  and c ong l omer a t e  w i t h  quar t z  pebb l e s a s  
much a s  2 i n  l ong and g r e e n i s h - g r ay s i l t y sh a l e and 
s i l t s t one . 0 - 3 5 0 + f e e t  t h i c k .  

"WEIRD ROCKS " ( L ower S i l u r i an or Upper Ordov i c i an ) : D i am i c t i t e  
( c o l l uv i um and s ha l e - c h i p  grav e l  w i th  exot i c  pebb l e s )  and 
f au l t  gouge of s h e a r e d  c l ay and quar t z  ve i ns . Lower c on t ac t  
unconf ormab l e .  Le s s  t h an 1 f o o t  t h i ck .  

MARTINSBURG FORMATION ( Upper and M i dd l e  Or dov i c i an ) : Gr e a t e r 
t h an 1 0 , 0 0 0  f e e t  t h i ck .  

SHALE AND GRAYWACKE AT MAMAKATING :  Dom i n an t l y  t h i ck 
s e quences of  t h i n- t o  med i um- bedded , med i um dark gray sh a l e  
i n t e r b edded w i t h  very  t h i n  t o  t h i c k -bedded gr aywacke ( a s 
muc h  a s  6 f t t h i ck )  a l t er na t i ng w i t h  t h i nner s e quenc e s  of 
med j um-bedded gr aywacke i n t erb edded wi t h  l es s  t h i n- t o  
med i um- bedded sha l e .  Gr ades downward and l a t e r a l l y  i n t o  
t h e  s and s t one a t  P i ne Bu s h . 
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SANDSTONE AT PINE BUSH : Med i um-g r a i ned , med i um- to t h i ck 
bedded , med i um g r ay , speck l ed l i gh t - o l i v e -g r ay - and l i gh t 
o l i v e - b r own -wea t h e r i ng quar t z i t i �  s and s t one i n t e r b edded 
w i t h ,  and c o n t a i n i ng r i p -ups  of , t h i n - t o  med i um-bedded , 
med i um-d a r k - g r ay , g r e en i sh gr ay-we a t h e r i ng sha l e  and f i ne
g r a i ned s i l t s t on e . Lower c on t ac t  w i t h  Bushk i l l  Member i s  
i n t er pr e t ed t o  be  c on f o rmab l e ,  but  i n  many p l a c e s  i t  i s  
marked by a t h ru s t  f a u l t .  Gr ades  upwar d  and l a t e r a l l y i n  
t h e  sh a l e  and gr aywacke a t  Mamaka t i ng . 

BUSHKI LL MEMBER : Lam i n a t ed t o  t h i n - b edded sha l e and s l a t e  
c on t a i n i ng f i ne-g r a i ned gr aywacke s i l t s t one . Bed t h i ckness 
of sha l e s does not  exceed 2 i n  and bed t h i ckn e s s  of  
g r aywackes  r ar e l y  exc e e d s  1 2  i n .  Lower c o n t a c t  conformab l e  
w i t h  unde r l y i ng B a l mv i l l e L i mes t on e  of Ho l zwas s er ( 1 9 26 ) ,  
b u t  of t en d i s r up t ed by t h r u s t  f au l t i ng .  

O r d o v i c i a n  R o c k s  
( Ro c k s  b e l ow t h e  T a c o n i c  u n c o n f o r m i t y )  

T h e r e  h a s  b e e n ,  a n d  c o n t in u e s  t o  b e ,  a g r e a t  d e a l  o f  
c o n f u s i o n  w h e n  d e a l ing w i t h  t h e  O r d o v i c i a n  c l a s t i c  s e d im e n t s  of 
s o u t h e a s t e r n  New York S t a t e .  A br i e f  ( and by n o  m e a n s  
e x h a u s t iv e )  r ev i ew h ig h l i g h t ing s om e  o f  t h e  e a r l i e r  w o r k  in t h e s e  
r o ck s  i s  h e l p£ u l  t o  emph a s i z e  t h e  c omp l e x  h i s t o ry o f  name s ,  and 
e s t a b l i s h  p r o p e r  c o r r e l a t i o n  o f  un i t s .  T h e  r o c k s  t h a t  we 
c o n c e n t r a t e  on i n  t h i s  g u i d e b o o k , a l l  of wh i c h  a r e  c o n s i d e r e d  t o  
b e  memb e r s  o f  t h e  Mar t in s b u r g  F o r ma t i o n ,  u n d e r l i e t h e  Wa l l k i l l  
Va l l ey f r om s o u t h  o f  R o s e n d a l e , New Y o r k , t o  t h e  New J er s e y 
b o r d e r  ( f i g . 1 )  • 

I n  t h e  W a l l k i l l  V a l l e y , a t h i c k  s e c t i o n  o f  g l a c i a l  d e p o s i t s  
c o v e r s  m u c h  o f  t h e  b e dr o c k .  I n  s o  f a r  a s  t h i s  mak e s  s t r u c t u r a l  
a n a l y s i s  o f  t h e  r o c k s  i n  p l a c e s  d i f f i c u l t ,  i f  n o t  imp o s s ib l e , . 
t h i s  h a s  a d e f in i t e  i n f l u e n c e  o n  r e �o lv ing t h e  s t r a t i g r aphy . T h e  
t r a c in g  o f  f a u l t s  a n d  s om e t i m e s  f o l d s  in t h e  O r d ov i c i a n  r o c k s  i s  
e x t r e m e l y  d i f f i c u l t ,  wh i c h  exp l a in s  w h y  w e  and o t h e r  g e o l o g i s t s  
s u c h  a s  V o l l m e r  ( 1 9 8 1 ) a n d  K a l a k a  a n d  W a in e s  ( 1 9 86 )  h a v e  c h o s e n  
t o  d iv id e  map a r e a s  i n t o  s t r u c t ur a l  doma in s  t h a t  c a n  b e  d e f i n e d  
i n  g en e r a l  d e s cr i p t iv e  t e rm s . A d d e d  t o  t h i s  i s  t h e  c e n t ur y - o l d  
p r o b l em r e g a r d in g  w h i c h  O r dov i c i a n  c l a s t i c s  in t h e  Hud s o n  V a l l e y  
r e g i o n  a r e  p a r t  o f  t h e  f a r - t r av e l e d  T a c o n i c  a l l o c h t h o n  a n d  w h i c h 
a r e  p a r t  o f  t h e  p a r au t o ch t h o n o u s  f l y s c h t h a t  r e s t s  c o nf o rmab l y  o n  
M i d d l e  O r d o v i c i a n  c a r b o na t e s  o f  t h e  N o r t h  Ame r i c a n  s h e l f .  T h i s  
i s  a p r o b l em wh i c h  s e em s  t o  b e  s a t i s f a c t o r i l y  r e s o l v e d  t o  t h e  
s o ut hw e s t  i n  New J e r s ey a n d  P e n n s y l v a n i a  ( L a s h  and Dr ake , 1 9 8 4 ; 
L a s h ,  1 9 8 5 ; P er i s s o r a t i s  a n d  o t h e r s , 1 9 7 9 ;  L a s h ,  Ly t t l e , and 
E p s t e in ,  1 9 84 ) but r ema i n s  a c r i t i c a l  p r o b l em in p a r t s  of 
s ou t h e r n  New Y o r k  S t a t e ,  p a r t i c u l a r l y  a l ong t h e  Hud s o n  R i v e r . 
T h e r e  i s  an i r ony t o  t h i s , s in c e  t h e  e x i s t e n c e  o f  t h e  f a r 
t r av e l l e d r o c k s w a s  r e c o g n i z e d  m u c h  l a t e r  i n  P e n n s y l v a n i a  ( S t o s e ,  
1 9 46 ) t h a n  in New Y o r k . 
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Fi gure 1 .  General i zed geoloaic  map 
of part of southeastern New York 
showi ng fi eld trio stop numbers , 
l oca l i ties where the unconformabl e 
contact between the �1artinsburq and 
Shawangunk Formations have been 
studied ( smal l  l etters ) ,  l ocation 
of cross secti ons , and 7 . 5-minute
quadrang l e  coverage. 

a .  Trapps 
b. Napanoch 
c .  Mt. Meenahga 
d .  N . Y .  Route 1 7  
e .  Abandoned rai l road tunnel 
f .  Oti svi  1 1  e 
g .  Guymard prospect 
h .  Interstate 84 

D Rocks . of the Hami l ton Group 
( P l atteki l l ,  Ashokan,  Mount 
Mari on,  and Bakoven Forma
tions)  and younger 

DS Rocks between the Onondaga 
Limestone and Binnewater 
Sandstone-Poxono I s l and 
Formation 

S High  Fal l s  Shal e ,  Shawangunk 
Formation , Bl oomsburg Red 
Beds , and tongues of the 
Shawangunk and Bl oomsburg 

Om Martinsburg Formation 
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Ma t h e r  ( 1 8 4 0 )  f ir s t  p r o p o s e d  t h e  name ''Hu d s o n  R iv e r  s l a t e  
g r o u p "  f o r  r o c ks t h a t  h e  h a d  p r ev i o u s l y  r e f e r r e d  t o  as 
" t r a n s i t i o n  a r g i l l i t e '' ( 1 8 3 9 ) . S u b s e � u e n t l y ,  t h i s name has s e en 
at l e a s t  7 v a r i a n t s i n c l u d in g  Hu d s o n  R i v e r  S e r i e s , Hud s o n R iv e r  
G r o up , a n d  Hud s o n  R iv e r  F o r ma t i o n . I n  add i t i o n  t o  t h e  v a r i a t ions  
i n  the  name , t h e  u s e  o f  t h e s e  nam e s  h a s  been e x t e n d e d  n o r t h  into  
C a n a d a  and a s  f a r  w e s t  a s  W i s c o n s in . Ho l z wa s s e r ( 1 9 2 6 )  g iv e s  a 
u s e f u l  ac c o u n t  o f  t h e  t o r t u r e d  h i s t o r y  o f  Hu d s o n  R iv e r  
n o m e n c l a t ur e ; un f o r t un a t e l y ,  s h e  a l s o  d e c i d e d  t o  u s e  t h e  name 
Hu d s o n  R iv e r  f o r ma t i o n  f o r  t h e  s h a l e s  and g r aywa c k e s  o f  t h e  
N e w b u r g h  Q u a d r a ng l e .  A l t h o u g h  t h e  name h a s  g e n e r a l l y b e e n  
a b a n d o n e d  s in c e  R u e d emann ' s  w o r k  in t h e  b e g inn ing o f  t h i s  
c e n t ur y ,  i t  i s  s t i l l  l o o s e l y u s e d  and m i s u s e d  i n  a v a r i e t y  o f  
p u b l i c a t i o n s  t o  t h i s  d a y .  R u e d emann ( 1 9 0 1 , p .  5 6 1 ) f ir s t  u s e d  
t h e  name No rman s k i l l  S h a l e  f o r  r o ck s  i n  t h e  g o r g e  o f  t h e  Normans 
K i l l  n e a r  Kenwo o d , New Y or k .  T h i s  t y p e  l o c a l i t y  t u r n s  out to be 
one o f  t h e  mo r e  s p e c t a c u l a r  e xp o s u r e s  of me l a n g e  in t h e  n o r t h e rn 
A p p a l a c h i an s , a s  a t t e s t e d  to b y  t h e  e x t r em e l y  d e t a i l e d  m a p p i n g  of 
t h e  s t r u c t ur e s  by Vo l lm e r  ( 1 9 8 1 ) . I t  s h o u l d  n o t  be t o o  
s u r p r i s ing , t h e r e f o r e , t h a t  t h e r e  h a s  a l s o  b e e n  c o n s i d e r a b l e  
c o nf u s i o n  in t h e  u s e  o f  t h i s  g e o l o g i c  name . L a t e r ,  when ma p p ing 
t h e  C a t s k i l l q u a d r ang l e ,  Ru e d emann ( 1 9 4 2 )  r e c o g n i z e d  two b e l t s  of 
r o c k t h a t  h e  i n c l u d e d  in t h e  N o rman s k i l l  S h a l e . T h e  w e s t e r n  
" g r i t  b e l t '' w a s  named t h e  A u s t in G l e n Memb e r  and t h e  e a s t e r n  
" c h e r t  b e l t '' w a s  nam e d  t h e  M o u n t  M e r i n o  Memb e r . M o s t  g e o l o g i s t s  
t o d a y  wou l d  a g r e e  t h a t  b o t h  o f  t h e  t y p e  l o c a l i t i e s  f o r  t h e s e  
memb e r s  a r e  w i t h in t h e  T a c o n i c  a l l o c h t h o n  ( s en s u  s t r i c t o ) ;  t h a t  
i s , t h e  r o c k s  a r e  p a r t  o f  t h e  f a r - t r av e l e d s l o p e - r i s e  s e q u e n c e .  
T h e  name S nake H i l l  S h a l e  wa s f ir s t  u s e d  by U l r i c h  ( 1 9 1 1 ) , 
a l t h o u g h  h e  b a s e d  h i s  d i s cu s s i o n  o n  t h e  work o f  R u e d emann who 
l a t e r  p ub l i s h e d  a numb e r  of p a p e r s  u s ing t h i s  name ( 1 9 1 2 ,  f o r  
examp l e ) . T h e  t y p e  l o c a l i t y  f o r  t h i s  u n i t  i s  o n  t h e  e a s t s i d e  of 
S a r a t o g a  Lake . B e r r y  ( 1 9 6 3 ) s u g g e s t e d  a b a n d o n ing t h e  name 
b e c au s e  r e s t u d y  of t h i s r e g i o n  s h ow e d  t h a t  w h a t  w a s  m a p p e d  a s  
S na k e  H i l l  c o n t a in s  t h r e e  d i f f e r en t  l i t h ic u n i t s a l l  o f  wh i c h  
c o nt a in e l em e n t s  o f  t h e  d i s t in c t i v e  f a u n a  wh i c h  Rued emann u s e d  a s  
t h e  u n i t ' s  d ia g no s t i c f e a t ur e .  T h i s  p o i n t s  t o  y e t  a n o t h e r  
p r o b l em i n  t h e  nomen c l a t u r e  o f  t h e  c l a s t i c s  o f  t h e  Hud s o n  V a l l e y  
r e g i o n . Rue demann a n d  o t h e r s  o f t e n f a i l ed t o  d i s c r im ina t e  
b e tw e e n  b io s t r a t ig r a p h i c  a n d  l i t h o s t r a t i g r a p h i c  un i t s ,  mak ing i t  
e x t r e m e l y  d i f f i c u l t  f o r  l a t e r  w o r k e r s  t o  f u l l y  a p pr e c i a t e  t h e  
p r o b l em s  inh e r e n t  i n  us ing a p a r t i c u l a r  name . 

M o r e  r e c e n t l y ,  F i s h e r  ( 1 9 6 2 )  and O f f i e l d  ( 1 9 6 7 ) have u s e d  
t h e  name s M o u n t  M e r i n o  S h a l e , Au s t in G l e n G r aywa c k e , and S nake 
H i l l  S h a l e  f o r  t h e  l o we r , m i d d l e  and u p p e r  u n i t s  of t h e  
p a r a u t o c h t h o n o u s  M i d d l e a n d  U p p e r  O r dov i c i a n  s h a l e s  and 
g r aywa c k e s t h a t  a r e  f o u n d  w e s t  o f  t h e  Hud s o n  R i v e r  in t h e  
W a l l k i l l  V a l l e y .  L a t e r , F i s h e r ( 1 9 6 9 ;  1 9 7 7 ; i n  F i s h e r  and 
o t h e r s ,  1 9 7 0 )  made a num b e r  of mo d i f i c a t i o n s  to t h e  map p ing and 
naming of O r d o v i c i a n  c l a s t i c  un i t s  i n  t h e  v i c in i t y  o f  t h e  Hud s on 
R i v e r  a t  t h e  l a t i t u d e  o f  our f i e l d  t r ip , b u t  v e r y  l i t t l e  new w o r k  
c l o s e r  t o  t h e  u n c o n f o r ma b l e  c o n t a c t  w i t h  t h e  S i lur i a n  S h awangunk 
to t h e  w e s t  h a s  b e e n  p u b l i s h e d . For a s umma ry o f  t h e  mo s t  r e c e n t 
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w o r k  n e a r  t h e  Hud s o n  R iv e r , p a r t i c u l a r l y  in t h e  r e g i o n  un d e r l y in g  - ]  Mar l b o r o  and I l l in o i s  Moun t a i n s , s e e W a i n e s  ( 1 9 8 6 ) . 

O f f i e l d  ( 1 9 6 7 )  p r o d u c e d  a w e a l t h  o f  new s t r a t i g r aph i c  and 
s t r u c t u r a l  inf o rma t i o n  in the G o s h en 1 5 -m in u t e q u a d r ang l e  
( M i d d l e t own , G o s h e n ,  Warw i c k , a n d  P in e  I s l a n d  7 . 5 -min u t e  
q u a d r a ng l e s ) and r e c o g n i z e d t h a t  h i s  un i t s  m ig h t  c o r r e l a t e  w i t h  
B e h r e ' s  ( 1 9 3 3 )  t r i p a r t i t e  s u b d iv i s i o n  o f  t h e  Ma r t in s burg 
F o rma t i o n  in P e n n s y l v an i a . Th i s  s u b d iv i s i o n  w a s  l a t e r  r e f i n e d  by 
Drake and E p s t e in ( 1 9 6 7 ) who r e c o gn i z e d  a l ow e r  t h in-b e d d e d  s l a t e  
u n i t  c a l l e d  t h e  B u s hk i l l  Memb e r , a m i d d l e g r aywac k e - r i c h  un i t  
c a l l e d  t h e  Rams e y b u r g  Memb e r , and a n  u p p e r  t h i c k - b e d d e d  s l a t e  
un i t  c a l l e d  t h e  P e n  Ar g y l  Memb e r . B e r r y  ( 1 9 7 0 )  w a s  o n e  o f  
s ev e r a l  p e o p l e  t o  r e c o g n i z e  s i g n i f i c a n t  s im i l a r i t i e s  b e tw e e n  t h e  
D e l aw a r e  V a l l e y  s e q u e n c e  o f  D r ake and E p s t e in a n d  t h e  s e q u e n c e  o f  
r o c k s  i n  t h e  W a l l k i l l  V a l l ey ( F i s h e r , 1 9 6 2 ;  O f f i e l d , 1 9 6 7 ) .  W e  
f e e l  t h a t  a l l  o f  t h e  n am e s  t h a t  O f f i e l d  ( 1 9 6 7 )  ch o s e  f o r  t h e  
un i t s  o f  wh a t  h e  r e f e r s  t o  a s  " t h e  s h a l e  s e que n c e '' i n  t h e  
Wa l l k i l l  V a l l e y  s ho u l d  b e  d i s c o n t inue d .  O n e  r e a s o n  t o  d o  t h i s  i s  
t o  •v o i d unn e c e s s a r y  c o n f u s i o n  w i t h  t h e  Norman s k i l l  S h a l e  a n d  i t s  
memb er s  t h a t  a r e  c l e a r l y  p a r t  o f  t h e  f a r - t r av e l e d  T a c o n i c  
a l l o c h t h o n .  An o t h e r  r e a s o n ,  wh i c h  i s  e v e n  m o r e  imp o r t a n t , i s  
t h a t  a b e t t e r c o r r e l a t i o n  c a n  b e  made w i t h  u n i t s map p e d  in 
P e n n s y l v a n i a  and New J e r s ey .  We have n o t  d o n e  a l l of t h e  
d e t a i l e d  ma p p ing t h a t  i s  n e c e s s a r y  t o  e s t ab l i s h  t h e s e  
c o r r e l a t i o n s  in d e t a i l ,  b u t  w e  f e e l  c o nf i d e n t  t h a t  t h e  
c o r r€ l a t i o n s  p r o p o s e d  h e r e in a r e  c o r r e c t  ov e r a l l .  

W e  b e l i ev e  t h a t  i t  i s  a p p r o pr i a t e  t o  r e f e r  t o  a l l  o f  t h e  
p a r a u t o ch t h o n o u s  O r d ov i c ia n  c l a s t i c s  i n  t h e  Wa l l k i l l  V a l l e y  a s  
t h e  Ma r t i n s b u r g  F o r ma t i o n  o f  M i d d l e t o  U p p e r  O r d o v i c ian ag e .  
V i r t u a l l y a l l o f  t h e  O r d o v i c i a n  c l a s t i c s  in t h e  G r e a t  V a l l e y  f r om 
e a s t e r n  P e n n s y l v a n i a  t h r ou g h  n o r t h e r n  New J e r s e y t o  t h e  New Y o r k  
S t a t e  b o r d e r  have b e e n  map p e d  i n  de t a i l  ( 1 : 2 4 , 0 0 0  s c a l e ) i n  t h e  
l a s t 2 0  y e a r s , a n d  much o f  i t  i n  t h e  l a s t  1 0  y e ar s . The 
p a r a u t o c h t h o n o u s  s e q u e n c e  w e s t  and s o u t hwe s t  o f  A l b any , New Y o r k , 
i s  n o t  c o n t i g u o u s  w i t h  t h e  r o c k s  o f  t h e  Wa l l k i l l V a l l e y ; n o r  h a s  
t h e  s t r a t i g r ap h y  o f  t h e  r o c k s  n e a r  A l b any b e e n  d o n e  in s u f f i c i e n t  
d e t a i l  t o  w a r r a n t  u s ing t h e  nam e s  e s t a b l i s h e d  f o r  t h a t  a r e a  in 
t h e  W a l lk i l l  V a l l e y . 

Th e r e  h a s  b e e n d e b a t e  i n  e a s t e r n  P e nn s y lvan i a  o v e r  wh e t h e r  
t h e  M a r t i n s b u r g  i s  a t r i p a r t i t e  s e q u e n c e  w i t h  a l ow e r  s l a t e  
memb e r , a m i d d l e  g r aywa c k e  memb e r , a n d  a n  u p p e r  s l a t e  memb e r , o r  
a b i p ar t i t e  s e q u e n c e  w i t h  a n  u p p e r  g r aywacke memb e r  and a l o w e r  
s l a t e  memb e r  ( s e e  L a s h , L y t t l e , a n d  E p s t e in ,  1 9 8 4 , f o r  a s umma r y  
o f  t h i s  d e b a t e ) . W e  f e e l  s t r o n g l y  t h a t  t h e  p ub l i s h e d  d e t a i l e d  
m a p p ing , wh i c h  u l t im a t e l y  mu s t  a n s w e r  a l l  q u e s t i o n s  o f  t h i s  s o r t ,  
s u p p o r t s  t h e  t r ip a r t i t e  s u b d iv i s i o n  f i r s t  d i s c u s s e d by B eh r e 
( 1 93 3 )  and l a t e r named a l o n g  t h e  D e l aw a r e  V a l l e y  by D r ake and 
E p s t e in ( 1 9 6 7 ) .  The q u e s t i o n  t h a t  mu s t  now b e  a n s we r e d ,  is  how 
far aw ay f r om the D e l aw a r e  V a l l e y  c a n  t h e  t h r e e  memb e r s  o f  t h e  
Ma r t i n s b u r g  b e  ma p p e d ?  T h e  u p p e r  P e n  A r g y l  Memb e r , w h i c h  
c o n t a i n s  t h i c k - b e d d e d  s l a t e s  ( u p  t o  2 5 f t  t h i c k ) , h a s  b e e n 
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e x t e n s iv e l y  q u a r r i e d  in P e n n s y l v a n i a  f r om the N ev R i ng g o l d  7 . 5 -
minu t e  qua d r a n g l e  i n  t h e  w e s t  t o  t h e  S t r o u d s b urg 7 . 5 -m i n u t e  
qu a d r a n g l e  i n  t h e  e a s t  wh e r e  i t  d i s a p p e a r s  b e n e a t h  t h e  S i l ur i an 
Shawang unk F o r ma t i o n .  B a s e d  o n  o u r  ma p p in g  and t h a t  o f  o t h e r  
g• o l o g i s t s ,  i t  i s  n o t  f o u n d  i n  n o r t h e r n  New J e r s e y a n d  s o u t hern 
New Y o r k .  Howev e r , t h e  P en Ar g y l  c o r r e l a t e s  in p a r t  w i t h  r o cks 
t h a t  we have map p e d  i n  t h e  w e s t e r n  W a l l k i l l  V a l l e y  u n c o n f o rmably 
b e n e a t h  the S h awangunk , a n d  t h a t  we are her e in i n f o r ma l l y  nam ing 
t h e  s h a l e  and g r aywa c k e  a t  Mamaka t in g , s ub s e q u e n t l y  c a l l e d  t h e  
Mamaka t ing ( f ig .  2 ,  t a b l e  1 ,  a n d  t h e  d i s c u s s i o n  a t  S t o p 7 ) .  The 
Mamak a t ing r e p r e s e n t s  t h e  u p p e r  p a r t  of t h e  M a r t i n s b u r g  in t h e  
we s t e r n  Wa l l k i l l V a l l e y  a n d  i s  n a m e d  f o r  t h e  e x c e l l e n t  exp o s ur e  
s e e n  a t  S t o p 7 a l on g  R o u t e  1 7  ( j u s t  e a s t  o f  Wur t s b o r o  e x i t )  in 
t h e  e a s t e r n  p a r t  of t h e  Mamaka t ing T o wn s h ip . Th e  Mamaka t ing f i r s t  
a p p e a r s  f r om b e n e a t h t h e  S hawangunk i n  t h e  O t i s v i l l e 7 . 5 -m in u t e  
q u a d r a n g l e ,  New Y o r k  a n d  e x t e n d s  n o r t h e a s tw a r d . A l l  o f  t h e  
Ma r t in s b urg w e  s h a l l  b e  s e e ing o n  t h i s  f i e l d  t r ip i s  w i t h in t h e  
Mama k a t ing . T h e  Rams e y b u r g  Mem b e r  e x t e n d s  f r om t h e  N e w  Tr ip o l i ,  
7 . 5 -m in u t e  q u a d r ang l e , P e n n s y l v a n i a  t o  t h e  M i d d l e t own 7 . 5 -m in u t e  
q u a d r a ng l e ,  New Y o r k . T o  t h e  n o r t h e a s t  it  c o r r e l a t e s  f o r  t h e  
mo s t  p a r t  w i t h  a u n i t  t h a t  w e  a r e  h e r e in inf orma l l y c a l l ing t h e  
s an d s t on e  a t  P in e  B u s h , s u b s e q u en t l y  c a l l e d  t h e  P in e  B u s h  ( f ig .  
2 ,  t ab l e  1 ) .  The s a n d s t o n e  a t  P in e  B u s h  e x t e n d s  f r om t h e  H i g h  
P o in t  a r e a  o f  N e w  J e r s e y t h r ough t h e  M i d d l e t own a n d  P in e  B u s h  
7 . 5 -m i nu t e  q u a d r a ng l e s , N e w  Y or k ,  wh e r e  it i s  t h i c k e s t ,  and 
a p p e a r s to  d i e out  s om ewh e r �  i n  the v i c in i t y  of  the  s o u t hw e s t  
c o r n e r  o f  t h e  G a r d i n e r  7 . 5 -m i nu t e  q u a d r a ng l e . T h e r e  a r e  
e x c e l l en t  exp o s ur e s  o f  t h e  P in e  B u s h  a l ong R o u t e  1 7 K t h a t  
und e r l i e  t h e  unnamed h i l l s  1 . 6 m i l e s  w e s t  o f  M o n t g omery , New 
Y o r k , in the P in e  B u s h  7 . 5 -m i nu t e  q u a d r a ng l e .  S in c e  the d e t a i l s 
o f  t h e  f a c i e s  c h a ng e s  in t h e  m i d d l e  a n d  up p e r  Mar t in s b urg h a v e  
n o t  b e e n  s u f f i c i e n t l y  ma p p e d  in s o u t h e r n  N e w  Y o r k  S t a t e ,  i t  i s  
s a f e s t  t o  s a y  t h a t  t h e  c omb i n e d  Ram s ey burg a n d  P e n  Ar g y l  
c o r r e l a t e s  w i t h  t h e  comb i n e d  P in e  B u s h  and Mamaka t ing . I t  may 
e v e n t ua l l y  b e  d e t e r m in e d  t h a t  t h e  P e n  A r g y l  c o r r e l a t e s  w i t h  a l l  
o f  t h e  Mamaka t in g  and t h e  u p p e r mo s t  P in e  B u s h . The l ow e r  
B u s h k i l l  M emb e r  o f  t h e  M a r t in s b u r g  h a s , b y  f a r , t h e  g r e a t e s t  
a r e a l  e x t e n t  o f  t h e  t h r e e  memb e r s  o f  Dr ake a n d  E p s t e in ( 1 9 6 9 ) . 
I t  e x t e n d s  a s  f a r  s o u thwe s t  a s  R e a d ing , Penn s y l v a n i a  ( a nd 
p r o b a b l y  c o n s i d e r a b l y  f a r t h e r ) and n o r t h e a s t  at l e a s t  as f a r  a s  
t h e  Newburgh , New Y o r k  ar e a ,  W e  h a v e  n o t  d o n e  s uf f i c i e n t  
d e t a i l e d m a p p ing i n  t h e  c e n t r a l  p a r t  o f  t h e  Wa l lk i l l  V a l l e y  t o  
c o n f i d en t l y  w o r k  o u t  p r e c i s e  s t r a t i g r a p h ic r e l a t i o n s  o f  t h e  
Mama k a t ing a n d  t h e  P in e  B u s h ,  n o r  do w e  know in d e t a i l  how t h e s e  
un i t s  c o r r e l a t e  w i t h  t h e  P e n  Ar g y l  a n d  Rams e y b u r g  Memb e r s  o f  t h e  
Mar t in s b ur g .  F i gur e 2 p o r t r a y s  our c u r r e n t  s t a t e  o f  
u n d e r s t an d i ng . 

T h e  Mamak a t ing i s  e v e r y wh e r e  u n c o nf o rmab l y  ov e r l a in b y  t h e  
S hawang unk F o rma t i o n .  I t  g r a d e s  c o n f o rmab l y  downw a r d  and 
l a t e r a l l y i n t o  the P in e  B u s h ,  a n d  t h e  c o n t a c t  i s  a r b i t r a r i l y  p u t  
wh e r e  b e d s  o f  m e d ium-gr a in e d , c l e a n  p r o t o q u a r t z i t e  make u p  mo r e  
t h a n  5 %  a n d  a r e  t h i c k e r  t h a n  2 i n ch e s . In mo s t  p l a c e s  in t h e  
Wa l lk i l l  V a l l e y t h e  P in e  B u s h  g r a d e s upward i n t o  t h e  Mamaka t in g , 
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Figure 2 .  Prel imi nary correlation diagram showing members of the 
Marti nsburg Formation of Ordovician age from eastern Pennsyl vania 
to southern New York. The sha l e  and graywacke at  Mamakating and 
the sandstone at P i ne Bush are named i nformal ly  for the first 
time i n  th i s  guidebook .  Evi dence for the facies rel ations 
between the Pen Argyl and Ramseyburg Members to the southwest 
and the Mamakating and P i ne Bush to the northeast has been 
removed by erosion beneath the Taconi c  unconformi ty or may l ie 
beneath the Shawangunk Formation to the northwest of the outcrop 
area of the Martinsburg . These inferred rel ations are shown by 
dashed l i nes . 
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b u t  t o  t h e  s o u t hwe s t  n e a r  H i g h  P o in t , New J e r s ey ,  i t  i s  
u n c o n f o rmab l y  o v e r l a in by t h e  S h awang unk F o rma t i o n .  W e  have not 
d o n e  enough d e t a i l e d mapp ing i n  t h e  P in e  B u s h ,  Wa l d e n ,  and 
G a r d i n e r  7 . 5 - m i nu t e  q u a d r ang l e s , New Y o r k ,  to  r e s o l ve what  
h a p p e n s  t o  t h e  P ine B u s h  to  t h e  n o r t h e a s t . F r om r e c o nna i s s an c e ,  
i t  w o u l d  a p p e ar t o  p in c h  o u t  a n d  g r a d e  l a t e r a l l y in t o  t h e  
Mamak a t ing s omewh e r e  n e a r  t h e  n o r t h e a s t  c o r n e r  o f  t h e  P i ne B u s h  
q u a d r a n g l e .  

S ev e r a l  v e r y  g e n e r a l  p o in t s  c a n  b e  made a b o u t  t h e  
Mar t in s bu r g  F o r ma t i o n .  F r om e a s t e r n  P ennsy l v a n i a  t o  t h e  f i e l d  
t r ip a r e a  i n  s o u t h e r n  New Y o r k , t h e  comp o s i t e  t h i c kn e s s  o f  t h e  
Mar t i n s bu r g  a p p e a r s  t o  r em a in f a i r l y  c o n s t a n t  w i t h  r a ng e s  
e s t im a t ing f r om a b o u t  8 , 0 0 0  t o  1 2 , 8 0 0  f e e t . I t  i s  p o s s i b l e  t h a t  
t h e  t h i ckne s s  d e c r e a s e s  g o ing t ow a r d s  t h e  n o r t h e a s t ,  p e r h a p s by 
a s  m u c h  as 3 , 0 0 0  f e e t .  A l l  t h i ckne s s  e s t im a t e s  may be on t h e  
g e n e r o u s  s i d e , b e c a u s e  o f  t h e  l a r g e  num b er o f  t h r u s t  f a u l t s  t h a t  
dup l i c a t e  p o r t i o n s  o f  t h e  un i t , p a r t i c u l a r l y  t h e  l ow e r  B u s h k i l l  
Memb e r . 

T h e  s e d im e n t o l o gy o f  t h e  l ow e r  p a r t ,  o r  B u s hk i l l  Memb e r , o f  
t h e  M a r t in s b u r g  r em a i n s  r em a r k a b l y  c o n s t a n t  a l ong s t r ike f r om 
e a s t er n  P e nn s y lv a n i a  t h r ough s o u t h e r n  New Y o r k . Howev e r , t h e  
m i d d l e  p a r t  o f  t h e  Mar t in s b ur g  s h o w s  c o n s i de r a b l e  f a c i e s  
v a r i a t i o n  a l on g  s t r ike . T o  t h e  s o ut hwe s t  in P e nn s y lv an i a ,  t h e  
Ram s e y b u r g  Member r a r e l y  c o n t a in s  mo r e  t h an 2 0 %  med ium- t o  v e r y  
t h i c k  b e d d e d  g r a y w a c k e  b e d s . A l s o  g o ing up - s e c t i o n  in t h e  
Ram s e y b ur g , t h e  t h i c k n e s s  o f  s l a t e  b e d s  i n c r e a s e s  d r ama t i c a l l y 
n e a r  t h e  c o n t a c t  w i t h  t h e  P e n  A r g y l .  F r om H i g h  P o i n t , New J e r s ey 
n o r t hw a r d ,  t h e  P in e  B u s h  c ommo n l y  c o n t a i n s  up t o  5 0 %  c l e a n ,  
med ium- t o  v e r y  t h i c k  b e d d e d  s a n d s t o n e , and a s  b e s t  a s  we c a n  
t e l l  f r om r e c o nn a i s s a n c e ,  t h e  t h i c kn e s s  of s h a l e  b e d s  d o e s  n o t  
in c r e a s e  g o ing u p  i n  s e c t i o n .  B o t h  o f  t h e s e  f a c t or s  w o u l d  a p p e a r  
t o  s u g g e s t  t h a t  t h e  m i d d l e  p a r t  o f  t h e  Mar t in s burg i s  b e c om ing 
mo r e  p r o x im a l  t o  t h e  n o r t h e a s t .  The u p p e r  p a r t  of t h e  
Mar t in s bu r g  a l s o  s h ow s  d r ama t i c  f a c i e s  chang e s  a l on g  s t r ik e . 
A l t h o u g h  t h i s  p a r t  o f  t h e  s e c t i o n  i s  d o m in a t e d  by s h a l e s  o r  s l a t e  
e v e r y wh e r e ,  i n  e a s t e r n  P e nn s y l v a n i a ,  s l a t e  b e d s  i n  t h e  P e n  A r g y l  
Mem b e r  a r e  c ommo n l y  1 2  f e e t  t h i c k ,  a n d  c a n  b e  a s  t h i c k  a s  2 5  
f e e t . I n  N e w  Y o r k , t h e  s h a l e  b e d s  i n  t h e  Mamaka t ing r a r e l y  
e x c e e d  3 i n c h e s  i n  t h i c kn e s s .  

S i l u r i a n  R o c k s  
( R o c k s  a b o v e  t h e  T a c o n i c  u n c o n f o rm i t y ) 

T h e  s t r a t i g r ap h i c  r e l a t i o n s  o f  S i l u r i a n  r o c k s , e s p e c i a l l y in 
t h e  l ow e r  p a r t , in s ou t h e a s t e r n  N ew Y o r k , e s p e c i a l l y  in t h e  l ow e r  
p a r t , h a v e  b e e n  p o o r l y  u n d e r s t o o d  ( F i s h er , 1 9 5 9 ,  R i c ka r d , 
1 9 6 2 , ) .  T h e  p r e s e n t l y  a c c e p t e d  s e q u e n c e  i s , f r om t h e  b a s e  
upwar d s , t h e  S hawangunk F o r ma t i o n ,  H i g h  Fa l l s  S h a l e ,  B innewa t e r  
S a n d s t o ne o f  H a r t n a g e l  ( 1 9 0 5 ) , a n d  R o n d o u t  F o r ma t i o n  ( S e e  T a b l e  1 
f o r  a g e n e r a l  d e s c r ip t i o n  o f  t h e s e  r o c k s ) .  T h e  s t r a t ig r ap h i c  
i d e n t i f i c a t i o n  a n d  r e g i o n a l  r e l a t io n s  o f  r o c k s b e tw e e n  t h e  
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R o n d o u t  F o rma t i o n  and O n o n d a g a  L im e s t o n e  a r e  f a i r l y  w e l l  known . 
The s e qu e n c e  o f  . S h awangunk - H i g h  F a l l s - B innewa t e r i n  t h e  n o r t h e r n  
p a r t  o f  t h e  f i e l d  t r i p  a r e a  i s  f ir m l y  e s t a b l i s h e d . Howev e r , o u r  
r e c e n t  ma p p ing s u g g e s t s  t h a t  t h e  f a c i e s  mo s a i c  o f  mo s t  o f  t h e  
S i l u r i a n  r o c k s  i s  a b i t  mo r e  comp l e x  t h a n  p r ev i o u s l y e nv i s i o n e d , 
and a r ev i s i o n  o f  s ome s t r a t ig r a p h i c  i n t e r p r e t a t i o n s  i s  
n e c e s s a r y . F ig u r e  3 s h ows t h e  p r e s e n t  s t r a t ig r a p h i c  
int e r p r e t a t i o n .  Work i s  s t i l l  i n  p r og r e s s ,  s o  s ome d e t a i l s  w i l L  
mo s t  c e r t a i n l y  b e  c h a ng e d . 

R e g i o na l l y ,  t h e  S i l u r i a n  s e q u e n c e  t h in s  d r ama t i c a l l y  b e tw e e n  
e a s t e r n  P e n n s y l v a n i a  a n d  s o u t h e a s t e r n  New Y o r k , ( f ig .  4 ) . The 
Shawangunk F o r ma t i o n  o f  e a s t e r n  P e n n s y l v a n i a  c o n s i s t s  of  t h r e e  
qua r t z i t e - c o n g l om e r a t e  un i t s  ( We i d e r s ,  M i n s i ,  a n d  T ammany 
Memb e r s ) and a un i t  c o n t a in i n g  a p p r e c i a b l e  s h a l e  and s ome r e d  
b e d s  ( L i z � r d  C r e e k  Memb e r ) ( E p s t e in a n d  E p s t e in ,  1 9 7 2 ) . F a r t h e r  
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s o u t hw e s t ,  o n l y  a b a s a l  qua r t z i t e  ( Tu s c a r o r a  S an d s t o n e ) and 1 s h a l e - s an d s t o n e  s e qu e n c e  ( C l in t on Fomr a t i o n )  c a n  b e  r e c o g n i z e d J 
( Ly t t l e ,  La s h ,  a n d  E p s t e i n ,  1 9 8 6 ) . I n  New J e r s ey , t h e  s h a l e s  o f  
t h e  L i z a r d  C r e e k  b e come l e s s  a b u n d a n t  a n d  t h e  u n i t  c a n  no l o ng e r  
b e  map p e d  i n  t h e  m i d d l e  o f  t h e  s t a t e ,  b u t  s c a t t e r e d  b e d s  and 
i n t e rv a l s  o f  s h a l e  p e r s i s t  i n t o  s o u t h e a s t er n  New Y o r k . Th e s e  
s h a l e s  a r e  g e n e r a l l y n o t  map p a b l e  and a p p e a r  t o  b e  p r e s e n t  a t  
v a r i o u s  l ev e l s  w i t h in t h e  S h aw a n g u nk ( f ig .  3 ) .  R e c e nt map p in g  i n  
t h e  E l l e nv i l l e  a n d  N a p o n o c h  a r e a  h a s  a l l owed u s  t o  d iv id e  t h e  
q u ar t z i t e s  a n d  c o n g l om e r a t e s  o f  t h e  S h awangunk i n t o  l ow e r  a n d  
u p p e r  u n i t s , s e p a r a t e d  by a " s h a l e '' u n i t  a b o u t  1 0 0  f e e t  t h i c k . 
A c t ua l l y  t h i s  un i t  c o n t a i n s  mo r e  s a nd s t on e  and s i l t s t o n e  t h a n  
s h a l e ,  b u t  i t  i s  d i s t in c t i v e  a n d  ma p p a b l e . I t  t h i n s  t o  t h e  
n o r t h e a s t  t o  wh e r e i t  i s  g e n e r a l l y  unm a p p a b l e .  L o c a l l y i t  may 
c o n t a in r e d  b e d s , j u s t  as i n  t h e  L i z a r d  C r e e k  Memb e r  in e a s t e r n  
P e n n s y lvan i a .  Fr i edman ( 1 9 5 7 )  d iv id e d  t h e  S h awangunk i n  t h e  
E l l env i l l e  a r e a  i n t o  t h r e e  m emb e r s .  O u r  '' s h a l e " . u n i t  may b e  h i s  
M innewa s ka memb e r , s e p ar a t in g  h i s  M o h o n k  c o ng l om e r a t e  b e l ow f r om 
h i s  E l l e nv i l l e memb e r  a b ov e . Th e e x a c t  r e l a t i o n  b e t w e e n  h i s  a n d  
our un i t s  i s  un c e r t a i n ,  h o w ev e r . I t  i s  p o s s i b l �  t h a t  h i s 
E l l env i l l e  memb e r  may c o nt a i n s om e  r o c k s  t h a t  w e  p l a c e  in t h e  
t o n g u e  o f  t h e  B l o om s b u r g  a n d  t h e  t o ng u e  o f  t h e  S hawangunk . S om e  
s h a l e s  i n  t h e  S h aw a ngunk w e r e  b e l i e v e d  b y  Swa r t z  a n d  Swa r t z  
( 1 93 1 )  t o  b e  a bu n d a n t  e nough n e a r  O t i s v i l l e t h a t  t h e y  named t h e  
i n t e r v a l  t h e  " O t i s v i l l e  S h a l e " .  T h e  '' O t i s v i l l e  S h a l e " ,  howev e r , 
f a i l s  t h e  t e s t  o f  m a p p a b i l i t y .  I n  t h e  t y p e  a r e a ,  wh i c h  we s h a l l  
s e e n e a r  S t o p  5 , t h e  S hawangunk c o n s i s t s  pr e d om ina n t l y  o f  
qua r t z i t e s  a n d  c o ng l om e r a t e s  w i t h  s c a t t e r e d  in t e r b e d d e d  s h al e .  
Nowh e r e  a r e  t h e  s h a l e s  cD n c e n t r a t e d  e n o ugh t o  f o rm a s e p a r a t e  
map p a b l e  un i t . A s  a ma t t er o f  f a c t , C l a r ke ( 1 9 0 7 )  m e a s u r e d  t h e  
S h awangunk i n  g r e a t  d e t a i l  w e s t  o f  O t i s v i l l e , a n d  o f  t h e  4 2 0  f e e t  
m e a s ur e d ,  l e s s  t h an t h r e e  p e r c e n t  w e r e  s h a l e ,  a n d  t h e s e  b e d s  w e r e  
s c a t t e r e d  t h r o u g h o u t  t h e  s e q u e n c e . 

T h e  B l o o m s b u r g  R e d  B e d s  ov e r l i e s  t h e  S hawa ngunk i n  e a s t e r n  
P e nn s y l v a n i a  a n d  New J e r s ey ( f ig . 4 ) . T h e  c o n t a c t  i s  
t r an s i t i o na l ,  i n  p l a c e s  t h r ough a b o u t  7 0 0  f e e t  o f  r o c k ,  a s  a t  
De l aw a r e W a t e r  G a p  a t  t h e  New J e r s e y - P� n n s y l v a n i a  b o r d e r  
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( E p s t e i n ,  1 9 7 3 ) . The c o n t a c t  h a s  b e e n  t r a c e d  w i t h o u t  
comp l i c a t i o n  t o  Guyma r d , N . Y .  B e tw e e n  Wur t s b o r o  and E l l e nv i l l e  
r e d b e d s  f o l l ow e d  by g r ay s a nd s t o n e  a n d  s h a l e  o v e r l i e t h e  
S h awangunk . B e c a u s e o f  a s im i l a r  s e q u e n c e  o f  r e d  a n d  g r a y  r o c k s  

. a t  H i g h  F a l l s , s ev e r a l  wor k e r s  h a v e  i d e n t i f i e d  t h e s e  r o c k s  a s  t h e  
H i g h  F a l l s  • n d  B innewa t e r , r e s p e c t i v e l y  ( Dar t o n , 1 8 9 4 ;  S im s  and 
Ho t z ,  1 9 5 1 , Fr i e dman , 1 9 5 7 ,  Gray , 1 9 6 1 ,  Sm i t h ,  1 9 6 7 ) .  Y o u n g e r  
r o c k s  a r e  n o t  g en e r a l l y exp o s e d .  D e t a i l e d and r e c o n na i s s a n c e  
exam i n a t i o n  s u g g e s t s , o n  t h e  c o n t r a r y , t h a t  t h e  r e d  b e d  s e q u e n c e  
b e tw e e n  Wur t s b o r o  a n d  E l l e nv i l l e  i s  a t o ngue o f  t h e  B l o om s b ur g ,  
and n o t  t h e  H i g h  F a l l s , a n d  t h e  ov e r l y ing g r a y  s a nd s t o n e  a n d  
s h a l e  a r e  a t o ngue o f  t h e  S h awang unk , a n d  n o t  t h e  B innewa t e r . 
Th e H ig h  F a l l s , wh i c h  i s  v e r y  p o o r l y  exp o s e d , c r o p s  o u t  a b o v e  
b o t h  o f  t h e s e  u n i t s  n e a r  Wur t s b o r o  ( r o a d l og m i l a g e  9 9 . 0 ) . F u t ur e 
d e t a i l e d inve s t i g a t i o n s  w i l l  a l l o w  r ed e f i n i t i o n  o f  th e s e  m a p p a b l e  
u n i t s .  T h e  t o n g u e  o f  t h e  B l o oms b u r g  d i s a p p e a r s  n or t h e a s tw a r d  by 
g r a d u a l  c h a n g e  in c o l o r o f  t h e  r o c k s  f r om g r ay i s h  r e d ,  t h r o u gh 
o l iv e  g r a y , i n t o  g r a y . T h i s  l a t e r a l  c h a ng e  in c o l o r is s im i l a r  
t o  th e chang e s  s e e n  a l o n g  t h e  t r a n s i t i o n a l  c o n t a c t  a t  D e l awar e 
Wa t e r  G a p . The name "Guym a r d  Qua r t z i t e "  w a s  a p p l i e d  t o  a p o r t i o n  
o f  t h e  t o ngue o f  t h e  B l o om s b u r g  b e tw e e n  Guymard a n d  O t i s v i l l e b y  
v a n  I n g e n  ( B r y a n t , 1 9 2 6 , p .  2 5 9 ) . W e  f e e l  t h a t  t h i s  name , l ik e  
t h e  '' O t i s v i l l e  S h a l e '' ,  s h o u l d  n o t  b e  u s e d  t o  d e f ine t h e  
s t r a t i g r a phy o f  t h e s e  r o c k s . 

T h e  r o c k s  i n  t h e  t o ngue o f  t h e  S h awangunk a r e  s omewh a t  
d i f f e r en t  f r om t h o s e  i n  t h e  ma in p a r t  o f  t h e  f o r ma t i o n  i n  t h a t  
t h e y  c o n t a i n  q u a r t z i t e s  t h a t  a r e  mo r e  d i s t in c t l y  c r o s s b e d d e d  
( s e e n  a l ong U . S .  4 4 , r o a d l og m i l e a g e  3 3 . 8 ;  n o r t h  o f  E l l e nv i l l e ,  
m i l e a g e  4 1 . 5 ;  a n d  a l o n g  N . Y .  R t e  1 7  j u s t  s o u t h  o f  Wur t s b o r o , 
m i l e ag e  9 8 . 5 ) , and c o n t a in s  s c a t t e r e d  r e d  b e d s  a n d  p o l y m i c t i c  
c o ng l om e r a t e s . S ome o f  t h e  c o n g l om e r a t e s  a r e  s im i l a r  t o  t h o s e  in 
t he G r e e n  P o n d  C o ng l om e r a t e  of t h e  G r e e n  P o n d  o u t l i e r , a b o u t  2 5  
m i l e s  t o  t h e  s o u t h e a s t .  O n e  c a n  e a s i l y  env i s i o n  a s t r a t ig r aph i c  
s e c t i o n  b e tw e e n  t h e  m a i n  o u t c r o p  b e l t  a n d  t h e  o u t l i er t h a t  s h ow s 
t h e  S hawangunk t o ngue ' b e c om in g  t h i c k e r  and e n c omp a s s in g  mo r e  of 
t h e  l ow e r  p a r t  of t h e  s e c t i o n  g o ing e a s twa r d .  In t h e  o u t l i er 
mo s t  of the G r e e n  P o n d  C o ng l om e r a t e  w o u l d  b e  i n c l u d e d  in t h e  
t o n g u e . 

T h e  H i g h  F a l l s  S h a l e  a t  H i g h  F a l l s  n o t  o n l y  c o n t a i n s  r e d  
s h a l e s , s im i l a r  t o  t h o s e  o f  t h e  B l o om s b ur g ,  b u t  a l s o  a b u n d a n t  
d o l om i t e ,  f in e - g r a i n e d  l ime s t o n e , a n d  g r e e n s h a l e s . R ip p l e  m a r k s  
a n d  d e s i c c a t i o n  c r a c k s  a r e  a bunda n t . I n  the D e l aw a r e  Aq u e d u c t  
B i r d  ( 1 9 4 1 )  r e p o r t e d  9 5  f e e t  o f  g r a y  l im e s t o n e  b e tw e e n  t h e  
S h awangunk a n d  h i s  ''H i g h  F a l l s " .  H e  named t h i s  u n i t  t h e  
"Waw a r s ing w e d g e '' ,  a l l u d ing t o  t h e  f a c t  t h a t  t h e  l o ng i t u d in a l  
s h a p e  o f  t h e  u n i t  mu s t  b e  w e d g e - l ike - - i t  i s  n o t  s e e n i n  e xp o s ur e s  
t o  t h e  n o r t h e a s t  o r  s o u t hwe s t .  I n  a l l  l ik e l i h o o d , i t  i s  
p r e d om inan t l y  d o l om i t e ,  s im i l a r  t o  t h e  " p ow e rh o u s e l ime s t o n e '' 
w i t h in t h e  H ig h  F a l l s  S h a l e  a t  H i g h  F a l l s ( R i c ka r d ,  1 9 6 2 ,  p .  
1 2 9 ) . The d o l om i t e ,  g r e e n  a n d  r e d  s h a l e ,  l im e s t o n e , a n d  
s a n d s t o n e  w i t h i n  th e H igh F a l l s  i n t e r v a l  ar e v e r y  s im i l a r  t o  
r o c k s  w i t h in t h e  P o x o n o  I s l a n d  F o rma t i o n  of e a s t er n  
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P e n n s y l v an i a . A s  a m• t t e r o f  f a c t , i n  t h e  D e l aw a r e  A q u e d u c t  
F l uhr and T e r enz i o  ( 1 9 8 4 ,  p .  7 3 ) r e f e r r e d t o  t h e  Wawa r s ing w e d g e  
o f  B i r d  ( 1 9 4 1 ) a s  t h e  "Wawa r s ing Lime s t o ne i n  P o x i n o  I s l a n d  
Sh a l e s '' .  ( No t e  t h a t  '' P o x i n o '' h a s  b e e n  m i s s p e l l e d  by s ev e r a l  
a u t h o r s  e v e r  s in c e  t h e  o r ig i n a l  e r r o r  b y  W i lmar t h ,  1 9 5 7 , p .  
1 7 2 4 ) . F o r  t h i s ·  r e a s on t h e  P o x o n o  I s l a nd a n d  H i g h  F a l l s a r e  
s h own t o  g r a d e  in t o  e a c h  o t h e r  i n  f ig u r e  3 .  The s e  r o c k  un i t s  a r e  
g e n e r a l l y n o t  exp o s e d a n d  t h e  l o c a t i o n  o f  t h e  c o n t a c t  b e tw e e n  
t h em i s  s p e c u l a t iv e . T h i s  c o n t a c t  h a s  n o t  b e en d e f i n e d , b u t  a 
l o g i c a l  c h o i c e  f o r  i t s l o c a t i o n  w o u l d  b e  wh e r e  r e d b e d s  e x c e e d  a 
c e r t a in p e r c e n t a g e ,  p e r h a p s  5 0  p e r c e n t  ( H igh F a l l s ) ,  and wh e r e 
t h e y  a r e  l e s s  a bu n d a n t  ( P o xono I s l a nd ) . The B in n ewa t e r  
S a n d s t o ne , wh i c h  c o n s i s t s  p r e d o m in an t l y  o f  c r o s s b e d d e d  s a nd s t o n e , 
a t  a n d  n o r t h  o f  H i g h  F a l l s , l o s e s  i t s  c h ar a c t e r t o  t h e  s o u t hw e s t  
( R i cka r d ,  1 9 6 2 , Wa in e s , 1 9 7 6 ) , b e c om ing mo r e  d o l om i t i c  a n d  s h a l y ,  
s o  t h a t  a t  A c c o r d ,  F i s h e r  ( 1 9 5 9 )  n a m e d  t h e  i n t e r v a l  t h e  " A c c o r d  
S ha l e s '' .  Th i s  s h o w s  t h a t  ev e n  t h e . B in n ewa t e r  t a k e s  p a r t  i n  t h e  
c om p l ex c a r b o n a t e - c l a s t i c  f a c i e s  mo s a i c  o f  t h e  P o x o n o  I s l a n d - H i g h  
F a l l s  i n t erv a l . 

The comp l ex S i l u r i a n  s e q u e n c e  i n  s ou t h e a s t e r n  New Y o r k  
d e s cr i b e d  a b o v e  i s  c a p p e d  by t h e  B o s s a r dv i l l e  L ime s t o ne n e a r  
O t i s v i l l e  ( E p s t e in a n d  o t h e r s , 1 9 6 7 ) , b u t  s om ewh e r e  t o  t h e  
n o r t h e a s t  t h a t  u n i t  d i s a p p e a r s u n d e r  g l a c i a l  c o v e r  a n d  t h e  
B innewa t er i s  ov e r l a in by t h e  R o n d o u t  F o rma t i o n . 

The c o n s e q ue n c e  o f  t h e s e  s t u d i e s  h a s  b e e n  t o  b e t t e r de f in e  
t h e  s t r a t i g r a p h i c  v a r i a t i o n s  i n  S i l u r i a n  r o c k s  in s o u t h e a s t e r n  
New Y o r k . I t  demo n s t r a t e s  t h a t  t h e  name ''H i g h  Fa l l s  S h a l e " ,  
s h own o n  t h e  New J e r s ey S t a t e  g e o l o g i c  map ( L e w i s  a n d  Kumm e l  
( 1 9 1 2 ) , s h ou l d  n o t  b e  u s e d  f o r  r o c k s  t h a t  s h o u l d  b e  r e f e r r e d  t o  
a s  t h e  B l o om s b u r g  R e d  B e d s .  

W e i r d  R o c k s  
( Ro c k s  "w i t h in '' " t h e  T a c o n i c  un c o n f o rm i ty ) 

Th e u p p ermo s t  r o ck s  o f  t h e  M a r t i n s b u r g  Forma t i o n  a r e  n e a r  
t h e  M i d d l e a n d  L a t e  O r do v i c i a n  b o u n d a r y  in a g e ,  a n d  t h e  l ow e s t  
r o c k s  i n  t h e  S hawangunk F o rma t i o n  a r e  p r o b a b l y  M i d d l e  S i l ur i an in 
a g e . T h u s , t h e  T a c o n i c  h i a t u s  in s o u t h e a s t e r n  New Y o r k  is a b o u t  
2 0  t o  3 0  m i l l io n  y e a r s , n e a r l y  a s  l ong a s  t h e  e n t i r e  S i lur i an 
P er i o d  it s e l f .  An i n t e r e s t ing q u e s t i o n  is , wh a t  w e n t  o n  dur ing 
t h a t  l o ng p e r i o d  of  t im e ?  

A t  t h e  c o n t a c t  b e tw e e n  t h e  M a r t in s b urg a n d  S h awangunk 
F o rma t i o n s  i n  t h e  f i e l d  t r ip a r e a  t h e r e  is an i n t e r v a l , g e ne r a l l y 
l e s s  t h a n  o n e  f o o t  t h i c k ,  o f  d i am i c t i t e  ( n o n g e n e t i c t er m  f o r  a 
p o o r l y  s o r t e d  t e r r ig en o u s  d e p o s i t ) ,  c l ay ,  a n d  a t  o n e  l o c a l i t y , a 
d e p o s i t o f  M a r t in s b u r g  s h a l e  f r a g m e n t s ,  wh i c h  r e s emb l e s  a ma s s 
w a s t ing , t e r r e s t r i a l  d e p o s i t  ( s h a l e - c h ip g r a ve l ) .  The d i am i c t i t e  
i s  i n t e r p r e t e d  t o  b e  a c o l l u v i a l  d e p o s i t . The c l a y  w i t h  i t s  
s l i c k e n s i d e d  q ua r t z  v e in s  i s  b e l i e v e d  t o  b e .  t e c t o n i c  ( f a u l t  
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g o ug e ) . T h e  d e p o s i t o f  s h a l e  f r a g m e n �s r e s emb l e s  a ma s s-wa s t ing , 
t e r r e s t r i a l  d e p o s i t ( s h a l e - ch ip g r a v e l ) .  

S om e  a s p e c t s  o f  t h e s e  r o c k s  h av e  b e e n  d i s c u s s e d  b e f o r e  and 
a l t e r n a t iv e  i n t e r p r e t a t i o n s  m a d e . Wa i n e s and S a n d e r s  ( 1 9 6 8 )  
b e l i e v e d  t h a t  t h e  c l ay a t  t h e  c o n t a c t  i s  a p a l e o s o l . Luka s , 
Rut s t e in ,  and W a i n e s  ( 1 9 7 7 )  and W a i n e s  a n d  o t h e r s  ( 1 9 8 3 ) 
in t er p r e t e d  t h e  c l ay a s  a hy d r o t h e r ma l l y a l t e r e d S i l u r i a n  s h a l e  
a n d  c e r t a in s t r u c t ur e s  a t  t h e  b a s e  o f  t h e  S h awangunk a s  r u nn e l s  
p r o d u c e d  b y  b a c k f l ow o n  a b e a ch . A s  d i s cu s s e d b e l ow ,  w e  b e l i eve 
t h a t  t h e s e  s t r u c t ur e s  a r e  t e c t o n i c  in o r ig in .  In e a s t e r n  
P e nn s y l va n i a ,  a s im i l a r  c l ay l a y e r  i s  f o und b e tw e e n  t h e  
Mar t in s b urg and S h awangunk . L i e b l ing a n d  S c h e r p  ( 1 9 8 2 )  b e l i eve 
t h a t  t h i s  l a y e r  i n  P en n s y l v a n i a  is  a s e p a r a t e  s t r a t i g r a p h i c  unit , 
i n  c o n t r a d i c t i o n  t o  t h e  f au l t  g o u g e  hy p o t h e s i s  o f  E p s t e in a n d  
o t h e r s  ( 1 9 7 4 ) . 

Th e d i am i c t i t e  i s  d a r k  y e l l o w i s h  o r a nge and c o n s i s t s  o f  a 
v a r i e t y  o f  c l a s t s  i n  a s a n d - s i l t  ma t r i x .  Th e c l a s t s  c o n s i s t  o f  
f r a gme n t s  o f  t h e  u nd e r l y ing Mar t in s b ur g , quar t z  p e b b l e s  ( s im i lar 
to  t h o s e  f ou n d  in t h e  ov e r l y in g  S h awangunk ) , a n d  e xo t i c  r o u n d e d  
t o  s u b a n g u l a r  p e b b l e s  ( d i s s im i l a r  t o  r o c k  t y p e s  imme d i a t e l y  a b ove 
or b e l ow the u n c o n f o r m i t y ) .  S o r t ing i s  p o o r  ( f ig . S A ) . Th e r e is  
a s h a r p  c o n t a c t  w i t h  the S hawangunk a b o v e  a n d  a l s o  a s h a r p  
c o nt a c t  w i t h  t h e  Mar t in s b u r g  b e l ow .  I n  p l a c e s , s u c h  a s  a t  
O t i s v i l l e  ( S t o p  5 ) , i t  a p p e a r s  t h a t  p a r t s  o f  t h e  Mar t in s b urg have 
b e e n  b o d i l y  l i f t e d  f r om t h e  unde r l y ing b e d r o c k  and i n c o r p o r a t e d  
i n  t h i s  d iami c t i t e .  W e  d o  n o t  b e l i e v e  t h a t  t h i s  d e p o s i t i s  a 
f a u l t  b r e c c i a ,  b e c au s e  t h e r e  d o e s  n o t  a p p e a r  t o  b e  a f o l i a t io n  
i n  i t , a l t h ough i t  m a y  h a v e  b e e n  a f f e c t e d  by mov em e n t  t o  s om e  
d e g r e e . I t  l o o k s  mo r e  l ik e  a p r o d u c t  o f  ma s s  w a s t ing , t h a t  i s , a 
c o l l uv ium . Mo r e ov e r , i t  c o nt a i n s  a l a r g e  va r i e ty o f  p e b b l e s , 
w h i c h  c o u l d  have o n l y  b e e n  b r o u g h t  i n  a s  a s e d im e n t a r y  d e p o s i t . 

T h e  exo t i c  p e b b l e s  a r e  r o u n d e d  t o  s ub a n g u l a r  a n d  a s  much as 
4 i n ch e s  l on g . T h e y  c o n s i s t  of g r aywa c k e , o r t h o q u a r t z i t e ,  
f e l d s p a t h i c  and c h l o r i t i c  s a n d s t o n e , c r o s s - l am i n a t e d  f e l d s p a t h i c 
c o n g l ome r a t i c  qua r t z i t e ,  r e d  f in e - g r a in e d  s a n d s t o n e  a n d  
s i l t s t o n e , v e in q u ar t z ,  c o a r s e - g r a i n e d  quar t z i t e  w i t h  p y r i t e ,  
g r ay wa ck e , m e d ium- g r a y  s i l i c e o u s  s i l t s t o ne , lam in a t ed m i c a c e o u s  
s i l t s t o n e , a n d  m e d ium d a r k - g r a y  s h a l e . T h e  p e b b l e s  a r e  f o u n d  a t  
t h e  T a c o n i c  u n c o n f o r m i t y  n e a r  O t i s v i l l e  ( S t o p  5 ) ,  Wur t s b o r o  ( S t o p  
8 ) , a n d  O t i s v i l l e .  

Ma r t in s b u r g  f r agme n t s  a r e  a l s o  f o un d  w i t h in t h e  c o l l uv ium 
a n d  c o n s i s t  of ang u l a r  f r a gme n t s d e r i v e d  f r om t h e  imm e d i a t e  
un d e r l y ing b e dr o c k , a n d  r o u n d e d  c l a s t s  t h a t  w e r e  t r a n s p o r t e d  f o r  
s om e  d i s t a n c e . Angu l a r  M a r t in s bur g f r a gment s a r e  a l s o  f o und i n  
t h e  g o ug e , p r e s um a b l y  in c o r p o r a t e d  dur ing f a u l t movem e n t . 

Many p e b b l e s  a r e  r o un d e d  a n d  h a v e  w e a t h e r ing r in d s  a f e w  
m i l l ime t e r s  t h i c k .. A f ew l a m in a t e d  s amp l e s  h a v e  sma l l  r i d g e s  
w e a t h e r e d  o u t  i n  r e l i e f . T h e  o b l a t e  s h a p e  o f  o t h e r s  a p p e a r s  t o  
h av e  f o r m e d  by er o s i o n  i n  r u n n ing wa t e r . C l e a r l y ,  t h e s e  c o b b l e s  
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w e r e  e xp o s e d t o  t h e  a i r ,  we a t h e r e d , a n d  i n c o p o r a t e d  in 
d i ami c t i t e ,  wh i c h  we b e l i ev e  t o  be a c o l luv ium . 

t h e  

W e  have c o l l e c t e d  s ampl e s  f o r  p e t r o g r ap h i c  anal y s i s  f r om 
s e d ime n t a r y  r o c k s  t h a t  may have b e e n  t h e  s o ur c e  f o r  t h e  exo t i c  
p e b b l e s . The work i s  s t i l l  in p r o g r e s s ,  b u t  w e  can make s ome 
g u e s s e s . The g r a y w a c k e  p e b b l e s  c o u l d  have b e e n d e r ived f r om t h e  
Mar t in s burg . T h e  p e b b l e s  o f  qua r t z i t e  a r e  s im i l a r  t o  qua r t z i t e s  
f a i r l y  h ig h  up in t h e  S h awangunk , b u t  obv i o u s l y  t h e  S hawangunk 
c o u l d  n o t  have b e e n  t h e  s o ur c e  of t h e  p e b b l e s .  The d i r t i e r 
s a nd s t o ne s , r e d  s a nd s t on e  a n d  s i l t s t on e , a s  w e l l  a s  t h e  qua r t z i t e  
p e b b l e s , may have come f r om t h e  Qua s s a i c  Forma t i o n  o f  W a i n e s  
( 1 9 8 6 ) o f  t h e  Ma r l b o r o  Moun t a i n s , p r e s e n t l y  5 - 1 5  m i l e s  e a s t  o f  
t h e  T a c o n i c  u n c o n f o rm i t y . T h e  a g e  o f  t h e  Q ua s s a i c i s  s omewh a t  
s p e c u l a t iv e , b u t  i t  p r o b a b l y  rang e s  f r om l ow e r  Ma r t in s b urg 
t h r o ugh t h e  Upper O r do v i c ia n  ( W a i n e s ,  1 9 8 6 ) ,  s o  s ome of  i t , at  
l e a s t ,  c o u l d  have s u p p l i e d  the p e b b l e s  and c o b b l e s  to  t h e  
c o l l uv ium . S im i l a r  r o c k s  a r e  f o u n d  i n  L i t t l e  Moun t a in i n  t h e  
Fr i e d e n s bu r g  q u a d r a n g l e  o f  e a s t er n  P e n n s y lvan i a ,  b e tw e en t h e  
S u s q u e h anna a n d  L eh ig h  R i v e r s ,  a s  w e l l  a s  p o s s ib l y  a t  t h e  
S p i t z e n b e r g  a b i t  f a r t h er n o r t h e a s t .  S ome o f  t h e  s a nd s t on e  c o u l d  
have b e e n  d e r lved f r om t h e  s a n d s t o n e  a t  P in e  B u s h  ( in f o r ma l l y  
named in t h l s  r e p o r t ) .  S ome p o s s ib l e  p r o b l em s  r ema L n :  ( 1 )  t h e  
s h a p e  o f  t h e  p e b b l e s  s u g ge s t s  s h o r t  t r a n s p or t ,  b u t  s im L l a r  r o c k s  
a r e  n o t  pr e s en t l y  f ou n d  i n  t h e  Mar t in s b u r g  imme d i a t e l y  b e l ow ;  ( 2 ) 
t h e  p o s s ib l e  s o u r c e  t e r r a n e  f o r  t h e s e  p e b b l e s  w a s  p r o b a b l y  n o t  
s im Ll a r  t o  t h e  o n e  wh i c h  s u p p l i e d  t h e  g r aywa c k e  s a n d s t on e  
p r e s• n t l y  i n  t h e  Mar t in s b ur g ; a n d  ( 3 ) f ew ( i f any ) o f  t h e  p eb b l e s  
l ik e  t h o s e  d e s c r ib e d  a r e  f o un d  i n  t h e  c o ng l om e r a t e s  o f  t h e  
imm e d i a t e l y  o v e r l y in g  S h awangunk F o r ma t i o n .  

T h e  o c c ur r e n c e  o f  ang u l a r  s l i c k e n s i d e d  v e in qua r t z  f r agment s 
t h a t  a r e  o r i e n t e d  in a l l  d i r e c t i o n s  w i t h Ln t h e  c o l luv i a l  
d i a m i c t i t e  p r e s e n t s a p r o b l em i n  i n t e r p r e t a t i o n .  T h e  f a c t  t h a t  
t h e  g o u g e  a n d  q u a r t z  v e i n s  a r e  f o u n d  u n i que l y  a t  t h e  Ma r t in s b ur g 
S h awang unk c o n t a c t  s u g g e s t s  t h a t  t h e  movement i s  p o s t -T a c o n i c , 
p r o b a b l y  A l l e g h an i a n , i n  a g e . Th e c o l luv ium w i t h  exo t i c  r o u n d e d  
p e b b l e s  u n c o n f o r ma b l y  o v e r l i e s  t h e  Mar t i n s b u r g  a n d  u n c o n f o rmab l y  
u n d e r l i e s  t h e  S h awangunk . I t  i s  t h e r e f o r e  p o s t - Ma r t in s b u r g  a n d  
p r e - S h awangunk in a g e ,  a p r o d u c t  o f  T a c o n i c  up l i t t .  T h e  pr o b l em 
i s  t h a t  a ng u l a r  f r agme n t s o f  v e in q ua r t z  ( A l l e g h a n i a n  ? )  i s  
i n c o r p o r a t e d  w i t h i n  t h e  c o l l uv ium o f  T a c o n i c  a g e . T h e  r e s o l u t i o n  
t o  t h L S  d i l ema may b e  t h a t  t h e r e  h a s  b e e n  m u l t ip l e  mov e m e n t  a l ong 
t h e  f au l t  at t h e  S hawangunk -Mar t i n s b u r g  c o nt a c t , a n d  t h a t  t h e  
"w e i r d  r o c k s " i s  a c o mp o s i t e  d e p o s i t , made u p  o f  b o t h T a c o n i c  
c o l l u v i um and f a u l t  b r e c c i a . T h er e f o r e ,  t h e  angu l a r f r agme n t s o f  
v e in q u a r t z  w e r e  i n c o r p o r a t e d  i n  t h e  c o l luv ium dur ing l a t er f a u l t  
m o v em e n t . A l t e r n a t iv e l y ,  t h e  f r agme n t s  o f  v e in quar t z  c o u l d  h av e  
b e e n  d e r Lv e d  f r o m  v e i n  q u a r t z  p r o d u c e d  dur ing T a c o n i c  f a u l t ing 
a n d  i n c o r p o r a t e d  i n  t h e  c o l l uv ium a s  s e d im e n t a r y  c l a s t s .  

T h e  c l ay w i t h in t h e  z o ne b e tw e e n  t h e  Mar t in s burg and 
S hawangunk o c c u r s  as d i s c o n t i n u o u s  l ig h t  b l u i s h - g r a y  l a y e r s  t h a t  
have b e e n  w e a t h e r e d  t o  mo d e r a t e  r e d  a n d  g r a y i s h  o r a ng e .  Th e c l ay 
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Fi gure 5 .  Hi stograms and cumul ati ve curves for depos i ts between the 
Marti nsburg and Shawangunk Formati ons . These deposits are i nteroreted 
to be col l uv i um (A ) , faul t gouge ( B ) , and shal e-ch io  gravel ( C ) .  A 
P le i stocene shal e-chi p  gravel i s  shown i n  Q for comoarison with �· 
So , coeffic i ent of sorting ; Ma, medi an diameter, i n  mm. 
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i s  i n t e r na l l y  f o l d e d  a n d  c o n t a i n s  b o t h  c o n t i n u o u s  a n d  d i s r u p t e d  
q u a r t z  v e in s . I n  p l a c e s ,  c l o s e l y  s p a c e d  f r a c t ur e s  e x t e n d  down 
f r om t h e  c l ay i n t o  t h e  und e r l y ing b e d r o c k .  In o t h e r  p l a c e s  t h e  
l o w e s t  f ew m i l l im e t er s o f  t h e  S h awangunk i s  s h e ar e d .  A t  S t o p  � 
t h e  u p p e r  f ew inch e s  o f  t h e  Ma r t i n s b u r g  i s  r o t a t e d .  T h e  c l ay. i s  
c l e a r l y  a f a u l t  g o ug e . T h e  v e in f r agme n t s  a r e  s l i c k e n s i d e d , 
i nd i c a t ing r e p e a t e d  m o v e m e n t  a l o n g  t h e  z o n e . 

O n e  que s t i o n  t h a t  n e e d s  t o  b e  a s ke d  i s  why t h e  c l ay in t h e  
f a u l t  g o u g e  h a s  r ema i n e d  a s t i c ky c l ay , wh e r e a s  s ur r o u n d i n g  r d c k s  
h a v e  b e e n  l i t h i f i e d ?  T h e  a n s w e r  m a y  b e  t h a t  t h e  c o n t a c t  i s  a 
z on e  o f  a l t e r a t i o n .  Th i s  a r e a  o f  t h e  S hawangunk Moun t a � n s  
c o n t a i n s  s e v e r a l  a b a n d o n e d  l e a d - z i n c  m in e s  a n d  t h e r e  a r e  many 
p r o s p e c t s  and m i n e r a l i z e d  l o c a l i t i e s  t h r o u g h o u t  t h e  ar e a .  T h e  
l ow e r  f e w  i n c h e s  o f  t h e  S h awangunk h e r e  a t  O t i s v i l l e i s  s im � l a r l y  
a l t e r e d .  

T h e  s h a l e - c h i p  g r a v e l  j u s t  b e l ow t h e  S h awangunk F orma t i o n  
a n d  a b o v e  s o l id Mar t in s b u r g  b e d r o c k  a t  E l l e nv i l l e  ( s e e  
d e s c r i p t i o n  f o r  S t o p 2 )  i s  r emarka b l y  s im � l a r  i n  a p p e ar a n c e  t o  
P l e i s t o c e n e  s h a l e - c h i p  g r av e l s  e l s ewh e r e  in t h e  n o r t h e r n  
Ap p a l a c h i a n s . F·igur e 5 c ompa r e s  a s i z e  d i s t r ib u t io n  a n a l y s i s  o f  
t h e  g r a v e l  a t  E l l e nv i l l e  ( f ig .  S C )  w i t h  a P l e i s t o c e n e  s h a l e - c h � p  
g r av e l  i n  e a s t e r n  P e n n s y l v a n i a  ( f ig .  S D ) . T h e  c o e f f �c i e n t  o f  
s o r t i n g , S o ,  o f  t h e  E l l e nv i l l e  g r av e l  i s  2 . 1 ,  ind i c a t ing a v e r y  
w e l l  s o r t e d s e d im e n t , s im i l a r  t o  s o r t ing f o un d  i n  a l luv i a l  
s an d� . Th i s  s u g g e s t s  w a t e r  w a s h ing o f  t h e  s e d im e n t . T h e  m e a n  
g r a i·n s i z e ,  Ma , i s  3 . 2  mm . T h e  P l e i s t o c e n e  s h a l e - c h i p  g r av e l  i s  
r emar k a b l y  s im � l a r , b o t h  i n  s o r t in g  a n d  mean g r a i n s i z e ,  
s u g g e s t ing a s im i l a r  o r ig in .  On t h e  o th e r  h a n d , c o l l u v i um 
b e tw e e n  t h e  Mar t in s b u r g  a n d  S h aw a n g u nk a t  O t i s v i l l e , New Y o r k  
( F i g . S A ) , wh i c h  we w i l l  s e e  a t  S t o p  5 ,  i s  m u c h  mo r e  p o o r l y  
s o r t e d . F a u l t  g o u g e  b e tw e e n  t h e  Mar t in s burg and S h awang unk , s u ch 
a s  at P o r t  J e rv i s , New Y o r k , i s  e v e n  mo r e  p o o r l y  s o r t e d  a n d  
c o n t a i n s  a m u c h  l a r g e r  p e r c e n t a g e  o f  s i l t  a n d  c l ay ( f ig . S B ) . 

Th e s e  d a t a  a d d  a n  i n t e r e s t ing h i t h er t o  unr e c o g n i z e d  c h a p t e r  
t o  L a t e  O r dov i c i a n  p a l e o g e og r a p h y  in t h e  c e n t r a L  A pp a l a ch i an s . 
I t  s e em s  l ik e l y  t h a t  f o l l ow i n g  t h e  d e p o s it i o n  o f  t h e  m a r i n e  
Mar t in s b u r g  s h a l e s  a n d  g r ay w a c k e s ,  t h e  Mar t in s b ur g  w a s  up l i t t e d  
dur ing t h e  T a c o n i c  o r o g e n y . B u t  l a t e r  a s  t h e  Mar t i n s b u r g  s u r f a c e  
w a s  s u b a er i a l l y  exp o s e d ,  d i am i c t i c  c o l l uv ium and s h a l e - ch ip 
g r av e l s  w e r e s p r e a d  o u t  o n  t h e  exp o s e d s ur f a c e s ,  a n d  e xo t i c  
p e b b l e s  a n d  c o b b l e s  w e r e  i n c o r p o r a t e d  i n  t h e  d i am� c t i t e .  Much o f  
t h i s  ma t e r i a l  wa s s u b s e q u e n t l y  r emov e d  d u r i n g  p r e - S h awangunk 
e r o s io n  and o n l y  s c a t t e r e d  o c c ur r en c e s  r ema i n .  The c l a s t s  w e r e  
d e r i v e d  f r om a s our c e  t h a t  i s  n o  l on g e r  exp o s e d n e ar b y . T h e  o n l y  
ev i d e n c e  f o r  t h a t  s o ur c e  i s  f r om t h e  f e w  p e b b l e s  t h a t  w e  h a v e  
f o u n d . I t  m i g h t  b e  s u g g e s t e d t h a t  t h ru s t s  b r o u g h t  t h e s e  exo t i c  
r o c k s  c l o s e  t o  t h e  s i t e  o f  d e p o s i t i o n ,  and t h a t  t h ru s t s  s h e e t s  
w e r e  s ub s e q u e n t l y  e r o d e d . I f  t h i s  i s  t r ue , t h e s e  t h ru s t s  mu s t  
h a v e  b e e n  T a c o n i c  i n  a g e . T h e s e  d e p o s i t s  w e r e  l a t er c o v e r e d  b y  
c o ng l om e r a t e s  a n d  s an d s t on e s  o f  t h e  S hawangunk F o r ma t i o n  dur ing . 
M i d d l e  S i l u r i a n  t ime . 

' 
_j 

1 
I I 



j 

' 1 j 

' 1 
I 

' J  

' 1 . J 

' l 
' j 

' 1 I 
I 

' " 

' J 

C - 2  1 

T h e r e f o r e ,  t h e s e  "w e i r d  r o c k s '' in d i c a t e  • f a i r l y  c o mp l e x  
g e o l o g i c  h i s t ory t h a t  h a s  n o t  b e e n  p r ev i o u s l y  s u g g e s t e d . W e  
w e l c om e  your c ommen t s . 

Mul l i o n s  a t  t h e  b a s e  o f  t h e  S h awangunk 

" Mu l l i o n "  is a n  a r c h i t e c t u r a l  t e r m  b o r r ow e d  . bY s t r u c t ur a l  
g e o l o g i s t s  t o  d e i c r i b e  e l on g a t e  f o l d - l ike o r  p r 1 sm- l ike f o r m s  
d ev e l o p ed a t  t h e  b o u n d a r y  b e tw e e n  r o ck s  of d if t e r en t  m e c h a n i c a l  
p r o p e r t i e s . T h e y  may b e  v e r y  r e g u l a r  i n  s p a c ing a n d  g e om e t r y  and 
e x t e n d  f o r  c o n s i d e r a b l e  d i s t an c e s , o r  t h ey may b e  i r r e g u l a r  and 
s h o r t .  They may o r i g i n a t e  by d i f f e r e n t i a l  f o l d in g  o f  r o c k s  of  
c o n t r a s t ing p r o p e r t i e s  o r  by d i s r up t i o n  of comp e t en t  r o c k s  a l ong 
f o l i a t i o n  t h a t  i s  w e l l  d ev e l o p e d  in s ur r ou n d i n g  l e s s' c o mp e t e n t  
r o ck s . T h e y  m a y  b e  e i t h e r  p a r a l l e l  o r  p e r p e n d i c u l a r  t o  t h e  
s t r u c t u r a l  t r a n s p o r t  d i r e c t i o n .  T h e s e  char a c t e r 1 s t i c s  a r e  
d i s c u s s e d in many s t r u c t u r a l  g e o l og y  t e x t s . 

Mu l l i o n s  w e r e  s e e n  a t  t h e  b a s e  o f  Shawangunk F o rma t i o n  a t  
s ev e n  l o c a l i t i e s  i n  s o u t h e a s t e r n  New Y o r k . Th e s e  a r e  I n t e r s t a t e  
8 4  s o u t h  o f  P o r t  J erv i s , i n  a p r o s p e c t  n e a r  Guymar d ,  a t  t h e  
a b a n d o n e d  r a i lr o a d  c u t  in O t i s v i l l e  ( S t o p S ) , a l o ng N Y  R o u t e  1 7  
s o u t h  o f  Wur t s b o r o  ( S t o p . 8 ) , i n  t h e  a b a n d o n e d  r a i l r o a d  t u n n e l  
j u s t  s o u t h  o f  R o u t e  1 7 ,  a l on g  t h e  c r e ek j u s t e a s t  o f  t h e  pr i s o n  
a t  Wawa r s in g , and a f ew hund r e d  f e e t  s o u t h  o f  NY 5 5 -U S 4 6  ( t h e  
" T r a p p s " ,  W a i n e s  a n d  o t h e r s , 1 9 83 ) . 

T h e  mu l l i o n s  a r e  s t r a ig h t  t o  s l ig h t l y  i r r e g u l a r  downwa r d 
p r o j e c t ing s t r u c t u r e s  a t  t h e  b a s e  o f  t h e  S h aw a n g u nk ( f ig . 6 ) .  
T h e y  t en d  t o  have a n  a s ymme t r i c a l  wav e - l ike f o r m ,  a n d  e x t e n d  
a b o u t  t w o  i n c h e s  b e l ow t h e  S h aw a ngunk c o nt a c t . T h e  mu l l i o n s  
t r e n d  s ub p a r a l l e l  t o  t h e  s t r ik e  o f  t h e  S hawangunk . I n  a f ew 
p l a c e s  f a i n t  s l i c k en l i n e s  t r e n d  a b o u t  p e r p e n d i c u l a r  t o  t h e  t r end 
of t h e  mu l l i o n s . At t h e  c r e ek b e h 1 n d  t h e  pr 1 s o n  a t  N a p o n o c h ,  t h e  
mu l l i o n s  b ow d own t h e  sl i gh t l y  s h e a r e d  b e d d i n g  i n  t h e  u p p e r  f ew 
i n ch e s  o f  w e a t h e r e d  M a r t in s b ur g , s ug g e s t in g  t h a t  t h e y  w e r e  n o t  
e r o d e d  i n t o  t h e  und e r l y in g  s h a l e s ,  b u t  a r e  a t e c t on i c  l o a d ing 
f e a t ur e .  We d o  n o t  b e l i e v e  t h a t  t h e y  are " r un n e l s "  f o rm e d  o n  a 
b e a ch f a c e  ( Wa in e s  a n d  o t h e r s , 1 9 8 3 ) b e c a u s e  t h ey a r e  f o un d  o n l y  
a t  t h e  M a r t in s b ur g - S h aw a n g u n k  c o n t a c t , a boundary o f  e x t r eme 
m e c h a n i c a l  d i s h armony ( t h e y  a r e  n o t  s e e n  at t h e  b a s e s  of b e d s  
e l s ew h e r e i n  t h e  S hawangunk ) a n d  t h e i r  t r en d  i s  n o t  p a r a l l e l  t o  
c u r r e n t  . d i r e c t i o n s  i n d i c a t e d b y  t r ough c r o s s b e d d in g  ( s e e  f ig .  
1 5 } .  W e  i n t e r p r e t  t h e  S hawangunk a s  a f l u v i a l  ( b r a 1 d e d  s t r e am ) 
d e p o s i t , n o t  a b e a ch d e p o s i t . 
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Shawangunk 
Formation 

Mul l i  

Diamicti te 

Martinsburg 
Formation 

A 

B 

Figure 6 .  Mul l i ons at the base of the Shawangunk Formati on at 
Oti svi l le ,  Stop 5 (A ) , and the Guymard prospect ( B ) .  The mul l ions 
are 1-2 in deep and asymmetrical . They vary from straight ( l eft 
side of B) , to i rregu lar  (right s ide of B) . At Oti svi l l e ,  fragments 
of Martinsburg bedrock and exotic pebbl es can be seen i n  the 
diamicti te between the Shawangunk and Marti nsburg . 
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Figure 7 .  Cross section through Bonticou Crag showi ng l ocation of Taconic tectoni c 
zones .  See figure 1 for l ocati on.  

Q,  Quaternary surficia l  deposi ts ;  Dh,  Hami l ton Group ; Don , Onondaga L imestone ;  
De , Schoharie and Esopus Formations ; DSu , Gl enerie Formati on through Bi nnewater 
Sandstone ; Shf, H igh  Fal l s  Shal e ;  Ss , Shawangunk Formati on;  Om , Marti nsburg 
Formati on.  

From surface mapping and data modif ied from New York C ity �Jater Board , unpub l i shed 
data of the Cats ki l l  Aqueduct. Compare wi th Berkey ( 1 91 1 ,  fi g .  22 )  and Brown ( 1 91 4 ,  
fi g .  2 ) .  Dotted l i ne i s  the posi tion of the aqueduct tunnel , i n  pl aces projected 
i nto the l i ne of section. 

L_] 

() 
I "' 

w 



C - 2 4  

STRUCTURAL GEOL OGY 

B o t h  O r d ov i c i a n  and y o un� e r  r o ck s  in t h e  f 1 e l d  t r 1p a r e a  a r e  
mor e h ig h l y  f au l t e d  a n d  t i g h t l y  f o l d e d  i n  t h e  e a s t e r n  p a r t  o f  t h e  
a r e a  t h a n  t o  t h e  we s t .  T im ing a n d  d e g r e e  o f  d e f o rm a t i o n  o f  th e s e  
r o c k s  h a s  b e e n  t h e  s ub j e c t  o f  c o n s i d e r a b l e  l on g - s t a n d ing 
d e b a t e . 

T h e  t h r e e  mo s t  imp o r t a n t  p r o b l ems a r e : ( 1 )  what i s  t h e  
g e o g r a p h i c  d i s t r ib u t i o n  o f  T a c o n i c  s t r u c t ur e s  i n  p r e- S i l ur 1 a n  
r o c k s ; ( 2 )  wh a t  a r e  t h e  i n t e n s i t i e s  o f  T a c o n i c  a n d  p o s t - T a c o n i c  
d e f orma t io n s  in p r e- S i l ur i a n  r o c k s  ( a n d  what i s  t h e  a g e  o f  the 
f o l d s , f au l t s ,  me l a ng e ,  a n d  c l e a v a g e  in th e s e  r o c k s ) ;  and ( 3 )  i s  
t h e  p o s t - T a c o n i c  d e f o rm a t i o n  A c a d i a n  o r  Al l e g h a n i a n ,  o r  b o t h ?  

O n  t h i s  f i e ld t r ip w e  w i l l s ug g e s t  t h a t  ( 1 )  z o n e s  o f  T a c o n i c  
d e f o rm a t i o n  c a n  b e  r e c o g n i z e d  w h i c h d e c r e a s e  i n  int e n s i ty f r om 
e a s t  t o  w e s t ;  ( 2 ) w e s t  o f  "Ruedeman n " s L in e '' t h e  O r d ov i c ia n  r o c k s  
wer e m o r e  s ev e r l y  af f e c t e d  b y  p o s t - T a c o n i c  d e f o rm a t i o n  t h a n  by 
T a c o n i c  d e f orma t i o n ;  ( 3 )  t h e  a g e  of t h e  l a t e r  d e f orma t i o n  i s  
A l l e g h a n i a n , ( 4 )  A l l e g h a n i a n  d e f o rm a t i o n  a l o n g  t h e  T a c o n i c  
u n c o n f o r m i t y  d e c r e a s e s  i n  int e n s i t y  f r om P e n n s y l v a n i a  i n t o  
s o u t h e a s t e r n  New Y o r k ,  5 )  t h e  r e g i o n a l  s l a t y  c l e a v a g e  i n  t h 1 s  
a r e a , wh e r e  pr e s en t , i s  A l l e g h a n i a n  i n  age , ( 6 )  mo r e  i n t e n s e ,  
l a t e r , A l l e g h a n i a n  d e f o r m a t i o n  ov e r l a p s  t h e  e a r l i e r  A l l eg h a n i a n  
d e f orma t i o n  in t h e  e a s t er n  p a r t  o f  t h e  a r e a , a n d  ( 7 ) t h e  s t r 1k e  
o f  T a c o n i c  s t r u c t u r e s  i s  m o r e  n o r t h e r l y  ( by a s  m u c h  a s  2 0 ° ) t h a n  
A l l e g ha n i a n  s t r u c t ur e s .  

T a c o n i c  T e c t o n i c  Z o n e s  

C o mp i l a t i o n  o f  g e o l o g y  in t h e  D e l aw a r e  and C a t s k i l l  a q u e d u c t  
t u n n e l s , a n d  c om p a r i s o n  w i t h  s u r f a c e  exp o s ur e s  i n  s o u th e a s t er n  
N e w  Y o r k , a l l o w s  u s  t o  i d e n t i f y  t e c t on i c  z o n e s  o f  T a c o n i c  a g e .  
( f i g s .  7 and 8 ) . Th e s e  z o n e s  s t r ik e  a b o u t  N .  1 0 - 2 0 ° E .  and 
p r o gr e s s iv e l y  emerg e to  the s o u thwe s t  a l ong the c o n t a c t  w i t h  t h e. 
ov e r l y ing S h aw a n g u nk F o rm a t i o n .  T h e  s t ru c t ur e  i s  mo r e  comp l ex t o  
t h e  e a s t .  T h e  z o n e s  a r e , f r om w e s t  t o  e a s t :  ( 1 ) z o n e  1 wh 1 c h  h a s  
b r o a d  o p e n  f o l d s  i n  s l ig h t  a ng u l a r  u n c o nf o r m i t y  w i t h  t h e  
ov e r l y ing S h aw a n gunk F o rm a t i o n ,  ( 2 ) z o n e  2 t h a t  i s  a b e l t  o f  l e s s  
s ev e r e  f o l d s  a n d  f au l t s  w i t h  b e d d i n g  in h ig h  angu l a r 1 t y  w i t h  
o v e r l y ing S i l u r i a n  r o c k s ; a n d  ( 3 )  z o n e  3 w i t h  t h r u s t s ,  s t e e p  
d i p s ,  o v e r t u r n e d  f o l d s , a n d  m e l a ng e . Many m e l a n g e s  have b e e n  
m a p p e d  in t h e  O r d o v i c ia n  r o ck s  o f  t h e  H u d s o n  V a l l e y , s u c h  a s  o n e  
o n  R o n d o u t  C r e e k  n e a r  R o s e n d a l e ,  N ew Y o r k .  T h e s e  s t ru c t ur e s  a r e  
d e f in i t e l y  T a c o n i c  b e c a u s e  i n  p l a c e s  t h e  S i l u r i a n  r o c k s  t ru n c a t e  
t h e  s c a l y c l e a v a g e  in t h em . T h e  T a c o n i c  thru s t  f a u l t s  t h a t  
p r o d u c e d  t h e s e  m e l ang e s  a r e  a b u n d a n t  t o  t h e  s o u t h e a s t  o f  t h e  
u n c o n f o r m i t y . an d  a p p e a r  t o  b e c om e  r a r er a s  t h e  u n c o n f o r m 1 t y  i s  
a p p r o a ch e d . T h e  c o n t a c t  b e tw e e n  z on e s  1 a n d  2 m a y  b e  t h e  
e x t e n s i o n  o f  R u e d em an n ' s L in e  wh i c h  t r e n d s  s o u t h e r l y  a n d  i s  
o v e r l a p p e d  by S i l u r i a n  r o ck s  s ou t hwe s t  o f  A l bany ( B o sw o r t h  a n d  
V o l l m e r , 1 9 8 f ) . T h i s  l in e  p a s s e s  u n d e r  t h e  C a t s k i l l  P l a t e a u  a n d  
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Fi gure 8 .  
Reservo ir ,  
l ocation ) ,  
El l envi 1 1  e 

Cross section along the Del aware Aqueduct from the Ashokan 
through \•lawars ing , to the Nal l ki l l  River ( see Fi gure 1 for 
showing l ocation of the Taconic tectonic zones and the 
arch . 

Dp ,  P l atteki l l  Formation ;  Da , As hokan Formation ; Om ,  1·1ount Marion 
Formation ; Dh ,  shales and s i l tstones of the Hami l ton Grou p ;  OS , 
Onondaga Limestone through the B innewater Sandstone ; S s ,  H igh  Fa·l l s  
Shal e ,  Shawangunk Formation , and tongues of the Shawangunk 
Formation and Bl oomsourg Red Beds ; Om , Martinsburg Formation . 

From surface mappi ng and underground data modi fi ed from the 
·Del aware Aqueduct ( New York C i ty Hater Board , unpub. data , 1 945 ) .  
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emer g e s  f r om b e n e a t h  t h e  S h aw a n gunk M o un t a in s  a b o u t  5 m 1 l e s  e a s t  
o f  E l l env i l l e  ( f ig . 9 ) . T o  t h e  ea s t  o f  z o n e  1 l 1 e t h e  comp l e x  
s t r u c t ur a l  t e r r a n e  o f  t h e  T a c o n i c  k l ip p e n .  T o  t h e  w e s t  o f  z o n e  
3 ,  s u c h  a s  i n  c e n t r a l  P e n n s y l v a n i a , a n g u l a r  u n c o n f o r m i t y  g iv e s  
way t o  a c o n f o r ma b l e  O r dov i c i a n- S i l ur i a n  s e q u e n c e , a n d  o r o g e n i c  
upl 1 f t  is  r e f l e c t e d o n l y  by t h e  T a c o n i c  c l a s t i c  w e d g e . 

I g n o r ing f o r  t h e  moment a l l  f a u l t s  and f o l d s  o f  T a c o n i c  a g e , 
t h e  s t r u c t u r e  o f  t h e  Ma r t i n s b u r g  b e l t  in e a s t er n  P e n n s y l v a n i a  c a n  
b e  cha r a c t e r i z e d  a s  a n o r t hw e s t - d ip p ing s e q u e n c e . T h e  o l d e s t  
memb e r  i s  a l w a y s  o n  t h e  s ou t h  s i d e  o f  t h e  G r e a t  V a l l e y  and t h e  
youn g e s t on t h e  n o r t h  s i d e . Ly t t l e  a n d  Ep s t e in ( 1 9 8 7 )  s h ow t h a t  
t h i s  m o n o c l in a l  s e qu e n c e  i s  a c t u a l l y  t h e  nor t h  l imb o f  a v e r y  
b r o a d  a n t i c l in e  t h a t  inv o l v e s  r o c k s  a s  f a r  s ou t h  a s  t h e  
P e nn s y lv a n i a  P i e d m o n t  a n d  t h a t  t h 1 s  s t r u c t u r e  i s  p r o b a b l y  
Al l e g h a n i a n  i n  a g e . G o in g  n o r t h� a s tw a r d  int o New J er s ey t h e  
m id d l e  memb er o f  t h e  Mar t in s b u r g  i s  f o u n d  i n  t h e  t r ough o f  
s e v e r a l  s ma l l e r  s c a l e  s y n c l in e s , b u t  s t i l l  t h e  v e r y  b r o a d  a n d  
g e n e r a l s t r u c t u r e  i s  one o f  a n o r t hw e s twar d - d i p p i n g  mono c l in e . 
In s o ut h e r n  New Y o r k  S t a t e ,  t h e  W a l l k i l l  V a l l e y  h a s  l on g  b e e n  
r e c o g n i z e d  a s  a v e r y  b r o a d  o p e n  a n t i c l ine ( e . g . , O f f 1 e l d , 1 9 6 7 ; 
K a l ak a  and W a 1 n e s , 1 9 8 6 ) . T h i s  a n t i c l i n e  is  h ig h l y  f a u l t e d  in 
t h e  Mohonk L a k e  a r e a  ( f ig s . 1 a n d  7 ) . Many of th e s e  f a u l t s  c u t  
S i l u r i an r o ck s  a n d  w e  i n t e r pr e t  t h em t o  b e  A l l e g h a n i an in a g e . 

P o s t -Ta c o n i c  s t r u c t ur e s  
R e l a t iv e  e f f e c t s  o f  A l l egh a n i a n  a n d  T a c o n i c  d e f o rma t io n  

T h e  t e c t o n i c  e f f e c t s  i n  r o c k s  a b o v e  and b e l ow t h e  T a c o n i c  
un c o n f o r m i t y  i n  t h e  c e n t r a l  A p p a l a c h i a n s  h a s  b e e n  t h e  s u b j e c t  o f  
c o n s i d e r a b l e  d i s c u s s i o n  a n d  d e b a t e  ev e r  s in c e  t h e  u n c o n f o r m 1 t y  
w a s  r e c o g n i z e d  b y  H .  D .  R o g e r s  in 1 83 8 .  We h a v e  b e e n  mapp ing 
s e l e c t e d  a r e a s  a l o n g  1 2 0 m i l e s  ( 2 0 0  km) o f  the u n c o n f o r m 1 t y  f r o m  
e a s t e r n  P e n n s y l v a n i a  t h r ough New J e r s ey , and i n t o  s ou t h e a s t e r n  
N e w  Y o r k  ( f i g . 1 0 ) . W e  have c h o s e n  a r e a s  wher e e xp o s ur e s  a r e  
a b u n d a n t  e n o u g h  t o  b e  a b l e  t o  d e t e r m i n e  s t r u c t ur a l  r e l a t i o n s  in 
r o ck s  o n  b o t h  s i d e s  of the c o n t a c t . In g e n e r a l ,  g o i n g  f r om 
P e n n s y l v a n i a  t o  New Y o r k , s tr u c t u r e s  b e c ome s imp l er , f r o m  h ig h l y  
f au l t e d a n d  f o l d e d  a t  Hawk M o un t a i n ,  w h e r e  t h e  T u s c a r o r a  
F o rma t i o n  r e s t s  o n  b o t h  t h e  M a r t in s b u r g  Forma t i o n  a n d  r o ck s  o f  
t h e  H a m b u r g  k l i p p e , t o  ov e r t ur n e d  a n d  f a u l t e d  r o ck s  a t  L eh ig h  
G a p , t o  o v er s t e e p e n e d  f o l d s  a t  D e l aw a r e  W a t e r  G a p , a n d  upr i g h t  t o  
s l ig h t l y  o v e r t ur n e d  f o l d s a t  H i g h  P o in t , New J e r s ey , and f in a l l y  
i n t o  a f a i r l y  s imp l e  a r c h  a t  E l l e nv i l l e ,  New Y or k .  S l a ty 
c l ea v a g e  in b o t h  O r d o v i c i a n  a n d  y o ung e r  r o c k s  i s  c ommon ,  
p a r t i c u l a r l y  i n  t h e  s o u t hw e s t e r n  p a r t  o f  the s t udy a r e a . 

T h e  g e o l o g y  o f  t h e  a r e a  n e a r  E l l e nv i l l e , wh e r e  A l l e g h a n i a n  
a n d  T a c o n i c  s t r u c t ur e s  a r e  r e l a t iv e l y  s imp l e ,  i s  a n  e x c e l l e n t  
p l a c e  t o  d i s t i ng u i s h  t h e  e f f e c t s  o f  T a c o n i c a n d  l a t er 
d e f orma t i o n s . T h e  E l l env i l l e  a r c h  i s  a nor t h e a s t - p l ung ing f o l d  
w i t h  a h a l f  w av e l e n g t h  o f  a b o u t  4 . 2  m 1 l e s  ( 6 . 8  km ) .  F o l d e d  r o c ks 
i n c l u d e  t h e  M a r t i n s b u r g  i n  t h e  G r e a t  V a l l ey ,  t h e  S h awangunk in 
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DEVONIAN AND 

SI LURIAN ROCKS 

ORDOVICIAN ROCKS 

N.J. 

20 MILES 
40 KILOMETERS 

Figure 9 .  r�ap of southeastern New York showi ng the Taconic  
tectoni c  zones wi thi n  the parautochthonous flysch ,  the 
boundary of overl apping Devonian and Si l urian rocks , and the 
approximate western l imi t of a l l ochthonous rocks of the 
Taconi c  a l l ochthon. The zone boundaries are dotted beneath 
the Devonian and S i l uri an rocks . ZONE 1 ,  broad open folds ;  
ZONE 2 ,  tight fol ds and thrust fau l ts ;  ZONE 3 ,  overturned 
fol d s ,  thrust fau l t s ,  and mel anges . Faul ts and some 
overturned fol ds are found i n  zone 1 ,  and some areas of open 
fol ds are found i n  zone 3. Zones i n  the Al bany area are from 
Vol lmer ( 1 981 ) and Bosworth and Vol lmer ( 1 98·1 ) .  
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t h e  S hawangunk M o u nt a in s , a n d  r o ck s  o f  S i l u r i a n  and D ev o n i a n  a g e  
i n  the R o n d o u t  V a l l ey and C a t s k i l l  P l a t e au ( f ig .  8 ) . T h e  b r o a d  
a r c h  i s  p r o m i n e n t  i n  exp o s e d  c l i f f s  o f  t h e  S h awangunk F o r ma t i o n  
i n  t h e  E l l env i l l e  ar e a .  The s h a l e s  a n d  g r a yw a c k e s  o f  t h e  
M a r t i n s burg a r e  f a i r l y  we l l  exp o s e d i n  t h L s  a r e a . T h e  
M a r t i n s burg r a r e l y  exh i b i t s  s l a t y c l e a v a g e  in t h 1 s  ar e a .  W e  a r e  
t h e r e f o r e  a b l e  t o  d r aw a n  a c cu r a t e  c r o s s  s e c t i o n  wh L c h  s h o w s  t h a t  
t h e  c r e s t  o f  t h e  a r c h  d i f f e r s  i n  p o s i t i o n  i n  t h e  M a r t i n s b u r g  a n d  
i n  t h e  Shawangunk { f ig .  1 1 ) . I t  i s  c l e ar t h a t  t h L s  g e om e t r y  i s  
t h e  r e s u l t  o f  t h e  f o l d in g  o f ' a n  un c o n f o rmab l e  s e q u e n c e . I f  we 
unf o l d  the f o l d s  in t h e  S hawangunk , we c a n  r e c o n s t r u c t  t h e  p r e 
A l l e g h a n i a n  f o l d s  i n  t h e  Mar t in s b u r g  o n  t h e  b o t t om o f  t h e  
d i a g r am . N o t e  t h a t  t h e  E l l e nv i l l e  a r c h  h a s  b e e n  e l imina t e d a n d  
w e  a r e  l e f t  w i t h  o n l y  a b r o a d  s y n c l in e ,  T a c o n i c  i n , ag e .  

W e  have a l s o  d o n e  a s im i l a r  r e c o n s t r u c t i o n  b y  r o t a t ing 
b e d d ing in the S hawangunk b a c k  to h o r i z on t a l  u s ing a s t e r e o  n e t  
a n d  d e t e r m i n i n g  t h e  r e t r o d e f o r m e d  T a c o n i c  a t t i t u d e s  i n  t h e  
M a r t i n s b urg . F i g u r e  1 2  s h o w s  t h e  p o s i t io n  o f  the A l l e g h a n i a n  
E l l env i l l e  a r c h . T h e  h e avy l in e s  a r e  i s o g o n s  s h o w i n g  ang l e s  o f  
d i p  a n d  d ip d i r e c t i o n s  i n  t h e  S hawangunk . Th e s e  i s o g o n s  wer e 
u s e d  t o  d e t e r m i n e  t h e  amount o f  r o t a t i o n  n e c e s s a r y  f o r  t h e  
M a r t i n s burg s t r u c t u r a l  r e a d i ng s . T h e  d ip s  s h own i n  t h e  
M a r t i n s burg a r e  t h e s e  r e t r o d e f o rmed d ip s , t h a t  i s , t h e  
A l l e g h a n i a n  f o l d i ng h a s  b e e n  e l im i na t e d . Th e r e f o r e ,  t h L s  i s  a 
c o mp o s i t e  map , s ho w i n g  A l l e g h a n i a n  s t r u c t u r e  in t h e  S hawangunk 
and T a c o n i c  s t r u c t u r e  i n  the Mar t i n s b ur g .  N o t e  t h a t  t h e  r o t a t e d  
b e d s  in the M a r t i n s b u r g  d ip c o n s i s t en t l y  and g e n t l y  t o  t h e  
s o u t he a s t  i n  t h e  we s t e r n  p a r t  o f  t h e  a r e a  a n d  t h a t  t h e  E l l e nv i l l e 
a r c h  h a s  d i s a p p e ar e d . T h e  f o l d  a x e s  i n  t h e  Mar t in s b ur g  a r e  t h u s  
T a c o n i c  in a g e . A l s o  n o t e  t h a t  e a s t  o f  the L ake Awo s t ing 
d e f o r m e d  z o n e , b e d s  i n  the S hawangunk , s hown by the i s o g o n s , 
s t r ik e  ENE ( av e r a g e  N .  7 6 ° E . ) ,  b u t  t h a t  t h e  M a r t i n s burg 
u n d e r n e a t h  s t r ik e s  m o r e  n o r t h e r l y  b y  about 1 6 ° ( av e r a g e s  N .  6 0 ° 
E • ) • 

U s ing t h e  d a t a  s h own in t h e  map , a c r o s s  s e c t i o n  t h a t  i s  
s im i l a r  t o  t h e  o n e  s h own i n  f ig u r e  1 1  w a s  c o n s t r u c t e d  ( s e c t i o n  A
A ' , f ig .  1 2 ) . T h e  s o l i d l in e  is a c r o s s  s e c t i o n  s h ow i n g  b e d d i n g  
d e r iv e d  f r o m  o u r  s t e r e o g r a p h i c a l l y  r o t a t e d Mar t in s b ur g .  N o t e  
t h a t  i t  a g r e e s  a lmo s t  p e r f e c t l y  w i t h  t h e  p a t t e r n  d e r Lved f r om t h e  
s im p l e  u n f o l d ing o f  t h e · c r o s s  s e c t i o n  s h own i n  f ig u r e  1 1 ,  t h e  
d a s h e d  l in e .  I t  s e ems c l e a r  t h a t  T a c o n i c  f o l d s  i n  t h L s  a r e a  a r e  
b r o a d  a n d  o p e n , a n d  t h e  E l l env i l l e  a r c h  i s  a l a t e r s t r u c t u r e  
s u p e r i mp o s e d o n  t h e  T a c o n i c  f o l d s . 

F ig u r e  1 3  s h ows equa l a r e a  p l o t s  o f  b e d d in g  in t h e  
Shawang unk , i n  t h e  M a r t i n s b ur g , a n d  i n  the s t e r e o g r a p h i c a l l y  
r o t a t e d  M a r t i p s b u r g . T h e  g ir d l e  i n  t h e  Shawangunk d e f i n e s  a f o l d  
wh o s e  a x i s  p l ung e s  5 ° N .  3 2 ° E .  T h e  M a r t i n s b urg t r en d s , a s  w e  0 s e e  t h em now , a r e  m o r e  n o r t h e r l y ,  by a b o u t  1 0  , t h a n  t r en d s  in 
t h e  S hawangunk . I n t e r e s t ing l y ,  wh e n  t h e  r e t r o de f o rm e d  
Mar t in s bu r g  b e d d ing i s  p l o t t e d , t h e  T a c o n i c  f o l d s  p l u n g e  t o  t h e  
s o u t hw e s t . Th e r e f o r e ,  w e  c o n c l u d e  t h a t  T a c o n i c  f o l d s  t r e nd m o r e 
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Figure 1 0 .  Taconic unconformi ty study area between Hawk Mountai n ,  Pennsyl vania ,  and Napanoch ,  
New York ,  showing decreas ing All eghanian deformation i n  the Shawangunk Formation and younger 
rocks (dark area ) from southwest to northeast,  and refol d i ng of open Taconic fol ds ( zone 1 )  i n  
the Marti nsburg Formation ( l i ght area ) .  
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SHAW AN GUNK -MARTINSBURG UNCONFORMITY, 
ELLENVILLE ARCH, SOUTHEASTERN NEW YORK 

-----------�----------
PRE-ALLEGHANIAN {TACONIC) FOLDS 

A' 

2000 feet 

SEA LEVEL 

·2000 feet 

Figure 1 1 .  Cross section through the El l envi l l e  arch east of E l l envi l l e ,  
showing the angul ar unconformi ty between the Shawangunk Formation (dotted ) 
and the Martinsburg Formati on (shaded } , and the different pos i tion of the 
fol d  crest i n  the two units .  By measuring the orthogonal di stance between 
the base of the Shawangunk and a marker bed i n  the Martinsburg (near vertical 
l i nes } , we can reconstruct the confi guration of Taconic fol ds in the 
Martinsburg , shown on the l ower part of the diagram. See fi gure 1 for 
l ocation of cross section .  
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ELLENVILLE QUAD NAPANOCH QUAD 
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N 

Ss 

A A' 
.SHAWANGUNK FORMATION 

Fi gure 1 2 .  Geol ogic map of parts of the E l l envi l l e  and Napanoch 
7 . 5-minute quadrangl es showing the unconformabl e contact between the 
Shawangunk Formati on ( Ss )  and the ·Martinsburg Formation (Om) , l i nes 
of equal dip ( d ip  i sogons )  i n  the S hawangunk (sol id l i nes ) ,  and areas 
where the Shawangunk has been removed by eros ion (dashed l i nes ) ,  dips 
in the Martinsburg that have been rotated to el iminate Al l eghani an 
fol di ng shown by the d ip  i sogons , and the position of the reconstructed 
Taconic fol ds i n  the Martinsburg . The cross section .0.-A '  compares 
the retrodeformed Taconic structures derived from the construction from 
the map ( sol id  l i ne) and from the exercise i n  fi gure 1 1  (dashed l i ne) . 
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BEDDING (LOWER HEMISPHERE), ELLENVILLE ARCH, N.Y. 

n·247 

Ct•12% 

N 

SHAW ANGUNK FORMATION· 

nr139 

Cl·24% 

N 

• 

MARTINSBURG· FORMATION 

n-94 

a·24% 

N 

MARTINSBURG FORMATION 
(ROTATED) 

Figure 1 3 .  Equal -area projections ( l ower hemi sphere) of the present 
atti tudes of bedding i n  the Shawangunk and Martinsburg Formations i n  
the area shown i n  fi gure 1 2 ,  and the bedding in the Martinsburg that 
has been rotated s.o as to el iminate the effects of the E l l envi l l e arch. 

n o r t h e r l y  t h a n  A l l e g h a n i a n  f o l d s  in t h � s  a r e a , a n d  p l unge in t h e  
o p p o s i t e  d ir e c t i o n . T hu s , i n  t h e  E l l env i l l e  a r e a , w e  have b e e n  
a b l e  t o  d i s t ingu i s h  T a c o n i c  f r om A l l e g h a n i a n  f o l d s , b o t h  i n  
amp l i t ud e  a n d  t r e n d . 

F r om t h e  d a t a  pr e s e n t e d a b ov e , a n d  f r om o t h e r  c o n s i d e r a t i o n s  
( Ep s t e in a n d  L y t t l e ,  1 9 8 6 ) , w e  draw t h e  f o l l ow in g  c o n c l u s i o n s  f o r  
t h e  a r e a  f r om E l l e nv i l l e  t o  n o r t h e a s t e r n  P enn s y l v a n i a  n e a r  t h e  
T a c o n i c  u n c o n f o r m i ty : 

1 .  W i t h  o n l y  a f ew e x c e p t io n s , t h e  S h awang unk a n d  
e q u iv a l en t  Tus c a r o r a  Forma t i o n  ov e r l i e  the M a r t i n s b u r g  Forma t i o n  
w i t h  a n  a n g u l a r  u n c o n f o r m i t y  t h a t  r a n g e s  b e tw e e n  a n  ang l e  t h a t  i s  
b a r e l y  d i s c er n ib l e , t o  a b o u t  1 5 ° . 

2 .  T h e  d o m i n a n t  r e g i o n a l  fo l d i n g  i n  a l l r o cks a l ong t h e  
c o n t a c t  i s  A l l e g h a n i a n  i n  a g e .  
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3 .  T h e  r e g i o n a l  s l a t y  c l e ava g e  i s  A l l e g h a n i an i n  a g e . 

4 .  T a c o n i c  f o l d s  in t h e  M a r t in s b u r g  Forma t i o n  b e l ow t h e  
u n c o n f o r m i t y  a r e  mo s t l y  b r o a d  a n d  o p e n  a l on g  t h e  e n t i r e  1 2 U m 1 l e  
l e n g t h  o f  t h e  c o n t a c t  t h a t  w e  have s t u d i e d  s o u t hw e s t  o f  
E l l env i l l e .  T o  t h e  n o r t h  i n  z o n e s  2 a n d  3 t h e  s t r u c t ur e s  b e c ome 
mor e int e n s e and the a n g u l a r  d i s p a r i t y  b e tw e e n  b e d s  a b o v e  and 
b e l ow the u n c o n f o r m i t y  is  g r e a t e r . 

5 .  T h e  s t r ik e  o f  T � c o n i c  s t r u c t ur e s  t r e n d  a b i t  mo r e  
n o r t h e r l y  ( by a b o u t  3 - 2 0  ) t h a n  l a t e r  s t r u c t ur e s . 

Age o f  po s t -T a c o n i c  d e f orma t i o n  

W a s  t h e  e n t i r e  s e q u e n c e  o f  r o c k s  e xp o s e d  i n  t h e  f i e l d  t r ip 
a r e a  a f f e c t e d b y  A c a d i a n  o r  A l l e g h a n i a n  d e f o rma t io n ,  o r  b o t h ?  
Mar s h a k  ( 1 9 8 6 , p .  3 6 6 )  g iv e s  a s u c c in c �  s umma r y  o f  t h e  
c o n t r ov e r s y . A n  A c a d i a n  a g e  w a s  f a vo r e d  b y  W o o dw a r d  ( 1 9 5 7 ) ,  
R a t c l i f f e  a n d  o t h e r s  ( 1 9 7 5 ) ,  a n d  Murphy and o t h e r s  ( 1 9 � 0 ) , b a s e d  
o n  t h e  a g e  o f  t h e  y oung e s t  r o c k  t h a t  h a s  b e e n  d e f o r m e d . 
S t r u c t u r e s  in Ear l y  D e v o n i an a n d  U p p e r  S i l u r i a n  r o ck s  w e r e  
b e l i e v e d  t o  b e  A c a d i a n  in a g e  b y  C h a dw i c k  ( 1 9 4 4 )  a n d  W o o d w a r d  
( 1 9 5 7 )  b e c au s e  t h e s e  s t r u c t u r e s  w e r e  t ho ug h t  t o  b e  d i f t e r e n t  in 
s t y l e  and t r e n d  f r o m  s t r u c t ur e s  known to b e  A l l e g h a n i a n  in age in 
P e n n s y l v a n i a . On t h e  o t h e r  h a n d , S ch u c h a r t  ( 1 93 0 ) , S a n d e r s  
( 1 9 6 9 ) , a n d  G e i s e r  a n d  E ng e l d e r  ( 1 9 83 ) a r g u e d  t h a t  s e c o nd a r y  
s t r u c t u r e s  c o u l d  b e  t r a c e d  f r om P e n n s y l va n i a  in t o  New Y o r k , a n d  
t h e  s t r u c t u r e s  i n  t h e  H u d s o n  V a l l e y  a r e a  a r e  A l l eg h a n i a n  i n  
a g e .  An A c a d i a n  a g e  w a s  in f e r r e d  b y  R a t c l i f f e  a n d  ot h e r s  ( 1 9 7 5 )  
a n d  S u t t e r  and o t h er s ( 1 9 � 5 )  f r om d a t ing of c l e av a g e s  e a s t  o f  t h e  
Hud s o n  R i v e r . We f av o r  a n  A l l e g h a n i a n  a g e  f o r  t h e  f o l l ow in g  
r e a s o n s : 

1 .  T h e  E l l e nv i l l e  a r ch i s  a s t r u c t u r e  a t  t h e  n o r t h e a s t  e n d  
o f  a s e r i e s  o f  s t r u c t ur e s  t h a t  e x t en d  f r om t i ght f o l d s  w i t h  
a b u n d a n t  f a u l t s  in e a s t - c e n t r a l  P en n s y l v a n i a , t hr o ugh t ig h t  f o l d s 
w i t h  l e s s - a b u n d a n t  f au l t s  in e a s t e r nmo s t  P e n n s y l v a n i a ,  t h r o ugh 
up r i g h t  f o l d s in New J e r s ey , a n d  i n t o  s imp l e  f o l d s  and mono c l i n a l  
d i p �  in s o u t h e a s t e r n  N e w  Y o r k  ( f ig .  1 0 ) . S in c e  t h e s e  f o l d s  i n  
P e n n s y l v a n i a  inv o lv e  r o c k s  o f  P e n n s y l v a n i an a g e , t h e  E l l env i l l e  
a r ch i s  t h e r e f o r e  b e l i e v e d  t o  b e  A l l e g h a n ia n  in ag e .  I n  New Y o r k  
r o c k s  a t  l e a s t  a s  y ou n g  a s  t h e  P l a t t ek i l l  F o r ma t io n  o f  M i d d l e  
D e v o n i a n  a g e  a r e  a f t e c t e d  b y  t h e  a r ch . P o s s ib l y  e v e n  y o ung e r  
r o c k s , n o w  e r o d e d  awa y , w e r e  inv o l v e d  i n  t h e  f o l d ing . T o  t h e  
e a s t  i n  N e w  E n g l a n d  t h e  a g e  o f  A c a d i a n  int r u s i o n  a n d  d e f o rm a t i o n  
i s  g e n e r a l l y  b e l i ev e d  t o  b e  M i d d l e  D e v o n i an in a g e  ( Na y l o r , 
1 9 7 1 ) .  C l e a r l y  t h e  E l l env i l l e  ar c h  is  a p o s t -A c a d i a n  s t r u c t ur e .  

2 .  The .  s t r u c t ur e s  o f  t h e  Hud s o n  V a l l e y  t r end in t h e  
S i l u r i a n  a n d  D e v o n i a n  r o ck s  i n  t h e  K ing s t on a r e a  ( Ma r s h ak , 1 9 � 6 ) 
m a y  e x t e n d  s o u t hw e s t  i n t o  s t r u c t ur e s  t h a t  w e  have m a p p e d  in t h e  
S h awangunk M o un t a in s  o f  t h e  f i e l d  t r ip a r e a . W e  b e l i e v e  t h a t  
t h e s e  s t r u c t ur e s  c r o s s  c u t  a n d  p o s t - d a t e  t h e  A l l e g h a n i a n  
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E l l e nv i l l e  a r c h , a n d  t h e r e f o r e  f o rmed dur ing a l a t e r  A l l e g h a n i a n  
e v e n t . A p o s s ib l e  e xamp l e  o f  one o f  t h e s e  l a t er s t r u c t ur e s  i n  
t h e  f i e l d  t r 1 p a r e a  i s  t h e  B on t i c o u  t h ru s t  ( f ig .  7 ) .  

3 .  Many w o r k e r s have s u g g e s t e d t h a t  t h e  y o u ng e s t  r o c k s  t h a t  
h a v e  b e e n  f o l d e d  o r  f au l t e d a r e  i n  t h e  H am 1 l t on G r o u p , t h u s  
l im i t i n g  t h e  t ime o f  d e f o rma t i o n  t o  M i d d l e  D e v o n i a n  ( t h e  A c a d i a n  
o r o g e ny ) . Two s u ch f au l t  z o n e s , o n e  i n  t h e  B ak o v e n  S h a l e  a n d  o n e  
i n  s l ig h t l y  younger r o c k s  o f  t h e  Mount Mar i o n  F o rma t i o n ,  a r e  
d i s c u s s e d a t  r o a d l og m i l e a g e  0 . 3 .  S l i c k e n l i n e s  a n d  v e r g ing o f  
f o l d s  a t  t h e s e  l o c a l i t i e s  in d i c a t e s  n o r t hw e s t w a r d  t r a n s l a t i o n  
a l o n g  t h e s e  f a u l t s .  S im i l a r  f au l t s  have b e e n  r e p o r t e d  in 
e q u iv a l e n t  r o c k s  in c e nt r a l  New Y o r k  as much as 1 0 0 m 1 l e s  we s t  o f  
A l b any ( S c h n e i d e r , 1 9 0 5 ; L o n g , 1 9 2 2 , R i c ka r d , 1 9 ; 2 ,  B o s wor t h ,  
1 9 8 4 a , b ) . T h u s , t h e r e  i s  ev i d e n c e  f o r  d e t a chment w i t h 1n M i d d l e  
D ev o n i an s h a l e s  u n d e r  t h e  r o ck s  o f  t h e  C a t s k i l l  P l a t e a u . 
B o sw o r t h  ( 1 9 84b ) s u g g e s t e d  t h a t  t h 1 s  movement may b e  l in k e d  t o  
d e t a chment i n  S a l ina s a l t  u n d e r  t h e  Ap p a l a c h i a n  P l a t e a u  o f  
c en t r a l  N e w  Y o r k  a n d  P e n n s y l va n i a , d e s c r i b e d  ear l i e r  by P r u c h a  
( 1 9 6 8 )  and F r e y  ( 1 9 7 3 ) .  B o sw o r t h  p l a c e d  n o  a g e  c o n s t r a i n t s o n  
t h e  a g e  o f  t h i s  moveme n t , e x c e p t  t o  s a y  t h a t  i t  i s  p o s t -Mi d d l e  
D e v o n ia n , a n d  c o u l d  b e  A c a d i a n  o r  A l l e g h a n i a n . I f  i t  i s  l in k e d  
t o  t h e  S a l in a  h o r i z o n , a n d  a l l  t h e  r o c k s  o f  t h e  C a t s k i l l P l a t e a u  
h a v e  m o v e d  o n  t h 1 s  d e c o l l em e n t , t h e n  a n  A l l e g h a n i a n  a g e  w o u l d  b e  
ind i c a t e d . 

S im i l a r  f a u l t  h o r i z o n s  a r e  f o un d  i n  r o c k s  ev e n  h igher t h a n  
t h e  M i d d l e  D e v o n i a n  s h a l e  in t e rv a l . F o r  examp l e ,  o n e  s u c h  f au l t  
w a s  d i s cu s s e d by P e d e r s e n  and o t h e r s  ( 19 7 6 ,  p .  B - 4 - 1 6 ) , I t  is  in 
t h e  P l a t t e k i l l  F o rma t io n ,  l o c a t e d  in the Wo o d s t o ck 7 . 5 -m i nu t e  
q u a d r a ng l e ,  a l ong N Y  R ou t e  2 8 ,  7 m i l e s  w e s t  o f  K i ng s t on .  The 
f a u l t  z o n e  is  a dup l e x  a b o u t  t w o  f e e t  t h 1 c k  in wh 1 e h  
s l i c k en l in e s , t h e  v e r g ing o f  f o l d s , a n d  ov e r l a p p in g  o f  s t r u c t u r a l  
b l o c k s  ind i c a t e s  t r an s l a t i o n  o f  t h e  ov e r l y in g  b e d s  t ow a r d s  N ,  2 3 ° 
W .  W e l l - d ev e l op e d c l e av a g e  i s  f o u n d  j u s t  b e l ow t h e  f au l t . A l l  
t h e s e  d a t a  s u g g e s t t h a t  t h e r e  h a s  b e e n  movement o f  r o c k s  o f  t h e  
C a t s k i l l  P l a t e a u  a b o v e  t h e  H am i l t on s h a l e  h o r i z o n  a s  w e l l  a s  
w i t h in y o u n g e r  r o ck s . P e r h a p s  many mo r e  s im 1 l a r  f au l t s  z o n e s  a r e  
w a i t ing t o  b e  d i s c ov er e d .  I f  t h e  s t r u c t ur e s  w i t h 1 n  t h e  H am 1 l t o n  
s h a l e s  r e a l l y  mark t h e  l im i t  o f  A c a d i an d e f o rma t io n ,  a s  a numb e r  
o f  g e o l o g i s t s  have s u g g e s t e d ,  t h e n  y o u n g e r  r o c k s  s h o u l d  l i e  o n  
t h e  H am i l t on w i t h  a ng u l a r  u n c o n f o r m i t y . S o  f a r  a s  we know , n o  
e v i d e n c e  f o r  s u c h  a n  u n c o n f o r m i t y  h a s  e v e r  b e e n  p r e s e n t e d . I f  
o n e  r e c o g n i z e s  s t ru c t u r e s  s u ch a s  sma l l  thru s t  z o n e s  o r  
d e t a chment h o r i z o n s  w i t h in t h e  H am i l t on sh a l e s , and d o e s  n o t  s e e  
t h i s  s o r t  o f  s t ru c t ur e  i n  any over l y ing un i t , i t  i s  m e a n in g l e s s  
t o  s a y  t h a t  t h e  H am i l t o n  i s  t h e  y o u n g e s t  u n i t  a f f e c t e d  b y  t h e s e  
s t r u c t ur e s .  Ther e i s  p l e n t y  o f  ev i d e n c e  t o  s u g g e s t  t h a t  t h e s e  
s t r u c t u r e s  f or m e d  when t h e  r o c k s  w e r e  a t  l e a s t  p a r t i a l l y 
l i t h i f i e d . T h e r e f o r e ,  s om e  r o ck s  y o u n g e r  t h a n  t h e  af f e c t e d b e d s  
mu s t  h a v e  b e en p r e s e n t  a n d  w e r e  t r a n s p o r t e d  t o  t h e  we s t  in t h e  
o v e r l y ing b l o c k  o r  t h r u s t  s h e e t . T h e r e f o r e ,  w e  f e e l  i t  i s  v e r y  
imp o r t an t  t o  e x am i n e  t h e  t y p e  o f  s t r u c t u r e  b e ing d i s cu s s e d when 
imp o r t a n t  g e n e r a l i z a t i o n s  a b o u t  the  a g e s  o f  r e g i o n a l  d e f o rma t i o n s  
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a r e  b e ing m a d e . 

4 .  L in e a m en t s , wh i c h  have a t r e n d  o f  a b o u t  N .  2 0 ° E . ,  a r e  
v e r y  a p p a r e n t  o n  r a d a r  ima g e r y  a n d  t o p o gr a p h i c  ma p s .  They e x t end 
n o r t hw a r d  in t o  r o c k s  a s  y o ung a s  t h e  P l a t t e k i l l  F o r m a t i o n  o f  
M i d d l e  D �v o n i an a g e  a n d  p r o b i b l y  e x t e n d  i n t o  t h e  O n e o n t a  
F o r ma t i o n  o f  L a t e  D e v o n i a n  a g e . T h e y  a l s o  p a r a l l e l  f a u l t s  t h a t  
we h a v e  m a p p e d  i n  t h e  S h aw a ngunk M ou n t a in s  t o  t h e  s o u t h .  I n  t h e  
C a t s k i l l  P l a t e a u , t h e y  a r e  a l i g n e d  a l o n g  v a l l e y s  ( s e e n  f r om 
m i l e a g e  1 . 3 a n d  S t o p 3 ) , wh i c h  p r e l iminary inv e s t i g a t i o n s  s u g g e s t  
a r e  c o n t r o l l e d b y  m i n o r  f au l t i n g  a n d  v e r y  c l o s e l y  s p a c e d  
j o in t s .  The s t r u c t ur e s  t h a t  c a u s e  t h e s e  l in e am e n t s a r e  p o s t 
A c a d ia n  in a g e , s in c e  t h e y  c u t  U p p e r  D ev o n i a n  r o c k s . The 
p a r a l l e l i s m  w i t h  t h e  f au l t s  in the S hawangunk Moun t a 1n s  s u g g e s t s ,  
b u t  d o e s  n o t  p r ov e , a n  a g e  e q u iv a l e n c e . 

5 .  F i n a l l y , t h e  A c a d i a n  o r o g eny in New Eng l an d  inv o l v e d  
d e f o r m a t i o n , m e t amorph i s m , p l u t o n  emp l a c em e n t , a n d  up l i t t . 
D a t i n g  o f  t h e  l a t e  o r o g e n i c  p l u t o n s  p l a c e s  a m in imum d a t e  o f  3 8 0 
m i l l io n  y e a r s  ( m i d d l e  M i d d l e  D e v o n i a n )  f o r  t h e  o r o g eny ( Na y l or , 
1 9 7 1 ) . T h e r e f or e ,  A c a d i a n  d e f o rm a t i o n  c e a s e d  b y  a t  l e a s t  t h e  
t im e  t h a t  t h e  b a s a l  p a r t  o f  t h e  H am i l t o n G r o up ( B ak o v e n  S ha l e )  
w a s  b e i n g  d e p o s i t e d ,  i f  n o t  s o o n e r . T hu s , t h e  r e s p o n s e  in t h e  
f i e l d  t r i p  a r e a  t o  A c a d i a n  d e f o r ma t i o n  g o in g  o n  t o  t h e  e a s t  w a s  
s u b s i d e n c e  t o  f o r m  a b a s i n  in wh i c h  Ham i l t o n  s e d im e n t s w e r e  
d e p o s i t e d .  T h i s  w a s  f o l l ow e d  by s h o a l ing a n d  f in a l l y  t e r r e s t r i a l  
d e p o s i t io n  ( " C a t s k i l l  F o r ma t i o n '' ) a s  t h e  A c a d i a n  mount a in s  t o  t h e  
e a s t  w e r e  up l i f t e d . A c a d i a n  f o l d i ng m a y  never h a v e  e x t e n d e d  a s  
f a r  w e s t  a s  t h e  f i e l d  t r ip a r e a l F a i l l  ( 1 98 5 )  l ikew i s e  s ug g e s t e d  
t h a t  ev i d e n c e  f o r  A c a d ia n  d e f o r m a t i o n  o f  r o c k s  in t h e  C a t s k i l l  
d e p o s i t i o n a l  b a s in a r e  e i t h e r  a b s en t  o r  amb igu o u s , a t  b e s t . 
C a t s k i l l s e d im e n t s a r e  t h e  r e s u l t  o f  A c a d i a n  o r o g e n i c  up l i t t ,  and 
w e r e n o t  d e f o r m e d  dur ing A c a d i a n  t e c t o n i s m .  Fau l t i ng in t h e  
P l a t t e k i l l a n d  H am i l t o n mu s t  t h e r e f o r e  b e  t h e  r e s u l t  o f  l a t e r  
( A l l e g h a n i a n )  d e f o r ma t i o n .  T h i s  s u g g e s t s  t h a t  t h e  f l a t - l y in g  and 
g e n t l y  d ipp ing r o c k s  o f  t h e  C a t s k i l l  P l a t e a u  may l i e  w i t h  f a u l t  
c o n t a c t  o n  t h e  h ig h l y  d e f o r m e d  U p p e r  S i l ur i a n  a n d  l ower M id d l e  
D e v o n i a n  r o ck s  o f  t h e  Hud s o n  V a l l ey . A l t e r na t iv e l y , t h e  s ev e r e  
d e f o r m a t i o n  o f  t h e s e  S i l u r i a n  a n d  D e v o n i a n  r o c k s  m a y  n o t  have 
e x t e n d e d  a s  far  w e s t  a s  t h e  p r e s e n t  C a t s k i l l  f r o n t  ( M a r s h a k , 
1 9 8 6 , P •  3 6 6 ) .  
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s t r a t i g r a p h i c  i� t e r p r e t a t i o n :  G e o l og i c a l  S o c i e t y o f  Ame r 1 c a  
Ab s t r a c t s  w i t h  P r o g r am s , v .  1 8 ,  p .  2 5 . 

La s h ,  G .  G , , 1 9 8 5 , G e o l o g i c  map a n d  s e c t i o n s  
7 1 / 2  m i n u t e  quadr a n g l e ,  P e n n s y l v a n i a :  
S ur v e y  G e o l o g i c  Q u a d r an g l e  M a p  G Q- 1 5 7 7 ,  

o f  t h e  K u t z t own 
U .  S .  G e o l o g i c a l  
s c a l e  1 : 2 4 , 0 0 0 .  

L a s h , G .  G , ,  a n d  D r ak e , A .  A . , J r . ,  1 9 8 4 ,  T h e  R i chmo n d  and 
G r e enw i c h  s l i c e s  o f  t h e  Hamb u r g  k l i p p e  in e a s t e r n  
P en n s y l v a n i a : S t r a t i g r a p h y , s t r u c t ur e ,  and p l a t e  t e c t o n i c  
imp l i c a t i o n s : U .  S .  G e o l o g i c a l  S urvey P r o f e s s i o na l P a p e r  
1 3 1 2 ,  4 0  P •  

L a s h , G .  G . , L y t t l e , P .  T . , a n d  E p s t e i n ,  J .  B . , 1 9 8 4 , G e o l o g y  o f  
a n  a c c r e t e d  t e r r an e : t h e  e a s t e r n  Hamb u r g  k l i p p e  a n d  
s ur r o u n d i n g  r o ck s , e a s t e r n  P e n n s y l v an i a :  Gu i d e b o o k  f o r  t h e  
4 9 th Annu a l  F i e l d  C o n f e r e n c e  o f  P e n n s y l v a n i a  G e o l o g i s t s :  
H a r r i s bu r g , P e n n s y l v a n i a , P en n s y l v a n i a  G e o l o g i c a l  S urv e y , 
1 5 1  p .  a n d  f o l d e d  map . 

L e w i s , J .  V , , a n d  Kumme l ,  H .  B . , 1 9 1 0- 1 9 1 2 ,  G e o l o g i c  Map o f  New 
J e r s e y ; R ev i s e d by M .  E .  J o hn s o n ,  1 9 5 0 ,  S c a l e :  1 : 2 5 0 , 00 0 .  

L i e b l ing , R .  S . ,  a n d  S ch e r p , H .  S . ,  1 9 8 2 , L a t e - O r d ov i c i a n / Ear l y 
S i l u r i a n  h i a t u s  a t  t h e  O r d o v i c ian- S i l ur i a n  b o u n d a r y  in 
e a s t er n  P en n s y lvan i a : N o r t h e a s t e r n  G e o l ogy , v .  4 ,  p .  1 7 - 1 9 .  

L o n g , E .  T , ,  1 9 2 2 , M i n o r  f a u l t i n g  in t h e  C ayuga Lake r e g i o n : 
Ame r i c a n  J o u r n a l  o f  S c i e n c e , v .  3 ,  p .  2 2 9 - 2 4 8 .  



C - 2 0  

i s  i n t erna l l y f o l d e d  and c o n t a in s  b o t h  c o n t i n u o u s  a n d  d i s r u p t e d  
qua r t z  ve i n s . I n  p l a c e s ,  c l o s e l y  s p a c e d  f r a c t u r e s  e x t e n d  down 
from t h e  c l ay i n t o  t h e  und e r l y ing b e d r o c k .  In o t h e r  p l a c e s  t h e  
l ow e s t  f ew m i l l im e t e r s  o f  t h e  S hawangunk i s  s h e a r e d .  A t  S t o p  8 
t h e  u p p e r  f ew in c h e s  o f  t h e  M a r t i n s b ur g  i s  r o t a t e d , T h e  c l ay i s  
c l ea r l y  a fa u l t  g o ug e . T h e  v e in f r a gm e n t s  a r e  s l i c k e n s i d e d , 
ind i c a t ing r e p e a t e d  movement a l ong t h e  z o ne . 

O n e  q ue s t i o n  t h a t  n e e d s  t o  b e  a s k e d  i s  why t h e  c l ay in t h e  
f a u l t g o u g e  h a s  r em a i n e d  a s t i c ky c l a y , wh e r e a s  s u r r o u n d i ng r o c k s  
h a v e  b e e n  l i t h i f i e d ?  The a n s w e r  m a y  b e  t h a t  t h e  c o n t a c t  i s  a 
z o n e  o f  a l t er a t i o n .  Th i s  a r e a  o f  t h e  S h awangunk M o un t a 1n s  
c o n t a i n s  s e v e r a l  a b a n d o n e d  l e a d - z i n c  m i n e s  a n d  t h e r e  a r e  many 
p r o s p e c t s  and m i ne r a l i z e d  l o c a l i t i e s  t h r ou g h o u t  t h e  a r e a .  T h e  
l ow e r  f ew in c h e s  o f  t h e  S hawa n g unk h e r e  at O t i s v i l l e  i s  s im 1 l a r l y  
a l t e r e d . 

T h e  s h a l e - c h i p  g r a v e l  j u s t  b e l ow t h e  S h awangunk F o r ma t i o n  
and a b o v e  s o l id Ma r t i n s b u r g  b e d r o c k  a t  E l l env i l l e ( s e e 
d e s c r ip t i o n  f o r  S t op 2 )  i s  r em a r ka b l y  s im 1 l a r  in a p p e a r a n c e  t o  
P l e i s t o c e n e  s h a l e - ch ip g r av e l s  e l s ewh e r e  in t h e  n o r t h er n  
Ap p a l a c h i a n s . F i g ur e 5 c o mp a r e s  a s i z e  d i s t r i b u t i o n  a n a l y s i s  o f  
t h e  g r a v e l  a t  E l l env i l l e  ( f i g . 5 C )  w i t h  a P l e i s t o c e n e  s h a l e - c h 1 p  
g r av e l  i n  e a s t er n  P e n n s y l v a n i a  ( f ig .  S D ) , The c o e f f 1 c i e n t  o f  
s o r t ing , S o ,  o f  t h e  E l l env i l l e g r av e l  i s  2 . 1 , i n d i c a t ing a v e r y  
we l l  s o r t e d  s e d im e n t , s im i l a r  t o  s o r t ing f ound in a l luv i a l  
s a nd s . T h i s  s u g g e s t s  w a t e r  w a s h ing o f  t h e  s e d im e n t . T h e  m e a n  
g r a�n s i z e , Ma , i s  3 , 2  mm . T h e  P l e i s t o c e n e  s h a l e - c h i p  g r a v e l  i s  
r emark a b l y  s im 1 l a r , b o t h i n  s o r t ing a n d  me an g r a in s i z e , 
s u g g e s t ing a s im i l a r  o r ig in .  On t h e  o th e r  h a n d , c o l luv ium 
b e tw e e n  t h e  M a r t i n s b u r g  and S h awangunk a t  O t i s v i l l e ,  New Y o r k  
( F i g . S A ) , wh i c h  w e  w i l l  s e e  a t  S t o p  5 ,  i s  m u c h  mo r e  p o o r l y  
s o r t e d . F a u l t  g o u g e  b e t w e e n  t h e  Mar t in s burg a n d  S hawang unk , s u ch 
a s  a t  P o r t  J e rv i s , New Y o r k , i s  e v e n  mo r e  p o o r l y  s o r t e d  and 
c o n t a i n s  a much l a r g e r  p e r c e n t ag e  o f  s i l t and c l ay ( f ig . 5 B ) . 

Th e s e  d a t a  a d d  an i n t e r e s t ing h i t h er t o  unr e c o gn i z ed c h a p t e r 
t o  L a t e  O r d o v i c i a n  p a l e o g e o gr a p h y  in t h e  c e n t r a l  A p p a l a c h i a n s . 
I t  s e ems l ik e l y  t h a t  f o l l ow ing t h e  d e p o s i t i o n  o f  t h e  mar i n e  
Mar t in s b u r g  s h a l e s  a n d  g r a yw a c ke s , t h e  Mar t in s b u r g  w a s  u p l it t e d  
dur ing t h e  T a c o n i c  o r o g eny . B u t  l a t er a s  t h e  M a r t i n s b urg s ur f a c e  
w a s  s u b a e r i a l l y  e xp o s e d , d i am i c t i c  c o l l uv ium and s h a l e - c h i p  
g r av e l s w e r e  s p r e a d  o u t  o n  t h e  exp o s e d s u r f a c e s , a n d  e xo t i c  
p e b b l e s  a n d  c o b b l e s  wer e i n c o r p o r a t e d  i n  t h e  d i a m 1 c t i t e .  M u c h  of 
t h i s  ma t e r i a l  wa s s u b s e q u e n t l y  r em ov e d  dur ing p r e - S h awangunk 
e r o s i o n  a n d  o n l y  s c a t t e r e d  o c c u r r en c e s  r ema i n . T h e  c l a s t s  w e r e 
d e r iv e d  f r om a s o u r c e  t h a t  i s  no l on g e r  exp o s e d n e a rb y .  T h e  o n l y  
ev i d e n c e  f o r  t h a t  s o u r c e  i s  f r om t h e  f ew p e b b l e s  t h a t  w e  h a v e  
f o und . I t  m i g h t  b e  s u g g e s t e d t h a t  t h ru s t s  b r o u g h t  t h e s e  exo t i c  
r o c k s  c l o s e  t o  t h e  s i t e  o f  d e p o s i t i o n ,  and t h a t  t h ru s t s  s h e e t s  
w e r e  s u b s e q u e n t l y  e r o d e d . I f  t h i s  i s  t r u e , t h e s e  t h ru s t s  mu s t  
h a v e  b e e n  T a c o n i c  in ag e .  Th e s e  d e p o s i t s  w e r e  l a t e r  c o v e r e d  b y  
c o ng l om e r a t e s  a n d  s a nd s t on e s  o f  t h e  S hawangunk F o r ma t i o n  dur i n g  
M i d d l e  S i l u r i an t im e . 
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Ra t c l i f f e ,  N .  M . ,  B ir d ,  J .  M . , a n d  B a h r am i ,  B . , 1 9 7 5 ,  S t r u c t ur a l  
and s t r a t i g r a p h i c  � h r o n o l o g y  of t h e  T a c o n i d e  a n d  A c a d ian 
p o l y d e f orma t i o n a l  b e l t  of the c e n t r a l  T a c o n i c s  of New Y o r k  
S t a t e  a n d  M a s s a c hu s e t t s , i n , R a t c l i f f e , N .  M . , e d . ,  New 
Eng l an d  I n t-er c o l l e g i a t e  G e o l o g y  C o n f e r e n c e ,  6 7 t h m e e t ing 
g u i d e b o o k , New Y o r k , p .  5 5 - 8 6 . 

R i c h ,  J .  L . , 1 9 3 4 ,  G l a c i a l  g e o l o g y  o f  t h e  C a t s k i l l s : New Y o r k  
S t a t e  Mus e um B u l l e t in 2 9 9 , 1 8 0 p .  

R i ckar d ,  L ,  V . , 1 9 5 2 ,  T h e  M i d d l e  D e v o n i a n  C h e r r y  Va l l e y  L i m e s t one 
of e a s t e r n  N e w  Y o r k : Ame r i c a n  J o u r n a l  of S c i e n c e ,  v .  2 5 U , p .  
5 1 1 - 5 2 2 . 

R i cka r d , L .  v . , 1 9 6 2 ,  L a t e  C ay u g a n  ( Up p e r  S i l u r i a n )  a n d  
H e l d er b e r g i a n  ( Lower D e v o n i a n ) s t r a t i g r ap hy o f  New Y o r k : 
New Y o r k  S t a t e  Mus e um B u l l e t in 3 86 , 1 5 7  p • 

R i ckar d ,  L .  v . , r96 4 ,  C o r r e l a t i o n  o f  t h e  D e v o n i a n  r o c k s  i n  N ew 
Y o r k  S t a t e :  New Y o r k  S t a t e  M u s e um and S c i e n c e  S e rv i c e , 
G e o l o g i c  S u r v e y  Map a n d  Char t S er i e s ,  n o .  4 .  

R i ckar d ,  L .  V . , 1 9 7 3 , S t r a t i g r a phy a n d  S t r u c t u r e  o f  t h e  
S u b s u r f a c e  Camb r i a n  a n d  O r dov i c i a n  C a r b o na t e s  o f  N e w  Y o r k : 
New Y o r k  S t a t e  Mus eum a n d  S c i e n c e  S er v L c e  M a p  a n d  C h ar t 
S e r i e s  Num b e r  1 8 ,  2 3  p . ,  1 9  p l a t e s .  

R i c k a r d ,  L .  V .  a n d  F i sh e r , D .  W . , 1 9 7 3 , M i d d l e  O r d ov i c i a n  
Norman s k i l l  F o r ma t i o n ,  e a s t er n  N e w  Yor k ,  a g e , s t r a t i g r a p h i c , 
a n d  s t r u c t u r a l  p o s i t i o n : Ame r i c a n  J o u r n a l  o f  S c i e n c e ,  v .  
2 7 3 , p .  5 8 0- 5 9 0 . 

R o d g e r s ,  John , 1 9 6 7 , Chr o n o l o g y  o f  t e c t on i c  mov eme n t s  i n  t h e  
Ap p a l a c h i an r e g i o n  o f  e a s t er n  N o r t h  Ame r L c a : Ame r L c an 
J o ur n a l  of S c i e n c e , v .  2 6 5 , p .  4 0 8 - 42 7 , 

R o g er s , H .  D . , 1 83 8 ,  S e c o n d  a n n u a l  r e p o r t  o n  t h e  ( 1 s t )  g e o l o g i c a l  
exp l o r a t i o n  o f  t h e  S t a t e  o f  P e nn s y lvan i a :  H a r r i s b ur g , 9 3  p .  

Ru e d emann , R . ,  1 9 0 1 , Hud s o n  R iv e r  b e d s  n e a r  A l b any and t h e Lr 
t ax o n o m i c  e q u iv a l e nt s : N e w  Y o r k  S t a t e  Mus e um B u l l e t in 42 . 

Ru e d emann , R . ,  1 9 1 2 ,  T h e  L ow e r  S i l u r i c  s h a l e s  o f  t h e  Moh awk 
V a l l ey : N e w  Y o r k  S t a t e  Mus e um B u l l e t in 1 6 2 ,  1 5 1  p .  

Ru e demann , R . , 1 9 3 0 ,  G e o l o g y  o f  t h e  C a p i t a l  D i s t r i c t  ( Al b any , 
C o h o e s , T r o y  and S ch e n e c t a d y  q u a d r a ng l e s ) :  New Y o r k  S t a t e  
Mu s e um B u l l e t i n 2 8 5 , 2 1 8  p .  

R u e d emann , R . , 1 9 4 2 ,  C amb r i a n  a n d ' O r d o v i c i a n  g e o l o gy o f  t h e  
C a t s k i l l  q ua dr a n g l e ,  i n  'p t , 1 Qf G e o l o g y  o f  t h e  C a t s k i l l  and 
K a a t e r s k i l l  q u a d r a ng l e s : New York S t a t e  Mu s e um B u l l e t in 
3 3 1 , p .  7 - 1 8 8 .  
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Ru t s t e i n ,  M .  S . ,  1 9 8 7 , M i n e r a l o g y  o f  t h e  E l l e nv i l l e -Ac c o r d  ar e a , 
i n  O ' Br i en ,  L .  E .  a n d  Ma t s o n , L .  R . , e d s . ,  F i e l d  T r i p 
G u i d e b o o k  f o r  t h e  Na t i o n a l  A s s o c i a t io n  g f  G e o l o g y  T e a c h e r s , 
E a s t er n  S e c t i o n , S t on e  R i d g e ,  New York , p . .  1 1 0 - 1 2 4 .  

S c h n e i d e r , P .  F . ,  1 9 0 5 , P r e l i m i n a r y  no t e  o n  s om e  ov e r t hr u s t 
f a u l t s  i n  c e n t r a l  New Y o r k : Ame r i c a n  J o urna l of S c i e n c e ,  v .  
2 0 ,  p .  3 0 8-3 1 2 .  

S c h u c h e r t , C h a r l e s , 1 9 1 6 ,  S i l u r i a n  F o rma t i o n s  o f  s o u t h e a s t e r n  New 
Y or k ,  New J e r s ey , and P e n n s y l v an i a : G e o l o g i c a l  S o c i e t y o f  
Amer i c a , B u l l e t in , v .  2 7 , p .  5 3 1 - 5 5 4 . 

S im s , P .  K . , a n d  H o t z ,  P .  E . , 1 9 5 1 , Z in c - l e a d d e p o s i t  a t  
S hawangunk m i n e , S u l l ivan C o un t y , New Yo r k :  U . S .  G e o l o g i c a l  
S u r v e y  B u l l e t in 9 7 8 - D , C o n t r i b u t i o n s  t o  E c o n o m i c  G e o l o g y , 
1 9 5 1 , p .  1 0 1 - 1 2 0 .  

Sm i t h ,  N .  D . , 1 9 6 7 , A s t r a t ig r a p h i c  a n d  s e d iment o l o g i c  a na l y s i s  
o f  s ome L o w e r  a n d  M i d d l e  S i l u r i a n  c l a s t i c  r o c k s  o f  t h e  
n o r t h- c en t r a l  Ap p a l a c h i a n s : P r o v i d e n c e ,  R . I . , B r own 
U n i v e r s i t y ,  D e p a r t m e n t  of G e o l o g y , unp u b . Ph . D .  t h e s i s , 1 9 5 
p .  

S t o s e ,  G ,  W . , 1 9 4 6 , T h e  T a c o n i c  s e q u e n c e  in P e n ns y l v a n i a :  
Amer i c an J o u r n a l  o f  S c i e n c e , v .  2 4 4 , p .  6 6 5 - 6 9 6 . 

S u t t elo J . 3 1 · •  R a t c l i f f e ,  N .  M . , a n d  Muka s a ,  S .  B . , 1 9 6 5 , 
· Ar / Ar and K -Ar d a t a  b e a r ing o n  t h e  me t am o r p h i c  and 

t e c t o n i c  h i s t o r y  of  w e s t e r n  New Eng l a n d : G e o l o g i c a l  S o c i e t y  
o f  Ame r i c a  B u l l e t in , v .  96 , p .  1 23 - 1 3 6 . 

Swar t z , C .  K . , a n d  Swa r t z , F .  M . , 1 9 3 1 ,  E a r l y  S i l u r i an F o rma t i o n s  
o f  s o u t h e a s t e r n  P e n n s y l v a n i a : G e o l o g i c a l  S o c i e t y o f  
Ame r i c a , B u l l e t i n , v .  4 2 ,  p .  6 2 1 � 6 6 2 . 

U l r i c h , E .  0 . , 1 9 1 1 ,  Rev i s i o n  o f  t h e  P a l e o z o i c  sy s t ems , p a r t s  
1 -3 : G e o l o g i c a l  S o c i e t y  o f  Ame r i c a Bu l l e t Ln ,  v .  2 2 ,  p a r t  3 .  

V o l l m e r , F .  W . , 1 9 8 1 , S t r u c t u r a l  s t u d i e s  o f  t h e  O r dov i c i a n  
f l y s c h  a n d  me l an g e  i n  A l b a ny C o un t y , New Y o r k : unpub l i s h e d  
M . S .  Th e s i s , S U NY a t  A l b a ny , 1 5 1  p .  

W a i n e s , R .  H . , 1 9 7 6 ,  S t r a t i g r a p hy and p a l e o n t o l o g y  o f  t h e  
B innew a t e r  S an d s t on e  f r om A c c o r d  t o  W i l bur , New Y o r k : i n , 
J oh n s o n ,  J .  H . , e d . ,  Gu i d e b o o k  t o  F i e l d  E x c ur s i o n s , 4 8 t h  New 
York S t a t e  G e o l o g i c a l  A s s o c i a t i o n  Ann u a l  M e e t ing , 
P o u ghke e p s i e ,  N . Y . , p .  B-3 -1 t o  B - 3 - 1 5 .  

W a i ne s , R .  H . ,  a n d  S a n d e r s , B . , 1 9 6 8 ,  T h e  S i l u r i an-Ordov i c i a n  
a n gu l a r  un c o n f o rm i t y , s o u t h e a s t e r n  N e w  Y o r k : i n ,  Gu i d e b o o k  
f o r  F i e l d  T r ip s , N a t i o n a l  A s s o c i a t i o n  o f  G e o l o gy T e a c h er s , 
E a s t e r n  S e c t i o n ,  p .  D l - D 2 8 . 
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W a i n e s , R .  H . , S h y e r , E •. B . , R u t s t e in ,  M . S . ,  1 9 83 ,  M i d d l e  and 
U p p e r  O r do v i c i a n  s a n d s t o n e - s h a l e  s e qu e n c e s  of t h e  M i d-Hu d s o n  
r e g i o n , we s t  o f  t h e  Hud s o n  R iv e r : G u i d e b o o k , f k e l d  t r kp 2 :  
Nor t h e a s t e r n  S e c t i o n ,  G e o l o g i c a l  S o c i e ty o f  Ame r i c a , 
K i ame s h a  L ak e , 46 p .  

Wa i n e s ,  R .  H . , 1 9 8 6 , Th e Qua s s a i c  G r o u p , a M e d i a l  t o  L a t e  
O r dov i c ia n  a r e n i t e  s e q u e n c e  i n  t h e  Mar l b o r o  M o un t a k n s  
O u t l i er , m i d - Hu d s o n  V a l l ey , N ew Y o r k , U . S . A . : G e o l o g i c a l  
J ou r na l , v .  2 1 , p .  3 3 / - 3 5 1 . 

W a l c o t t , C .  D . , 1 8 9 0 , T h e  v a l u e  o f  t h e  t er� ''Hu d s on R iv e r  G r o up '' 
i n  g e o l o g i c  nome n c l a t ur e :  G e o l o g i c a l  S o c i e t y  o f  Am e r i c a  
B u l l e t in ,  v .  1 ,  p .  3 3 5 -3 5 6 .  

W i l ma r t h , M . G . , 1 9 5 7 , L e x i c o n  o f  g e o l o g i c  names o f  t h e  U n i t e d  
S t a t e s  ( in c l u d in g  A l a s ka ) :  U . S .  G e o l o g i c a l  S ur v e y  B u l l e t in 
8 9 6 , 2 3 9 6  p .  

W o l f f , M .  P . , 1 9 7 7 , T e c t on i c  o r i g i n  a n d  r e d e f kn i t i o n  f o r  t h e  t y p e  
s e c t i o n  o f  a M i d d l e  D e v o n i a n  c o ng l om e r a t e  w i t h k n  t h e  
Mar c e l l u s  Fm . ( Ham i l t o n  G r o u p ) o f  s o u t h er n  New Y o r k : T h e  
A l c o v e  C o n g l ome r a t e - a s a ndy d e b r i s  f l ow ( a b s ) :  G e o l o g i c a l  
S o c i e t y  o f  Ame r i c a , P r o g r am s  w i t h  A b s t r a c t s ,  Nor t h e a s t  
S e c t i o n , B in g h am t on , N .  Y . , p .  3 3 1  • 

W o o dw a r d ,  H .  P . , 1 9 5 7 , S t r u c t u r a l  e l e� e n t s  o f  n or t h e a s t e r n  
Ap p a l a ch i an s : B u l l e t in o f  t h e  Ame r i c a n  A s s o c i a t i o n  o f  
P e t r o l eum G e o l o g i s t s , v .  4 1 , p .  1 4 2 9- 1 4 4 0 . 

Z e n , E - an , 1 9 7 2 ,  T h e  T a c o n i d e  Z on e  a n d  t h e  T a c o n i c  O r o g eny i n  
t h e  w e s t e r n  p a r t  o f  t h e  N o r t h e r n  A p p a l a c h i a n  O r o g e n : 
G e o l o g i c a l  S o c i e ty o f  Ame r i c a  S p e c i a l  P a p e r  1 3 5 , 7 2  p .  
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ROAD L O G  AND S T O P  D E S C R I P T I O N S  

L e a v e  p ar k ing l o t  o f  Ramada Inn Mo t e l . L o c a l i t y  
i s  on b l a c k t o p  o f  H o l o c e n e  ag e ,  u n c o n f o r ma b l y  
o v e r l y in g  s t r eam a n d  l a k e - b e d  d e p o s i t s  o f  
P l e i s t o c e n e  ( W o o d f o r d i a n )  a g e , u n c o n f o rma b l y  
o v e r l y in g  e i t h e r  t h e  O n o n d a g a  L im e s t o n e  o r  
B a k o v e n  S ha l e  o f  M i d d l e  D e v o n i a n  ag e .  Turn 
r i g h t  at t r a f f i c  l ig h t  h e a d ing w e s t  on NY 2 8 .  

Turn r ig h t  o n t o U S  2 0 9  S o u t h  t ow ar d s  
E l l e nv i l l e . A b o u t  o n e - t h 1 r d  m i l e  s t r a i g h t  a h e a d  
on t h e  n o r t h  s i d e  o f  N Y  2 8  i s  a f a u l t  i n  t h e  
B a k o v e n  S h a l e  ( n o t e d  b y  P e d e r s en and o t h e r s ,  
1 9 7 6 ,  p .  B - 4 - 2 1 ) .  T h e  fau l t  z o n e  i s  a b o u t  5 
f e e t  t h 1 c k  a n d  c o n s i s t s  o f  c rump l e d  and 
s l i c k e n s i d e d  b l a c k s h a l e  w i t h  abundant quar t z  
v e i n s . The s l i c k e n l i n e s  and v e r g ing o f  t h e  
f o l d s  i n d i c a t e  t h a t  t h e  ov e r r i d ing b e d s  mov e d  t o  
t h e  n o r t hwe s t .  

S om e  w o r k e r s  b e l i e v e  t h a t  t h e s e  a r e  t h e  young e s t  
r o c k s  d e f o rm e d  i n  t h e  a r e a  and t h e r e f o r e  da t e  
t h e  f o l d ing in S i l ur i a n  and Lower D e v o n i a n  r o c k s  
a s  A c a d ia n . Howev e r , we b e l i e v e  t h a t  t h e r e  i s  
e v i d e n c e  t o  s u g g e s t  t h a t  t h 1 s  d e f o rma t i o n  i s  
A l l e g h a n i a n  ( s e e  s e c t i o n  on A g e  o f  D e f o rma t i o n ) . 

2 . 1  m i l e s  n o r t h e a s t o f  t h e  f a u l t  in t h e  B a k o v e n  
i s  a f a u l t  dup l e x  a b o u t  5 f e e t  t h 1 c k ,  s l i g h t l y  
h ig h e r  i n  t h e  s e c t i o n  i n  t h e  Mount M a r i o n  
F o r ma t io n . S l i c k en s i d e s  i n  t h e  dup l e x i n d i c a t e  
t h a t  t h e  o v er r i d ing b e d s  mov e d  N .  7 0 ° W .  
P e d e r s en and o t h e r s  ( 1 9 7 6 ,  p .  B-4-6 , 7 ,  2 2 , 2 3 )  
c o n s i d e r  t h e s e  s t r u c t u r e s  t o  b e  s o f t -r o ck " p u l l 
a p a r t s " .  Howev e r , a 1 - f o o t - t h i c k  s a n d s t o n e  b e d  
i s  d e f o rm e d  i n t o  mu l l i o n s  and i s  s ur r o u n d e d  b y  
s l i c k e n s i d e d  s u r f a c e s  and s h e a r e d  s h a l e . 
T e c t o n i c  s h o r t e n ing i s  e s t ima t e d  t o  b e  5 0 - 6 0  
p e r c e n t , j u d g i n g  f r om t h e  o v e r l a p p ing o f  t h e  
mu l l i o n s . 

F a u l t  i n  B a k o v e n  S h a l e  d e s cr i b e d  a b o v e  c a n  b e  
s e en t o  r ig h t . F o r  t h e  next 8 m i l e s  w e  w i l l  b e  
r i d in g  a l o n g  a f l a t  p l a in und e r l a in by 
f l o o d p l a in and s t r e am- t e r r a c e  d e p o s i t s  of E s o p u s 
C r e e k  a n d  g l a c ia l  l a k e - b e d  s e d imen t s  o f  
P l e i s t o c e n e  L a k e  S t o n e  R i d g e  ( D i n e e n  a n d  D u s k i n ,  
1 9 8 7 ) . 
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T h e  h i l l s  i n  f o r e g r o u n d  t o  r i g h t  a r e  u n d e r l a in 
b y  s h a l e s  a n d  s an d S t o n e s  o f  t h e  M o u n t  Mar 1 o n  
F o rma t io n .  I n  t h e  h i l l s  a b o v e  a r e  s a n d s t o n e s  o f  
t h e  A s h o k a n  F o rma t io n .  Val l e y s  wh 1 c h  t r e n d  N .  
2 0 ° E .  a r e  p a r a l l e l  t o  l in e ame n t s  t h a t  a r e  very 
a p p a r e n t  on r a d a r  ima g e r y  a n d  t o p o g r a p h i c  
map s .  T h e  va l l e y s , s e e n  f o r  t h e  n e x t  two m i l e s ,  
a r e  c o n t r o l l e d  by v e ry c l o s e l y  s p a c e d  j o i n t s and 
m i n o r  f au l t in g . T h e  l in e am e n t s  e x t e n d  n o r t hward 
up i n t o  r o c k s  as y o u n g  as t h e  P l a t t ek i l l  
F o r ma t i o n  o f  M i d d l e  D e v o n i a n  a g e  a n d  may e x t e n d  
i n t o  t h e  On e o n t a  F o rma t io n  o f  La t e  D e v o n i a n  
ag e .  S o u t hwa r d , t h e s e  l in e amen t s  p a r a l l e l  
f au l t s  t h a t  h a v e  b e e n  map p e d  in t h e  S hawang unk 
F or ma t i o n  o f  S i l u r i a n  age . T h i s  is o n e  o f  the  
r ea s on s  f o r  s u g g e s t ing t h a t  t h e  d e f orma t i o n  in 
the a r e a  i s  A l l e g ha n i a n , r a t h e r  t h a n  A c a d ia n , in  
a g e . 

C r o s s  E s o p u s  C r e e k . F o r  t h e  n e x t  s ev e r a l  m i l e s  
w e  w i l l  s e e  s c a t t e r e d  e xp o s ur e s  o f  t h e  Onondaga 
L im e s t o n e  p ok ing t h r o ugh g l a c i a l  c o v e r . 

E n t e r i ng M ar b l e t own • 

Tra f f i c  l i g h t . 
S o u t h . 

C o n t i n u e  s t r a ig h t  on U S  2 0 9  

J un c t i o n  w i t h  NY 2 1 3  W e s t .  C o n t inue s t r a ig h t  on 
U S  2 0 9  S o u t h  and NY 2 1 3  Ea s t .  

Turn re f t  on NY 2 1 3  E a s t .  

V i e w  o f  M o h o n k  Lake t ower o n  S h awangunk Moun t a 1n 
a t  2 o ' c l o c k . T h e  t ow e r  a f t o r d s  an e x c e l l e n t  
v i ew o f  t h e  C a t s k i l l  M o un t a i n s , Wa l k i l l V a l l e y , 
and s u r r o u n d ing r e g i o n .  I t  o v e r l o o k s  a g o r g e o u s  
l a k e  a t  t h e  M o h o n k  M o un t a i n  Ho u s e  wh i c h  is 
s i t ua t e d  a t  t h e  c r e s t  o f  a f a u l t e d  an t i c l in e . 

E n t e r  t own o f  H i g h  F a l l s .  

O u t c r o p s  o f  t h e  S c h o h a r i e  F o r ma t i o n , 

T r a f f i c  l ig h t . C o n t i n u e  s t r a i g h t . 

C r o s s  R o n d o u t  C r e e k .  C l a s s i c  s e c t i o n  o f  H i gh 
F a l l s  S ha l e , B innewa t er S an d s t o n e , and R o n d o u t  
F o r ma t i o n  t o  l e f t . 

E xp o s ur e s  o f  u p p e r mo s t  Shawangunk F o rma t i o n  in 
l o w  c l i f f  o n e  b l o c k  a h e a d . Turn r i g h t  o n t o 
B r u c ev i l l e  R o a d  ( U l s t e r  C ou n t y  6 A )  b e tw e e n  
a n t i q u e  s t o r e  a n d  p i z z e r i a . 



1 2 .  2 0 .  1 

1 2 .  3 0 .  1 

1 3  . 1  0 . 8  

1 3  • 4 0 . 3 

1 3  • 7 0 . 3  

1 4 . 0  0 . 3 

1 5  . 0 1 . 0 

1 5 . 4  0 . 4  

1 5 . 6  0 . 2  

1 5 .  7 0 .  1 

1 5 . 8  0 . 1  

1 6  • 0 0 . 2  

1 6 .  9 0 . 9  

1 7 • 0 0 . 1  

C - 4 6  

Cana l Mus e um on l e f t . 

C o n t inue s t r a ig h t  on H i l l  Ro a d .  

" Y "  i n  r o a d . B e a r  l e f t . 

C r o s s  C ox ing K i l l .  

" Y "  i n  r o a d .  C on t inue r ight o n  U l s t e r C o .  6 A .  

Exp o s u r e  o f  H i g h  Fa l l s  Sh a l e , B inn ewa t e r  
S a n d s t on e , and Rondout Forma t io n  in s t e e p  s l o p e  
t o  l e f t . 

In t e r s e c t i o n  w i t h  C l ov e  R o a d . 
s t r a ig h t . 

C o n t inue 

Mo s s y B r o o k  Road on r ight . If you h ike a b o u t  
0 . 5  m i l e  d own t h 1 s  r o a d , wh 1ch i s  o n  p r iv a t e  
l a n d  b e l ong ing t o  t h e  Mohonk Mount a i n Ho u s e , you 
w i l l  f ind an o l d  log c a b i n . Nea r b y , t h e  Mohonk 
Lake thr u s t  f a u l t  i s  b e a ut i f u l l y  expo s e d in 
Mo s s y  B r o ok . T h i s  g e n t l y  s o u t h e a s t  d ip p ing 
f a u l t  c a r r i e s  O r d o v i c ian Mart ins b urg Forma t ion 
n o r t hwe s tward over the S i l u r i a n  Shawang unk . 

Exp o s u r e  o f  r e d  b e d s  o f  High Fa l l s Sha l e  on 
r ig h t . 

Exp o s ur e  o f  Sh awangunk on r i ght . 

C r o s s  M o h o nk Lake thr u s t  f a u l t , wh 1 c h  c a r r i e s  
sh a l e s  o f  t h e  Mar t in s burg Forma t i o n ,  h e r e  
d ip p ing mo d e r a t e l y  t o  s t e e p l y  t ow a r d s  t h e  
s o u t h e a s t , n� r t hwe s tward o v e r  qua r t z i t e s  and 
c o n g l ome r a t e s  o f  the  mo re g e n t l y  s o u t h e a s t  
d i p p ing S hawangunk Forma t i on . T h i s  f a u l t  i s  not 
exp o s e d where it cr o s s e s  the h ighway . 

F o r  t h e  n e x t  0 . 7  m i l e  we p a s s  o u t c r o p s  o f  t h e  
Mar t i n s b ur g , c o ns i s t ing o f  th 1n-b e d d e d  sh a l e ,  
m i n o r  s i l t s t one , and very r u s t y  w e a t h e r ing , 
f o s s i l 1 f e r ous , f in e - g r a l n e d  graywacke in b e d s  up 
to 3 i n c h e s  t h 1 c k . C l eava g e  i s  p o o r l y  
d ev e l o p e d . 

P a s s  t h r o ugh on e - l a ne und e r p a s s ,  then 
imme d i a t e l y t urn t o  r i ght a t  g a t e ho u s e . 

S t o p  s i g n  a t  g a t e  hous e .  
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ROUTE T O  ALTERNATE S T O P  l A  ( I f i t  i s  r a i n ing h a r d , we may c h o o s e  
t o  t a k e  t h e  b u s  t o  t h i s  s t op i n s t e a d  o f  wa l k ing t o  S t o p 1 . ) :  

o . o  0 . 0  

0 . 1  0 . 1  

0 .  8 0 . 7  

0 . 9  0 . 1  

1 . 0 0 . 1  

S t o p s ig n  a t  g a t e  h o u s e .  Turn r ig h t  on Huguenot 
Dr i v e  h e a d ing t o wa r d s  ma in e n t r a n c e  o f  M o h o nk 
Moun t a in H ou s e .  

E xp o s u r e s  o f  s l um p e d  M a r t in s bur g  on l e f t . V i ew 
o f  C a t s k i l l M o un t a in s  o n  r i g h t .  

Ro a d  in t e r s e c t i o n  a t  W o o d l a n d  B r i dg e .  S t r a ight 
ah e a d , and f o l l o w ing the s t r e am v a l l e y , is  the  
K l e in e  K i l l  t h ru s t  f au l t . T o  the r ig h t  a r e  
exp o s ur e s  o f  d e f o r m e d  S hawangunk a n d  t h e  s l o p e  
t o  t h e  l e f t  i s  u n d e r l a in b y  d e f o rm e d  
M a r t in s b ur g . 

Make a b r u p t  l e f t  t u r n  o n  T e r r a c e  R o a d  h e a d ing 
b a c k  t o w a r d s  g a t e  h o u s e .  

Mar t i n s b ur g  in b ank o n  r i gh t . F o r  mo s t  o f  t h � s 
o u t c r o p  t h e  s o u t h e a s t  d ip p ing s h a l e s  and 
g r a yw a c k e s  a r e  r ig h t  s i d e  up ; h ow ev e r , t h e r e  are 
s e v e r a l  z o n e s a b o u t  3 f e e t  w i d e  t h a t  a r e  v e r y  
t ig h t l y f o l d e d . T h e  a z imu t h  o f  t h e s e  f o l d s  vary 0 f r o m  N - S  t o  N .  1 0  E .  a n d  t h e y  p l u n g e  g e n t l y  t o  
b o t h  t h e  n o r t h  and s o u t h .  

T u r n  r i g h t  i n t o  s h a l e  p i t .  

ALTERNATE S T O P  l A .  

FAULT Z O N E  I N  F O S S I L I F EROUS MAR T I N S B URG 

The M a r t i n s b u r g  i n  t h � s  o u t c r o p  i s  dominan t l y  m e d ium d a r k 
g r ay s h a l e  int e r b e d d e d  w i t h  f in e  g r a i n e d  g r aywa c k e . T h e  
g r a y w a c k e  b e d s  a r e  c ommo n l y  l e s s  t h a n  5 in c h e s  t h � c k , a n d  exh ib i t 
g r a d e d  b e d d ing , a n d  p a r a l l e l  a n d  c r o s s  l am i na t i o n s . The 
g r aywa c k e s  are  f o s s i l i f e r o u s  ( mo s t l y  b r a ch i o p o d s  a n d  c r ino id s ) 
a n d  c o n t a in a f a ir a m o u n t  o f  p yr i t e .  T h e  f o s s i l s  a r e  mo s t  e a s i l y  
s e en i n  t h e  v e r y  r u s t y  w e a t h er ing p y r i t e - b e a r ing g r a yw a c k e  
b e d s . A c l e av a g e  i s  p o o r l y  t o  mo d e r a t e ly w e l l  d ev e l o p e d  i n  t h e  
s h a l e s , a l t h ou g h  n o t  e n o u gh t o  c a l l t h e s e  r o ck s  s l a t e s . 

T h e  M a r t in s b ur g  i n  t h � s  s h a l e  p i t c o n t a ins f a u l t -r e l a t e d 
s t r u c t ur e s  i n t e rp r e t e d  t o  b e  o f  two d i f t e r e n t  a g e s . A m e l a n g e  or 
b r o k e n  f o r ma t i o n ,  b e s t s e e n  at t h e  f a r  n o r t h  end of t h e  p i t  ( a t  
l e a s t  a t  t h e  t ime o f  t h i s  wr i t ing ) , i s  p a r t  o f  t h e  s ame me l a n g e  
z o n e  s e en a t  S t op 1 .  T h e  m e l a n g e  z o n e  is  T a c o n i c  i n  a g e  and h a s  
a s t r ik e  o f  N .  5 - 1 0 ° E .  I t  h a s  b e en c a r r i e d  w e s tw a r d  o v e r  t h e  
S i l u r i a n  S h awangunk i n  t h e  h a n g ing w a l l  o f  t h e  y o u n g e r  K l e in e  
K i l l t h ru s t  ( f i g .  1 4 ) . M o s t  o f  t h e  sma l l  f au l t s  a n d  s l i c ken s id e d  
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Figure 1 4 . Prel imi nary geolog i c  map of the Mohonk Lake area , N . Y .  

Sr, Rondout Formati on;  S b ,  Binnewater Sandstone; Shf, H igh Fal l s  
Sha l e ;  Ss , Shawangunk Formati on ;  Om, Marti nsburg Formation. X marks 
exposures of mel ange. 
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s ur f a c e s  t h a t  a r e  c ommon i n  t h i s  p i t a r e  p r o b a b l y  r e l a t e d t o  t h 1 s  
y o u n g e r  t h r u s t  f au l t . T h e  t r a c e  o f  t h e  K l e in e  K i l l  t h ru s t  n e arby 
h a s  a s t r ik e  o f  N .  1 5 ° E . , a n d  i s  i n t e r pr e t e d  to be A l l e gh a n ian 
i n  a g e .  

B a s e d o n  our map p in g , s ev e r a l  g e n e r a l i z a t i o n s  c a n  b e  made 
a b o u t  T a c o n i c  and A l l e g h a n i a n  f a u l t -r e l a t e d s t r u c t ur e s . The 
f a u l t  z o n e s  in the M a r t i n s b u r g  wh i c h  c l e a r l y  do  not  cut  S i l ur ian 
and y ou n g e r  r o c k s  g en e r a l l y  h a v e : a )  a t r e n d . mo r e  n o r t h er l y  than 
t h e  n o r t h e a s t -t r en d i n g  f o l d s  and f a u l t s  in the S i l ur i a n  r o c k s , b )  
a d ia g no s t i c  s c a l y  c l e a v a g e  ( s e e  S t o p  1 f o r  a f u l l e r  d i s c u s s i o n ) , 
c )  t ig h t l y  f o l d e d  " f l o a t in g " kno c k e r s  o f  g r a yw a c k e  wh o s e  a x e s  
p l un g e  p r e d o m i n an t l y t o  t h e  n o r t h e a s t  w i t h  v a r i a b l e  a z imu t h ,  and 
4) v e r y  l i t t l e , if any , v e in q u ar t z . The f a u l t s  t h a t  d e f 1n i t e l y 
c u t  b o t h  t h e  O r d ov i c i a n  M a r t i n s b u r g  and t h e  S i l ur i a n  Shawang unk , 
a n d  w h i c h  we in t e r p r e t  t o  b e  A l l e g h a n i a n  in a g e , g e n e r a l l y 
h av e : a )  a s l ig h t l y  mo r e  e a s t e r ly s t r ik e ,  b )  w e l l - d ev e l o p e d  
" p e n c i l s "  i n  t h e  s ha l e s  f o r m e d  b y  t h e  i n t er s e c t i o n  o f  b e d d ing and 
c l e a v ag e ,  a n d  c )  v e in q ua r t z  p a r a l l e l  t o  b e d d ing an d / o r  c l e avage 
t h a t  c ommo n l y  c on t a i n s  s h a l e  f r a gmen t s .  

An examp l e  o f  a g o o d  T a c o n i c  me l a n g e  c a n  b e  s e en a t  S t op 1 ,  
a n d  a n  examp l e  o f  a n  exc e l l en t  A l l e g h a n i a n  f a u l t  z o n e  c a n  b e  s e e n  
a t  A l t e r n a t e  S t op l b .  

1 . 4 0 . 4  

1 . 8  0 . 4  

1 7 . 0  0 . 1  

1 7 • 9 0 . 9  

1 8 . 2  0 . 3  

R e b o a r d  b u s . ,  l e a v e  s h a l e  p i t , t u r n  r ig h t  t oward 
g a t e  h o u s e  • 

V i ew o f  W a l l k i l l  V a l l e y t o  r ig h t  ( s o u t h e a s t ) . 

R e j o in r o a d l o g  a t  M i l a g e  1 7 . 0 .  

S t op s i g n  a t  g a t e  h o u s e .  ( NO T E : .  T H I S  I S  P R I VATE 
P R O P E RT Y ;  A C C E S S  CAN ONLY B E  GAINED BY 
C O NTAC T I NG DAN S M ILEY AT THE MOHONK MOUNTA I N  
HOUS E ) . D r i v e  a f ew f e e t  p a s t  t h e  g a t eh o u s e and 
turn l e f t  down L e n a p e  Lane ( a d i r t  r o a d ) p a s t  
t h e  " D o  N o t  E n t e r '' s ig n . 

Ex c e l l en t  e x p o s u r e s  o f  Mar t in s b u r g  sh a l e s  t o  
r ig h t  a n d  a t  b e n d  i n  r o a d . T h i n -b e d d e d , 
g r a p h i t i c  s h a l e  i n t e r b e d d e d  w i t h  t h 1n- t o  
m e d ium-b e d d e d , p a r a l l e l - l am i na t e d , f in e - gr a ln e d , 
p y r i t i f e r o u s  g r aywa c k e . C l e av a g e  i s  p o o r l y  t o  
m o d e r a t e l y  we l l  d e v e l o p e d a n d  o r i e n t e d  n e a r l y  
p a r a l l e l  t o  b e d d in g . 

S T O P  1 .  P a r k  on r ig h t  and d i s embark . C l imb 
h i l l  a l o n g  d i r t  r o a d  w i�h sw i t c h b a c k . A f t e r  
w a l k ing a p p r ox ima t e l y  1 , 0 0 0  f e e t  y o u  w i l l  r e a c h  
t h e  i n t e r s e c t i o n  o f  F or e s t  Dr i v e  a n d  Oakw o o d  
D r iv e ; c o n t i n u e  s t r a ig h t  ah e a d  on Oakw o o d  
Dr i v e .  B e tw e e n  h e r e  a n d  S t op 1 Oakw o o d  Dr i v e  
m a r k s  t h e  b o u n d a r y  b e tw e e n  t h e  l a n d s  o f  t h e  
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Mohonk M o un t a i n  H o u s e  and t h e  M o h o nk P r e s e r v e , 
w h i c h  i s  a l s o  a hunt ing b o u n d a r y . 

P L E A S E  B E  AWARE THAT BOW 
B E  LURKING IN THE W O O D S . 
ALLOWE D . 

AND ARROW HUNTERS MAY 
NO DEER IMITAT I O NS 

l 

Af t e r a b o u t  1 , 8 0 0  f e e t  you w i l l  c r o s s  K l e in e  
c ]  

K i l l  R o a d . C o n t inue ano t h e r  5 0  f e e t  o n  Oakw o o d  
D r i v e  a n d  f o l l ow i t  ar ound a s h a r p  b e n d  t o  t h e  
r ig h t  ( n o r t hw e s t ) .  F o r  t h e  n e x t  7 5 0  f e e t  u n t i l  
we r e a c h  S t o p  1 ,  p a y  a t t e n t i o n  t o  t h e  o u t c r o p s  
o f  Ma r t i n s b ur g  o n  t h e  r igh t . Y o u  s h o u l d  b e  ab l e  
t o  f in d  t i g h t  f o l d s , o v e r t ur n e d  b e d d ing , · l 
s l i c k e n s i d e d  f a u l t  s u r f a c e s  w i t h  a n d  w i t h o u t  J 
v e in q u a r t z , a n d  t e n s i o n  g a s h e s  i n  s a nd s t o n e  
b e d s . W e  w i l l  n o t  s p e n d  mu ch t ime d i s c u s s ing 
t h e s e  r o ck s  u n t i l  we r e a c h S t o p  1 .  

S T O P  1 

MAR T I N S B URG MELANGE 

At t h i s  s t o p w e  w i l l  s e e  a g o o d  examp l e  of a t e c t o n i c  
m e l a n g e  w i t h in t h e  Mar t in s b u r g  F o r ma t io n .  A s  t h e r e  a r e  no 
id e n t i f i e d  " e x o t i c "  b l o c k s  i n  t h i s  m e l a n g e , i t  p e r h a p s  s h o u l d  b e  
c a l l• d  a b r o ken f o r ma t i o n  ( H s u , 1 9 6 8 ) . A s  y o u  c a n  s e e  b y  i o o k i n g  
t o  t h e  n o r t h e a s t ,  w e  a r e  v e r y  c l o s e  t o  t h e  S h awangunk c l i t t s  
b e n e a t h  S k y t o p  T o we r . A l t h o u g h  t h e r e  a r e  n o  e xp o s e d c o n t a c t s  
s h o w i n g  unf a u l t e d  S hawangunk r e s t in g  u n c o n f o rmab l y  o n  Mar t in s b ur g  
me l an g e  i n  t h e  f i e l d  t r i p  ar e a , t h e r e  a r e  s ev e r a l  l o c a l i t i e s  i n  
t h e  R o s e n d a l e q u a d r ang l e  t o  t h e  e a s t  wh e r e  S i l u r i a n  r o c k s  
d i r e c t l y .  o n  s t r ik e  w i t h  M a r t i n s b ur g  m e l a n g e  z o n e s  s h ow no 
c omp a r ab l e  d e f o rma t i o n  or o f f s e t . I n  a d d i t i o n ,  m a p p ing b y  
Vo l l m e r  ( 1 9 8 1 ) j u •t s o u t hw e s t  o f  A l b a ny , New Y o r k  ( f ig . 9 ) . 
d o c ume n t s  a b e a u t i fu l  exp o s ur e  o f  unf au l t e d R o n d o u t  F o rma t i o n  
r e s t ing u n c o nf o rma b l y  o n  t o p  o f  T a c o n i c  me l a n g e  i n  t h e  
Norman s k i l l  S h a l e . F o r  t h e s e  r e a s on s  w e  f e e l  t h a t  t h 1 s  m e l a n g e  
z o n e , a s  w e l l  a s  s im i l a r  o n e s  n e a r b y  i n  t h e  Mar t in s burg , mu s t  b e  
T a c o n i c  i n  a g e . I n  t h e  K l e in e  K i l l  v a l l e y  down t h e  h i l l  and l e s s  
t h a n  1 , 0 0 0  f e e t  t o  t h e  w e s t  o f  S t o p  1 ,  i s  t h e  m a 1 n  t r a c e  o f  t h e  
K l e i n e  K i l l  thr u s t  f a u l t , wh i c h  a s h o r t  d i s t a n c e  t o  t h e  n o r t h  
o f f s e t s  a n d  f o l d s  t h e  S h awangunk . T h i s  fau l t  i s  p a r t  o f  an 
imb r i c a t e  s p l a y , or p e r h a p s  a d u p l ex ( f ig . 1 4 ) . I t  wou l d  a p p e a r  
t h a t  t h e  m e l a n g e  z o n e  s e en a t  S t op 1 a n d  s ev e r a l  o t h e r  p l a c e s  
a l o n g  s t r ik e  i s  a l w a y s  c o n t a i n e d  i n  t h e  hang ing wa l l  o f  t h e  
K 1 e i n  e K i 1 1  t h r u s t  f a  u 1 t • S in c e  t h e r e  a r e  t.h r u s t f a  u 1 t s t h a t  
p o s t d a t e  a n d  t r a n s p o r t  t h e s e  me l a n g e  z o ne s ,  i t  i s  p a r t i c u l a r l y  
imp o r t a n t  t o  d o cument s t r u c t u r e s  t h a t  a p p ear t o  b e  d ia gn o s t i c f o r  
t h e  me l an g e s . T h e  mo s t  imp o r t a n t  f e a t ur e  wh i c h  c a n  b e  s e e n  a t  
t h i s  s t op i s  a s c a l y , a na s t o mo s ing , p h a c o i d a l  c l e avag e t h a t  
c ommon l y  exh i b i t s  s h i n y  a n d  s m e a r e d  s ur f a c e s . I n  ad d i t i o n , 
b e d d i n g  i s  v e r y  d i s r up t e d  a n d  many t i g h t  f o l d s  a r e  r o o t l e s s  a n d  
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' 'f l o a t i n g "  i n  t h e  p h a c o i d a l l y  c l e a v e d  s h a l e  and s i l t s t o n e . B o t h 
o f  t h e s e  f e a t ur e s  a r e  mo s t  e a s i l y  s e e n  b y  e x a m 1 n i n g  t h e  two t o  
s ix i n c h  g r a y w a c k e  b e d s .  A s  o n e  m i g h t  exp e c t ,  t h e  h in g e  l in e s  of 
t h e  r o o t l e s s  f o l d s  s h ow a s i g n i f 1 c a n t  r an g e  in o r i en t a t i o n ; 
h ow e v e r , t h e y  g en e r a l l y  p l un g e  mo d e r a t e l y  t o  s t e e p l y  t o  t h e  
NNE . B y  c a r e f u l l y  e x a m i n i n g  s ma l l  s c a l e  s t r u c t u r e s  s u c h  a s  
a s ymme t r i c  f o l d s , m 1 n o r  o f f s e t s , a n d  s l i ck e n s i d e s ,  i t  i s  p o s s ib l e  
t o  d e t e r m i n e  t h e  s e n s e  o f  mov e m e n t  on s ome o f  t h e  f au l t s . What 
is d i f t i c u l t ,  if n o t  imp o s s i b l e , t o  p r o v e  is wh e t h e r  an 
i n d i v i d u a l  f au l t  f o r m e d  dur ing t h e  T a c o n i c m e l a n g e - f o rm ing 
e p i s o d e  or i s  r e l a t e d to t h e  l a t er , p r o b a b l y  A l l e g h a n i a n  t h r u s t  
s y s t em .  I t  i s  p o s s ib l e , h o w ev e r , t o  show t h a t  a l t h o ugh mo s t  
sma l l - s c a l e  s t r u c t u r e s  s h ow an e a s t - o v e r -w e s t  s e n s e  o f  r o t a t ion 
a n d  a w e s t -n o r t hw e s t  t r a n s p o r t  d ir e c t i o n , t h e r e  a r e  qu i t e  a f ew 
examp l e s  o f  t h r u s t s  w i t h  t h e  o p p o s i t e  s e ns e o f  mov emen t . 

T h e r e  a r e  two g o o d  e xp o s u r e s  o f  t h e  K l e in e  K i l l  t h r u s t  
f au l t  i n  t h e  b e d  o f  t h e  K l e in e  K i l l  j u s t  we s t  o f  t h 1 s  s t o p . 
Th e s e  o u t c r o p s  a r e  r em a r k a b l y  d if t e r e n t  f r om t h e  m e l a n g e  s e en 
h e r e .  They s h ow s h a r p , p l a n a r , k n i f e - e d ge f a u l t s  w i t h  minor 
br e c c i a t i o n  but no who l e s a l e  b e d d ing d i s r u p t i o n .  They a l s o  
c o n t a in many qua r t z  s l i ck e n s i d e d  s ur f a c e s .  Mo s t  o f  t h e s e  
s l i c k en s id e s  s how an e a s t - o v e r -w e s t  t h r u s t  s en s e ;  howev e r , a 
numb e r  o f  s l i c k e n l i n e s  a r e  s u b h o r i z o n t a l  and s u g g e s t  t h a t  t h e r e  
i s  a comp o n e n t  o f  s t r ik e - s l ip d i s p l a c ement . T h e  s e n s e  o f  
movement  i s  amb i g u o u s ,  b u t  a p p e a r s  t o  b e  l e f t  l a t e r a l . T h e  
s h a l e s  n e a r  t h e  f a u l t  c ommo n l y  s h ow an ex c e l l e n t  c l e a v a g e  ( t h e y  
a r e  a lm o s t  s l a t e s )  and a r e  b e a u t i f u l l y  p en c i l l e d . 

2 0 . 3  2 . 1  

2 0 . 6  0 . 3 

2 1 . 6  1 . 0 

2 2 . 0  0 . 4  

2 2 . 4  0 . 4  

R e t ur n  t o  b u s , c o n t inue s t r a ig h t  on L enap e Lane . 

Turn r i g h t  on B u t t e r v i l l e  R o a d . E x c e l l e nt v i ew 
t o  r ig h t  o f  c l i f f s  o f  the  S hawangunk F o rma t i o n  
a n d  t h e  Moh onk T o w e r . Th e h i l l s  in t h e  
m i d d l e g r ound a r e  und e r l a in b y  s h a l e s  and 
g r a yw a c k e s  of t h e  Mar t i n s b u r g  Forma t i o n ,  
t r e n d ing n o r t h e r l y  w i t h  ang u l a r  d i s c o r d a n c e  
u n d e r  t h e  S hawangunk . 

Turn r ig h t  on NY 2 9 9  h e a d ing w e s t .  

O v e r t ur n e d  s h a l e s  a n d  t h 1 n  g r aywa c k e s  o f  t h e  
Mar t in s bu r g  F o r ma t i o n  on r ig h t . T h e r e  a r e  a 
num b e r  o f  n a r r ow f a u l t  z o n e s  w i t h  v e in qua r t z . 
T h i s  ou t c r o p  i s  r o u g h l y  on s t r ik e  w i t h  A l t e r n a t e  
S t o p  l B . 

W o r l d - r e nown e d  New Y o r k  S t a t e  or c har d s .  

S t e e p l y  d ip p i n g  a n d  o v e r t u r n e d  Ma r t i n s b u r g  
s h a l e s  a n d  t h 1 n  g r aywa cke s on r 1 g h t . V i ew o f  
t h e  S h awangunk c l i f f s  a t  t h e  T r a p p s  s t r a 1g h t  
ah e a d . 



2 2 . 9  0 . 5  

2 4 . 2  1 . 3 
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Mart i n s b u r g  w i t h  2 . 5  f t  g r a ywa c k e s  o n  r ig h t . 
B e d d in g  a p p e a r s  t o  b e  r ig h t - s i d e - u p , how e v e r , 
t he p o o r l y  d ev e l o p e d  c l e a v a g e  in t h e  s h a l e s  d i p s  
s t e e p l y  t o  t h e  we s t  s ug g e s t ing t h a t  b o t h  b e d d i ng 
and c l e av a g e  h a v e  b e e n  r o t a t e d  by f au l t ing . 

S t o p  s i gn . I n t e r s e c t i o n  w i t h  US 4 4 - NY 5 5 .  Turn 
r i gh t , h e a d ing w e s t .  

R O U T E  TO ALTERNATE S T O P  l B  

0 . 0  

2 . 2  

3 . 2 

3 . 4 

0 . 0  

2 . 2  

1 . 0 

0 . 2  

S t o p  s i g n . Turn l e f t  o n  U S  44- NY 5 5  h e a d ing 
e a s t . 

B e n t on C o r n e r s .  I n t e r s e c t i o n  w i t h  L ib er t yv 1 l l e  
Ro a d .  C o n t inue s t r a ig h t  o n  U S 44-NY5 5 .  

Exp o s ur e s  o f  Ma r t i n s b u r g  F o rma t i o n  o f  A l t e r na t e  
S t o p  l B  t o  l e f t . 

P a r k  o n  s h o u l d e r  a t  i n t er s e c t i o n . W a l k  w e s t ,  
b a c k  t o  o u t c r � p  o f  Ma r t i n s b ur g  Forma t i o n .  

ALTERNATE S T O P  l B  

FAULT Z O N E  AT GANAHG O T E - -MART I N S B URG F ORMA T I O N  

T h e  s h a l e s  a n d  g r a yw a c k e s  o f  t h e  Mar t in s burg i n  t h 1 s  l o ng 
r o a d c u t  h a v e  b e e n  s ev e r e l y  f a u l t e d . Th i s  l o c a l i t y  wa s c h o s e n  a s  
an a l t e r n a t e  s t o p  in o r d e r  t o  s h ow t h e  sma l l - s c a l e  s t r u c tur e s  
r e l a t e d  t o  w h a t  w e  a n d  o t h e r s ( K a l aka a n d  Wa i n e s , 1 9 8 6 ) i n t e r p r e t  
a s  a ma j o r  t h r u s t  f au l t  o f  A l l e g h a n i a n  ag e .  S e v e r a l  d i f t i c u l t i e s  
a r i s e  w h e n  t r y ing t o  d o c um e n t  t h 1 s  a g e : 1 )  The e x t e n t  and 
t h i c kn e s s  o f  g l a c ia l  ma t e r i a l s  i n  the Wa l lk i l l  Va l l ey p r ev e n t s  
t h e  r e l i ab l e  t r a c ing o f  s t r u c tu r e s  o v e r  g r e a t  d i s t a n c e s . 2 )  T h i s  
l o c a l i t y  c o n t a in s  n o  r o c k s  y o u n g e r  t h a n  t h e  Mar t in s b u r g  o f  
O r d o v i c i a n  a g e . T h e r e f o r e ,  a t  t h i s  s p e c i f 1 c  l o c a l i t y  i t  i s  
imp o s s ib l e  t o  p r o v e  t h e  f a u l t  i s  y o ung e r  t h a n  T a c o n i c . Th 1 s  
f a u l t  w a s  f i r s t  r e f e r r e d  t o  b y  K a l a k a  a n d  W a in e s  ( 1 9 8 6 )  a n d  t h e y  
w i l l  p r o b a b l y  v i s i t th i s  l o c a l i t y  o n  T r i p  H ( t h 1 S  g u i d e b o o k ) . 

T h e r e  a r e  a t  l e a s t  two ag e s  o f  q u a r t z  s l i c k e n s i d e s  a t  t h 1 s  
s t o p . T h e  o l d e s t  s l i c k e n s i d e s  a r e  p a r a l l e l  t o  b e d d ing , s h ow 
movement  t o  t h e  n o r thwe s t ,  a n d  w e r e  l a t er f o l d e d  b y  t h e  t i ght 
f o l d s  p r o d u c e d  dur ing f a u l t i n g . Unf o l d ed s l i c k e n s id e s  a l s o  
f o rm e d  a l o n g  t h e s e  l a t e  f a u l t s  a n d  a g a in show e a s t - o v e r -we s t  
movem e n t . I n  a d d i t io n ,  v e in q ua r t z  f o u n d  a l ong f au l t s  c a n  
c o n t a i n b r o k e n  p i e c e s  o f  s h a l e . T h e  f a u l t s  v a r y  i n  s t r ik e  f r o m  
N .  1 0 ° E .  t o  N .  5 0 ° E .  a n d  d i p  g e n t l y  t o  mo d e r a t e l y  t o  t h e  
s o u t h e a s t . C l e av ag e ,  t h o u g h  p r e s en t  t h r o u gh o u t  t h e  o u t c r o p , i s  
m o r e  i n t en s e l y  d e v e l o p e d  n e a r  t h e  N E - t r end ing thr u s t  f a u l t s . I t  
i s  i n  t h e s e  l o c a l i t i e s  t h a t  t h e  r o c k  i s  int e n s e l y  p e n c i l l e d . 
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B a s e d  o n  our ma p p ing i n  t h 1 s  r e g i o n , t h e  b e s t  ex amp l e s  o f  p e n c i l  
s h a l e s  o c cur n e a r  t h e  y o u n g e r  f au l t s  t h a t  c u t  b o t h  O r d o v i c ian and 
S i l u � i a n  r o c k s . At t h i s  o u t c r o p  it is c ommo n to f in d  b e d d ing and 
f o l d s  a b ru p t l y  t r un c a t e d  by f a u l t s , b u t  t h e  t o t a l  d i s r u p t i o n  
c ommon t o  t h e  m e l a n g e  s e e n  a t  S t o p  1 i s  m i s s in�. Wh i l e  o n e  can 
f in d  s m e a r ing a l o n g  c l e av a g e  p l a n e s  and s ome ·a n a s t omo s ing f ab r 1 c s  
a t  t h i s  o u t c r o p , t h e  p e r v a s i v e  s c a l y  c l e av a g e  s o  b e a u t i f u l l y 
d ev e l o p e d a t  S t o p  1 i s  a l s o  m i s s in g . 

A b o u t  0 . 5  m i l e  s o u t hw e s t  o f  S t o p  l B  a l o n g  t h e  S hawangunk 
K i l l a r e  a s e r i e s  of exc e l l e n t  e xp o s u r e s  o f  t h e  m i d d l e  p a r t  of 
t h e  M a r t i n s b u r g  t h a t  w e  a r e  i n f o rma l l y  c a l l ing t h e  s an d s t o n e  at 
P in e  B u s h  ( s e e s e c t i o n  o n  O r d o v i c i a n  s t r a t i g r a p hy ) . For a 
d i s t a n c e  o f  a t  l e a s t  2 , 0 0 0  f e e t  a l o n g  S hawangunk K i l l  t h e  e n t ire 
s e c t i o n  i s  o v e r t ur n e d . T h e s e  o u t c r o p s  a p p e a r  to be i n  t h e  
f o o tw a l l  o f  t h e  t h r u s t f a u l t  s e e n  a t  t h 1 s  s t o p . How ev e r , t h e  
t o t a l  w i d t h  o f  t h e  f a u l t  z o n e  i s  n o t  known a n d  t h e r e  a p p e ar s t o  
b e  s o m e  f a u l t i n g  a t  t h e .  w e s t  e n d  o f  t h e  Shawangunk K i l l  
exp o s u r e s . I n  a d d i t i o n ,  d a t a  f r om t h e  n e a r b y  D e l aw a r e  a q u e d u c t  
s u g g e s t s  t h a t  t h e  2 , 0 0 0  f e e t  o f  ov e r t ur n e d  P in e  B u s h  m i g h t  b e  a 
s l iv e r  c a u g h t  i n  t h e  f a u l t  z o n e  ( s e e  f ig .  7 ) .  A b o u t  3 . 2  m 1 l e s  t o  
t h e  n o r t h  o f  S t op l B  o n  R o u t e  2 9 9  ( Ro a d l og m i l e a g e  2 1 . 6  t o  2 2 . 4 ) 
a m i n imum o f  4 , 0 0 0  f e e t  ( p e r h a p s  a s  m u c h  a s  6 , 0 0 0  f e e t ) o f  
M a r t i n s b u r g  i s  o v e r t ur n e d  o r  c l o s e  t o  v e r t i c a l . A l s o ,  i t  wou l d  
a p p e a r  t h a t  t h e  t h ru s t  i s  c u t t ing u p  s e c t i o n  t owa r d s  t h e  n o r t h  
s in c e  i t  i s  a p p r o a ch ing t h e  c o n t a c t  w i t h  t h e  o v e r l y in g  S h aw a ng unk 
F o rm a t i o n . I t  is mo s t  l ik e l y  t h a t  t h 1 s  f au l t  is t h e  s ame as the  
M o h o nk L a k e  t h r u s t f a u l t  ( s e e  f ig s . 7 a n d  1 4 ) . They b o t h  have 
m i n imum o f f s e t s  of  s e v e r a l  t h o u s a n d  f e e t . I n  the M o h o nk Lake 
a r e a , t h e  s t i f f  a n d  t h i c k - b e d d e d  P in e  Bush i s  v ir t u a l l y  a b s e n t  
a n d  t h e  t h 1 n n e r  b e d d e d  s h a l e s  a n d  g r ayw a c k e s o f  t h e  u p p e r  
Mar t in s b u r g  ( Mamaka t in g ) d o  n o.t a p p e a r  t o  b e  r e g i o na l l y 
o v e r t ur n e d . L o c a l l y ,  f o r  d i s t a n c e s  o f  a f ew t e n s  o f  f e e t  t h e  
r o ck s  m a y  b e  t i g h t l y  f o l d e d  a n d  ov e r t ur n e d . 

5 • 5 2 . 1 

6 .  7 1 . 2  

R e t ur n  t o  b u s , r ev e r s e  d i r e c t i o n  h e a d ing w e s t  o n  
U S 4 4 - NY 5 5 . 

V i ew o f  S h aw a n g u nk F o rmat i o n  o n  c l i f f  f a c e  
s t r a i g h t  a h e a d .  

I n t e r s e c t i o n  w i t h  NY 2 9 9 .  P i c k  u p  r o a d  l o g  a t  
2 4 . 2  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - -

2 4 . 2  1 . 3 

2 4 . 4  0 . 2  

S t op s i g n . I n t e r s e c t i o n  w i t h  U S  44-NY 5 5 . Turn 
r i gh t , h e a d ing w e s t .  For the  next  mi l e  we w i l l  
b e  c l imb ing t o  t h e  t o p  of t h e  S h awangunk 
M o un t a i n s . 

M a r t i n s b u r g  o n  l e f t  
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F r om h e r e  t o  t h e  u n c o n f ormab l e  c o n t a c t  w i t h  t h e  
Sh awangunk n e a r  t h e  t o p  o f  t h e  mount � in t h e  
Mar t in s b u r g  i s  we l l  exp o s e d . T h e  r o c k s  a r e  
p r e d o m i n a n t l y  s h a l e  i n t e r b e d d e d  w i t h  t h 1n-b e d d e d  
( up t o  5 i n ) , c r o s s b e d d e d  t o  p l a n a r  l am 1 n a t e d  · 
s i l t s t o n e , a n d  m i n o r  f in e - g r a 1 n e d  s a n d s t o n e . 
S o f t - s e d im e n t  s l ump f o l d s  a r e  c ommon in t h e  
s i l t s t o ne s . C l e a v a g e  i s  a b s e n t  o r  v e r y  p o o r l y  
d ev e l o p e d , e x c e p t  n e a r  t i g h t  f o l d s  a n d  n a r r ow 
f a u l t  z o n e s .  Mo s t  o f  t h e s e  f o l d s  and f a u l t s  d o  
n o t  a f t e c t  t h e  o v e r l y ing Shawangunk and mus t b e  
T a c o n i c  i n  a g e . T h e y  t r e n d  f r om N .  5 ° E .  t o  N .  
2 0 ° E . , wh i l e  s t r u c t u r e s  in t h e  ov e r l y in g  
Shawangunk t r e n d  mo r e e a s t e r l y .  

T o  t h e  l e f t  i s  a t u r n  o f f  w i t h  a n i c e  v i ew o f  
Wa l l k i l l  V a l l e y .  

Bu r i e d  c o n t a c t  o f  M a r t i n s b u r g  a n d  S hawangunk . 
Th i s  a r e a  o f  t h e  " g u nk s "  i s  v e r y  p o p u l a r  w i t h  
r o c k  c l im b e r s ,  o f t e n a s  " t h i c k  a s  p i g e o n s '' ( R .  
W a i ne s , o r a l  c ommun . ,  1 9 83 ) . T h e  c o nt a c t  i s  
e xp o s e d  a t  two s p o t s  a b o u t  4 0 0  f e e t  s o u t hwe s t  of 
the r o a d  a t  the b a s e of the c l if f s . F a i r l y  
r e g u l ar a n d  l in e a r  mu l l i o n s  a r e  s e e n  i n  t h e  
b a s a l  S h awangunk a t  t h e  c o n t a c t . 

P a s s  und e r  T r a p p s  br i d g e .  C o n g l ome r a t e s  and 
q u a r t z i t e s  of  the  S h awang unk d i p p ing m o d e r a t e l y  
t o  t h e  we s t .  

C r o s s  C o x i n g  K i l l .  H e r e  t h e  C o x ing K i l l v a l l ey 
c o i n c i d e s  w i t h  the t r o ugh o f  a b r o a d  o p e n  
s y n c l i n e  t h a t  p l ung e s  g e n t l y  t o  t h e  n o r t h e a s t .  
I t  i s  a l s o  t h e  s i t e  o f  mu ch nude b a t h 1ng . F o r  
t h e  n e x t  0 . 5 m i l e  w e  w i l l  b e g in t o  cr o s s  a b r o a d 
o p e n  a n t i c l i n e  t h a t  e xp o s e s  a w in d ow o f  
Mar t in s b ur g  t h a t  i s  a p p r ox ima t e l y  2 m i l e s  l o n g . 

P o o r  exp o s u r e  o f  Ma r t i n s b u r g  t o  l e f t . 

E x p o s u r e  o f  b a s a l S h aw a ngunk t o  r i g h t  w i t h  
u n c o n f o rmab l y  und e r l y ing s h a l e s  o f  t h e  
Mar t in s b u r g  e xp o s e d  a b o u t  4 0  f e e t  aw ay . D i p s  in 
b o t h  un i t s  a r e  v e r y  g e n t l e  and t h e  ang l e  o f  
u n c o n f o r m i t y  i s  a s  l i t t l e  a s  2 ° . Howev e r , t h e  
d iv er g en c e  i n  s t r ik e  i s  a s  much a s  3 8 ° , w i t h  t h e  
s t r ik e  i n  t h e  Mar t in s burg b e ing mo r e  
n o r t h e r l y . The M a r t i n s burg h e r e  i s  i n  t h e  b r o a d 
o p en - f o l d  T a c o n i c  t e c t o n i c  z o n e  ( z o n e  3 ,  f i g .  
9 )  • 

C r o s s  P e t e r s  K i l l .  
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E n t r a n c e  t o  L a k e  M in n e w a s ka S t a t e  P a r k  on l e f t . 

P a r k in g  l o t  o n  l e f t ; e n t r a n c e  t o  t r a i l  l e a d ing 
t o  L a k e  Awo s t ing . 

C r o s s  S a n d e r s  K i l l .  

U p t ur n e d  b e d s  i n  S h aw a ngunk mark a f a u l t  h er e .  

O v e r v i ew on r ig h t  o f  R o n d o u t  V a l l e y , u n d e r l a in 
b y  U p p e r  S i l u r i a n  t h r ough M i d d l e  D e v o n i a n  r o cks 
wh i c h  a r e  bur i e d  by a v a r 1 e t y of g l a c i a l  
s e d im e n t s ,  a n d  t h e  C at s k i l l M o u n t a 1n s , u n d e r l a in 
b y  M i d d l e  a n d  U p p e r  D e v o n i a n  c l a s t i c  r o c k s  o f  
t h e  " C a t s k i l l  F o r ma t i o n " . M o d e r a t e l y  d ip p in g  
q u a r t z i t e s  a n d  c o ng l om e r a t e s  o f  t h e  u p p e r  p a r t  
o f  t h e  S h aw a n g u nk o n  l e f t . 

C r o s s  S t on y  K i l l  

R o a d c u t  i n  t o n g u e  o f  t h e  S h awangunk ( f ig s . 3 and 
4) c on s i s t ing of d i s t in c t i v e  l i g h t - and d a r k 
g r a y , c r o s s b e d d e d , s l i g h t l y  c on g l om e r a t i c 
q u ar t z i t e . 

C r o s s  R o n d o u t  C r e e k .  

S t o p s ig n .  I n t e r s e c t i o n  w i t h  U S  2 0 9 . Turn 
l e f t . U . S .  2 0 9  f o l l ow s  the R o n d o u t  V a l l e y , h e r e  
u n d e r l a in b y  r o ck s  f r o m  t h e  upp e rmo s t  p a r t  o f  
t h e  S h awangunk F o r ma t i o n ,  t h e n  t hr o u g h  a 
s e qu e n c e  o f  U p p e r  S i l u r ian thr ough M i d d l e  
D e v o n i a n  l ime s t on e s , s h a l e s , s an d s t o n e s ,  and 
s i l t s t on e s . Exp o s u r e s  are  p o o r  b e c au s e  of cover 
b y  g l a c i a l  d r i t t .  

E n t e r  Town o f  W aw a r s i n g . 

C r o s s  V e r n o o y  K i l l .  

G r av e l  p i t s  in g l a c i a l  de l t a  t o  r 1g h t  a n d  l ake 
c l ay s  o f  g l a c i a l  L a k e  Wawa r s in g  und e r  f l a t  p l a in 
t o  l e f t  ( R i c h , 1 93 4 ;  H e r o y , 1 9 7 4 ) . G l a c i a l  Lake 
Wawar s i n g  was damm e d  i n  the R o n d o u t  V a l l ey 
b e t w e e n  t h e  r e c e s s i o n a l  mo r a in e  a t  P h i l l 1p s p o r t  
( m i l e a g e  6 5 . 2 )  a n d  t h e  r e t r e a t ing i c e  f r on t . 
Th e t o p  o f  t h e  d e l t a 1 c  de p o s i t s  a r e  a t  
a p p r o x ima t e l y 6 0 0  f e e t  al t i t u d e , s h o w i n g  t h a t  
t h e  l a k e  w a s  a b o u t  3 0 0  f e e t  d e e p h e r e .  The l a k e  
e n l a r g e d  dur ing r e c e s s i o n ,  i t  dr o p p e d  a s  l ow e r  
o u t l e t s  w e r e  u n c ov e r e d ,  a n d  f i na l ly d r a 1n e d  a s  
t h e  i c e  r e t r e a t e d  p a s t  t h e  n o rt h ea s t  e n d  o f  t h e  
S hawangunk M o u n t a in s  n e ar R o s e n da l e . 
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S a n d  and g r av e l  p i t  t o  r i g h t . 

E a s t e r n  New Y o r k  C o r r e c t i o n  F a c i l L t y , a max imum 
s e c u r i t y  p r i s o n ,  s e r v i c ing many g e n t l emen f r om 
t h e  New York C i t y  a r e a ,  t o  l e f t .  T h e r e i s  an 
e x c e l l en t  e x p o s u r e  of the Mar t in s b u r g - S hawangunk 
c o nt a c t , a b o u t  20 f e e t  l o n g , at an a l t i t u d e  o f  
6 0 0  f e e t . The angu l a r  d i s c o r d a n c e  b e t w e e n  t h e  
t w o  f or ma t i o n s  i s  4 ° ; t h e  Mar t i n s b u r g  h e r e  i s  in 
T a c o n i c  t e c t o n i c  z o n e  3 ( f ig . 9 ) . The 
Shawangunk d i p s  2 2 ° NW . i n  t h e  no r t hwe s t  l imb o f  
t h e  E l l env i l l e  a r c h . Mu l l i o n s  a r e  p r om i n e n t  o n  
t h e  b a s a l  Shawangunk s u r f a c e ,  a n d  t h e r e  i s  a 
s h e a r  f a b r i c  in b o t h  t h e  Mar t i n s b u r g  and 
Shawangunk . 

V i e w  o f  t h e  S h awangunk Moun t a L n s  in t h e  
n o r t hw e s t - d i p p ing l imb o f  t h e  E l l e nv i l l e  a r c h  t o  
l e f t . 

C r o s s  R o n d o u t  C r e e k . 

Exp o s u r e s  o f  s h a l y  s i l t s t o n e  t o  v e r y  f in e 
g r a i n e d  s a n d s t o n e  o f  t h e  Mount Ma r L o n  F o r ma t i o n ,  
d i p p ing 5 6 ° NW . ,  t o  r ig h t . F i e l d  t o  l e f t  
c o v e r e d  b y  g l a c ia l  d e p o s i t s  e x c e p t  f o r  o n e  
e xp o s ur e o f  O n o n d a g a  a t  a i r f i e l d .  

E n t e r  V i l l a g e  o f  E l l e nv i l l e .  

C r o s s  B e e r  K i l l .  A f i n e  examp l e  o f  a s l ump 
d e p o s i t w i t h  d i s r up t e d  b e d d in g  in t h e  Mount 
Ma r i o n  F o rma t i o n  i s  e xp o s e d  SOU f e e t  up t h e  
c r e e k  t o  t h e  r ig h t . T h i s  o u t c r o p  may b e  w i t h i n  
t h e  A l c ov e  C o n g l om e r a t e  o f  Wo l f t  ( 1 9 7 7 ) . 

T u r n  l e f t  on L i b e r t y  S t r e e t . V i e w  o f  N o r t h  
Gu l l ey i n  S h aw a n g u nk M o un t a i n  s t r a Lg h t  a h e a d .  

S t op s i g n .  T u r n  l e f t  on Cana l S t r e e t . 

C r o s s  S an d b u r g  C r e e k .  

P a s s  B e rme R o a d . T h e  E l l e nv i l l e  z in c - l e a d  m i n e  
a n d  a r o ck q u a r r y  i n  t h e  t o n g u e  o f  t h e  
Shawang unk a r e l o c a t e d  a t  t h e  b a s e  o f  t h e  
moun t a i n  t o  t h e  l e f t . S e e  S im s  and H o t z  ( 1 9 5 1 )  
a n d  R u t s t e in ( 1 9 8 7 ,  p .  1 1 6 )  f o r  d e s c r i p t i o n s . 

C r o s s  N o r t h  G u l l y ,  j o in i ng NY 5 2 .  Exp o s u r e s  o f  
t h e  t o n g u e  o f  t h e  S h awangunk i n  r o a d c u t s  a n d  
t o n g u e  o f  t h e  B l o o m s b u r g  in t h e  c r e e k  b e d  o f  
Nor t h  G u l l y  t o  t h e  l e f t  ( f ig .  3 ) .  
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41 . 8  

4 2 . 0  

4 2 . 2  

4 2 . 6  

4 2 . 7  

4 2 . 9  

43 . 0  

0 . 3  

0 .  2 

0 .  2 

0 . 4  

0 . 1  

0 . 2  

0 . 1  
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Turn l e f t  o n  b l a c k t o p  r o a d  t ow a r d s  Mt . Me enahga . 

Red b e d s  o f  t o n g u e  o f  t h e  B l o oms b u r g  t o  l e f t . 
T i l l  and mo d e r a t e l y  NW- d i p p ing S h awangunk h i g h e r  
a l o n g  r o a d  t owa r d s  M t . M e e nahg a .  

V i ew t o  r ig h t  o f  t h e  v a l l e y  o f  S an d b u r g  C r e ek , 
t h e  N ev e l e  C o u n t r y  C l u b , a n d  t h e  C a t s k i l l 
M o un t a i n s . 

T u r n  l e ft . C o ng l om e r a t e s  o f  b a s a l  S h awangunk on 
l e f t . ( B u s  w i l l  r e t ur n  t o  t h 1 s  s p o t  a f t e r 
l e t t ing g r o u p  o f t  a t  t o p ) .  

U p p e rm o s t  M a r t i n s b u r g  o n  l e f t . 

C o n t a c t  b e tw e e n  Mar t in s b u r g  and S hawangunk a t  
b a s e  o f  l ow c l i t f  o n  l e f t . 

P u l l  i n t o  p a r k in g  a r e a  of a b a n d o n e d  s k i  s l o p e .  
D i s emb a r k . B u s  w i l l  r e t ur n  t o  m i l e a g e  4 Z . 6 .  

S T O P  2 

C O NTACT O F  MAR T I N S B URG AND SHAWANGUNK ; 
S H AL E - C H I P  GRAVEL AT TACO N I C  UN CONFORM I TY ; 

UPPERMO S T  MAR T I N S B URG IN TAC O N I C  O P E N-FOLD FRO NTAL Z O N E ;  
C L EAVAGE I N  S HAWANGUNK 

T ak e  a p e ek t o  t h e  n o r t hw e s t  t h r o u gh t h e  b u s h e s  a t  t h e  
b r o a d  g l a c i a l  v a l l ey o f  S a n d b u r g  C r e e k  and t h e  C a t s k i l l M o un t a 1n s  
b e y o n d . T h e  v a l l ey i s  und e r l a in by g l a c ia l  l a k e  s e d im e n t s ,  
d e p o s i t e d  i n  g l a c i a l  l a k e  W aw a r s i n g  b e tw e e n  t h e  mo r a 1 n a l  dam a t  
P h i l l ip s p o r t ,  5 m i l e s  t o  t h e  s o u t hw e s t , a n d  t h e  r e c e e d ing i c e  
f r o n t . A l s o  n o t e  t h e  g r a f f i t i - c o v e r e d , u n e v e n l y  and p l a n a r  
b e d d e d  c o n g l ome r a t e s  w i t h  l ow-amp l i t u d e  c h a n n e l s  i n  t h e  l ow e r  
S h aw a n g unk F o r ma t io n .  T h e  c o n t a c t  w i t h  t h e  unde r l y in g  
Ma r t i n s b u r g  F orma t i o n  i s  n e a r  t h e  b a s e  o f  t h e  l ow c l i f f . I n  t h 1 s  
a r e a  t h e  s t r ik e  o f  t h e  two f o rm a t i o n s  i s  s im 1 l ar , b u t  t h e  
Mar t i n s b u r g  d i p s  1 0  t o  1 5  d e g r e e s  l e s s  t h a n  t h e  S hawangunk . 

L o c a l i ty A :  

W a l k  3 0 0 f e e t  down t h e  r o a d  t o  t h e  e xp o s e d  c ont a c t  o f  th e 
M a r t i n s b u r g  a n d  S hawangunk . 

Th e S h awangunk c o n s i s t s  o f  p l a n a r  b e d d e d , q ua r t z - p e b b l e  
c o n g l omer a t e  w i t h  r o u n d e d  t o  s u b a n g u l a r  ve i n  quar t z  p e b b l e s  a s  
m u c h  a s  2 . 5  i n ch e s  l on g , a n d  p l a n a r  b e d d ed a n d  c r o s s b e d d e d ,  
c o ng l ome r a t i c , m e d ium- t o  c o a r s e-gr a i n e d ,  f e l d s p a t h 1 c  
q u ar t z i t e .  C h e r t  p e b b l e s  a r e  r a r e .  T h e r e  a r e  n o  p e b b l e s  d e r 1 v e d  
f r om t h e  und e r l y ing s h a l e s  a n d  g r aywa c k e s  o f  t h e  M a r t in s b ur g  
F o r ma t i o n .  
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The S h awangunk f o rms a two - f o o t  ov e r n a n g  a b o v e  t h e  
un d e r l y ing r o c k , wh 1 c h  i s  a t  l e a s t  1 . 5 f e e t  t h 1 c k  a n d  c o n s i s t s  o f  
a mas s o f  sh a l e  c h i p s  w i t h  a n  o p e nw o r k  t e x t ur e .  T h e  c h i p s a r e  up 
t o  a b o u t  1 i n c h  l on g  and f o r m  a c r u d e  f o l i a t io n  a p p r o x ima t e l y 
pa r a l l e l  t o  t h e  o v e r l y in g  c o n t a ct w i th t h e  S h awangunk , a l t h ough 
t h i s  f o l i a t i o n  i s  int e r r u p t e d  in p l a c e s . I t  m i g h t  be s u g g e s t e d  
t h a t  t h e s e  r o c k s  w e r e  j ammed b y  man un d e r  t h e  S h awa n g unk , b u t  t h e  
un i t  b e l ow t h e  S h aw a n g unk i s  c l e a r l y  i n  p l a c e . Th e o n l y  
e xp l a n a t i o n  f o r  t h 1 s  un i t  t h a t  we c a n  t h 1nk o f  i s  t h a t  i t  i s  a 
s h a l e - c h i p  g r a v e l , d e p o s i t e d o n  a n d  d e r 1 v e d  f r om a s l o p ing 
Mar t in s bu r g  su r f a c e . T h e  s h a l e  c h i p s  a r e  f l a t  and g en e r a l l y  
e q u i d im e n s i o n a l  o n  t h e i r  f l a t  s u r f a c e .  Th e r e  i s  no s e c o n d a r y  
c l e a v a g e  in t h e  c h ip s , a s  f a r  a s  w e  c a n  t e l l .  T h i s  s ug g e s t s  t h a t  
c l e a va g e  w a s  n o t  imp o s e d up o n  t h e  Mar t in s b u r g  pr i o r  t o  t h e  
d e p o s i t i o n  o f  t h e  g r av e l . Thu s , s l a t y  c l e a v a g e  a t  t h 1 s  l o c a l i t y  
d i d  n o t  f or m  dur ing T a c o n i c  d e f o rma t io n .  

The g r av e l s  i n  t h e  M a r t i n s b u r g  a r e  r emarka b l y  s im 1 l a r  t o  
P l e i s t o c en e  s h a l e - c h ip g r av e l s  d e r i v e d  f r om P a l e o z o i c  s h a l e s  i n  
t h e  c e n t r a l  Ap p a l a c h i an s , b o t h  i n  p hy s i c a l  a p p e a r a n c e  a n d  s i z e 
d i s t r ibu t i o n  cha r a c t e r i s t i c s  ( s e e  s e c t i o n  o n  ''W e i r d  r o c k s " a n d  
f ig .  5 C ,  D )  • 

I f  t h i s  i s  i n d e e d  a c o l l u v i a l  d e p o s i t , t h e  g e o l o g i c 
r e l a t i o n s  i n  t h 1 s  a r e a  i n d i c a t e  t h a t  t h e  M a r t i n s bur g w a s  g e n t l y  
f o l d e d  dur ing T a c o n i c  d e f o rma t i o n ,  i t  w a s  up l i t t e d  a n d  e xp o s e d 
w i t h  a s t e e p  e n o u g h  s l o p e  t o  d ev e l o p a c o l l u v i a l  s h a l e - c h ip 
g r av e l , a n d  w a s  l a t e r  c o v e r e d  b y  c o ng l om e r a t e s  ( b e l i e v e d  t o  b e  
f l u v i a l )  o f  t h e  S h awangunk F o r ma t i o n .  

L o c a l i ty B 

W a l k  an o t h e r  7 0 0  f e e t  down t h e  r o a d  t o  e xp o s u r e s  o f  
u p p ermo s t  Mar t in s b u r g  b e dr o c k .  

T h e  Mar t i n s b u r g  h e r e  c o n s i s t s  o f  t h 1n-b e d d e d  g r a y i s h  
b l a c k  s h a l e  w i t h  s ome t h 1n b e d s  o f  o l iv e -g r a y , v e r y  f in e  g r a 1n e d , 
c r o s s b e d d e d  g raywa c k e , c a p p e d  b y  t h 1n P l e i s t o c e n e  t i l l .  N o t e  t h e  
l a c k  o f  c l e a v a g e  i n  t h e  sh a l e s . T h e  S h awang unk 4 0  f e e t  a b o v e  h a s  
t h e  s am e  s t r ik e ,  b u t  d i p s  1 0 ° m o r e  s t e e p l y .  Th i s  g e n t l e  ang u l a r  
d i s c o r da n c e  b e tw e e n  t h e  two un i t s  i s  t y p i c a l  n o t  o n l y  f o r  t h e  
E l l e nv i l l e  a r e a ,  b u t  f o r  many m i l e s  t o  t h e  n o r t h e a s t ( t o 
Ru e d emann ' s  L in e , f ig .  9 )  and t o  t h e  s o u t hw e s t  t h r o ugh New J e r s ey 
i n t o  eas t e r n  P e n n s y l v a n i a  ( Ep s t e in a n d  L y t t l e ,  1 9 � 7 ) .  Th i s  
r e l a t i o n s h i p  i s  t y p i c a l  o f  t h e  o p e n- f o l d  T a c o n i c  f r o n t a l  z o n e  
( f ig .  9 ) .  

L o c a l i ty C 

W a l k  a n o t h e r  6 0 0  f e e t  d ownh i l l  t o  t h e  r o a d  i n t e r s e c t i o n  
a n d  t h e  S hawangunk o u t c r o p . 

B e d d ing i n  t h e  S h awangunk d i p s  4 0 ° NW h e r e ,  g e t t ing 
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s t e e p e r  a s  w e  h e a d  f a r t h e r  n o r t hw e s tw a r d  in t o  t h e  s t e e p  l imb of 
t h e  E l l env i l l e  a r ch . The c o n g l ome r a t e s  in S h awangunk c o n t a in s  
c l o s e l y s p a c e d  f r a c t ur e s  c u t t ing t h r o u gh t h e  q u a r t z  p e b b l e s  and 
s a n d  ma t r ix .  I n  p l a c e s  a r e s i d u a l  t h i n  f i l m  o f  m i c a  and o p a q ue 
m i n e r a l s  a l o n g  t h e  c l e av a g e  f o l ia s h o w s  t h a t  it i s  a p r e s s u r e 
s o l u t i o n  ph enomeno n .  Th i s  t y p e  o f  c l e av a g e  i s  c ommo n  i n  t h e  
S h awang unk i n  N e w  J e r s ey a n d  N e w  Y o r k . B e c au s e  b e d d in g - p l a n e  
s l i c k e n s id e s  a r e n o t  c ommon i n  t h �s a r e a ,  i t  i s  hy p o t h e s i z e d  that 
s h o r t e n ing dur ing f o l d in g  o f  the S h awangunk was taken up by 
d e v e l o pm e n t  of c l e av ag e .  I n  e a s t er n  P e n n s y l v a n i a ,  wh e r e  f o l d ing 
i s  t ig h t er a n d  t h e r e  h a s  b e e n  m u c h  a c c om o d a t i o n  by b e d d i n g - p l a n e  
s l ip p a g e ,  t h e r e  i s  l i t t l e  c l e a v a g e  i n  t h e  c o ng l om e r a t e s  a n d  
q u a r t z i t e s .  

4 3 . 4  0 . 4 

4 4 . 2  0 . 8  

44 . 3  0 . 1  

44 . 8  o . s  

4 4 . 9  0 . 1  

4 5 . 6  0 . 7  

4 5 . 7  0 . 1  

R e b o a r d  b u s  and r e t r a c e  r o u t e  b a c k  t o  NY 5 2 .  

S t o p s i g n . T u r n  l e f t  o n  NY 5 2 .  

T o n g u e  o f  t h e  B l ooms b u r g  R e d b e d s  on l e f t . The 
r o a d  f o l l ow s  t h 1 s  u n i t  for  s ev e r a l  hundr e d  f e e t . 

O u t c r o p s  o f  upp e rmo s t  S hawangunk in f l a t i r o n s  on 
n o r t hw e s t  l imb of E l l e nv i l l e  a r c h . 

C r o s s  S o u t h  G u l l y  • .  

S i t e  o f  S t o p 3 o n  l e f t . 

Pu l l  o f f  o n  s h o u l d e r  t o  r i g h t . C r o s s  r o ad a n d  
w a l k  0 . 1 m i l e  down t o  S t o p  3 .  

C AU T I O N - -WALK O NL Y  ON S HOULDE R . T H I S  ROAD I S  
HEAV ILY TRAVELLED ! NO REFUNDS I F  YOU ARE H I T . 

S T O P  3 

S TRAT I G R AP HY AND S ED I ME NTAT I O N  OF 
THE S RAWANGUNK FORMA T I O N  

T h e  u p p e r  h a l f  o f  t h e  S h aw a n g u nk F or ma t io n  i s  e xp o s e d  
h e r e  a n d  c o n s i s t s  o f  c r o s s b e d d e d  a n d  p l a na r - b e d d e d  c o n g l om e r a t i c 
q u a r t z i t e  a n d  p e a - g r av e l  c o ng l om er a t e s ,  w i t h  m 1n o r  t h 1n , 
l en t i c u l ar l ig h t - o l iv e - g r ay s h a l e . C h anne l s  a r e  a b u n d a n t  a n d  
m a ny b e d s  p in c h  o u t  a l o n g  s t r ik e . S h a l e  d r ap e s  in c r o s s b e d s  a r e  
c omm o n . F l a t t e n e d  s i l t y  s h a l e  b a l l s  u p  t o  8 i n ch e s  l on g  a r e  s e e n  
o n  t h e  l ow e r  e xp o s e d b e d d in g  s u r f a c e .  C r o s s b e d  t r e n d s  t h r o u g h o u t  
t h e  a r e a  o f  t h 1 s  f i e l d  t r ip a r e  t o  t h e  n o r t hwe s t  ( f i g .  1 5 ) . The 
s e d im e n t a r y  s t r u c t ur e s , c u r r e n t  t r e nd s , a n d  p e t r o g r a p h i c  
c h ar a c t er i s t i c s  s u g g e s t  a f l uv i a l ,  b r a i d e d  s t r e am env i r o nm e n t  o f  
d e p o s i t i o n , s im i l a r  t o  t h e  i n t e r pr e t a t io n  f o r  t h e  S hawangunk i n  
e a s t e r n  P en n s y l v an i a  ( Ep s t e in a n d  E p s t e in ,  1 9 7 2 ) . 

W e  w i l l  d i s cu s s  s om e  o f  t h e  r e g i o n a l  s t r a t ig r a ph i c 
c o r r e l a t i o n  s h own i n  f i g .  3 .  
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Me.an trend: N. 71 °W. 

� 1 0  

Figure 1 5 .  H istogram showi ng current trends from axes 
of trough crossbedding  i n  the Shawangunk Formation , 
southeastern New York .  Grouped i n  20 percent i nterva l s .  
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T h e  b e d s  d ip a b o u t  4 5 ° NW . T h e y  a r e  i n t e r u p t e d  b y  a k ink 
f o l d  w h o s e  a x i s  t r e n d s  1 8 ° S .  5 6 ° W . , a mo r e  e a s t e r l y  t r e n d  t h an 
t h e  r e g i o n a l  s t r ik e  o f  t h e  b e d s . T h i s  f o l d ,  a n d  s c a t t er e d  o t h e r s  
i n  t h i s  p a r t  o f  t h e  Ap p a l a c h i an s , m a y  r e p r e s en t  a l a ter s t a g e  of 
A l l e gh a n i a n  f o l d ing . 

I f  t h e  l e a v e s  a r e  o f f  t h e  t r e e s , y o u  may b e  a b l e  t o  s e e 
t h e  l in e a r . v a l l e y s  i n  t h e  C a t s k i l l M o u n t a in s  t o  t h e  n o r t h . T h e s e  
a r e  d i s c u s s e d u n d e r  " A g e  o f  p o s t - T a c o n i c  D e f orma t i o n " . 

I f  p a r k ing o f  t h e  b u s  f o r  t h i s  s t o p d o e s  n o t  work a t  t h � s  
l o c a l i t y , p r o c e e d  t o  m i l e a g e  4 6 . 8  f o r  a l t e r n a t e  S t o p 3 .  

4 5 . 9  

4 6 . 2  

4 6 . 5  

4 6 . 6  

' 4 6 . 8  

R e t u r n  t o  b u s  a n d  c o n t inue uph i l l  o n  NY 5 2 .  

0 . 2  

0 . 3  

0 . 3  

0 . 1  

0 . 2  

S ma l l  t h ru s t s  in S hawa n g u nk t o  l e f t .  Th e s e  have 
a s t r ik e  s im � l a r  t o  t h e  k ink a x i s  a t  S t o p 3 and 
may a l s o  be l a t e r  s t r u c t ur e s . 

U p p e r  q u a r t z i t e  memb e r  o f  S h awangunk . L a u n c h  
s i t e  f o r  hang g l i d e r s  s t r a � g h t  a h e a d . 

S ha l e  u n i t  o f  Shawangunk o n  l e f t . 

B a c k  i n t o  ov e r l y i n g  qua r t z i t e  un i t . 

S ha l e  u n i t  o f  S hawa ngunk t o  l e f t ,  n i c e  v i ew a t  
t u r n  o f f  t o  r ig ht . P u l l  o f f  f o r  A l t er n a t e  S t op 
3 • 

ALTERNATE S T O P  3 

T o  t h e  r i g h t  ( no r t h we s t )  i s  t h e  f l a t - f l o o r e d  v a l l ey o f  
S a n d b u r g  C r e e k  u n d e r l a in b y  g l a c i a l  l a k e  c l a y s . I n  t h e  f ar 
d i s t an c e  t o  t h e  n o r t h  t h e  h i l l s  a r e  unde r l a �n by s a n d s t on e s  o f  
t h e  A s h okan F o r ma t i o n ,  a n d  i n  t h e  f a r  d i s t a n c e  t o  t h e  n o r t h  a r e  
t h e  h ig h e r  C a t s k i l l M o u n t a in s  und e r l a in b y  M i d d l e  a n d  U p p e r  
D e v o n i a n  r o c k s  o f  t h e  " C a t s k i l l F orma t i o n " . T h e  v a l l ey s  i n  t h e  
C a t s k i l l s  a r e  a l i g n e d  a l on g  l in e a r s  t h a t  a r e  p r e s umab l y  
c o nt r o l l e d  b y  s t r u c t u r a l  w e a kn e s s  ( s e e  s e c t i o n  o n  a g e  o f  
d e f or ma t i o n ) . 

CAREFULLY CR O S S  THE ROAD 

I n  t h i s  a r e a  w e  have b e e n  a b l e  to d iv � d e  t h e  S hawangunk 
i n t o  l ow e r  and u p p e r  un i t s  ( f ig .  3 ) ,  s ep a r a t e d  b y  a s h a l e -b e ar ing 
s e qu e n c e  a b o u t  1 0 0  f e e t  t h � c k . T h e  s h a l e  u n i t  u n d e r l i e s  
t o p o gr a p h i c  l ows , g e n e r a l l y a l l ow in g  f o r  e a s y  map p in g . T h i s  u n i t  
c a n  b e  s e e n  a t  t h e  b a s e  o f  t h e  e xp o s e d  s e c t i o n ,  a n d  c o n s i s t s  o f  
m o r i  t h a n  8 0  f e e t  o f  i n t e r b e d d e d , l a m i na t e d , r ip p l e  l am � n a t e d ,  
o l iv e- g r a y  s i l t y s h a l e  a n d  mo d e r a t e - b r own a n d  l ig h t - o l i v e - g r a y  
v e r y  f in e  t o  m e d ium- g r a i n e d ,  c r o s s b e d d e d ,  l en t i c u l a r  s a nd s t o n e , 
s l 1 g h t l y  c o ng l om e r a t i c i n  p l a c e s .  Many o f  t h e  s a nd s t on e s  h a v e  
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s h a r p  chann e l e d  b a s e s  and s om e  a r e  r ip p l e- t o p p e d . 

The s h a l e  un i t  i s  ov e r l a in by s ev e r a l  hun d r e d  f e e t  o f  
t h in- t o  m e d ium- b e d d e d , m e d i um- g r a 1n e d , p a r t l y  c o n g l om e r a t i c ,  
p a r t l y f e l d s p a t h i c , c r o s s b e d d e d , channe l e d  qua r t z i t e  w i t h  
s c a t t e r e d  t h i n a n d  l en t i c u l a r  o l iv e  g r a y  s h a l e .  T h e  q u a r t z i t e s  
a p p e ar t o  b e  e v e n l y  b ed d e d  f r om a d i s t a n c e , b u t  c l o s er s c r u t iny 
s h ows that  t h ey are  chann e l e d , l e n t i cu l a r , a n d  unevenly b e d d e d . 

4 7 . 9  

4 8 . 3  

4 8 . 4  

4 8 . 6  

4 8 . 7  

4 9 . 7  

4 9 . 8  

5 0 . 0  

5 0 . 5  

R e t ur n  t o  b u s e s  a n d  c o n t inue uph i l l  a l ong N Y  5 2 .  

1 . 1 

0 . 4  

0 . 1  

0 . 2  

0 . 1  

1 . 0 

0 . 1  

0 .  2 

0 . 5  

Turn l e f t  
Mount a i n .  
r o a d  w i l l  
s c a t t er e d  

on r o a d  t o  C r a g s m o o r  a n d  I c e  C a v e s  
B e tw e e n  h e r e  a n d  t h e  n e x t  s t o p , t h e  

b e  mo s t l y o n  g l a c i a l  t i l l ,  w i t h  a f ew 
exp o s u r e s  o f  t h e  Mar t i n s burg . 

V i l l a g e  o f  C r a g smo o r . 
O f f i c e . 

B e a r  r i g h t  a t  P o s t  

Turn r i g h t  o n  S am s  P o i n t  R o a d  f o l l ow ing s i g n s  t o  
I c e  C av e s  Mount a in .  

C r a g s m o o r  F i r e  D e p t . o n  r ig h t . Ma r t i n s b u r g  
e x p o s u r e  o n  l e f t .  Th i s  exp o s u r e  a n d  a f ew mo r e  
up t h e  r o a d  a r e i n  t h e  T a c o n i c  t e c t on i c  z o n e  o f  
b r o a d  o p e n  f o l d s . V i ews o f  c o n t inuous  c l i f t s  o f  
t h e  S h awang unk F o rma t i o n  i n  t h e  b r o a d  t o p  o f  t h e  
E l l e nv i l l e  a r c h  may b e  s e e n  a t  s ev e r a l  p l a c e s  
a l ong t h 1 s  r o a d . 

B o r r ow p i t  o n  r ig h t  in Mar t in s b ur g .  

E n t r a n c e  t o  I c e C av e s  Moun t a 1 n Na t io n a l  
L a n dma r k . S t o p s ig n .  C o n t inue s t r a 1g h t  ah e a d  
o n  l o op r o a d  t o  l e f t . I f  y o u  a r e  q u i c k y o u  
m i g h t  r e a d  t h e  e d u c a t i o n a l  ( ? ? )  s i g n s  a s  t h e  b u s  
p r o c e e d s .  

I t  i s  p o s s ib l e  t h a t  we w i l l  n o t  d r i v e  t o  t h e  t o p  
o f  t h e  m o un t a in a t  S am ' s  P o i n t . I f  s o ,  p i c k  up 
a l u n c h  and t ak e  a l i e s u r l y  1 5 -m i nu t e  s t r o l l  t o  
S am ' s P o i n t  a l on g  t h e  r o a d  t o  t h e  r i g h t . T h e  
b a s a l  S h awang unk i s  n i c e l y  e xp o s e d  n e a r  t h e  e n d  
o f  t h e  j ou r n e y . 

S l o t  R o c k , a c r eva s s e  in t h e  S hawangunk , o n  y o ur 
r i g h t . 

Ma r t i n s b u r g  o n  r ig h t . At t h 1 s  l o c a l i t y  t h e  
Ma r t i n s b u r g  d i p s  5 ° mo r e  s t e e p l y  t o  t h e  
s o u t h e a s t  t h a n  t h e  S h awangunk e xp o s e d i n  t h e  l ow 
c l i f f s  a b o v e . 

C r o s s  M ar t in s b ur g - S h aw a ngunk c o n t a c t . 
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5 1 . 1  0 . 4  

5 1 . 3  0 . 2  

5 1 . 7  0 . 4 

5 2 . 1  0 . 4 

5 2 . 2  0 . 1  
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M i c r ow a v e  t o w e r  on l e f t .  L a k e  M a r e n t a n z a  on 
r ig h t . Many o f  t h e  S hawangunk s ur f a c e s  c o nt a Ln 
g l a c i a l  s t r i a e . 

L a k e  M a r a t a n z a ,  p a r t l y  dammed by t i l l  i n  a 
s t r u c t u r a l  d e p r e s s i o n ,  on r ig h t . 

S i g n : ' 'Th e r e  a r e  n o  f i s h  i n  t h 1 s  l a k e . Th i s  is 
L a k e  M a r e n t a nz a .  I t  is the w a t e r  s u p p l y  f o r  
E l l e nv i l l e . T h e r e  a r e  n o  f 1 s h  b e c a u s e  t h e  r o cky 
b o t t om d o e s  n o t  g r ow p l a n t  l it e  t o  g iv e  o f f  
e n o ugh o xy g en t o  s u p p o r t  f i s h  l i t e .  I t  i s  a 
my s t e r y  wh e r e  t h e  wa t er c om e s  f r om s in c e  t h e  
l ak e  i s  o n  a mo u n t a i n t o p . W h a t  d o  y o u  t h 1nk ? '' 

R o a d  t o  I c e  c av e s  o n  l e f t . C o n t i n u e  s t r a Lg h t . 

Turn r i g h t  t o  S am ' s  P o i n t . 

P a r k  i n  l o t  and w a l k  o u t  t o  S am ' s P o i nt . 

S T O P  4 

S A M ' S PO I NT 
R E G I O NAL OVERV I EW 

BASAL S HAWANGUNK ; TROUGH CROS S B E D D I NG 
. G L A C I AL STK IAE 

I C E  C AV E S  AND J O I NTS 
LUNCH 

T h e  h ig h e s t  p o i n t  i n  t h e  S hawa ng unk Moun t a i n s  ( 2 , 2 � �  f t )  
l i e s  2 , 0 0 0  f e e t  n o r t h  o f  t h 1 s  p o in t . F r om s o u t h e a s t  ( l e f t )  t o  
n o r t h  ( r ig h t ) , y o u  c a n  s e e  ( i f t h e  d a y  i s  c l e ar ) ,  t h e  New Y o r k  
H i g h l a n d s  un d e r l a in b y  P r e c amb r i a n  r o c k s  t h ru s t  o n  t o p  o f  
Camb r i a n  and O r d o v i c i a n  c a r b o na t e s  a n d  s h a l e s  o f  t h e  Wa l lk i l l  
V a l l e y .  I n  f r o n t  o f  t h e  H ig h l a n d s  a r e  S c hunn emunk and B e l l v a l e  
M o un t a i n s  und e r l a in b y  c o ng l om e r a t e s  a n d  s an d s t on e s  o f  t h e  M i d d l e  
D ev o n i an S chunnemunk C o ng l om e r a t e i n  t h e  G r e e n  P o n d  o u t l i e r . T h e  
r o c k s  o f  t h e  o u t l i e r  a r e  i n  f a u l t  a n d  s e d im e n t a r y  c o n t a c t  w i t h  
t h e  P r e camb r i a n . T h e  d e t a i l s  o f  t h e s e  s t r u c t ur e s  a r e  f a r  f r om 
f u l l y  k nown . S h awangunk a n d  K i t t a t inny Moun t a i n s , h e l d  up b y  t h e  
S hawangunk F or ma t i o n , u p o n  wh 1 c h  w e  s t a n d , n e x t  w i g g l e  t o  t h e  
s o u t hw e s t  w i t h  T r i s t a t e s  M on um e n t  m a r k i n g  t h e  h i gh e s t  e l ev a t i o n  
i n  N e w  J e r s e y  a t  H i g h  P o i n t  ( 1 , 8 0 3  f t ) . W e  a l r e a d y  know a b o u t  
t h e  g l a c ia t e d  v a l l ey n o r thwe s t  o f  t h e  mount a in .  T h e  l a r g e  wh i t e  
b u i l d in g s  1 7  m i l e s  d u e  w e s t  n e a r  M o n t i c e l l o  make u p  t h e  C o n c o r d  
H o t e l ,  t h e  s i t e  o f  s ev e r a l  p a s t  G S A  me e t ing s . B e y o n d  t h a t  a r e  
t h e  P o c on o  M o un t a i n s  o f  P e n n s y l v a n i a  t h a t  b l e n d  i n t o  t h e  C a t s k i l l  
M o un t a i n s  o f  N e w  Y o r k  t o  t h e  n o r t h e a s t , und e r l a in by f l a t - l y ing 
r o c k s  of t h e  '' C a t s k i l l F o r ma t i o n " . 

T h e  S haw angunk a t  S am ' s P o in t  d i p s  v e r y  g e n t l y  t o  t h e  
n o r t h e a s t , n e a r  t h e  b r o a d  c r e s t  o f  t h e  E l l e nv i l l e A r ch . T r o ug h  
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c r o s s b e d d e d  i s  we l l  e xp o s e d .  Th e s e  ind i c a t e  c u r r e n t  t r e n d s  
r a n g � n g  b e t w e e n  S . 8 0 °W .  a n d  N . 7 0 °W .  G l a c i a l  s t r i a e  w i t h  ch a t t e r 
marks on t h e  b e d d i ng s ur f a c e s  s h ow t h a t  t h e  W i s c o n s in a n  g l a c i e r  
f l ow e d  o v e r  t h e  moun t a in mov ing S .  1 6 ° W .  

The l ow e r  8 0  f e e t  o f  t h e  S hawangunk h e r e  c o n s i s t s  o f  
m e d ium- t o  t h i c k-b e d d e d  c o ng l om e r a t e  w i t h  q ua r t z  p e b b l e s  a s  much 
as 2 i n c h e s  l o ng . C h a nn e l e d  b a s e s  a r e  c omm o n . Nowh e r e  d o  w e  s e e  
any p e b b l e s  f r om t h e  und e r l y in g  Mar t in s b ur g , a p e c u l i a r � ty t h a t  
e x i s t s  t h r o u gh o u t  N e w  Y o r k , N e w  J er s ey ,  a n d  e a s t e r n  P en n s y l v an i a , 
and o n e  wh i c h  e l u d e s  a g o o d  s e d im en t o l o g i c  e xp l an a t i o n .  

The S hawangunk i s  s e p a r a t e d  i n t o  huge  b l o ck s  t e n s  o f  f e e t  
w i d e . Th e s e  have mov e d  a p a r t  a l on g  t h e  s o f t  s h a l e s  o f  t h e  
und e r l y ing Mar t in s b ur g , p r o b a b l y  f o r c e d  a p a r t  b y  f r o s t  a c t i o n  a n d  
w e d g i n g  o f  b o u l d e r s  t h a t  f a l l  i n t o  t h e  c r a c k s , p r o d u c ing a 
"mov e o u t i t e '' .  Th i s  p r o c e s s  h a s  g o n e  t o  a j o y o u s  e x t r eme a t  t h e  
I c e  C av e s , o n e -h a l f  m i l e  t o  t h e  e a s t ,  wh e r e  t h e  j o in t s  p a r a l l e l  
t h e  c l i f f  f a c e  o f  t h e  mount a in .  C o l d  a i r  i s  t r a p p e d  i n  t h e  ma z e  
o f  b l o c k s , a n d  s n ow may p e r s i s t  t h r o u gh o u t  t h e  s ummer , h e n c e  
t h e i r  name . 

5 2 . 4  0 . 2  

5 2 . 8  0 . 4 

5 4 . 2  1 . 4 

5 5 . 7  1 . 5  

5 7 . 2  1 . 5 

5 9 . 7  2 . 5  

6 0 . 5  0 . 8  

6 1 . 3  0 . 8  

' 

R e t u r n  t o  b u s . T u r n  r ig h t  o u t  o f  p a r k ing l o t  
and p r o c e e d  down ov e r  c l i f f  o f  S h awang unk 
c o n g l ome r a t e s , c r o s s ing bur i e d  c o n t a c t  w i t h  
Mar t in s b u r g  F o rma t i o n .  

N o t e  t h e  b r e ak in g  away o f  l a r g e  b l o c ks o f  t h e  
S h awang unk a l on g  j o i n t s .  

E n t r a n c e  t o  p a r k . 
E l l e nv i l l e . 

R e t r a c e  r o u t e  b a c k  t o  

P o s t  O f f i c e  in C r ag s mo o r .  B e a r  l e f t  d ownh i l l .  

S t o p  s ig n . T u r n  r ig h t  on NY 5 2  t owa r d s  
E l l env i l l e . 

At 1 1  o ' c l o c k  a r e  l in e a r  va l l e y s  in t h e  C a t s k i l l  
Moun t a in s  t h a t  m a r k  l in eame n t s s e e n  o n  r a d a r  
ima g e r y  a n d  d e s c r ib e d  u n d e r  m � l e a g e  1 . 3 .  

B e a r  l e f t  o n  C e n t e r  S t r e e t . 

S t op l i g h t . 
l e f t . 

I n t e r s e c t i o n  w i t h  U S  2 0 9 .  Turn 

M o d e r a t e l y  n o r thwe s t  d ip p ing g r ay s h a l e , 
s i l t s t o n e , a n d  s a nd s t o n e  of t h e  Mount Mar � o n  
F o r ma t i o n .  W e  w i l l  b e  pa r a l l e l ing t h e s e  r o c k s  
f o r  t h e ' n e x t  1 8  m i l e s . O n  t h e  l e f t  a r e  l a k e  
d e p o s i t s  o f  L a k e  Wawar s ing . Th � s  l a k e  w a s  
d ammed b y  t h e  mo r a in e  a t  P h i l l ip s p or t , f o u r  
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6 4 . 4  3 . 1  

6 4 . •  8 0 . 4  

6 5 • 1 0 . 3 

6 5 . 2  0 .  1 

6 8 . 5  3 . 3 

6 9 . 6  1 . 1  

7 0 . 1  0 . 5  

7 1 . 8  1 . 7  

7 2 . 4  0 . 6 

7 3 .  6 1 . 2  

7 8 .  8 5 • 2 

7 9 . 1  0 . 3 

7 9 . 2  0 . 1  

7 9 . 5  0 . 3  

7 9 . 7  0 . 2  

8 0 . 0  0 . 3  

8 1 . 0  1 . 0  

8 1 . 2  0 . 2  
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m i l e s  t o  t h e  s ou t hwe s t .  

B e a r  H i l l t o  l e f t  in E l l e nv i l l e  a r c h . 

C r o s s  S an d b u r g  C r e ek . 

C r o s s  H omowa c k  K i l l .  L e a v e  U l s t er C o u nt y ;  e n c e r  
S u l l iv a n  C o u n t y .  

Mor a i n e  a t  P h i l l ip s p o r t  o n  l e f t  • 

L e a v e  mo r a i n e . 

P a r k i n g  a r e a  o n  r i g h t  f r o m  wh L c h  t o  s e e g l i d e r s  
o n  l a zy s ummer d a y s  • 

Wur t s b o r o  a ir p o r t  o n  l e f t . S h awang unk m i n e  
( z in c - l e a d )  o n  t o p  o f  Moun t a in t o  l e f t  ( I ngham , 
1 9 4 0 ; G r a y , 1 9 6 1 ) .  

E n t e r  V i l l a g e  o f  W ur t s b or o .  

S t o p  l i g h t . D a nny ' s  R e s t au r a n t  o n  l e f t  i s  
e xc e l l en t  p l a c e  f o r  p a s t r am i  a n d  c o r ne d  b e e f  
s a n dw i c h e s .  C on t inue s t r a ig h t  o n  U S  2 0 9 . 

O v er p a s s  w i t h  NY 1 7 .  C o n t inue s t r a Lg h t  o n  U S  
2 0 9 . E xp o s ur e s  o f  M o u n t  M a r L o n  t o  r i g h t . 

E n t e r ing V i l l a g e  o f  W e s t b r o o kv i l l e  • 

T u r n  l e f t  o n  O t i s v i l l e  Ro a d  ( S u l l iv a n  C o . R t  
1 6 3 ) .  

E n t e r  O r a n g e  C o  ( Or a n g e  C o . R t  6 1 ) .  

C r o s s  B a s h e r  K·i 1 1 .  

L ar g e  e r r a t i c s  o f  C a t s k i l l  s a n d s t o n e  o n  l e f t . 

Q u a r r y  i n  New S c o t l a n d  F o r ma t i o n  o n  l e f t . 

B e g in n in g  o f  exp o s ur e s  o f  Shawang unk F o rma t i o n  
o n  l e f t . 

S t o p s ig n . I n t e r s e c t i o n  w i t h  NY 2 1 1 . Turn 
l e f t . N o r t hw e s t  d ip p ing S h awang unk s t r a ig h t  
a h e a d .  I n  q u a r r y  t o  l e f t  a r e  t h Ln s h a l e s  
i n t e r b e d d e d  w i t h  t y p i c a l  S hawangunk q u a r t z i t e s  
and c o n g l om e r a t e s . T h e s e  a r e  o n  l Ln e  w i t h  
exp o s u r e s  1 . 2  m i l e s  t o  t h e  s o u thwe s t  t o  wh L c h  
S w a r t z  a n d  Swa r t z  ( 1 93 ! )  a p p l i e d  t h e  name 
" O t i s v i l l e  S ha l e  Memb e r  o f  the S h aw a n g unk 
F o r ma t i o n '' . T h i s  u n i t · i s o u t  to l un c h , t h a t  i s , 
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i t  i s  p o o r l y  d e f in e d , i t  i s  unma p p a b l e ,  a n d  
s h o u l d  b e  d i s c a r d e d . C l a rk e  ( 1 9 0 / )  m e a s ur ed t h e  
r o c k s  in t h e  q u a r r y  a n d  s h owed t h a t  s h a l e  mak e s  
up l e s s  t h a n  3 p e r c e n t  o f  t h e  s e c t i on . 

Turn imme d ia t e l y  r i g h t  o n t o  d i r t  r o a d  o f  
a b a n d o n e d  r a 1 l r o a d  t r a c k .  W a l k  t o  s t o p 5 .  

S T O P  5 

TACO N I C  U N C ONFORMITY AT OT i S V I L L E  

T h i s  i s  a c l a s s i c e xp o s ur e ,  d i s c u s s e d by many g e o l o g i s t s  
i n  t h e  p a s t  ( C l a r k e , 1 9 0 7 , S ch u c h e r t ,  1 9 1 6 , o t h e r s ) ,  and v 1 s i t e d  
b y  t h e  3 4 t h  M e e t ing o f  t h e  NY S GA ( F ink and o t h e r s ,  1 9 6 2 ) . A l l 
h a v e  r e c o g n i z e d  t h e  angu l a r  d i s c o r d a n c e  in b e d d ing b e tw e e n  t h e  
Mar t in s b u r g  ( N . 1 6 ° E . , 44 ° N . W . ) a n d  S h awang unk ( N . 3 b 0 E . , 
2 8 ° N . W . ) .  I n  t h i s  a r e a  we a r e  i n  t h e  b r o a d  o p e n- f o l d  z o n e  o f  
T a c o n i c  d e f o rma t io n ,  a l t h o u g h  t h e s e  g e n t l e  s t r u c t u r e s  a r e  
i n t e r r up t e d  l o c a l l y by a f a u l t e d  o v e r t ur n e d  f o l d , s e en a t  t h e  
n e x t  s t op ( f i g .  1 6 ) . 

T h e  b a s a l  S h aw a n g u nk c o n g l om e r a t e s c o n t a in q u a r t z  p e b b l e s  
a s  mu c h  a s  2 i n c h e s  l o n g . N o  p e b b l e s  f r om t h e  under l y ing 
Ma r t i n s b u r g  w e r e  s e e n .  The l o we s t  f ew inch e s  is p y r i t i z e d . T h e  
Mar t in s bu r g  comp r i s e s  s h a l e  w i t h  m i n o r  t h 1 n  g r aywa c k e  s i l t s t o n e s  
and c o n t a in s  n o  o b v i o u s  s e c o n d a r y  c l e av ag e .  

T h e  b a s a l  s u r f a c e  o f  t h e  S hawangunk i s  i r r e g u l a r , w i t h  
downw a r d -p r o j e c t in g  mul l i o n s  t h a t  have a r e l i e f  o f  a b o u t  o n e  i n c h  
a n d  a r e  a b o u t  3 i n c h e s  t o  t w o  f e e t  a p a r t .  T h e s e  h a v e  a g e n e r a l  
t r e n d  o f  N .  3 2 ° E . , a b o u t  p a r a l l e l  t o  t h e  s t r ik e  o f  t h e  b e d s  a n d  
p e r p e n d i c u l a r  t o  t h e  r e g i o n a l  t r an s p o r t  d i r e c t i o n .  N o t e  t h a t  
t h e s e  mu l l i o n s  a r e f o u n d  o n l y  a t  t h e  M ar t in s b u r g - S hawangunk 
c o n t a c t  and a r e  n o t  f o u n d  on any sur f a c e  h ig h e r  up in t h e  
s e c t io n . S ome o f  t h e  l o we s t  S hawang unk is s h e a r e d  p a r a l l e l  t o  
b e d d i n g . 

B e tw e e n  t h e  s o l i d  M a r t i n s b u r g  b e d r o c k  a n d  t h e  S hawangunk 
t h e r e  i s  a n  unu s u a l  z o n e , a s  mu c h  as o n e  f o o t  t h 1 c k , c o n t a i n i n g  
l ig h t - g r a y  t o  l ig h t - b l u i s h  g r ay c l a y  g o u g e  w i t h  s l i c ke n s i d e d  
q u a r t z  v e in s . T h i s  g o ug e , a n d  t h e  a s s o c ia t e d  mu l l i o n s  i n  t h e  
o v e r l y ing c o ng l om e r a t e s , a r e  t y p i c a l  o f  mo s t  Mar t i n s b u r g - 
S h aw a n gunk c o nt a c t s  e xp o s e d i n  s o u t h e a s t er n  N e w  Y o r k  ( f ig . 1 )  a n d  
s hows t h a t  t h e  u n c o n f o r m i t y  i s  a l s o  a p l ane o f  movemen t , t h e  
d i s p l a c em e n t  a l on g  w h i c h  i s  n o t  known . 

A l s o  i n  t h 1 s  z o n e  i s  a p o o r l y  s o r t e d  a n d  v a g u e l y  b ed d e d  
d ia m i c t i t e  ( a  n o n g e n e t i c t e r m  r e f e r r ing t o  a p o o r l y  s o r t e d 
s e d im e n t a r y  r o c k  w i t h  a w i d e  r a n g e  o f  p a r t i c l e  s i z e s )  c o n t a 1 n i n g  
angu l a r  t o  r o u n d e d  p e b b l e s  o f  e x o t i c  t yp e s , a s  w e l l  a s  c l a s t s  
f r om t h e  M a r t in s b u r g , i n  a c l a y- s i l t  ma t r ix . B e d d ing i s  
g en e r a l l y  p o o r , b u t  s om e  s a mp l e s  c o l l e c t e d f r om t h e  n o r t h e a s t  
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1 MILE 

A' 
2000' 

2 KILOMETERS 

Figure 1 6 .  Prel imi nary geol ogic  map and section of the Oti svi l l e ,  N . Y .  
area showing the angu l ar unconformi ty between the Shawangunk and 
Martinsburg Formations , the overturned syncl i ne overlapped by the 
Taconic unconformity, and l ocation of stops 5 and 6 :  Standard structure 
symbol s used for bedding,  cl eavage, and axial trace of sync l i ne .  
OS , Schoharie Formation through Bossardvi 1 1  e Limestone ; Sbp , Poxono 
Isl and Formation and Bl oomsburg Red Beds ; Ss , Shawangunk  Formation ; 
Om, Marti nsburg Formati on . Base from U . S .  Geol ooical Survey 
topographic quadrangle :  Oti svi l l e ,  N . Y . , 1 969 .  
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s i d e  o f  t h e  c u t  s h ow r e a s o n a b l y  d e c e n t  b e d d ing . Th e r e  i s  a s h a r p  ··1 con t a c t  w i t h  t h e  S hawangunk a b o v e  and a l s o  a s h a r p  c o n t a c t  w i t h  
t h e  Mar t i n s b u r g  b e l ow ; b o t h  a r e  u n c o n f o rmab l e .  I n  p l a c e s  i t  
app e a r s t h a t  p a r t s  o f  t h e  M a r t i n s b u r g  have b e e n  b o d i l y  l i f t e d 
f r om t h e  unde r l y ing b e d r o c k  a n d  i n c o r p o r a t e d  in t h � s  
d i a m i c t i t e .  T h e r e a r e  s ev e r a l  p o s s ib i l i t i e s  f o r  t h e  o r � g i n  o f  
t h i s  u n i t . W e  d o  no t b e l i e v e  t h a t  i t  i s  f a u l t  r e l a t e d , b e c a u s e  
t h e r e i s  n o  f o l i a t i o n  i n  i t . I t  l o o k s  mo r e  l ik e  a pr o d u c t  o f  
ma s s  w a s t ing , a n d  i s  in t �r p r e t e d t o  b e  a c o l l uv i a l  a r a v e l .  

The p e b b l e s  in c l u d e  t y p e s  f o r e ig n  t o  t h e  imme d i a t e l y  -� und e r l y ing b e dr o c k .  T h e y  a r e c omp o s e d o f  f a i r l y  c l e an q u a r t z i t e , 
s ome o f  wh i c h  a r e py r i t i c ,  f in e - g r a �ned p r o t o qu a r t z i t e  a n d  
s u b g r aywa c k e , r e d  s i l t s t o n e , m e d i um- g r a y  s i l i c e ou s  s i l t s t o n e , 
l am in a t e d  m i c a c e o u s  s i l t s t on e , m e d i um dark-gr ay s h a l e ,  g r aywa c k e , 
and v e in q u a r t z . Many a r e  r o u n d e d , s ome have a t h �n w e a t h e r ing 
r in d , and o t h e r s have s ur f a c e s  t h a t  a r e  w e a t h e r e d  i n  r e l i e f . 
C l e a r l y ,  t h e s e  c o b b l e s  w e r e  exp o s e d  t o  t h e  a i r , w e a t h e r e d , a n d  
i n c o p o r a t e d  in t h e  d ia m i c t i t e .  

One q u e s t i o n  t h a t  n e e d s  t o  b e  a s k e d  i s  why t h e  c l ay h a s  
r ema i n e d  a s t i c ky c l a y ,  wh e r e a s  s u r r o u n d ing r o c k s  h a v e  b e e n  
l i t h i f i e d ?  T h e  a n s w e r  may b e  t h a t  t h e  c o n t a c t  i s  a z o n e  o f  
a l t e r a t i o n .  Th i s  a r e a  o f  t h e  S h awangunk Moun t a �n s  c o nt a �n s  
s ev e r a l  a b a n d o n e d  l e a d - z i n c  m i n e s  and t h e r e  a r e  many p r o s p e c t s  
and m i n er a l i z e d  l o c a l i t i e s  t h r o u g h o u t  t h e  a r e a . The l ow e r  f ew 
i n c h e s  o f  t h e  S hawangunk h e r e  a t  O t i s v i l le i s  s im � l a r l y  a l t e r e d . 

Ano t h e r  p u z z l em e n t  i s  t h a t  t h e  c o l l uv ium c o n t a �n s  many 
d i s o r i e n t e d  c l a s t s  of s l i c k e n s i d e d  v e in qu a r t z .  T h i s  i n d i c a t e s  
f a u l t  mo v e m e n t  p r i o r  t o  i n c o r p o r a t i o n  i n  t h e  c o l l uv ium . P o s s i b l y  
t h e  M a r t in s b u r g  n e a r b y  wa s f au l t e d a n d  s l i c k e n s i d e d  dur ing 
T a c o n i c  d e f o r ma t i o n  and t h e  s l i c k e n s i d e d  f r a g me n t s w e r e  l a t e r  
i n c o r p o r a t e d  i n  t h e  c o l l u v ium . Ano t h e r  p o s s ib i l � t y  i s  t h a t  t h e  
d i a m i c t i t e  i s  a f a u l t  g o u g e  and n o t  a c o l luv i um ,  and t h e r e  h a s  
b e e n  s ev e r a l  p e r i o d s  o f  m o v em e n t , t h e  l a t e s t  o n e  o f  wh � c h  
f r a c t u r e d  e a r l i e r  s l i c k en s i d e d  r o c k s . The p r o b l em w i t h  t h � s  
i n t e r p r e t a t i o n  i s  t h a t  i t  d o e s  n o t  a c c o unt f o r  t h e  ex o t i c  p e b b l e s  
n o r  d o e s  i t  exp l a in t h e  l a c k  o f  f o l i a t i on i n  t h e  d i a m i c t i t e .  

8 1 . 4  

8 1 . 5  

8 1 . 8  

8 2 . 2  

WHAT D O  YOU THI NK ? 

0 . 2  

0 . 1  

0 . 3  

0 . 4 

R e t ur n  t o  b u s , t u r n  r ight , a n d  c o n t inue e a s t  o n  
N Y  2 1 1  t ow a r d s  O t i s v i l l e .  

E n t e r  V i l l a g e  o f  O t i s v i l l e .  

C ov e r e d  c o n t a c t  o f  M a r t in s b u r g  and S h awangunk . 

Exp o s u r e s  o f  Mar t i n s b u r g  s h a l e  and g r aywa cke on 
l e f t , d � p p ing m o d e r a t e l y  n o r thwe s t .  

T u r n  r ig h t  o n  K e l l y  H i l l  R o a d . F o l l ow r o a d  t o  
l e f t  p a r a l l e l ing r a i l r o ad t r a c ks • •  
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S t o p  o n  r i g h t  s h o u l d e r . C r o s s  ov e r  t o  r a 1 l r o a d  � 

t r a c k s  a n d  w a l k  w e s twa r d  t o  S t o p 6 .  

S T O P  6 

OVERTURNED T A C O N I C  FOLD I N  MAR T I NSB URG F O RMAT I O N  

The M a r t i n s b u r g  i n  t h e  O t i s v i l l e  a r e a  i s  g e n e r a l l y w i t h 1n 
t h e  o p e n - f o l d  T a c o n i c  f r o n t a l  z on e .  Howev e r , t h 1 s  l o c a l i t y  i s  
c omp l 1 c a t e d  b y  a f au l t e d o v e r t u r n e d  f o l d  ( f ig .  1 7 ) . T h e  
Mar t i n s b ur g  h e r e  c o n s i s t s  o f  s h a l e  a n d  i n t e r b e d d e d  t h 1n- t o  
t h i c k - b e d d e d  g r aywa c k e . S o l e  m a r k s  ( g r o o ve s ,  f l u t e s , a n d  l o ad s )  
a r e p r om in e n t  o n  t h e  u n d e r s ur f a c e s  o f  b e d d i ng i n  t h e  o v e r t u r n e d  
l imb . C l e a v a g e  i s  w e l l  d ev e l o p e d  a n d  i s  ax i a l - p l an a r  t o  t h e  
f o l d . T h e  a x i s  o f  t h e  f o l d  t r e n d s  a b o u t  N . l 0 ° E .  a n d  i s  
o v e r l a p p e d  by t h e  S hawangunk a b o u t  1 . 3 m i l e s  t o  t h e  n o r t h .  
B e a c u s e t h e  S hawangunk do e s  n o t  a p p e a r  t o  b e  f o l d e d  a t  t h e  
un c o n f o rm i t y , t h e  f o l d , f a u l t s , a n d  c l e av a g e  i n  t h e  M a r t in s burg 
at  t h 1 s  l o c a l i t y  mus t be  T a c o n i c  i n  a g e . Out s id e  t h e  area  o f  
t h i s  f o l d ,  c l e av a g e  i s  g e n er a l l y n o t  d ev e l op e d . Wh i l e  t h e  m a p  is 
b e l i e v e d  to be a c cur a t e ,  c r i t i c a l  p ar t s  l i e w i th 1n t h e  b o unda r 1 e s  
o f  b o t h  a S t a t e  and a F e d e r a l  m a x i mum s e c ur i t y  p r i s o n .  Th e s e  
a r e a s  h a v e  n o t  a s  y e t  b e e n  mapp e d .  T h e  c r im 1 n a l  i n s t in c t s  o f  the 
s en io r  a u t h o r  of t h 1 s  g u i d e b o o k  may a l l ow ' h im t o  s e t  up r e s i d e n c e  
h e r e  i n  t h e  n e a r  f u t u r e  i n  o r d e r  t o  c omp l e t e  t h e  m a p p ing • 

......__ Fault 
---- --- Bedding 

\ \ ' ,\\ Cleavage \ ' ' ' 

100 FEET 

F i gure 1 7 .  Field sketch ( l ooking  north ) of fau l ted overturned 
syncl i ne a long Eri e-Lackawanna Rai l road , Oti svi  1 1  e ,  New York. 
Stop 6 .  
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R e b o a r d  b u s  a n d  c o n t inue s t r a 1g h t  a h e a d . 

S t o p  s ig n .  Turn l e f t  on N . Y .  2 1 1 ,  p a s s ing unaer 
r a i l r o a d  b r i d g e . 

S t o p s i g n .  Turn r ig h t  on S a n i t o r 1um Av e n u e  
( Or a n g e  C o . R t  9 0 ) . 

R o a d  t o  F e d e r a l  C o r r e c t i o n a l  I n s t i t u t i o n  t o  
l e f t . 

O t i s v i l l e  C o r r e c t i o n a l  F a c i l i t y  o f  t h e  New Y o r k  
S t a t e  D e p a r t m e n t  o f  C o r r e c t i o n a l  . S e rv i c e s  t o  
l e f t . A t  t h 1 s  p o in t , a l l  t h o s e  who have 
d i s a g r e e d  w i t h  the in t e r p r e t a t i o n s  p r e s en t e d  on 
t h i s  f i e l d  t r i p  w i l l b e  d i s p a t ch e d .  

Graywa c k e s  o f  t h e  M a r t i n s b ur g  F o rma t i o n  on l e f t . 

E n t e r ing S u l l iv a n  C ou nt y .  C o n t inue s t r a 1 g h t  o n  
S u l l iv a n  C o .  R t  6 5 .  

C o n t inue s t r a ig h t  o n  S u l l 1v a n  C o .  R t  6 5 . 

C o n t inue s t r a ig h t  on S an i t o r ium R o a d  t owa r d s  
H i g h  V i ew .  

B e a r  l e f t  a t  ''Y "  o n  M o un t a i n  R o a d . 

L a k e  A l t em o n t  o n  l e f t ; g en t l y  d ip p ing 
Mar t in s b u r g  s h a l e s  on r igh t . 

S t op s i g n .  T u r n  l e f t  on R t  1 7 K .  

Th i c k  b e d d e d  g r aywa c k e  and s h a l e  o f  t h e  
Mar t in s b u r g  o n  l e f t . 

Turn l e f t  j u s t  b e f o r e  o v e r p a s s  o f  R t  1 7  t owa r d s  
H i g h  V i e w  T e r r a c e . 

M a r t i n s b ur g  g r a y w a c k e  and s h a l e  on r ig h t . 

S t o p  s i g n . T u r n  r ig h t . 

D o  n o t  t u r n  l e f t ; p u l l in t o  p a r k ing a r e a  
s t r a ig h t  a h e a d . 

W a l k  o u t  t o  o v e r l o ok a b o v e  NY R t  1 7 .  
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S T O P  7 

ROUTE 1 7  ROADCUT : S T RA T IGRAPHY AND STRUCTURE 
OF THE U P P E RMO S T  MAR T I N S B URG , THE TAC O N I C  

U N C O NFORMITY . AND LOWERMO S T  SHAWANG UNK . 

CAUT I O N .  D O  N O T  FALL O F F  ROADCUT . 
DEATH W I L L  R E S U L T  

A f in e  v i ew m a y  b e  s e e n  f r om t h � s  p o in t .  F a r  t o  t h e  e a s t  
( r ig h t )  a r e  t h e  S chunn emunk a n d  B e l l va l e  Moun t a �n s , u n d e r l a in by 
t h e  S c hunnemunk C o ng l ome r a t e  o f  M i d d l e D e v o n i a n  a g e  in t h e  G r e e n  
P o n d  ou t l i e r . T h e  l ow l an d  imm e d ia t e l y  t o  t h e  e a s t  i s  t h e  W a l k i l ! 
Va l l ey , u n d e r l a in by c a r b o n a t e  r o c k s  o f  C amb r ian a n d  O r d o v i c i a n  
a g e ,  a s  w e l l  a s  t h e  M a r t in s b u r g  F o r m a t i o n . D i r e c t l y  u n d e r  u s  i s  
a m a rv e l l o u s  3 0 0 0 - f o o t - l on g  e xp o s u r e  d em o n s t r a t ing t h e  
s t r a t i g r a phy a n d  s t ru c t ur e  w i t h in t h e  M a r t i n s burg . T o  t h e  w e s t  
( l e f t ) you c a n  s e e  t h e  ov e r l y ing S h aw a n g unk c o ng l om er a t e  ( S T O P  
8 ) , a s  w e l l  a s  t h e  t o n g u e  o f  t h e  B l o o m s b urg and ov e r l y ing t o n g u e  
o f  t h e  S hawangunk . B e y o n d  t h e  b e n d  i n  t h e  r o a d , a n d  n o t  s e e n ,  i s  
t h e  H i g h  F a l l s  S h a l e . O f f  i n  t h e  d i s t an c e  a r e  t h e  C a t s k i l ! 
M o u n t a in s  w i t h  r o ck s  a s  y o u n g  a s  t h e  P l a t t ek i l l  F o r ma t i o n  o f  
M i dd l e  D e v o n i a n  a g e .  

Th i s  o u t c r o p  o f f e r s  t h e  b e s t  l o o k  a t  t h e  u p p ermo s t  6 0 u  f e e t  
o f  t h e  s h a l e  a n d  g r ay w a c k e  a t  Mama k a t ing o f  t h e  M a r t i n s b u r g  
e x p o s e d  anywh e r e  i n  t h e  W a l l k i l l  V a l l ey . S ome o f  t h e  mo r e  
i n t e r e s t in g  s e d im e nt o l o g i c  a n d  s t r u c t u r a l  f e a t u r e s  a r e  d e s c r i b e d  
b e l o w  a n d  l o c a t e d  o n  f ig u r e  1 8 ,  s o  t h a t  a t  s ome f u t u r e  d a t e  t h e  
f i e l d  t r � p p e r  c a n  r e t ur n  and l o o k  a t  t h e  o u t c r op a t  h i s  o r  h e r  
l e i s ur e .  A s  me n t i o n e d  in t h e  s e c t i o n  o n  O r d ov i c i a n  s t r a t i g r a p hy , 
t h e  Mamak a t ing i n  s ou t h e r n  New Y o r k  d i f t e r s  f r o m  b o t h  t h e  
Rams e yb u r g  and P e n  A r g y l  Memb e r s  o f  t h e  Mar t in s b ur g  t h a t  have 
b e en ma p p e d  in e a s t e r n  P e n n s y l v a n i a  a n d  n o r t � e r n  New J e r s e y . The 
Mama k a t ing c o n s i s t s  dom inan t l y of  t h � c k  s e q u e n c e s  ( hundr e d s  o f  
f e e t )  o f  m e d i um d a rk-gr ay , t h �n-b e d d e d  s h a l e  in t er b e d d e d  w i t h  
w i t h  v e r y  t h i n  t o  m e d ium- b e d d e d  ( 1 / 4  t o  1 5  i n ) ,  v e r y  f in e  t o  
f in e - g r a i n e d , g r aywa c k e . T h e s e  t h � c k  s e que n c e s  a l t er n a t e  w i t h  
t h inn�r s e q u en c e s  ( g e n er a l l y  l e s s  t h a n  1 0 0 f e e t ) o f  t h �n- b e d d e d  
s h a l e  i n t e r b e d d e d  w i t h  m e d ium- t o  t h � c k- b e d d e d  ( u p  t o  6 f t ) , 
f in e - g r a i n e d  g r a yw a c k e . L o c a l l y  i n  b o t h  s e q u e n c e s ,  g r aywa c k e  
m a k e s  u p  mo r e  t h an 5 0  p e r c e n t  o f  t h e  o u t c r o p , b u t  a mo r e  c ommon 
a v e r a g e  wou l d  be l e s s  t h a n  25 p e r c e n t . O n l y  s e e n  at t h � s  
o u t c r o p , b u t  p r o b a b l y  p r e s e n t  e l s ewh e r e  in t h e  Mamaka t in g , i s  a 
40 f o o t  t h 1 c k  o l i s t o s t r ome ( f ig .  1 9 ,  n e a r  l o c a t i o n  B ,  
s p e c if i c a l l y  a l l  r o ck s  a t  g r o u n d  l ev e l  b e t w e e n  s t a t i o n  5 0  a n d  
3 0 0 ; f i g .  1 8 )  w i t h  s l ump f o l d s ,  f l u t e  c a s t s , r a n d o m l y  o r 1 e n t e d  
f i s s i l e  s h a l e  c h ip s , a n d  imb r i c a t e l y s t a c ked t h 1n g r a yw a c k e  b e d s  
i n  a d o m i n a n t l y  s h a l e  ma t r ix ,  a l l  o f  wh i c h  s ug g e s t w e s t w a r d  
f l o w i n g  cur r e n t s .  T h e  o l i s t o s t r ome i s  domina n t l y  s h a l e , b u t  
c o n t a i n s  s ome c o h e r e nt g r aywa c k e  b e d s  wh i c h  have . i n c o r p o r a t e d  
s ome f o l d e d  s h a l e  r ip - up s . P er h a p s  e ar t h q u a k e s  t r 1g g e r e d  
s l urr i e s  o f  s l ump d e p o s i t s  w.h 1 c h  w e r e  t h e n  imme d i a t e l y  f o l l ow e d  
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SHAWANGUNK FORMATION MARTINSBURG FORMATION 
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Fi gure 18 .  F ie ld  s ketch from photographs of the 3 , 000 foot l ong roadcut 
a long N . Y .  Route 1 7  seen at Stop 7 .  Numbers beneath s ketch i ndi cate 
d istance i n  feet. Pac i ng was arbi trarily begun d irectly beneath the west 
s i de of the Route 1 7K overpass ; a l l  d i stances to the east are shown as 
negetive numbers and to the west as pos i ti ve numbers . See Stop 7 for 
deta i l ed descri ptions of structures marked by l etters A-E. Thi s  · l ong 
roadcut exposes the uppermost Marti nsburg Formation exposed i n  southeastern 
New York State and the unconformable  contact wi th the overlyi ng 
Shawangunk Formation (Stop 8 ) .  
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Fi gure 1 9. Ol i stostromal depo s i ts wi thin the shales and 
graywackes at Mamakati ng of the Marti nsburg Formati on at 
Stop 7. Pi cture l ocati on is di rectly under the west s ide 
of the Route 1 7 K  overpass on the south s i de of Route 17  
roadcut ( see fi g .  18,  l ocal i ty B ) .  To the right of the 
hammer handl e  i s  a good example  of ti ghtly sl ump-fol ded 
graywacke i n  a shal e matrix.  To the l eft of the hammer 
and above the foot-thick graywacke l ens are imbricately 
stacked and broken thin  graywackes . At the top of the 
picture i s  a thick  graywacke turbi di te wh ich  contains 
folded shal e rip-ups near i ts base. Not vi s i b l e  are 
randomly oriented fi ssi l e  shale  i ntracl asts i n  the sha le  
matrix.  
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b y  t ur b i d i t e s  wh i c h  r i p p e d  up t h e  s h a l e . T h i s  o l i s t o s t r ome 
a p p e a r s  to b e  i n  t h e  hang ing w a l l  of a b a c k  thr u s t  o f  unknown 
d i s p l a c ement . A r e t urn t o  t h i s  e x p o s u r e  at a l a t er d a t e  wo u l d  b e  
w e l l  w o r t h  t h e  e f t o r t .  

N e a r  l o c a l i t y  A o n  F i g u r e  1 8  i s  a m in o r  2 i n c h  .t h 1 c k  b e d d ing 

" l j 
l 

p l a n e  f a u l t  a t  t h e  b a s e  o f  a f o o t  t h 1 c k  g r a yw a c k e  b e d . Ano t h e r  " l 6 0  f e e t  e a s t  ( a t  s t a t i o n  4 8 0  o n  f ig .  1 8 )  i s  a g r a y w a c k e  b e d  w i t h  
br e c c i a  a t  i t s  b a s e .  T h e  b r e c c i a c o n t a i n s  q u a r t z  and c a l c i t e  
c ry s t a l s  and s l i c ke n s id e s  a t  i t s b a s e .  T h e  up p e r  b l o c k  a p p e a r s  
t o  h a v e  mov e d  t o  t h e  s o u t h e a s t .  

The mo s t  obv i o u s  f e a t ur e s  s e en f r om t h 1 s  v a n t a g e  p o in t  a r e  a 
numb er o f  f au l t s  ( f ig .  1 8 ,  l o c a t i o n  C )  d i r e c t l y  a c r o s s  t h e  " ]  h i g hway . A l l  o f  th e s e  s t r u c t u r e s  t r en d  in a m o r e  n o r t h e r l y  
d i r e c t i o n  t h a n  b e d d ing i n  t h e  ov e r l y in g  Sh awangunk , a n d  
c omp a r a b l e  d i s r up t io n  i s  n o t  s e en i n  t h e  S hawangunk . T h er e f o r e ,  
i t  s e em s  mo s t  p r o b ab l e  t h a t  t h e s e  s t r u c t ur e s a r e  T a c o n i c in 
a g e .  The t h r u s t  f a u l t  on t h e  e a s t  ( r ig h t ) s i d e  of t h 1 s  t e p e e-
l ik e  s t r u c t u r e  has an e a s t -o v e r -w e s t  s en s e  o f  mo t i o n , and h a s  
p r o d u c e d  a n  e xc e l l en t  c l e a v a g e  i n  t h e  g e n t l y  a r c h e d  a d j a c e n t  
r o c k s  o f  t h e  hang ing w a l l .  T h i s  i s  a l l  t h e  mo r e  ev i d e n t  b e c a u s e  
c l e a v a g e  i s  n o t  w e l l  d ev e l o p e d , i f  a t  a l l ,  a t  S t o p 7 ,  e x c e p t  n e ar 
f a u l t s .  I t  i s  d i f f i c u l t t o  p r ov e , b u t  t h 1 s  f a u l t  i s  p r o b a b l y  t h e  
o n e  w i t h  t h e  g r e a t e s t  d i s p l a c em e n t . F r am ing t h e  we s t  s i d e  o f  
t h i s  t e p e e - l ik e  s t r u c t u r e  i s  a b a c k  t h r u s t  w i t h  unknown , b u t  
p r o b a b l y  l e s s , d i s p l a c em e n t . T h i s  b a c k  t h r u s t  cu t s  a b e d d ing 
p l ana f a u l t  that  p r o b a b l y  has  had minor mo v em e n t  w i t h  mo s t  o f  t h e  
s t r a in t a k e n  u p  i n  l i t t l e  b u c k l e  f o l d s , nar r ow b r e c c i a  z o n e s , a n d  
f r a c t u r e s .  I n  b e tw e e n  t h e  two" a r e  a h o s t  o f  a c c ommo d a t i o n  
f a u l t s ,  wh i c h  a r e  t r y in g  h e r o i c a l l y  t o  s o l v e  t h e  r o o m  p r o b l em .  
W i t h  a l i t t l e  p a t i e n c e  i t  i s  p o s s i b l e  f o r  t h e  f i e l d  t r 1p p e r  t o  
w o r k  o u t  a c h r o n o l o g y  o f  mo v em e n t  among t h e  many l i t t l e  f a u l t s  in 
t h i s  ar e a . 

A b o u t  2 5 0  f e e t  t o  t h e  w e s t  ( f i g . 1 8 ,  l o c a t i o n  D )  i s  a 
c o mp l e x a r e a  w i t h  f a u l t s  o f  t h r e e  d i f t e r e n t  ag e s . F r om o u r  
v a n t a g e  p o i n t  a c r o s s  t h e  r o ad i t  i s  impo s s ib l e  t o  s e e  t h e s e  
d e t a i l s , b u t  i t  i s  w o r t h  d i s c u s s ing . T h e  e a r l i e s t  mov em e n t  i s  
p a r a l l e l  t o  b e d d in g  a n d  p r o d u c e s  q u a r t z  s l i c k e n s i d e s .  T h e s e  
s l 1 c k en l i n e s  p l u n g e  N .  6 0 ° W .  a n d  s h ow t h a t  t h e  u p p e r  b l o c k  m o v e d  
n o r t hw e s t .  T h e  b e d d in g  p l a n e  f au l t s  a r e  c u t  b y  a v e ry s t e e p  
f a u l t  o r i e n t e d  N .  8 3 ° E . , 8 0 ° S E .  wh i c h  h a s  a 6 - 1 2  i n c h  g o ug e .  
D o wn - d i p  s l i c k e n l i n e s  s h ow t h a t  t h e  s o u t h  b l o c k  mov e d  up in t h 1 s  
c a s e .  T h i s  s t e e p  f a u l t  i s  i n  t u r n  c u t  b y  a t h 1 r d  f a u l t  o r 1 e n t e d  
a p p r o x ima t e l y  N .  7 0 ° E . , 5 0 ° NW . T h i s  c r o s s  s t r u c t u r e  may b e  a 
m u c h  l a t er A l l e g h a n i a n  f e a t ur e  s im i l ar t o  t h e  l a t e  k inks s e e n a t  
S t o p 3 .  M o v e m e n t  o n  t h 1 s  young e s t  f a u l t  f o l d s  t h e  s e c o n d  s t e e p  
f a u l t  and s h o w s  down- t o - t h e -nor thwe s t  moveme n t . 

A t  t h e  1 , 1 7 5  f o o t  m a r k e r  o n  F ig u r e  1 8  ( ne a r  l o c a t i o n  E )  a r e  
b e au t i fu l  f r a c t ur e s  f i l l e d  w i t h  c a l c i t e ,  b r e c c i a t e d s h a l e  
f r a g m e n t s ,  qua r t z , a n d  a b r own i s h - o r a n g e  c a r b o n a t e  m i n e r a l  
( p r o b a b l y  a n k e r 1 t e l . T h e s e  v e r t i c a l  f r a c t ur e s , s e e n  a t  r o a d  
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l ev e l ,  a r e  o r i e n t e d  N .  1 1 ° E .  and a p p e a r  t o  b e  c a u g h t  up i n  a 
f au l t  z o n e  a b o u t  2 0  t o  · 2 5  f e e t  a b o v e  r o a d  l ev e l . Th i s  f a u l t  
r e a c h e s  r o a d  l ev e l a t  s t a t i o n  1 , 3 0 0  o n  F i gur e 1 8 .  W e  i n t e r p r e t  
t h i s  t h r u s t f a u l t  a s  a b a c k t h r u s t , b a s e d  o n  f o l d ing o f  b e d d ing in 
t h e  up p e r  b l o c k ( p r e s um e d  hang ing w a l l )  a n d  t h e  s en s e  o f  r o t a t i on 
o f  t h e  v e r t i c a l  f r a c t ur e s . S om e  of t h e s e  f r a c t ur e s  w e r e  t h e  
l o cu s  o f  l a t e r  m o v e m e n t  a s  e v i n c e d  by s l i c k en l i n e s  o r i e n t e d  1 1 ° 
N .  1 1 ° E .  

F r om s t a t i o n  1 3 0 0 ( f ig .  1 8 )  w e s t  t o  t h e  c o n t a c t  w i t h  t h e  
u n c o n f o rmab l e  c o nt a c t  w i t h  t h e  ov e r l y in g  S h awang unk a t  S t o p 8 ,  
t h e  Mamak a t ing d ip s  g e n t l y· n o r t hw e s t  a n d  i s  d e v o i d  o f  any c om p l e x  
s t r u c t ur e s . 

D .  W .  F i s h e r  m a d e  t h r e e  c o l l e c t i o n s  o f  g r a p t o l i t e s  f r om the 
M a r t i n s b u r g  s h a l e s  of  t h L s  o u t c r o p , wh L c h  w e r e  r e p o r t e d  o n  b y  W • 

B .  N .  B e r r y  ( 1 9 7 0 ) . T h e  s p e c i e s  r e p o r t e d b y  B er r y  a r e :  
C l ima c og r ap t u s  s p i n i f er u s  R u e d emann a n d  C l im a c ogr apt u s  t ypi c a l i s 
H a l l  f r om 1 6  f e e t  b e l ow t h e  c o n t a c t  w i t h  t h e  S hawangunk ; 
C l Lma c og r ap t u s  s p . ,  D i c r a n og r a p t u s  n i c h o l s o n i  v a r . m Ln o r  B u lman , 
a n d  O r t h ogr apt u s  g ua d r imu cr o n a t u s  v a r . appr o x ima t u s  ( R u e d emann ) 
f r om 4 9  f e e t  b e l ow t h e  c o n t a c t  w i t h  t h e  S h aw a ngunk ; and 
D i c r a n o g r a p t u s  n i c h o l s on i  v a r . m L n o r  B u lman f r om 1 3 8  f e e t  b e l ow 
t h e  c o n t a c t  w i t h  t h e  S hawangunk . T h e s e  fo s s i l s  a r e  o f  c r i t i c a l  
imp o r t a n c e  t o  t h e  d a t ing o f  T a c o n i c  ev e n t s  ( s e e s e c t io n  o n  
O r d ov i c i a n  s t r a t i g r a p h y  i n  t e x t ) a n d  i n  e s t a b l i s h ing t h e  l en g t h  
o f  t h e  h i a t u s  r e p r e s e n t e d  b y  t h e  T a c o n i c  un c o n f o rm i t y  i n  s o u t h e r n  
N e w  Y o r k  S t a t e .  B e r r y  p u t s  t h e s e  g r a p t o l i t e s  i n  h i s  u p p e r  
s u b z o n e  o f  z o n e  1 3 , wh L c h  s u g g e s t s  t h e  r o c k s  a r e  l a t e  M i d d l e  
O r d ov i c i a n  t o  e a r l y  L a t e  O r dov i c i a n  i n  a g e . 

J u s t  � o  t h e  s o u t h  o f  wh e r e  w e  a r e s t a n d ing a n d  a p p r o x ima t e l y  
2 4 0  f e e t  b e n e a t h  u s  i s  a n . o l d  a b a n d o n e d  r a L l r o a d  t u n n e l t h a t  
Rus s e l l  W a in e s  k in d l y  s u g g e s t e d  w e  v i s i t . T h e  s o u t h e a s t e r n  3 , 40 U  
f e e t  o f  t h L s  t u n n e l  i s  i n  t h e  Mar t i n s b ur g , wh i l e  t h e  n o r t hw e s t e r n  
4 0 0  f e e t  o f f e r s  e x c e l l e n t  exp o s ur e s  o f  S hawangunk . T h e  
m i n e r a l i z e d  un c on f o rma b l e  c o n t a c t  i s  e s p e c i a l l y  we l l  e xp o s e d ( f o r  
d e t a i l s  s e e  S t o p 8 ) . I n t e r e s t ing l y ,  a l on g  s e c t i o n  o f  t h e  t u n n e l  
t h a t  i s  b r i c k e d  ov e r  s o  t h a t  n o  r o ck s  c a n  b e  s e e n  c o i n c i d e s  w i t h  
t h e  mo s t  f a u l t e d  s e c t i o n  o f  t h e  M a r t i n s burg ( f i g . 1 8 ,  b e tw e e n  
l o c a l i t i e s  C a n d  E ) . A t h L r t y  f o o t  w i d e  t h ru s t  f a u l t  z o n e  
( l o c a t e d  a b o u t  4 0 0  f e e t  i n  f r om t h e  s ou t he a s t er n  e n d  o f  t h e  
t u nn e l )  wh i c h , i f  p r o j e c t e d a l on g  s t r ik e , wou l d  b e  l o c a t e d  a b o u t  
1 , 0 0 0  f e e t  e a s t  o f  t h e  l on g  r o a d c u t  o f  S t o p  7 .  F o r  a n y o n e  
e n t e r p r i s ing e n o u g h  t o  v i s i t t h i s  t u nn e l , we w o u l d  h L g h l y  
r e c ommend a h a r d  h a t , a n d  e v e n  mo r e  impor t a n t l y , a p a i r  o f  ch e s t  
w a d e r s  a t  l e a s t  5 f e e t  t a l l ;  t h e r e  i s  a lways  a g r e a t  d e a l  o f  
w a t e r  i n  t h e  n o r t h  e n d  o f  t h e  t u n ne l  • 

R e b o a r d  b u s e s  a n d  r e t r a c e  r o u t e b a c k  t o  NY 1 7 K .  

9 2 . 8  0 . 2  T u r n  r i g h t  o n  NY 1 7 K .  
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E n t e r i ng B l o om in g b ur g .  

S t o p l i g h t . C o n t inue s t r a ig h t . 

Turn l e f t  on NY 1 7 K t owar d s  Newbur gh . 

Turn l e f t  on NY 1 7  E a s t  t owa r d s  Wur t s b o r o . 

B e g i n n ing o f  l o n g  M a r t i n s b u r g  exp o s u r e  d e s c r i b e d  
a t  S t o p  7 on r ig h t . 

Exc e l l e n t  exp o s u r e  o f  o l i s t o s t r ome s h ow ing s l ump 
f o l d s  i n  t h i c k  g r aywa c ke on l e f t  b e n e a t h  
o v e r p a s s .  

P u l l  o f f  o n  s h o u l d e r  t o  r i g h t . 

S T O P  8 

MAR T I N S BURG-SHAWANGUNK CONTACT ' 

STRATIGRAPHY OF THE S HAWANGUNK-BLOOMSBURG INT ERVAL 

B E  VERY CAREFUL OF H I G H - S P E E D  TRAF F I C .  

Th i s  i s  ano t h e r  f in e  exp o s u r e  o f  t h e  T a c o n i c  u n c o n f o r m 1 t y  in 
s o u t h e a s t e r n  New Y o r k . T h e  r o c k s  o f  t h e  Mar t i n s b ur g  and 
S h awangunk are s im 1 l a r  to  t h o s e  w e  have s e en e l s ewher e .  The 
b a s a l  f o o t  of the S hawangunk c o nt a in s  much p y r i t e .  The 
Mar t in s bu r g  a t  the c o n t a c t  d i p s  1 6 ° t o  3 1 ° NW . ,  wh e r e a s  t h e  
S hawang unk d i p s  2 5 ° NW . T h e  a ng u l a r  d i s c o r d a n c e  a t  e y e  l ev e l  i s  
1 5 ° . N o  s e c o n d a r y  c l e a v a g e i s  s e e n  i n  t h e  M a r t i n s burg a t  t h 1 s  
s p o t .  G r ap t o l i t e s  o f  Z o n e  1 3  a g e  ( l a t e  M i d d l e  t o  e a r l y  L a t e  
O r d ov i c i a n )  w e r e  i d en t i f i e d  b y  B e r r y  i n  t h e  Mar t i n s burg w i t h 1 n  
1 3 5  f e e t  o f  t h e  ov e r l y ing S h awangunk ( O f f 1 e l d , 1 9 6 7 , p .  5 3 ; B e r r y  
1 9 7 0 ;  s e e  S t o p 7 ) .  

T h e  ch a r a c t er o f  t h e  z o n e  b e t w e e n  t h e  M a r t i n s bu r g  and 
S h aw a ng unk v a r i e s  f r om p l a c e  to  p l a c e . Near r o a d  l ev e l ,  the z o n e  
c o n t a i n s  r o t a t e d  s h a l e  f r a g m e n t s w i t h  s ome q u a r t z  v e i n s . T h i s  i s  
p r o b a b l y  a s h e a r  z o n e . A l s o  i n c l u d e d  i n  t h i s  z o n e  a r e  d i s r up t e d 
s h a l e  f r agme n t s  a n d  a med ium d a r k - g r a y  s t icky c l ay ,  a f a u l t  
g o ug e . T o  t h e  s o u t h e a s t ,  wh e r e  t h e  c o n t a c t  r i s e s  t o  a b o u t  2 0  
f e e t  a b o v e  r o a d  l e v e l ,  w e  f o und r o u n d e d  t o  s ub a ng u l ar p e b b l e s  a n d  
c o b b l e s  u p  t o  4 i n c h e s  l on g  o f  g r aywa c k e , c h l o r 1 t i c s a nd s t o n e , 
c r o s s l am i n a t e d  f e l d s p a t h i c  c o ng l om e r a t i c  q u a r t z i t e ,  a n d  r e d v e r y  
f in e - g r a i n e d  s a n d s t on e .  S ma l l  r ib s  o n  t h e  s u r f a c e  o f  o n e  p eb b l e  
p r o v e  t h a t  t h e  c l a s t  wa s  w e a t h e r e d  p r i o r  t o  emp l a c ement , a n d  i s  
n o t  a f a u l t - b r e c c i a  f r ag m e n t . S ev e r a l  p e b b l e s  a l s o  have d i s t in c t  
w e a t h e r ing r in d s . T h e  s h a p e  o f  t h e  p e b b l e s  s u g g e s t  t r a n s p o r t  o f  
s h o r t d i s t an c e s . 

A s  ind i c a t e d  i n  t h e  s e c t i o n  o n  s t r a t ig r aphy a t  t h e  b e g i n n i n g  
o f  t h i s  g u i d e b o o k , t h e s e  f in d i n g s  s u g g e s t  t h a t  t h e r e  w e r e  a 
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s e r i e s  o f  U p p e r  O r d o v i c ia n  a n d  p o s s i b l y  L o w e r  S i l u r i a n  r o c k s  t h a t  
w e r e  d e p o s i t e d  up o n  t h e  M a r t in s b u r g  f o l l ow i ng T a c o n i c  u p l i t t  and 
f o l d in g . Th e s e  w e r e  d e r 1v e d  f r om s ou r c e  r o c k s  t h a t  a r e  now 
g on e .  T h e  p o t e n t i a l  s o u r c e  a r e a s  a r e  p r e s e n t l y  u n d e r  
inve s t ig a t i o n .  

A b o u t  1 , 0 0 0  f e e t  t o  t h e  w e s t  w e  c a n  s e e  f in e  e xp o s ur e s  o f  
t h e  t o ng u e  o f  t h e  B l o om s b u r g  ( c a l l e d  H i g h  F a l l s  b y  G r a y , 1 9 6 1 ,  
a n d  O t 1 s v i l l e  S h a l e  a n d  H i g h  F a l l s  by S m i t h , 1 9 6 7 ) ,  o ve r l a in by 
t h e  t o ng u e  of t h e  Shawangu n k  ( c a l l e d  B in newa t er by b o t h  G r ay , 
1 9 6 1 , a n d  S m i t h , 1 9 6 7 ) .  A b o u t  2 , 0 0 0  f e e t  f a r t h e r  we s t  a r e  r o c k s 
w h i c h  we b e l i ev e  t o  b e  p a r t  o f  t h e  H i g h  Fa l l s S h a l e .  S e e  t h e  
s e c t i o n  o n  s t r a t i g r a phy f o r  a n  und e r s t a n d ing o f  t h e s e  
i n t e r p r e t a t i o n s . T h e  c o n c l u s i o n s  w e r e  b a s e d  o n  t r a c ing t h e  
v a r i o u s  f a c i e s  i n  t h e  S hawangunk a n d  B l o om s b u r g  e a s t w a r d  f r o m  New 
J er s e y . 

9 8 . 3  0 . 3  

9 8 . 5  0 . 2  

9 9 . 0  0 . 5  

1 0 0 . 2  1 . 2 

1 0 0 . 6  0 . 4  

1 0 1 . 9  2 . 0  

1 0 3 . 7  1 . 8 

1 1 1 . 2  7 . 5  

1 1 3 .  8 2 . 6  

1 1 5 . 1  1 . 3 

1 1 5 . 7  0 . 6  

1 1 6 . 2  0 .  5 

1 1 6 .  9 0 . 7  

1 2 0 . 0  3 . 1  

R e t ur n  t o  b u s e s  a n d  c o n t inue n o r t h  o n  NY 1 7  

U p p e rmo s t  S h awang unk o n  l e f t . 

C o n t a c t  b e tw e e n  t o n g u e  of t h e  B l o oms b u r g  R e d b e d s  
a n d  t on g u e  o f  t h e  S hawangunk o n  r i gh t . 

Hjgh F a l l s  S h a l e  d i pp ing m o d e r a t e l y  n o r t hwe s t . 

Turn o f f  a t  E x i t  1 1 3 t owa r d s  U S  2 U 9 .  

S t op s ig n . T u r n  r ig h t  on U S  2 U 9  N or t h .  

S t o p l ig h t . Danny ' s  R e s t a u r a n t  o n  r i gh t . G o o d  
p l a c e  f o r  p a s t r a m i  a n d  c o r n e d  b e e f  s a n dw i ch e s .  
C o n t i n u e  s t r a ig h t  o n  U S  2 0 9  a n d  r e t r a c e  r o u t e  
b a c k  t o  K in g s t o n .  

S h awang unk M i n e  h ig h  o n  n o r t hwe s t  s l op e  o f  
S h aw a n g u nk M ou n t a in t o  r i gh t . 

V i ew o f  E l l e nv i l l e  A r c h  s t r a ig h t  a h e a d .  

J u n c t i o n  w i t h  NY 5 2  a t  t r a f f i c l ig h t  i n  
E l l env i l l e .  C o n t i n u e  s t r a i g h t  o n  U S  2 U Y  Nor t h .  

E n t e r  N a p an o ch . 

V i ew o f  e r o d e d  E l l e nv i l l e a r c h  p r o d u c ing 
f l a t i r o n s  in n o r t hwe s t  l imb of  f o l d  o n  r igh t . 

E a s t e r n  New Y o r k  C o r r e c t i o n a l  F a c i l 1 t y  t o  r i gh t . 

E n t e r i n g  Wawa r s ing . 

J un c t i o n  w i t h  U S  44 a n d  NY 5 5 .  C o n t inue 
s t r a ig h t  o n  U S  2 U 9 . 



1 2 0 . 8  0 . 8  

1 2 2 . 5  1 . 7 

1 2 4 . 8  2 . 3  

1 2 9 . 4  4 . 6  

1 3  0 .  4 1 . 0  

1 3 1 . 0 0 . 6  

1 4 0 . 4  9 . 4  

1 3 2 . 8  0 . 5  

C - 7 8  

Tr a f f i c  l ig h t  i n  K� r h o nks o n .  

G r a n i t  Ho t e l  t o  r ig h t  and w a t e r  t ow e r  a t  
M i n n ewa s k a  a t  t o p  o f  Sh awangunk . 

T own o f  A c c o r d . 

D a r k  g r a y  s h a l e s  o f  Bakov e n  S h a l e  on l e f t . 

S c h o h a r i e  o n  l e f t . 

E n t e r ing S t o n e  R i dg e .  

Turn r i g h t  o n t o  NY 2 8  E a s t  h e a d ing t owa r d s  
K i ng s t o n .  

Turn l e f t  in t o  Ramada Inn P ar k in g  l o t . 

END O F  T R I P . 

HAVE A SAFE JOURNEY HOME . 
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PALEOGEOGRAPHY AND BRACHIOPOD PALEOECOLOGY OF THE 
ONONDAGA LIMESTONE IN EASTERN NEW YORK 

RICHARD H. LINDEMANN 
Department of Geology 

Skidmore College 
Saratoga Springs , New York 12866 

HOWARD R. FELDMAN 
Biology Department 

Touro College 
· New York , New York 10036 

INTRODUCTION 

During the three plus decades since Oliver ( 1954)  formally 
divided the Middle Devonian Onondaga Limestone into its Edgecliff , 
Nedrow , Moorehouse and Seneca Members , the formation has been the 
focus of considerable attention . However , with the exception of 
subsurface investigations , research has concentrated on the formation 
as seen in outcrop (Fig . 1 )  between Buffalo and the 
Helderberg/Catskill area . Few geologists have ever examined the 
Onondaga south of its classic exposure in Leeds Gorge . As an 
arbitrary measure of this , . we note that between 1962 and 1986 more 
than ten NYGSA field trips concentrated on the Onondaga while only 
one ( Oliver , 1962)  was sited in southeastern New York . As a result , 
stratigraphers and paleontologists alike tend to have a somewhat 
skewed impression of Ononaaga paleogeography , a situation we hope 
this field trip will partially rectify . 

LITHOSTRATIGRAPHY 

In the central New York type area the Onondaga unconformably 
overlies Lower Devonian carbonates of the Helderberg Group . In that 
area the formation ' s  members are lithologically distinct from one 
another . The lowermos t  Edgecliff bed ( s )  is a calcareous and 
phosphatic quartz arenite which grades upward into the typical thick
bedded , light-gray , Edgecliff biosparites . The typical Nedrow 
lithology is a thin-bedded , dark-gray , argillaceous , fine-grained 
limestone . This grades upward into the coarser grained , thin to 
medium-bedded , dark-gray , cherty and argillaceous limestone typical 
of the Moorehouse .  The Moorehouse is overlain by the ( a )  Tioga 
Bentonite which is succeeded by dark gray , fine to medium-grained 
limestones of the Seneca Member . While the uppermost Seneca becomes 
increasingly argillaceous , it includes a regionally extensive "bone 
bed" and shows signs of erosional truncation prior to deposition of 
the overlying Union Springs Shale . 

Type lithologies of the four members do not extend into eastern 
New York . Oliver ( 1954 , 1956)  found that the lower Edgecliff beds 
are gradational with the Schoharie Formation in the east and that the 
contact is best recognized based on fauna . The argillaceous Nedrow · 
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beds extend eastward only to the · approximate longitude of Cherry 
Valley , beyond which they grade into an Edgecliff lithology . 
Similarly , the Moorehouse is much like Edgecliff in the Helderberg 
area . The Seneca Member pinches out east of Cherry Valley , though 
Rickard ( personal communication , 1980) found it to be present in the 
subsurface of southeastern New York . 

Oliver ( 1956 , 1962 ) found that lateral facies changes into 
eastern New York necessitated the use of faunal criteria in 
recognizing the individual members . He also found a pronounced 
thickening of the formation into eastern , and to an even greater 
degree into southeastern , New York (Table 1 ) ; Oliver recognized the 
eastern Edgecliff beds by the presence of large crinoid columnals , 
the Nedrow on the basis of numerous platyceratid gastropods and the 
Moorehouse by its brachipod-dominated fauna and abundant black chert . 
However , Lindemann ( 1979 , 1980) found platyceratids to be more common 
in the cherty Moorehouse beds than in the Nedrow . Be that as it may , 
fossils remain the best criteria for correlation , particularly in 
southeastern New York where outcrops are small and few and the entire 
formation is fine-grained . There , at least , the Edgecliff ' s  crinoid 
columnals persist despite the non-typical lithology . These can be 
traced into the Buttermilk Falls Formation of Pennsylvania ( Oliver , 
1962 ) . Pronounced facies changes in the Onondaga-equivalent strata 
of southeastern New York prompted Rickard ( 1975)  to assign those 
strata to the Buttermilk Falls . While this is prudent 
lithostratigraphy , we will refer to them as Onondaga due to their 
significance in paleogeographic reconstruction . 

Table 1 .  Representative thicknesses ( in fee t )  of the Onondaga 
Limestone and its members in eastern New York . 

Syracuse Helderbergs Leeds Saugerties Port Jervis 

Seneca 25 

Moorehouse 25 70 37+ 100+ 190+ 

Nedrow 1 5  15  43 34 ? 

Edgecliff 22 30 36 36 30? 

Total 87 1 1 5  116 170 200+ 

LITHOFACIES 

To facilitate the interpretation of depositional environments , 
Lindemann ( 1980)  identified six carbonate lithofacies on the basis of 
relative abundances of calcisiltite , bioclasts , cement , argillaceous 
mud and pyrite as pointcounted in thin section . While all of the 
lithofacies are described below , only three are well-represented in 
eastern New York and figure directly in this discussion . As the 
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Figure I .  Map o f  the Onondaga outcrop belt and 
d i s t r ibut i on o f  basal Edge c l i f f  Fac i e s . 
From Cas s a  and Kis s l in g ,  1 9 8 2 . 
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lithofacies do not exactly correspond to formally named carbonate 
lithologies , they are referred to by Roman numerals and mean 
abundances of their constituents are shown in Table 2 .  Note that the 
Roman numerals used herein do not correspond to those of Lindemann 
( 19 7 9 )  but do correspond to those of Lindemann ( 1980) as well as 
Feldman and Lindemann ( 1986 ) . 

Lithofacies I .  Lithofacies I consists of thick-bedded to 
massive , medium-gray , sparce and packed biocalcisiltites . 
Terrigenous mud tends to be concentrated in styolites and is 
otherwise scarce . While crinoids and fenestrate bryozoans are 
dominant fossils in thin section , the ramose bryozoan Fistulipora 
dominates the fauna as seen in outcrop . Some specimens are encrusted 
by a calcareous alga similar in morphology to Sphaero.codium . 
Chondrites , small vertical burrows , and calcarenite-filled grooves on 
bedding surfaces dominate the ichnofauna . Intimately associated with 
Lithofacies II and VI , Lithofacies I occurs most commonly in the 
Leeds to Saugerties area . Except for occurrences in the Moorehouse 
of the Helderbergs and wes ternmost New York it is not commonly 
encountered . 

Lithofacies I is interpreted as having been deposited in fairly 
quiet , slightly turbid waters . Occasional reworking of the sediment 
by storm waves is indicated by thin shell-layers and by the presence 
of spar cement in some samples .  At Leeds this lithofacies alternates 
with Lithofacies VI and both are associated with a Fistulipora
dominated community which persisted from early Edgecliff to late 
Moorehouse time . As will be more thoroughly discussed later , the 
Onondaga in this area is interpreted as a sequence of bryozoan 
bafflestone biostromes which grew at a rate comparable to that of 
basinal subsidence . 

Lithofacies II . Lithofacies II consists  of medium-bedded to 
mas sive , medium-gray packed bioclacisiltites . Crinoids and bryozoans 
dominate the fossils in thin section and in the field . Intimately 
associated with Lithofacies I and VI , and occurring in the Edgecliff 
throughout the state and the upper Onondaga to the east and wes t , 
Lithofacies II differs from the former and latter in abundances of 
fossil debris and spar cement respectively . There are additional 
faunal differenc�s , particularly in western New York , but thes e  do 
not figure in this description . 

Lithofacies II is interpreted as having been deposited under 
nonturbid carbonate shelf conditions quieter than , but similar to , 
those of Lithofacies VI . Stratigraphic distribution and association 
with other moderate energy lithofacies indicate that II was generally 
deposited just offshore from , or in slightly deeper water than VI . 
With the possible exception of occurrences in the Clarence Member of 
western New York , lagoonal conditions are not indicated . 

Lithofacies III . Lithofacies III consists of laminated to 
medium-bedded , dark-gray , argillaceous calcisiltite , fossiliferous 
calcisiltite and sparse biocalcisiltite . The pyrite content of this 
lithofacies does not exceed one percent in central New York . 

J 
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Comminuted crinoids and trilobites dominate the megafossils in thin 
section and the microfossil Styliolina fissurella reaches its maximum 
abundance . Fossils are occasionally concentrated in thin stringers 
associated with argillaceous laminae .  However , mos t  fossil fragments 
were scattered by intense bioturbation . This lithofacies 
predominates in the Nedrow of central New York and in the Moorehouse 
elsewhere in the state . It does not occur east of Cobleskill . 

Lithofacies III is interpreted as having been deposited in 
quie t ,  moderately turbid water offshore from Lithofacies VI and II . 
Restricted circulation and low oxygen levels are not indicated . The 
s ediment ' s  fine grained nature suggests  a flocculent or soupy 
sediment-water interface , a condition not particularly conducive to 
colonization by the larvae of sessile organisms . This accounts for 
the relative abundance of calcisiltites and planktonic styliolines . 

Lithofacies IV . Lithofacies IV consists of thin to medium
bedded , dark gray:-moderately argillaceous fossilferous to sparse 
biocalcisiltites . Fenestrate bryozoan and crinoid debris dominate 
the fossils seen in thin section while brachiopods and trilobites 
dominate the fauna seen in outcrop . The ichnofauna includes a 
divers e  set of small horizontal burrows and Chondrites . Relatively 
coarse-grained lag deposits and cross laminae are present in some 
beds . Lithofacies IV is common only in the Clarence Member of 
western New York and the Moorehouse of the Cherry Valley-Schoharie 
area . 

Lithofacies IV is interpreted as having been deposited in quiet , 
moderately turbid waters .  Though calcisiltite abundances far exceed 
those of fossils , it appears that bottom conditions were not as 
quiet as those of Lithofacies III and that storm-generated waves 
often reworked the sediment . Occurrences of Lithofacies IV in the 
Clarence Member are interpreted as lagoonal deposits while 
occurrences in the Moorehouse at Cherry Valley are interpreted as 
shelf margin or transitional deposits between the shallow shelf 
to the east and the Appalachian Basin to the west .  

Lithofacies V .  Lithofacies V consists of laminated to medium
bedded , dark-gray-,-highly , argillaceous fossiliferous calcisiltites 
and sparse biocalcisiltite s . Trilobites dominate the fossils in thin 
section and share dominanc;e with brachiopods in field observations . 
Chrondrites and general signs of bioturbation are abundant . This 
facies is virtually restricted to the Moorehouse and Seneca members 
of central New York where it is intimately associated with 
Lithofacies III . It differs from III in containing about twice as 
much argillaceous mud and slightly more pyrite (Table 2) . 

Lithofacies V is interpreted as having been deposited in quiet , 
relatively deep and turbid water in or near the subsiding axis of the 
Appalachian Basin . Because this facies occurs in the area 
representing the lowes t  rate of sedimentation for the formation , 
( probably less than half that of some sites to the east for example)  
the magnitude of  real day-to-day turbidity required to  attain its 
approximately 20 percent argillaceous content is uncertain . While 
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fluctuations in argillaceous influx are evident as shale laminae , it 
appears that the depositional conditions of Lithofacies V differ from 
those of III primarily in geographic proximity to the relatively 
carbonate-starved and more restricted axis of the Appalachian Basin . 

Lithofacies VI . Lithofacies VI consists of thick-bedded to 
massive , light-gray , poorly washed to sorted biosparites . Varying 
abundances of quartz sand , glauconite , and phosphorite nodules are 
present in samples from the lower beds of the Edgecliff Member . 
Comminuted crinoids and bryozoans dominate the fos sils seen in thin 
section and macrofossils vary as this lithofacies occurs with both 
coral- and bryozoan-dominated communities . Rare cryptalgal laminae 
and calcareous algae are present . While evidence of bioturbation is 
rarely observed , vertical burrows are common as are shell lag 
concentrations and cross-laminae .  This lithofacies is characteristic 
of the Edgecliff throughout the state and also occurs higher in the 
formation in eastern and western New York . It dominates the Nedrow 
and lower half of the Moorehouse in the Helderbergs and alternates 
with Lithofacies I at Leed s . It has not been observed at any horizon 
in the Onondaga south of Leeds . 

Lithofacies VI is interpreted as having been deposited under 
shallow shelf conditions in wave-agitated waters of very low 
turbidity . 

Table 2 .  Mean percent abundances of Onondaga lithofacies 
constituents .  

Facies Calcisiltite Bioclasts Cement Detrital Mud Pryite 

I 50 38 2 7 1 
II 38 53 3 4 1 

III 84 2 0 10 2 
IV 74 1 6  < 1  7 1 

v 67 1 0  0 21 2+ 
VI u 61 21 4 1 

THE ONONDAGA/BAKOVEN CONTACT 

Contacts between the Onondaga Limestone and overlying black 
shale units are few and far between , only one (Locality 7 )  is known 
in the area of this field trip . This horizon is deserving of 
detailed consideration as conclusions drawn from it have far-reaching 
significance . Oliver ( 1956)  judged the Moorehouse/Bakoven contact to 
represent only a minor break in deposition . However , Chadwick ( 1944 , 
p .  103 )  described the contact as a "calcarenyte of tiny crinoidal 
fragments ,  black in color like the shale and containing also 
comminuted fish remains with an occasional brachiopod shell seemingly 
reworked from the limestone beneath . The basal (Bakoven) contact 
here shows this bed. bonded into solution pitting in the limestone , 
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indicating a distinct break and disconformi ty . "  

The uppermos t  Moorehouse bed is a medium dark-gray , sparse to 
packed bioclacisiltite containing trilobite , brachiopod , and crinoid 
fragments along with a few phosphatic particles .  Authigenic quartz 
and silicified brachiopods are common , while unquestionably-detrital 
quartz silt is uncommon . Terrigenous mud constitutes less than six 
percent of the rock ' s  weight and organic matter makes up an 
·additional three to six percent . Typical of the upper Moorehouse in 
the mid-Hudson Valley , terrigenous mud is concentrated in 
microstyololites , giving weathered exposures a " shaly" appearance . 
This is the case at Locality 7 where this uppermost Onondaga bed is a 
Lithofacies I limestone typical of the area . It is significant that 
this does not resemble Lithofacies V of the upper Onondaga in central 
New York • 

Chadwick ' s  crinoidal "calcarenyte" abruptly overlies the 
Moorehouse . This horizon is approximately 1 em thick and bears 
little resemblance to the Onondaga below or the Bakoven above . While 
the rock is packed with crinoid fragments ,  it is unlike Onondaga 
lithologies in that both spar cement and calcisiltite are absent . 
About 7% of the rock volume consists of fish remains ; quartz silt and 
sand constitute an additional 5%.  It is worth noting that quartz 
sand does not occur above or below this horizon . The original 
thickness and terrigenous percentage of this horizon remain uncertain 
due to an unusually intense intergranular pressure solution between 
crinoid particles . What does this "bone bed" represent ? 

The upper Onondaga of the central Hudson Valley is a sequence of 
bryozoan bafflestones interbedded with normal sparse to packed 
biocalcisiltites , deposited marginal to a carbonate shelf . Open 
circulation in a fairly quiet environment near wave base are 
indicated by both fauna and lithology . The Bakoven , on the other 
hand , is a black , carbonaceous shale which emits a petroliferous odor 
from freshly broken specimens .  The fauna is dominated by planktonic 
forms including Styliolina fissurella and "Tentaculites" cf . 
gracilistriatus . Signs of bioturbation are absent , to the extent 
that current-oriented styliolines were not disturbed . These 
characteristics are consistant with deposition in a stratified , 
dysaerobic , quiet-water environment . Pedersen , et al . ( 1976)  
interpret the Bakoven as  a distal basin deposit consisting of  the 
first and stratigraphically lowermos t  muds of the Catskill Delta 
complex. They also note that there is a problem with this 
interpretation . If there is validity to Walther ' s  law of the 
correlation of facies ( Middleton , 1973 ) , as applied to vertical 
sedimentary sequences , the lithologically abrupt contact between a 
shallow-water to moderate-depth carbonate and a distal basin black 
shale facies must represent a disconformity of pronounced magnitude . 
It is certain that the contact is disconformable and clear that the 
"bone bed" was deposited on an already lithified Onondaga . However , 
many Bakoven styliolines contain pyritic steinkerns indicating that 
they settled to the bottom with their cellular material intact . 
While we have no data on what might be a soft tissue compensation 
depth .for styliolines , the extremes of distal basin habitat would 
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almos t  certainly exceed it . We suggest that the Onondaga/Bakoven 
contact is a disconformity representing a relatively brief time span 
during which rapid crustal subsidence , to a shallow or proximal basin 
depth position beneath storm-wave bas e ,  resulted in stratification of 
the water column and a dysaerobic benthic condition conducive to the 
eradication of a benthic fauna and deposition of black shale . 
Savares e ,  et . al . ( 1986) suggest a deepening event starting at 20-25m 
and finishing �100-150m for roughly similar limestone/shale 
contacts in the Hamilton group of central and western New York . 
Further interpretation of the contact is presently premature . 

PALEOGEOGRAPHIC SETTING 

Buffalo to the Helderbergs 

Understanding of Onondaga paleogeography , as studied in 
east-wes t  outcrop , has not changed substantially since the work of 
Oliver ( 1954 , 1956 ) ,  Lindholm ( 19 6 9 )  and Laporte ( 197 1 ) . A short
lived late Emsian regression of the sea to a position in eastern New 
York left the western and central areas of the state subaerially· 
exposed . Early in the Eifelian , assuming that the entire Onondaga is 
Middle Devonian , a transgression submerged the region initiating 
Edgecliff deposition in a shallow shelf environment . Shortly 
thereafter subsidence in central New York , resulting from a northward 
extension of the Appalachian Basin , brought a deeper water , or 
offshore , environment to that area . The initial pulses of subsidence 
are recorded in the Nedrow Member , while continued subsidence is 
recorded in the Moorehouse and Seneca members of central New York . 
However , the eastern and western parts of the state remained in 
shallow shelf conditions throughout Onondaga deposition . Thus , post
Edgecliff paleogeography , as seen in east-west outcrop , consists of a 
symmetric shelf-basin-shelf pattern . Subsurface studies (Kissling 
and Moshier , 1981 ; Cassa and Kissling , 1982)  indicate that deposition 
took place on a carbonate ramp dipping predominantly southward into 
the Appalachian Basin and that east-west outcrop roughly parallels 
depositional strike for at least Edgecliff time. (Fig . 1 ) . 

The Helderbergs to Port Jervis 

To understand Onondaga paleogeography in eastern and 
southeastern New York it is helpful to establish a context in the 
mid-Silurian and proceed up section . The Middle Silurian Shawangunk 
Conglomerate thins from approximately 1500 feet in northern New 
Jersey · (Wolfe ,  · 19 7 7 )  to a pinchout just north of Rosendale , New York . 
A roughly similar pattern is evident throughout the Upper Silurian 
and Lower Devonian . As an arbitrary example of what this means in 
terms of despositional environments and an onshore-offshore 
orientation , Waine s  ( 19 7 6 )  reports that the Silurian Binnewater 
Sandstone not only thickens to the south of Kingston , New York , but 
it also becomes increasingly dolomitic as the unit grades southward 
from supratidal to intertidal and shallow marine facies .  During 
deposition of the Lower Devonian section the onshore direction 
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shifted to the northwes t  (Anderson , 197 1 ) , an orientation which 
lithostratigraphy (Rickard , 1975)  and subsurface isopachs (Fig . 2B) 
(Mesolella , 1978) indicate persisted until the Middle Devonian . 

It is generally acknowledged that during Onondaga deposition the 
axis of the Appalachian Basin migrated into central New York . This 
shows up clearly in the distribution of Onondaga lithofacies and in 
subsurface isopachs (Fig . 2A) .  However , to clarify eastern New York 
paleogeography it is necessary to discriminate between "topographic" 
and "structural" basins . Mesolella ( 1978)  defines a topographic 
basin as the area of deepest water and a structural basin as the area 
of greatest sediment accumulation , implying greatest crustal 
subsidence . As previously discussed , the preponderance of 
Lithofacies V in the upper Onondaga in central New York is the direct 
result of deposition in proximity to the carbonate starved axis of 
the Appalachian ( topographic ) Basin . However , Lithofacies V is 
absent from eastern New York at least as far south as the Mid-Hudson 
Valley where it is replaced by the coarser-grained and less 
argillaceous Lithofacies I and I I .  Even the most offshore Onondaga 
facies in eastern New York , the Buttermilk Falls Limestone , is 
interpreted as a "shallow marine basin" (Wolfe , 1977 ) . And yet the 
greatest sediment accumulation is centered in , or just south of , the 
Port Jervis (Tristates ) area (Fig . 2A) . This was the focus of a 
subsiding structural basin not directly related to the topographic 
basin of central New York . This structural basin , which had existed 
since the Middle Silurian , exert.ed a pronounced influence on Onondaga 
deposition in eastern New York by establishing a paleogeographic 
pattern of a shallow carbonate shelf in the Helderberg-Coxsackie 
area , a thick accumulation of shelf-margin bryozoan bafflestones 
between Leeds and Saugerties and an even thicker accumulation of 
sparse to packed biocalcisiltites deposited on a carbonate slope or 
ramp dipping into the Port Jervis area . Apparently water depths on 
this slope were never great , at least within the field trip area , 
prior to the subsidence event which set the stage for deposition of 
the Bakoven Shale . 

' 

MEGAFOSSILS OF THE ONONDAGA LIMESTONE IN SOUTHEASTERN NEW YORK 

Collecting megafossils in the Onondaga Limes tone in southeastern 
New York present� certain problems not inherent in the central part 
of the state . For example , there in no shaly Nedrow facies from 
which well-preserved specimens weather out and there are few quarries 
which allow for extensive collecting on bedding surfaces . Most of 
the exposures in the Mid-Hudson Valley are vertical and weather 
slowly . The limestone is quite dense with little shale , consequently 
megafossils , although observable in cross section , are difficult , if 
not impossible to remove without damage to the specimen . However , 
one of the advantages of collecting in the southeastern part of the 
state is the occurrence of silicified fossils in parts of the Mid
Hudson Valley . During this trip we expect to sample some of these 
silicified outcrops and blocks may be taken for subsequent etching in 
hydrochloric ( or muriatic ) acid . Brachiopods (Table 3 ;  Figs . 3 , 4)  
and corals (Table 4)  are the most dominant megafossils that we will 
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collect from the Onondaga and therefore will be treated in more 
detail than other taxa (Table 5 ) . 

Brachiopods 

Acrospirifer duodenaria - Biconvex shells transversely subelliptical 
in outline ; hinge line long and straight ; medial open delthyrium 
with no preserved deltidial plates ; pedicle valve bears narrow , 
triangular , moderately deep , noncostate sulcus ; brachial valve 
bears corresponding fol d ;  five to six rounded plications on each 
pedicle flank with U-shaped intetspaces ; anterior commis sure 
uniplicate . 

Ambocoelia sp . - Small , ventribiconvex shells ; pedicle valve with 
weak sulcus ; beak incurved ; hinge line straight , delthyrium 
open; brachial valve slightly convex with no ornamentation; 
anterior commis sure rectimarginate to uniplicate to slightly 
intraplicate . 

Athyridacean indet . - Small ,  ovate shells with laterally directed 
spiralia; crura united with primary lamellae by pair of S-shaped 
loops ; mos t  closely resemble the Meristellidae . 

Atiwris sp �. A -Shells transversely suboval in outline , and subequally 
biconvex with pedicle valve slightly deeper thah brachial valve ; 
ventral beak suberect terminating in , small round foramen ; 
brachial beak smaller and less noticeable; pedicle valve bears 

JX shallow sulcus with corresponding low fold on brachial valve; 
anterior commissure weakly uniplicate;  some forms nonsulcate and 
rectimarginate ;  fine , concentric growth lines on both valves . 

Athyris sp . B - Differ from Athyris sp . A in its larger size , 
subparallel dental plate s  and narrow muscle field . 

Atribonium halli - Shells small , nonstrophic ,  impunctate and 
subpentagonal in outline ; beak short curved , rounded and 
suberect ; commissure uniplicate with high brachial fold and deep 
pedicle sulcus ; costae weak , rounded ; small pedicle foramen and 
triangular ,delthyrium . 

Atrypa "reticularis "  - Dorsibiconvex shells with well rounded radial 
costellae which increas e  in size and number anteriorly; 
costellae separated by U-shaped interspaces ; concentric growth 
lamellae cross cos tellae becoming more distinct and frilly 
anteriorly ; anterior commissure rectimarginate or slightly 
deflected towards brachial valve . 

Atlanticocoelia acutiplicata - Subcircular in outline with length 
almost equal to width; brachial valve gently convex , pedicle 
valve slightly more so ; weak pedicle sulcus sometimes noticeable 
on larger specimens ;  no corresponding dorsal fold; hinge line 
very short and becomes rounded anteriorly; no interareas 
present ; anterior and lateral commis sures crenulat e ;  ten to 
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Table 3 .  Brachiopods of the Onondaga Limestone in southeastern New 
York ( from AMNH Loc . 3132 [Thompson ' s  Lake ] to AMNH Loc . 
3151  [Wawarsing ] ;  See Feldman , 1985 , for index map of 
localities and locality descriptions . )  

Taxon 

Acrospirifer duodenaria 
Ambocoelia sp . 
Athyridacean indet . 
Athyris sp . A 
Athyris sp . B 
Atribonium halli 
Atrypa "retiCiilaris" 
Atlanticocoelia acutiplicata 
"Chonetes" aff . lineata 
Coelospira camilla 
Cupularostrum? sp . A 
Cupularostrum? sp . B  
Cyrtina hamiltonensis 
Cyrtina sp . A 
Dalejina aff . alsa 
Discomyorthis?  sp . 
Elytha fimbriata 
Eospiriferid? indet . 
Gypidula sp . 
Leptaena aff . "rhomboidalis" 
Levenea aff .  subcarinata 
Megakozlowskiella raricosta 
Megastrophia sp . 
Meristina cf . nasuta 
"Mucrospirifer" cf . macra 
Nucleospira aff .  ventricosa 
Orthotetacid indet . 
Pentagonia unisulcata 
Penatmerella arata 
Rhipidomella? 
Rhynchospirina sp . 
Schizophoria cf . multistriata 
" Schuchertella" sp . 
S trophodonta cf . demissa 
S tropheodontid indet . 

Common 

X 

X 

X 

X 

X 

X 

Rare 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

Very Rare 

X 
X 

X 
X 

X 
X 

X 

X 

X 

X 
X 

X 

X 

X 
X 

X 

X 

Note : Although this table denotes relative abundance of brachiopod 
taxa in the central part of the state in terms of common , rare 
and very rare , it should be noted that some species are more 
abundant in specific horizons or beds and are relatively rare 
throughout the remainder of the formation . For example , Levenea 
occurs abundantly ·in Wawarsing , New York , but sporadically in 
the rest of the southeastern exposures of the Onondaga . 
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Table 4 .  Corals of the Onondaga Limestone in southeastern New York . 

Taxa 

Tabulates 
Aulocystis ( =Ceratopora) 
Aulopora 
Favosites 
Striatopora 

Rugosans 
cf . Amplexiphyllum 
Acinophyllum 
Breviphrentis 
Cystimorph? 
Heliophyllum 
"Heterophrentis" 
cf , Syringaxon 

Common 

X 
X 
X 
X 

X 
X 
X 

X 
X 
X 

Rare 

X 

Table 5 .  Other faunal constituents of the Onondaga Limestone in 
southeastern New York . 

Taxa Common Rare Very Rare 

Gas t ropods 
Plat:z:ceras dumosum X 
Plat:z:ceras ( Platystoma) X 
Plat:z:ceras sp . X 
Pseudophoracean indet . X 
Ecculiomphalus X 
Loxonema· X 

Trilobites 
Phacops cf . cristata X 
Dalmanitid fragments X 
Indet . fragments X 

Crinoids 
Non-pinnulate inadunate 

ossicles X 
Camerate columnals X 

Bryozoans 
D:z:oidophragma X 

Sponges 
Hindia X 
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twelve plications with U-shaped interspaces ; concentric growth 
lines , two or three per shell , common on ephebic forms . 

"Chonetes" aff . lineata - Shells small ,  subsemicircular in outline 
and concavoconvex in lateral profile; interareas very narrow; no 
delthyrial structures preserved ; greatest width at hinge line or 
anterior to midlength; valves covered with fine capillae which 
increase anteriorly by bifurcation . 

Coelospira camilla - Small , concavoconvex to planoconvex , subcircular 
to suboval in outline ; small , distinct pedicle foramen on 
incurved pedicle beak ; no interarea evident ; maximum width about 
one-third valve length in adults ;  pedicle valve bears two medial 
plications usually at least as large as remaining radial 
plications on flanks ; interspaces U-shaped; brachial 
valve bears medial plication which generally bifurcates at 
one-third valve length;  median interspace usually flat but 
sometimes bears small ridge;  plications broader on flanks and 
thinner toward lateral commi s sure ; several well-defined , 
concentric growth lines evident near anterior commissure in 
adult forms . 

Cupularostrum sp . A - Shells small , equibiconvex , and subtrigonal to 
to transversely suboval in outline; pedicle beak erect to 
slightly incurved ; delthyrium open , triangular with small 
foramen located apically; pedicle valev with sulcus and brachial 
valve with corresponding fold considerably weaker than sulcus ; 
about 15 simple plicae U-shaped in cross section . 

Cupularostrum sp . B - Externally identical with Cupularostrum s p .  B 
except for lack of sulcus and fold . 

Cyrtina hamiltonensis - Shells small , hemipyramidal in outline with 
straight hinge line ; ventral interarea high , smooth; convex 
psuedodeltidium covers triangular delthyrium in mos t  specimens ; 
pedicle valve bears triangular , smooth sulcus with two or three 
rounded plications along flanks ; brachial valve bears fold with 
three to four lateral plication s ;  ornamentation consists of 
concentric growth lamellae . 

Cyrtina sp . A -May be differentiated from Cyrtina hamiltonensis 
by larger size and more robust appearance . 

Dale jina aff . alsa - Shells ventribiconvex , transversely suboval to 
subcircular in outline; hinge line very short and straight in 
apical area but becomes rounded as lateral margins approached ; 
maximum width at or just anterior to midlength; pedicle valve 
bears slight median depression; brachial valve often bears 
corresponding median ridge; anterior commissure most often 
recti marginate to slightly sulcate; ventral interarea short , 
narrow; numerous radial costellae which increase anteriorly both 
by intercalation and bifurcation; at anterior commissure there 
are 18 to 20 costellae per 5 mm ,  near midline ; costellae 
medially grooved , flat , occasionally crossed by concentric 
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Figure 3 .  Brachiopods of the Onondaga Limestone in eastern 
New York. A, B .  Rhipidomella sp . ,  ventral and 
anterior views , X3 . C , D .  Schizophoria cf . 
Multistriata , ventral and anterior views , Xl . S .  
E , F .  Leptaena aff .  "rhomboidalis , "  ventral 
exterior and interior , Xl . S .  G .  Megakozlowskiella 
raricosta,  anterior view, Xl . 25 .  H , I .  Pentamerella 
arata,  ventral and anterior views , Xl . 7 5 .  
J .  Acrospirifer duodenaria,  dorsal view, X3 . 
Modified from Dunn and Rickard ( 196 1 ) .  
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growth lines near anterior margins . 

Discomyorthis?  sp . - Similar to Dale jina in general morphology but 
may be differentiated by more circular outline and larger 
ventral diductors ; pedicle valve bears well-developed pedicle 
callist and short , triangular hinge teeth ; costellae medially 
grooved . 

Elytha fimbriata - The shells are medium-sized , biconvex in lateral 
profile and transversely oval in outline ; beak short and erect ;  
pedicle valve bears shallow , triangular sulcus with 
corresponding low , rounded fold on brachial valve ; faint 
plications cover lateral slopes ; concentric growth lamallae 
cross plications and terminate in short , at tenuated spines ; 
anterior commissure uniplicate . 

Eospiriferid indet . - Extremely rare in the formation and represented 
by only one pedicle valve which is convex , moderately 
transverse , sulcate , plicate and covered by fine radiating 
striae;  delthyrium triangular with possible deltidial plates . 

Gypidula sp . - Elongate oval to subcircular in outline ; pedicle valve 
swollen ; costate to multicostate ; almost identical to 
Pentamerella arata ( see description below) but can be 
differentiated by a pedicle fold and ,brachial sulcus whereas 
Pentamerella has a pedicle sulcus and brachial fold . 

Leptaena aff . "rhomboidalis " - Transversely subquadrate in outline , 
concavoconvex to slightly biconvex with pedicle valve strongly 
geniculate at anterior and lateral commis sures ; brachial valve 
correspondingly geniculate within pedicle trai l ;  hinge line 
straight , pedicle interarea flat ; ornamentation consists of 
radial costellae which extend past point of geniculation and 
continue on trail of valves ; concentric rugae cross costellae 
becoming larger anteriorly . 

Levenea aff .  subcarinata - Shells small to medium sized , transversely 
suboval in outline , ventribiconvex in lateral profile ; brachial 
valve bears shallow , rounded sulcus which broadens anteriorly; 
maximum width at or just anterior to midlength; ventral 
interarea short , slightly incurved ; triangular delthyrium 
encloses angle of approximately 60 degrees ; delthyrium often 
widens apically into small , circular foramen ; ornamentation 
consists of rounded , radial costellae which increase in number 
anteriorly by bifurcation . 

Megakozlowskiella raricosta - Shells subtransverse in outline , 
strophic , medium to large , ventribiconvex; hinge line s traight ; 
pedicle interarea moderately narrow with striae which parallel 
hinge line ; brachial interarea extremely narrow; distinct 
slightly flattened fold on brachial valve and corresponding 
deep , U-shaped sulcus on pedicle valve ; commonly three 
plications on flanks ; delthyrium includes angle of approximately 
60 degrees ; no deltidial plates preserved ; anterior commis sure 
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uniplicate;  strong , concentric growth lamellae with anterior 
frills ; radial ornamentation consists of very fine striae . 

Megastrophia sp . - Medium sized to large , subsemicircular to 
transversely suboval in outline ; somewhat alate , concavo-convex 
in lateral profile ; maximum width attained at hinge line ; 
unequally parvicostellate to subuniformly costellate; 
psuedodeltidium flat , complete , with narrow median ridge; 
chilidium flat , complete , with median ridge ; hinge entirely 
denticulate .  

Meristina cf . nasuta - Convex , elongate and suboval in 
outline with no noticeable interarea; Unequally biconvex , with 
pedicle valve much deeper than brachial valve; maximum width 
commonly anterior to midlength; delthyrium broad , triangular and 
opens apically into semicircular foramen; faint pedicle sulcus 
modified by development of low , rounded medial plication that 
extends anterior commissure in tongue-like projection ; 
concentric growth lamellae evident at anterior portion of valves 
but remainder of shell smooth . 

"Mucrospirifer" cf . � - Small to large alate shells transversely 
subtrigonal to subsemicircular in outline; biconvex in lateral 
profile with brachial valve slightly flatter than pedicle valve ; 
ventral interarea moderately high , long , somewhat curved ; 
ventral beak , posterior to interarea , short and stubby; open , 
triangular delthyrium present which divides interarea medially; 
dorsal interarea long , thin , ribbon-like; brachial valve bears 
high , medial fold flattened at top; pedicle valve bears 
corresponding U-shaped sulcus ; surface of shells covered by 
sharply defined plications ranging from U-shaped to subangular 
in cross section ; numerous , concentric , frilly growth lines 
present ; no fine radial ornamentation . 

Nucleospira aff . ventricosa - Small , transversely suboval in outline , 
biconvex in lateral profile with pedicle valve slightly deeper 
than brachial valve; hinge line curved ; brachial beak fits into 
anterior end of delthyrium which is partially covered by concave 
pseudodeltidium in some specimens ; both beaks erect , no 
interarea evident ; shell surface lacks radial ornamentation; no 
fold or sulcus present ; pedicle valve shows faint median 
depression in some specimens ; concentric growth lamellae 
present , more concentrated towards rectimarginate anterior 
commissure . 

Orthotetacid indet . - Small to medium sized shells , generally poorly 
preserved as internal impressions ; hinge line s traight ; 
ornamentation finely costellate . 

Pentagonia unisulcata - Medium sized , nonstrophic , pentagonal in 
outline when viewed posteriorly ; beak suberect , dorsibiconvex 
with greates t  width attained between midlength and anterior 
commissure ; brachial valve cariniform due to presence of raised , 
rounded fold bearing narrow, median groove; in some forms groove 
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Figure 4 .  Brachiopods of the Onondaga Limestone in eastern 
New York. A, B .  Schuchertella sp . ,  ventral and 
anterior views , Xl . 75 .  C , D .  Athyri s  sp . A, 
ventral and dorsal views , X2 . E .  Megastrophia sp . ,  
ventral view, X2 . F. Strophodonta demissa,  ventral 
view, X3 . G,H. Cyrtina hami ltonensi s ,  lateral and 
ventral views , X2 . I.  Elytha fimbriata , dorsal 
view, X3 . Mod ified from Dunn and Rickard ( 1961 ) .  
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widens slightly anteriorly forming two parallel to subparallel 
ridges extending almos t  half the valve length; flanks concave , 
dropping steeply away from sulcate fold ; sulcus broad , shallow 
with two distinct ridges which define sulcus laterally and extend 
from umbo across posterolateral margins of flanks to uniplicate 
anterolateral commissure; vague , concentric growth lines on 
anterior portion of shell . 

Pentamerella arata - subglobose and broadly pyriform in outline with 
strongly convex pedicle valve and weakly convex brachial valve ; 
hinge line short , curved , narrow; no interarea eviden t ;  pedicle 
valve beak short , strong , incurved , not closely pressed against 
brachial beak; brachial beak small , less erect and less incurved ; 
maximum width attained at or about midlength; weak sulcus present 
on anterior half of pedicle valve with corresponding fold on 
brachial valve (note : this morphological feature is the key to 
differentiating Gypidula from Pentamerella ; see Gypidula above ) ;  
both valves ornamented with numerous , rounded , bifurcating 
plications which become narrower on lateral slopes than near 
midline ; interspaces between plications U-shaped and wider than 
plications which tend to become slightly 
V-shaped in cross section on some specimens ; About 5 plications 
in sulcus and 6. on fold ; concentric growth lines more numerous 
anteriorly . 

Rhipidomella - Subcircular in outline , dorsibiconvex , delthyrium 
open; costellae cylindrical in cross section , not grooved; fold 
and sulcus weak , if present at all . 

Rhynchospirina sp . - Shell s  small , pyriform in outline and biconvex 
in lateral profile; pedicle beak erect with small 
permesothyridid foramen; weak sulcus on pedicle valve but no 
corresponding fold on brachial valve; anterior commis sure 
slightly uniplicate; normally about eight subangular plications 
with subangular interspaces . 

Schizophoria cf . multistriata - Shells.  medium sized , suboval to 
subquadrate in outline , unequally biconvex; brachial valve 
deeper and more uniformly convex; in juveniles both valves 
become almost equally biconvex; pedicle valve develops broad , 
shallow sulcus on adult forms ; brachial valve bears indistinct 
fold;  hinge line short , slightly rounded ; maximum width attained 
at or just past midlength; ventral interarea triangular , fairly 
high in larger shells , relatively narrow in younger ones ; dorsal 
interarea narrower; interareas of both valves equal to about 
one-half width; ornamentation consists of rounded to subangular 
radial costellae with broad , flat interspaces ;  about 1 1  
costellae in a 5 mm space near anterior. commissure at midline . 

"Schuchertella" sp . - Medium-sized , plano-convex to biconvex , 
transversely subelliptical in outline but subpyramidal in umbonal 
region; exterior multicostellate with costellae added by 
intercalation ; interarea flat and broadly triangular ; delthyrium 
covered by convex pseudodeltidium .  
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Strophodonta cf . demissa - Subcircular to  shield shaped shells , 
concavoconvex in lateral profile; shells wider than long ; point 
of maximum width at hinge line ; lateral margins almost straight 
posteriorly; anterior margins evenly rounded ; all margins 
crenulate;  anterior commis sure rectimarginate;  costellae coarse ,  
bifurcating with angular interspaces in cross section . 

Stropheodontid indet . - Smal l , subcircular in outline , alat e ;  Smooth 
exterior with irregularly spaced growth lines . 

BRACHIOPOD LIFE STRATEGIES 

The terminology used in this paper follows Bas sett ( 1984)  in 
which he reviewed the life strategies of Silurian brachiopods . Table 
6 summarizes the main strategies under which the brachiopods of the 
Onondaga Limestone can be categorized but it must be noted that the 
classification is flexible . It is possible that several taxa may fit 
into different categories as ontogeny progressed since mos t  
brachiopods require an initial pos t-larval attachment to a hard 
bottom but may differ in post-larval development , especially in 
relation to the substrate . Ephebic or mature forms usually fall into 
a single category while immature forms may pass through more than one 
catagory during development .  

Brachiopod specimens used in this study were collected from a 
variety of depositional environments and modes of preservation vary 
from well-silicified , to poorly-silicified to non-silicified forms . 
In addition , specimens were studied in situ in cases where removal 
from the field was impossible and su�essful extraction from the 
encasing matrix doubtful . 

quas i-infaunal Forms 

Rudwick ( 1970)  first used the term quasi-infaunal to describe 
strophomenid brachiopods that were partially buried or sank into 
sediment during ontogeny after initial hard-bottom attachment . These 
forms could become free-lying during burial or remain attached . A 
concavo-convex morphology is mos t  typical of quasi-infaunal 
brachiopods found in the Onondaga Limestone . This occurred as a 
result of an alteration of growth rate later in ontogeny combined 
with an increased thickening of the convex valve (usually the ventral 
valve ) . The effect of this change in growth was to increase 
stabilization on the sea floor and prevent overturning by current 
action . In soft sediment , of course ,  the convex valve would have 
partially sunk in to a certain degree . During turbulence , sediment 
falling on the concave valve may have concealed the entire brachiopod 
except for the crescentic valve edges projecting above the surface of 
the sediment . If burial was too severe , a quick "snap" of the valves 
would have lifted it back and up , above the sediment-water interfac e .  
There are no known Recent examples o f  quasi-infaunal brachiopods ,  
however , this mode of life would have been the closest to a truly 
infaunal habitat known for any of the articulates . 
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Table 6 .  Life strategies of ephebic brachiopods from the Onondaga 
Limestone . 

LIFE STRATEGIES 

Endofaunal habits 
Quasi-infaunal 

Epifaunal habits 
Fixosessile 

Plenipedunculate 
Rhizopedunculate 
Epiphytic 

Liberosessile 
Ambitopic 
cosupportive 

NATURE OF SUBSTRATE 

Partial burial in sof t  
botttom 

Usually hard bottom 
Hard or soft bottom 
Plants or plant-like 

structures 

Hard or soft bottom 
Mutual support in dense 

clusters 

. Some forms , such as Cymostrophia cf . patersoni. and S trophodonta 
demissa display a strong increase in curvature in adults so that the 
commissure was raised as burial increased . The most extreme increase 
in curvature is shown by Leptaena cf . "rhomboidalis" and S trophonella 
sp . which are both geniculated . It is conceivable that these 
brachiopods lived almost buried within the sediment with the 
commissure extended fo·r feeding . A "snapping" action may not have 
been periodically necessary . 

Leptaena depressa from the Silurian of the Anglo-Baltic region 
displays both both geniculation and folding , with the dorsally 
deflected anterior shell bearing a median fold . This fold is , in 
many instances , developed as a long trail able to extend wel l  above 
the sediment-water interface . Indications of a trail are sometimes 
evident in Leptaena cf . "rhomboidalis" from the Onondaga . The 
brachiopod ' s  efficiency in separating · inhalant and exhalant water 
currents would have been increased by the presence of a trai l . 

Plenipedunculate Forms 

The brachiopod pedicle was once thought to be a rather simple , 
relatively short , fleshy projection with a more or less constant 
diameter . However , recent workers have shed light on the tremendous 
variation in pedicle morphology (Bromley and Surlyk , 197 3 ;  Curry , 
1 98 1 ; Richardson , 1979 , 1981 ) .  Variation in thickness and length is 
considerabl e , with expansion and contraction often occurring outside 
the shel l  so that foramen size is not necessarily a reliable guide to 
functional diameter or strength (Bassett ,  1984 ) .  Nevertheless , the 
presence of an open pedicl e  foramen throughout life is indicative of 
a functional pedicle , presumably in all  ontogenetic stages . Bassett 
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( 1984) used the term plenipedunculate for brachiopods in which the 
pedicle is a single,  unbranched muscular structure apart from its 
distal tip ( included in which are groups 1 to 4 of Bromley and Surlyk 
[ 1973 , pp . 350 , 3 5 1 ] ) .  

Most Recent brachiopods attach to hard bottoms by mucal adhesion 
of the distal tip of the pedicle which usually possesses hold-fast 
papillaeor terminal rootlets that are able to etch and penetrate 
carbonate substrates for additional attachment strength (Bromley and 
Surlyk , 1973 ) . Specimens of Athyris collected from the Onondaga 
Limestone near Saugerties , New York , have an open , rounded pedicle 
foramen throughout ontogeny . The structure of the pedicle opening is 
very similar to that of Recent terebratulida and rhynchonellida , and 
therefore suggests a similar pedicle function . 

Rhizopedunculate Forms 

Bassett ( 1984) uses the term rhizopedunculate for 
those brachiopods in which the pedicle is branched into fine 
filaments throughout much of its length rather than only at the 
distal tip ( eqiuvalent to groups 6 and 7 of Bromley and Surlyk [ 1973 , 
p .  351 ] ) .  B romley and Surlyk ( 19 7 3 )  studied the pedicles of Recent 
brachiopods and found that they etch a very characteristic trace , 
composed of a number of pit s , into hard calcareous substrates . The 
trace .in rhizopedunculate forms consists of a series of widely 
scattered pits corresponding to the rootlets of the pedicles . The 
fact that the pedicle is so variable and that it is able to dissolve 
carbonates implies that many brachiopods are capable of at taching 
themselves to a wide variety of substrates .  This , in effect , means 
that many brachiopod-substrate relationships in paleoecology must be 
re-evaluated . 

A well-known Recent example of a rhizopedunculate brachiopod is 
Chlidonophora , a terebratulacean , in which the pedicle rootlets have 
been found to penetrate Globigerina tests (Rudwick , 1970) and thereby 
become rooted into the foraminiferal ooz e .  The importance of this 
lies in the fact that the size of the pedicle foramen alone would not 
indicate the ped�cle length (which is rather long in Chlidonophora 
chuni , for example) or the branching , root-like character of the 
pedicle . It is clear that this type of attachment may have been more 
common among Devonian articulate brachiopods than assumed by earlier 
workers . However , it is difficult to confirm that any Devonian forms 
were in fact rhizopedunculat e ,  or even plenipedunculate , but it is 
possible to draw certain conclusions based on morphology and 
substrate . 

The Moorehouse Member of the Onondaga Limestone in the Mid
Hudson Valley is though to represent a very soft-bottomed , lime mud 
substrate . It displays the greatest faunal diversity of all members 
of the Onondaga Limestone in the area . Many forms may have existed 
with rhizoid pedicles which were able to attach to local hard 
bottoms , such as shell fragments .  For example , Atrypa "reticularis " , 
Athyris and Leptaena "rhomboidalis" showed traces of a small pedicle 
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foramen early in ontogeny which may have accomodated pedicles that 
acted in the capacity of tethers and which may have very well been 
rhizoid . This type of attachment would have permitted the 
brachiopods to utilize a wide range of substrates during Onondaga 
time . 

All adult specimens of Mucrospirifer collected from the Onondaga 
Limestone had an open delthyrium with no evidence of a stegidium or 
modifying plates . It is therefore assumed that a functional pedicle 
was probably absent throughout all ontogenetic stages although the 
dimensions of the pedicle are unknown . Cowen ( 1968) correlated the 
decrease in function of the pedicle with an increase in the 
development of alae which acted to stabilize the shells on the 
substratum .  Mucrospirifer may have possessed an inert pedic le , as 
described by Richardson ( 1981 ) ,  similar to that of the Recent 
Magadina cumingi from southern Australia , in which the pedicle acted 
as a pivot around which the she l l  moved by contraction of the pedicle 
muscles . The inert pedicle may also have branched into fine 
filaments . Richardson ' s  ( 19 8 1 )  criteria for determining the 
relationships between pedicle and she l l  characters are useful for 
Recent forms but are not yet proven valid for fossil specimens. . She 
noted that a straight beak with a wide , high deltidium is 
characteristic of species with an inert motile pedicle • .  This 
description is compatible with Mucrospirifer in that the deltidium is 
relatively high but the beak ranges from straight to suberect . 

Epiphytic Forms 

There have been reports in the literature ( Rudwick , 196 1 , 1970 ; 
Foster , 1974 ) of brachiopods attaching themselves to various 
structures for support . Rudwick ( 1961 ) found shells of Terebrate l la 
sanguina dredged from a muddy bottom off the coast of New Zealand 
attached by their pedicles to the tangled , horny tubes of 
Phyllochaetopterus social i s , a chaetopterid worm . Host s  such as 
these would not normally be preserved as fossils but it appears 
probable that they were used in the past as they are used now. Some 
workers noted that certain thin-she lled , light weight brachiopods , 
such as Aegira grayi , could have floated or attached to drifting 
algae . Bergstrom ( 1968) believed that Shagamella ludlovensis was 
epiphytic on benthic algae . Silurian forms from England , such - as 
Dicoelosia biloba , have been described ( Wright , 1968) that were 
attached to a stick-like organic fragment (Bryozoan ? ) .  

Thin-shel led forms of Atribomium hal l i , Coelospira camil la and 
Ambocoelia found in the Moorehouse Member may have been epiphytic . 
However , it seems clear that even if they were epiphytic , the 
majority of forms found in the Middle Devonian Onondaga Limestone 
were predominantly benthic . 
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Ambitopic Forms 

Ambitopic brachiopods were attached at early growth stages and 
subsequently became detached and capable of resting on soft bottoms 
( Jaanussen , 1979 ) . As adults all ambitopic forms were liberosessile , 
but some liberosessile forms are not adapted to living on soft 
bottoms . There are some Recent brachiopods that became detached and 
remained on hard bottoms , although these forms appear to have a 
reduced life expectancy as noted by Doherty ( 1979 ) . 

Some brachiopods ,  such as Costistrophonella punctulifera , 
Schuchertella and indeterminate strophodontids collected from the 
Nedrow and Moorehouse members of the Onondaga near Kingston , New 
York , display weak curvatures and are relatively thin-shelled , 
indicating that they most likely rested on the sediment surface . 
Thus , there was intergradation between those forms and the more 
strongly curved types ,  such as Leptaena , Cymostrophia ,  Megas trophia 
and Strophonella that sank into the sediment . 

Atrypa "reticularis" from the Moorehouse Member of the Onondaga 
developed a frilly border thought to function as a snowshoe in 
preventing adults from sinking into the sediment . Specimens from the 
underlying Nedrow and Edgecliff members had no frills possibly 
indicating a less muddy , higher energy environment . 

An unnamed species of Cyrtina from the Moorehouse Member near 
Leeds , New York , appears to have an atrophied pedicle in addition to 
a broad ventral interarea upon which the animal rested . Thi s , in 
effect , spread the weight in order to again prevent sinking into the 
substrate . Alate species of Mucrospirifer from the same member show 

. a more extreme variety o£ this morphotype .  

The concavo-convex Chonetes lineata , found by the thousands in 
the "Chonetes" Zone ten feet above the Tioga Bentonite in central New 
York but also recovered from upper Moorehouse strata in the 
Mid-Hudson Valley , apparently closed its pedicle opening early in 
ontogeny and rested convex side down witht he spines acting as 
restraints in preventing sinking . Poor preservation precludes . exact 
determination of spine morphology . 

Pentagonia unisulcata from the Moorehouse Member of the Onondaga 
is a thick-shelled , biconvex brachiopod which probably depended on 
weight to maintain stability on the seafloor . Pentagonia was 
posteriorly weighted and possesssed a minute pedicle foramen in some 
ephebic specimens and none at all in others , indicating pedicle 
atrophy . Secondary shell material was developed posteriorly in 
mature individuals further increasing stability . Curry ( 1981 ) noted 
that Neothyris lenticularis ,  a Recent brachiopod from New Zealand , 
had a posteriorly weighted shell , minute foramen , and atrophied 
pedicle and could be considered an ideal adaptation for the high 
energy subtidal habitats of the species which is frequently disturbed 
by bottom currents .  The morphology and adaptive features of 
Pentagonia may be indicative of a similar habitat in Moorehouse time . 
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Cosupportive Forms 

Bassett ( 1984 )  introduced the term cosupportive to describe 
those ambitopic brachiopods which maintain an umbo-down posture and 
are packed tightly together often growing on one another . This type 
of growth afforded the brachiopods some degree of mutual support from 
the time of pedicle atrophy . Exampl e s  in the Onondaga Limes tone are 
rare , with clusters of Atrypa "reticularis" possibly showing this 
type of life strategy . Occasional specimens retrieved from 
Moorehouse strata near Leeds , New York , display deformation 
indicative of crowding . Pentamerella arata from the Nedrow and 
Moorehouse members observed in situ near Saugerties , New York , also 
show evidence of deformation-rndicating a possible cosupportive life 
strategy . 

FIELD TRIP OUTCROP LOCALITIES 

Below is a list of outcrop localities , mostly in the Mid-Hudson 
Valley , which illustrate how Onondaga deposition in the southeastern 
part of New York varied from a shallow carbonate shelf in the 
Helderberg-Coxsackie area to shelf-margin bryozoan bafflestones 
between Leeds and Saugerties , and relatively thick sparse to packed 
calcisiltites depositied on a shelf-to-basin ramp deepening into the 
Tristates area . The trip begins in Wawarsing , New York , where we 
believe that the accumulations are indicative of the deeper part of a 
second basin , the firs t ,  well-known to geologists , located across the 
state ( east-we s t )  with the basinal axis near Syracuse . As we 
progress northeast up the Mid-Hudson Valley , the outcrops show a 
progressively sha l lower water facies , correlative with movement up a 
ramp towards strandline . 

LOCALITY 1 : ·  The trip begins in Wawarsing , New York , approximately 0 . 5  
miles northeast of Vernooy Kill ,  100 feet north of Route 209 , on the 
property of Steve and Sue Caruso ( B e  sure to ask permis sion before 
entering outcrop area ) . The Onondaga/ S choharie contact can be 
observed in an abandoned quarry (AMNH [American Museum of Natural 
History] Locality 3151B;  see Feldman , 1 98 5 )  where the Edgecliff 
Member with characteristic large crinoids , trilobites and some 
Amplexiphyl lum is accessible . The Edgecliff here is finer grained 
than in the Mid-Hudson Valley and represents the deepest part of the 
basin to shelf lithology we wil l  see today . Proceed north on Route 
209 for 14 miles (note turnoff to Ulster County Highway 26 ) and 
continue for another 3 . 0  miles . 

LOCALITY 2 :  Pull off on the west side of Route 209 (wide shoulder ) .  
On the eas t  side of the road note a transitiona l , deeper water 
facie s , similar to that found at Locality 1 ,  about 1 meter thick , 
with 0 . 5  meter of shallower water , "cleaner" Edgecliff Lime stone . The 
fauna here consists of large crinoids , ?Amplexiphyllum ,  ?fenestrate 
bryozoans (weathered) ,  and Syringopora . Note s torm layers and a 
sharp break between two facies . Continue on Route 209 north for 2 . 6  
miles where the Onondaga outcrops on the west side of the road . 
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LOCALITY 3 :  Here we are higher in the Edgecliff (about 4 meters 
thick) . The water was shallower and the brachiopods larger . 
Chondrites is evident here but not further southeast due to the fact 
that as the ramp deepened ( to the southwe s t )  the sediment became too 
" soupy" for tubelike or tunnel structures . Continue to Route 199 
east and exit at Route 32 south ( 7 . 2  miles ) .  [Note that along Route 
199 we are passing through the entire Lower Devonian section , from 
the Thacher at the base , to the Schoharie , which underlies the 
Onondaga in this part of New York State . ]  Make a left turn at the 
stop sign and continue south on Route 32 . On the west side of 
the road note complex thrust slices oblique to the section and , about 
one-eighth of a mile further south , an angular unconformity between 
the Wilbur Limestone Member of the Rosendale Formation (Late 
Silurian) on Normanskill (Austen Glen aspect)  strata . After 2 . 7  
miles make a left turn onto Route 9W south ( = Frank Koenig 
Boulevard ) ,  continue for 1 mile , and stop at the Delaware Avenue 
sign . 

LOCALITY 4:  Note the gradational nature of the Onondaga/ Schoharie 
contact which is placed at the uppermost buff-weathering band . 
Ranging through the upper Schoharie into the lower Edgecliff are 
massive cyclostome bryozoans often encrusting ( e . g .  crinoids ) .  
Other faunal constituents here include brachiopods , particularly 
Atrypa "reticularis , 11 and Fistulipora . The stratigraphy at this 
locality is complicated ·by faulting and repetition due to thrusting 
(note slickensides and slip-fiber sheet s ) ,  thus making the Edgecliff 
seem to be thicker than it actually is . According to Marshak ( 1986)  
there are two major thrusts which display a relatively large 
stratigraphic throw along Route 9W. The upper one , now covered by 
the exit ramp , emplaces Esopus Formation· on Onondaga Limes tone while 
the lower one , exposed further to the north along the roadcut , 
emplaces Onondaga Limestone on Schoharie . The upper fault may be the 
continuation of the Fly Mountain Thrust .  In general , there is an 
absence of favositids between here and Wawarsing , but north of here , 
especially in Leeds , they are abundant . Note the light-weathering 
chert . Exit at Delaware Ave . ,  make a left turn at the light , and re
enter Route 9W north . Proceed to Route 32 , turn right (north) ,and 
continue for 8 . 3  miles ; pull into McDonald ' s  parking lot for a brief 
lunch stop . 

LUNCH STOP - McDonald ' s ,  Route 32 . 

Upon exiting the lot turn north and continue on Route 32 passing 
through the town of Saugerties . Cross the New York State Thruway and 
note Howard Johnson ' s  on the right , 3 . 4  miles from McDonald ' s .  ( If 
time permits we will pull into the parking lot and observe well
weathered blocks of Onondaga with silicified fossils [ bryozoan 
bafflestone ] . )  Continue north on Route 32 for another 1 . 6  miles 
until the turnoff for Old King ' s  Highway ( = Old King ' s  Road ) .  Pull 
off on the right just before the turnoff .  

LOCALITY 5 :  On the east side of Route 32 note a large outcrop of 
Edgecliff which shows , for the first time on this southwest-northeast 
transect , typical coarse-grained Edgecliff lithology . This is the 
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southernmos t  exposure of the crinoidal biosparites which are so 
characteristic of the Edgecliff Member .  Turn onto Old King ' s  Highway 
( Greene County Route 47 ) and proceed 5 . 2 miles to High Falls Road . 
Make a left turn and pull over to the right just before the sharp 
bend· ( . 3 miles ) . 

LOCALITY 6 :  DO NOT COLLECT AT THIS STOP ; IT IS ON PRIVATE PROPERTY 
AND THE OWNERS DO NOT WANT ANY SPECIMENS OR BLOCKS REMOVED ! This 
outcrop , on the Kaaterskill (AMNH Locality 3137 ; see Feldman , 1985 ) , 
known as Quatawichna-ach , takes its name from the Indian "place where 
all the water goes in a hole" referring to the chert seams and 
massive joints which take the water underground as it passes  through 
the limestone ( Chadwick , 1944 ) . A stratigrphic placement of upper 
Moorehouse is indicated by [ 1 ]  shale chips in the adjacent woods 
( probably Bakoven , since it outcrops a short way downstream ] , [ 2 ]  
dark-weathering chert , and [ 3 ]  faunal similarity with upper 
Moorehouse strata from the Leeds area , specifically , Platyceras 
dumosum and Atrypa "reticularis . " The fauna here is moderately to 
well-silicified probably due to the diagenetic action of percolating 
groundwater through the numerous joints .  At this locality Feldman 
( 1980)  recogniz·ed a highly diverse Atrypa-Coelospira-Nucleospira 
Community containing the following morphotypes : 

[ 1 ]  Orthotetacids , Schuchertella ( broad , flat ) 
[ 2 ]  Nucleospira , Athyris ( smooth spiriferids ) 
[ 3 ]  Schizophoria (unequally biconvex) 
[ 4 ]  Atrypa (wi th frills ) 

There is a great similarity here with Lenz ' s  ( 1976)  Lower Lochkovian 
Howellella-Protathyris Community from the northern Canadian 
Cordillera in which he found similar faunal elements in an offshore 
position . A similarity is also evident to Copper ' s  ( 19 6 6 )  biotope of 
primitive , abundant Atrypidae in which variably sized atrypids occur 
with spiriferids and schizophorids in fine-grained sandstones , 
siltstones and shales with thin limes tone interfingerings . Proceed 
back up High Falls Road and turn lef t  onto Old King ' s  Highway . 
Continue for 2 . 1  miles to Route 23A. Turn left for • 3 miles and jus t 
before crossing Kaaterskill Creek pull onto right-hand shoulder . 

LOCALITY 7 :  Descend steep embankment to Kaaterskill Creek where the 
only known exposure of the Bakoven/Onondaga exist s . Whereas Oliver 
( 19 5 6 )  considered the Onondaga/Bakoven contact to represent a minor 
break in deposition we believe that the contact is a disconformity , 
albeit a minor one in this part of the state , representing a time 
period during which rapid crustal subsidence , to a shallow or 
proximal basin depth position below storm wave bas e ,  resulted in 
stratification of the water column and dysaerobic bottom conditions . 
We found evidence of a more substantial disconformity in central New 
York , near Syracuse ,  where the Union Springs Shale ( lateral 
equivalent of the Bakoven) truncates westwardly dipping Seneca 
strata . At that contact there exists  a substantial bone bed with 
reworked ( ? ) crinoids and brachiopods , and cu�rent-sorted fish spines 
and/or teeth . Proceed up the hill ( east ) on Route 23 and pick up 
Route 9W north through Catskill , New York . Pass under the trestle 
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and go 8 . 1  miles ( from Locality 7 ) , turn left (we s t )  onto Route 23 . 
Follow signs to New York State Thruway ( exit and make right turn) , 
and head into Leeds (Green County Route 23B) . In Leeds turn left on 
Gilfeather Park Road , drive to the end and park . 

LOCALITY 8 :  Overlooking Catski l l  Creek , to the east , note the 
Schoharie/Onondaga contact , to the east of which the Onondaga lies in 
an ( overturned? )  thrust-faulted syncline . If time permits we wil l  
examine the typical Edgecliff lithology at the waterfalls where 
trilobites , corals , and brachiopods are evident . 
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STRUCTURE AND STRATIGRAPHY OF THE NORHANSKILL GROUP 
< EARLY MEDIAL ORDOVICIAN > 

WEST OF THE HUDSON RIVER, TOWN OF LLOYD, ULSTER COUNTY, NEW YORK 

ROBERT W. CUNNINGHAM 
Department o£ Geo�ogioa� Sciences 

State University o£ New York, Co��ege at New Pa�tz 
New Pa�tz, Hew York, 125Gl 

INTRODUCTION 
The rooks o£ the Normanski�� Group, £ormer�y ino�uded in the 

Hudson River s�ates and sha�es are among the £irst studied rooks 
in North America. Notab�es such as w. W .  Mather, Sir Wi��iam 
Logan, and James Hall studied the rooks in the mid-Hudson area in 
the 1830 ' s  to 1860 ' s. Because o£ the complex structure and 
repetitive stratigraphy o£ the Normanski� l  work has progressed 
s�owly, with the most extensive and recent studies being done in 
the Albany, N . Y .  and Quebec areas. In the Hid-Hudson, 
partioular�y in Ulster County, the Normanski�l rooks have never 
been adequately mapped, despite extensive exposures along the 
Hudson River and in area highway and rai�road outs. 

Recent £ieldwork in the eastern part o£ the Town o£ Lloyd has 
resu�ted in several discoveries in the Normanskill Group. A 
re�atively diverse shelly £auna has been £ound in a thick sequence 
o£ �aminated strata tentatively dating these rooks as post-Austin 
Glen, but pre-Balmvi�le in age, probably making these the youngest 
Hormanskill rooks yet £ound. Outoroppings o£ lower Normanskill 
aspect < Mt .  Merino Formation ? > ,  the £irst seen in this part o£ 
U�ster County, have been mapped around Blue Point. Four 
structural domains have been recognized on the basis o£ structural 
and �ithologio criteri a .  Two o£ the domains apparently cr-oss the 
Hudson River. Numerous £olds and £au�ts have been mapped, some o£ 
which show evidences o£ multip�e de£ormation. Outcrops exposing 
thick stratigraphic sections have been measured' £or possible 
correlation, and excellent sedimentary structures noted in the 
Austin Glen Formation . Analysis o£ the data collected during this 
£ie�dwork can lead to a more comprehensive understanding o£ the 
age relations, sedimentology, stratigx-aphy, and styles o£ 
structural de£ormation; 

TECTONIC SETTING 
The Normanski�l Group is composed o£ pe�ites and turbidites 

deposited on the basin £loor o£ a trenoh/£ore�and basin being 
transported onto the North American continental margin during 
early media� Ordovician time. Normanskill sediments apparent�y 
were derived £rom an island arc to the east < Row�ey and Kidd, 
1981 ) ,  £ormed during the attempted subduction o£ the Laurentian 
p�ate beneath the crust o£ the pre-Atlantic ocean < Iapetus > which 
�ay between Europe and North America. A£ter �ithi£ioation; the 
strata were trapped between the two colliding masses causing 
£o�ding and subsequent shearing into thrust s�ioes. These s�ioes 
were £creed across the £oundering coastal p�at£orm until they 
reached their present �ooations, juxtaposed against autochthonous 
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sedimentary rocks o£ Martinsburg - Quassaic - Snake Hi�� aspect. 
Today they are seen in promin ent outcrops dispersed a�ong the 
Hudson River, and near Lake Champlain. 

STRATIGRAPHY 
The Normanski�� Group is present�y comprised o£ three 

£ormations. The �owermost is the Indian River Formation < Keith, 
1932 > ,  o£ Porter-.fie�d age, which contains grapto�;.tes o£ the 
Nemagraptus gracilus zone < Berry, 1962 > .  It conta·ins red and 
green sha�es or sl ates with interbedded red and green cherts 
attaining a thickness o£ about 150 .feet < 46 m. l at Granvi�le, New 
York. The Indian River Formation probab�y does not crop out i n  
the Town o£ Lloyd. 

Succeeding, and /or latera��y equiva�ent to the Indian River 
is the Mt. Merino Formation < Ruedemann, Cook, and Newland, 1942 > ,  
which a�so contains graptolites o.f the Nemagraptus gracilus zone. 
Most o.f this .formation is a vel� indurated, green argil � i te, with 
i nterbedded green to brown cherts and siltstones. The upper part 
o.f the Mt. Merino Formation is a gray to b lack sha l e  known to 
conta i n  numerous graptolites. The upper contact may or may not be 
con£ormable with the overlying Austin Glen Formation . The 
thickness o.f the type-section at Mt. Merino is about 1 50 £eet ! 46 
m. l ,  but is probably in excess o.f 300 £eet ( 92 m .  l at ' Blue Point in 
the Town o£ Lloyd. 

The Austin G�en Formation < Ruedemann, Cook, and Newland, 
1942 > ,  is o.f Wilderness age and contains grapto�ites o£ the 
Climactograptus bicornis zone < Berry, 1962 > . Otherwise i t  is 
�arge�y b arren o£ £ossi�s in this area. The £ormation is composed 
o.f thin to medium bedded subgraywackes and sha�es i n  the �ower 
portion, and thick bedded graywackes with thin sha�es in the upper 
part. Zones o.f medium bedded graywackes and sh_a�es contain as 
much as 50 per cent CaCO• by weight and occur in the midd�e o£ the 
£ormation in the Town o£ Lloyd and across the Hudson River in the 
Town o.f Hyde Park. Thick channe� deposits o£ graywacke can be 
.found at a�most any level. Approximate�y 400 .feet < 122 m. l o£ 
section is exposed at Austin Glen, the type-section, but over 2500 
.feet ( 765 m. l o.f Austin G�en has been measured and described i n  
the eastern � imb o.f a syncline exposed a�ong the western 
approaches to the Mid-Hudson Bridge and Poughkeepsie rai�road 
bridge < Kruzansky, 1983, Manning, 1983, Boeck and Schimmrich, 
1 987 > .  

A .fourth .formation may be proposed .for about 3000 .feet < 91 6  
m .  l o.f l aminated sha�es, siltstones, and sandstones exposed a�ong 
the eastern .flank o.f the Marlboro Mountains. These rocks contain 
a loca l � y  abundant shel l y  .fauna with a distinctive trilobite 
population. Tentative identi.fication o.f these trilobites shows 

.some types common to eastern New York State a l ong with some 
Proetids resembling those reported .from Great Bri t a i n .  Ba�mv i � � e  
and l ater .forms · appear t o  be absent. This assemblage would appear 
to date these rocks as post-Austin G�en, but pre-Ba�mvi��e, 
.filling a gap in the stratigraphic record o.f Ne� York State. 

SEDIMENTATION 
Sedimentologica��y, the Indian River and Mt. Merino 

Formations are considered basin deposits with interbedded ash .from 
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is1and arc vo1canism < Rowley, Kidd, and De1ano, 1979 > ,  whi1e the 
Austin Glen is probably a dista1 £an deposit ( £acies C o£ Hutti 
and Lucchi ,  1978 > .  The newly mapped laminated strata are like1y 
more dista1 ( facies D l . Sedimentary deposits a1ong the western 
£lank o£ a region o£ up1i£t probably supplied the bu1k o£ the 
sediment £ound in the Normanski11 Group. Density currents carried 
these sediments westward or southward into the Normans-kill basin .  
Turbidite sequences show classic graded beds and various parts o£ 
Bouma cycles, a1though 1oca11y, coarse pebble

.
cong1omerates are 

relative1y rare in the Austin G1en. Sedimentary structures such 
as £1utes, load casts, convo1uted bedding, £lame structures, and 
drag marks are seen common1y. 

STRUCTURE 
Structurally, rocks of the Normanski11 Group in this area are 

thought to be al1ochthonous, having been transported westward by 
thrusting during the Hudson River phase o£ the Taconian orogeny. 
Local1y, the Esopus fau1t is thought to separate the autochthonous 
strata ( Quassaic Group > from the a1lochthonous < Normanski11 
Group > .  Slaty cleavage, en eche1on, sigmoida1, and massive 
tension gashes, numerous slickensides, drag fo1ds, normal and 
reverse fau1ts, and thick shear zones are evidence o£ tectonism. 
The residua1 e££ects o£ this are seen in four domains which 
exhibit di££erenc�s in 1ithology and sty1e of deformation. 

The first domain encompasses an area beginning about 0 . 5 
mi1es south of Routes 44 and 55 and bounded by Route 9 east of the 
Hudson River, Route 9W on the vest side, and running south to the 
Town of Marlborough boundary line < £igure 1 > .  This domain 
contains the Ht. Merino exposures which form four probab1e thrust , 
s1ices, two on each side of the Hudson River, bounded by massive 
graywackes o£ Austin Glen aspect. To the north 'o£ these outcrops 
are more thin1y bedded Austin Glen graywackes and shales 
disp1aying relatively small sca1e £o1ds, sheared drag fo1ds, and 
ca1cite slickensides on bedding p1anes which in�icate movement 
£rom the southeast. 

The second domain, which commences 0. 5 miles south of -Routes 
44 and 55, is bounded on the east by the Hudson River, on the vest 
by a fault near Route 9W, and continues north to near C1earwater 
Road. This area encloses a substantial syn£ormal structure 
composed of lower middle, and upper Austin Glen litho1ogy. 
Roadcuts in the area o£ the Hid-Hudson Bridge expose over 2500 
feet < 763 m. l of section < Kruzansky, 1983, Hanning, 1983 > ,  the 
most ever measured in the Austin G1en Formation. The structure 
p1unges gent1y about N 5• E and, in areas, shows characteristics 
of a downward facing structure indicating 1ater reorientation of 
the syncline. Also within this domain are sma11 wrench fau1ts and 
£o1ds with sheared hinge lines containing round�d, elongate 
grayvackes enro1led in shale mattrices. Host folds in this domain 
are recumbent. 

The third domain encompasses an area north from Clearwater 
Road to the Town of Esopus boundary . . line, and is bounded on the 
west by a £au1t zone trending about N 5• E beginning east of Route 
9W . On the east, this domain starts on the vest bank of the 
ijudson River and probab1y crosses the river south of Crum Elbow 
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continuing unti� it intersects a fau�t trending ob�ique�y S 45• W 
through the intersection of the west bank of the Hudson River and 
the ,Town of Esopus boundary �ine, running to the western boundary 
fau�t; 

This domain is composed �arge�y of upper , Auatin G�en strata, 
inc�uding aevera� thick graywacke sequences,- and medium bedded 

. 

turbidites containing a �arge percentage of interstitia� Caco• . 
Structura��y, this area ·shows numerous imbric.,ted thrust s�ices 
which center around Crum E�bow. Strata gener."a��y dip southeast, 
but strikes and dips change rapid�y near fau�t boundaries. Fo�ds 
near the northern boundary are near�y vertica�, p�unging ateep�y 
northeast. 

The fourth domain essentia��y contains a�� the area west of a 
fau�t zone running approximate�y para��e� to Route 9W, crossing 
the Hudson River a�ong the north boundary of domain 3 .  The 
western boundary is the Esopus Fau�t running a�ong the �ower part 
of the eastern f�ank of the Mar�boro Mountains except at the north 
end of I ��inois Mountain where the fau�t apparent�y has been 
fo�ded and offset to the east. The southern and northern 
boundaries of the domain �ie outside the Town of L�oyd. 

The �aminated strata of uppermost Normanski�� comprise this 
domain . These strata are bounded on the west by sandstones of the 
Quasaaic Group ( midd�e to upper Ordovician ) .  Except at the north 
end of I ��inois Mountain these strata �arge�y strike between N - S  
and N 10• E and are overturned dipping 80• t o  87• SE.  A few 
outcrops are upright, dipping 20• to 30• HE. Younging directions 
are often difficu�t to determine in these �aminated sandstones, 
si�tatones, and sha�es, and the possibi�ity of isoc�ina� fo�ding 
exists, but has not been eatab�ished in the fie�d. These strata 
demonstrate more continuity of structure than th.oae in any of the 
other domains. Possib�y this indicates �ess distance of transport 
during thruSting. The moat impressive structure� oomp�ication in 
Domain 4 occurs at the north end of I � �inois Mountain where the 
strike of Quassaic beds turns from the usua� N 1.0• E to E -W 
indicating a fo�ding of the Esopus fau�t to the east < Cunningham, 
1987 ) .  On :&��inois Mountain the fau�t averages about N 1 5• E in 
trend, whi�e on the mountain to the north of Route 299 the fau�t 
trends about N 5• E. A cross fau�t trending genera��y E-W is 
inferred between the two mountains. 

All domains show indications of multiple deformation ranging 
from the fo�ding and offset of the Esopus Fau�t. to abrupt changes 
in orientation of slaty cleavage common .throughout the area, to 
the changes of vergence directions of folds from westward verging 
recumbent fo�ds to northeast verging, near�y vertical folds in 
domain 3 .  Finally, a number of minor faults indicate south to 
north movement. 
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STOP DESCRIPTIONS 

Stoo 1 Near Mid-Hudson Bridge approach. Thi s road out exposes 
rooks of middle to upper Austin Glen lithology, dipping about 4 5  
degrees west. Thick beds of graywacke show massive beddi n g ,  and 
thinner beds expose primary sedimentary structures such as f l ame 
structures, convoluted bedding, and cross- l aminatio n .  Cleavage 
dips l ess steeply than bedding indicating a possible downward 
facing structure. Looking so�th into the road out �or the M i d 
Hudson Bridge, one c a n  see the most . oomplete section o f  Austin Glen 
strata yet measured < Krusansky, 1 983, Manni n g ,  1983 ) .  Thi s  section 
begins at a fault exposed near the final turn to the bridge, and 
continues with little interruption to the toll gate. It then 
continues i n  a railroad out until it intersects the center of a 
N 1 5° W trending syncl in•. This synclin• plung•s NE, and c.ov•rs much 
of th• ar•a in domain 2 ( figur• 1 l .  Strata from low•r to upp•r 
Austin Gl•n is s•en in this S4!'ction . 

Stop 2 This outcrop in th• vicinity of Johnson Iorio Park contains 
low4Pr Austin Gl•n strata. Both the north and south •nds ar• quit• 
deform•d with a small rev•rs• fault exposed at the north •nd, and 
a n  intens• fault zon• at the south •nd .  Num4!'rous graptol ites hav• 
b•en found in rock fall near the Park entrance. 

Not e :  The subsequent stops along th4!' railroad are d4!'scrib4Pd i n  
order o £  appearance £rom south to, north . Because access i s  
li mited , a l l  outcrops are described, although not a l l  may be 
visited . 

Stoo 3 Blue Point. This area consists larg•ly of lower 
Normanskill strata - probably Mt. Merino Formation . This is the 
only known exposure of this rock type west of the Hudson River 
b•tween Kingston and Newburgh. East of the Hudson i t  i s  mor• 
commonly exposed. This rock is a highly indurated, gray -green 
argill ite with silty or cherty interb•ds, and occasional pyrit• 
l ayers. Gray to black sha les are characteristic of th• upp4Pr part 
of the formation . It is probably a l l ochthonous with four thrust 
s l i ces pres•nt local l y ,  two on each side of th• Hudson ( fi gure l l .  
Th•se outcrops constrict the river by about 30 p•r c•nt ( pr•-. 
railroad width > accentuating th• hardness of this materi a l .  Th• 
strata gen•rally dip and young northw4Pst 4Pxcept at the north end 
where it is overturned. It is highly sh4Pared and fold•d making 
stratigraphy very difficult. Bedding can be trac•d by following 
the cherty or silty l ay•rs wh•n th• l ight i s  '. right ' .  The southern 
part of th• exposure is green argil lit• cored by a brown, dolomitic 
argillite forming an antiformal structur•. The middl• portion of 
th• outcrop is primarily gre•n argil lite whil• th• north•rn •nd 
contains sheared, gray to black shales known from the upp•r Mt. 
M•rino. Graptolit•s ar• commonly found in th•s• shales . To th• 
northwest, the contact with the overlying Austin Glen Formation i s  
probably a t  th• north end of th• outcrop wh•r• l i ght gray, thin
bedded shales appear. A thin covered zon• separates this strata 
from thick bedded graywackes with thin shales characteristic of the 
upper Austin Glen . This suggests a m a j or fault trending 
southwest. Th• presence of other Mt. Merino outcrops directly 
across the river at Mine Point raises the question of wh•th•r th• 
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Hudson River is structurally controlled or whether it is a 
superposed stream. Circumstanti al evidence here and to the north 
at Crum Elbow suggests that this is a superposed stream .  

Stop 4 This outcrop cont.ains thick gray.wacke beds with thin 
shale interbeds typical o� upper Austin Glen l ithology . These 
beds dip northeast and are overturned. Cleavage dips gently 
southeast. The stream to the· south may be a �ault trace. I� 
this is so, the �ault may have reoriented this strata causing the 
sha l l ow orientation o� the cleavage. 

Stop 5 Interbedded gray shales and graywaekes averaging 2 to 4 
em. in thickness with occasional ealci£erous or dolomitic, 
l aminated siltstones comprise this outcrop . The rooks in the 
upper part o� the outcrop dip northwest and may be separated �rom 
the lower part by a bedding plane �ault. The lower strata dip 
generally northeast and are more de�ormed than those above. All 
strata appear to be overturned. 

Stop 6 Here the same l ithology i s  exposed as in Stop 3 except 
many broken sections o� thick graywacke are present in the shales 
due to tecton ic disturbance. These beds are overturned and dip 
about 25 degrees to the east . Bedding plane slickensides are 
num�rous and are aligned approxi mately east west. 

Stop 7 This section represents strata a£ middle ta upper Austin 
Glen aspect with thin turbidites at the south end and thick 
graywackes at the nort h .  These beds are highly de£ormed with the 
northern , mor9 massive strata apparently dragged into £alds along a 
�ault at the north end .  Another �ault separates the thick 
graywackes �rom thin turbidites at the south end o� the outcrop. 
The' overall structure dips northeast with the beds di pping nearly 
90 degrees at the south part o� the section, decreasing to 40 
degrees to the north, and then overturning and dippi,ng 40 degrees 
southeast at the north end. Thi s  outcrop also contai'ns curved 
tension gashes in the massive graywaekes and disarticul ated �olds 
o� thin graywacke in ' smeared ' shales at the south . A thick 
graywacke surrounded by shales truncates abruptly near the south 
end. Just north o� this outcrop, a tight drag £old o� smaller 
dimensions is exposed. 

Stop 8 Medium to thick bedded graywaekes are exposed here which 
are upright, dipping 15 degrees northeast . Higher on the h i l l ,  
these beds increase i n  d i p  and are l i k e l y  t o · be separated £rom 
those o� Stop 6 by a £ault in a stream bed. 

Stop 9 This outcrop contains bl ack shales with �ragmented 
sandstone layers enrolled in the shales. This outcrop is highly 
disturbed. Relatively £let-lying beds appears to pin almost 
vertical graywackes to the h i l l ,  while thick shales show pinch and 
swell . structure between graywacke l ayers. Tension gashes and 
riedel shears ean be seen in this convoluted section. 

Stop 10 This exposure o� lower Austin Glen· contains 1 to 2 em. 
thick graywackes and shales. Pyritic graptolites ean be �ound 
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here. Tight fo�ds have formed in this sheared strata with sha�e 
enve�oped sandstone fragments indicating the degree of deformat i on . 
Strata dip northeast at the south end and northwest at the north 
end, whi�e the c�eavage dips east-southeast at a �ow ang�e. 

Stop 1 1  This 1500 foot ( 460 m .  l i�ng section consists o f  �ower to 
midd�e Austin G�en �itho�ogy south of the Poughkeepsie Rai�road 
bridge, and upper Austin G�en north of the bridge ( figure 1 l .  This 
area offers a good stratigraphic section to compare to that i n  the 
Mid-Hudson bridge approach ( stop 1 > ,  and that seen in the rai�road 
cut north of Crum E�bow ( stop 27 > .  Beds 1 to 4 em. thick of 
a�ternating .graywackes and sha�es predominate i n  the southern 
strata with we�� developed ( ignore the graffit i > reclining, 
parasitic fo�ds. These give way to thicker graywackes and sha�es 
j ust south of the bridge. Grapto�ites were found where a cut was 
made for cab�es which cross the Hudson River. Thick beds of 
graywacke dominate north of the bridge abutment .  At the · south end 
of the outcrop the beds dip northeast at 40 degrees, increasing to 
53 degrees north of the bridge. This is part of the sync�ina� 
structure seen at Stop 1 .  

Stop 12 Highland Landing. Thi s  stop consists of midd�e to upper 
Austin G�en strata dipping N65E. A sma�� reverse fault cuts t h i s  
outcrop and a thrust runs a�ong t h e  upper part. Turbidites 
averaging 10 em. in thickness dominate the southern half of this 
outcrop, whi�e thick turbidites w ith thin sha�es constitute the 
northern part . Flute casts are visib�e on the undersides of some 
beds. 

Stop 1 3  A shear %one formed i n  a fai�ed fo�d hinge occurs at the 
south end of this stop. Rounded sandstone b l ocks enro��ed in a 
shale matrix give good evidence of the shear couple at work here . 
This commonly happens in the hinges of the recumbent fo�ds found i n  
this area when the rock i s  stretched beyond its y i e�d point 
dragging fragments of more competent strata into dismembered fo�ds 
surrounded by shale. The rocks dip steeply northwest at the south 
end of the outcrop, but flatten considerab�y to the north. This is 
apparently middle Austin Glen l i thology. 

Stop 1 4  These thick graywackes with thin shale interbeds 
characteristic of the upper A.ustin Glen are overturned, dipping 
85 degrees northeast. Convoluted beds and r i l l  patterns show the 
effects of dewatering of the clay �ayers due to loading. Note 
the foliated shale c�inging to the bottom of some graywacke beds. 
Sigmoidal tension gashes show orientation of compressive forces, 
although block rotation cannot be inferred here. A tight fold 
seen at the north end leads into another shear %one with 
fragmented graywackes in a shale matrix. 

Stop 1 5  Here, middle t o  upper Austin G�en � i th turbidite 
from 3 to 7 m. thick with thin turbidites overlying them. 
steeply dipping < NW l  w ith a northeast strike. Sedimentary 
convo�uted beds can be seen at the south end. 

beds vary 
Beds are 
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Stop 1 6  This is a steeply dipping limb o£ a synclinal £old which 
plunges gently nort h -northwest. Complementary sets o£ tension 
gashes indicates direction o£ maximum compression. Sedimentary 
.structures include ril l ed sur£aces, cross-cutting tool marks, and 
to the north a 1 00 £oat long by 60 £oot .{ 30 m. x 20 m. ) high bed 
under-sur£ace with large £lute casts o£ bidirectional ' orient ation . 
Shales are altered in color £rom bl ack to orange, possibly due to 
incipient metamorphism. It is un£ortunate that this as well as 
many other important geologic £eatures have been painted over in 
the name o£ school spirit, young love, or personal identity 

North o£ this outcrop is a tidal pool indicating the pre-railroad 
< 1878 ) shoreline. Be£ore the railroads were constructed the Hudson 
River shoreline was considerably more sinuous. 

Stop 1 7  This outcrop contains more sedimentary structures such as 
convoluted bedding, parallel,  horizontal tool marks and, to the 
north, curved tool marks. Structural indicators are £ibrous 
calcite slickensides, and tension gashes whose sigma one direction 
appears to be perpendicular to that o£ the last stop. Here again, 
orange weathering shal es are seen . 

Stop 1 8  House on river, quarry. This quarry suppl ied graywacke 
curbstones £or New York City . Near the river these middle to upper 
Austin Glen graywackes and brown weathering gray shales are quite 
de£ormed. Overturned shal es are pressed against thick upright 
turbidites which dip 40 to 75 degrees southwest. In the quarry the 
beds dip 60 to 70 degrees south east. 

Stoo 1 9  This outcrop contains varying lithol ogies with thick 
graywackes underlain and over lain by thin turbidit es . Simil ar 
se-quences are seen at several other outcrops.. 1"he south end o:f 
this section is a shear zone with £olded, dolomitic graywackes 
enrolled in a shale matrix . Toward the north a thick graywacke is 
encountered, truncated by a reverse £ault £arcing thin turbidites 
around it . I mmediately beyond, a thick section o£ 1 to 3 om. thick 
graywacke� and shal es are displ aced by £aults every £ew £eet . 

Stop 20 Thin turbidites £orm an anti£ormal structure .  De£ ormation 
is similar in styl e  to Stop 1 9 .  Here, brittle de£ormation has 
resulted in at least 4 steeply dipping, cross-cutting £aults. 
These £aults separate the strata into zones w�th di££erent 
orientations. At the south end the rooks dip 70 degrees to the 
east. In the next zone they dip about 30 degrees northeast, then 
40 degrees northwest . They then change to 5 degrees to the west, 
and £inally at the north end dip 40 degrees southwest and seem to 
dissect a north plunging anticline. Numerous tension gashes are 
exposed at the south end o£ the structure. 

Stop 21 This outcrop begins in thin gray shales and l aminated 
silt>;�tones striking slightly west o£ n.orth and dipping 65 degrees 
northeast. Small scal e £olds are well developed as are j oint sets. 
To the north thick grayw ackes predominate. Here the beds have 
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rotated to N35E, exhibiting tension gashes. North o£ the outcrop 
is a broken zone probably representing a £ault. 

Stop 22 Following a shear zone at the south end ,  the cut exposes 
thick graywackes with dolomitic, l aminated turbidites. These beds 
strike S80W, and d i p  35 degrees northwest . Thi s ' is the £irst ' o£ 
two outcrops with this anomalous orientati o n .  These rocks probably 
£orm a thrust slice separate £rom the surrounding rocks. This i s  
probably an upper Austin Glen l i tholog y .  

· 

Stop 23 Here is a continuation . o£ the l ithology in Stop 22. 
Thick, massive graywackes contain many r i p -up clasts o£ £oli a ted 
shale. At the north end o£ the outcrop l aminated, dolomitic 
sandstones underlie the thick graywacke bed s .  These rocks str i k e  
S85E and dip 2 3  degrees N E .  

Stop 24 These beds are oriented N60E t o  N40E dipping 4 0  to 67 
degrees NW. This assemblage o£ rocks i s  dominated by thin 
turbidi·tes with 10 to 1 5  em. thick shale interbeds. Thi s  cut shows 
very good cleavage development with re£raction o£ cleavage into the 
graywackes. Cleavage is oriented at N42E by 85 degrees SE. At the 
north end these turbidites dive under thick graywackes which lay at 
N85W, dipping 55 degrees, increasing to 90 degrees at the north 
end. 

Stop 25 This outcrop consists o£ a 7 m .  band o£ < 2  to 30 em. > 
turbidites underlain and overlain by graywackes up to 5 m .  thick 
in a section totalling 4 0  m.  < Hayden, 1 986 ) .  Insoluble residue 
studies o£ some o£ these shales have revealed up to 55 per cent 
CaCO• by weight < Hi l l er ,  1 986 \ .  This outcrop i s  extremely simil a r  
in l ithology and cleavage orientation t o  those :i.n an o.utcrop 
located across the Hudson River the Roosevelt estate, suggesting a 
continuation o£ structure across the river. The strata o£ the 
outcrop dip southeast at 15 degrees at the south end, £lattens in 
the middle, then steepen to 25 degrees SE at the north end. 

Stop 26 Crum Elbow. Here the l ithology contains middle Austin 
Glen with 2 to 15 em. thick turbidites and occasional thick 
graywacke beds. Cleavage in this outcrop is N35E dipping 76 SE. 
Several small thrust £aults cause the bedding to splay in several 
d irections at the center o£ the outcrop. Toward the north end o£ 
the outcrop is a kink £old whose axis trends N35E, plunging 73 
degrees SE. North o:f this are lower Aust.i n  Glen strata striking 
N25E, dipping 35 degrees SE. The open valley and stream to t h e  
north probably indicate a :fault zone. 

Stop 27 This road cut contains the best stratigraphic section o:f 
lower Austin Glen n:orth o£ Highland. A £ault zone at the south end 
o:f the cut is traceable £or a couple miles to the south-southeast, 
and :forms the boundary between domains 3 and 4 ( :figure 1 > .  The 
north edge o£ this :fault zone contains small drag :folds along the 
last two £aults in the :fault zone. North o:f here the strata are , 
overturned, dipping steeply to the east. Thin < 1  to 3 em > .  
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turbidi tes dominate the youngest part o£ the section, thick 
graywackes are common i n  the middle, and thin turbidi tes again 
domin ate the north end with a £ew thick graywackes interspersed. 
Where outcrop on the east side o£ the tracks ends, another £au1t 
terminates the stratigraphic section. N(lrth o£ this ·are more 
cpmpl exly de£ormed rocks o£ the same type and age. 

Stop 28 This cut begins at H�le Harker 76, continues £or about 
1 000 £eet ( 300 m. l and contains repeating, sometime's overturned 
sections o£ lower Austin Glen strata. These rocks strike about 
N25E dipping 74 degrees SE. These turbidites usually are 2 to 1 5  
em. thick. At the north end the graywackes and shales are highly 
d isturbed with massive sigmoidal tension gashes, and en echelon 
phacoida1 £ragments o£ sandstone surrounded by a sh ale matrix.  The 
stream is probably another £au1t trace. 

Stop 29 This section i s  compl exly de£ormed and £o1ds plunge 
steeply northeast. Beds are alternately upright and overturned. 
A t  the south end the . bedding is overturned, and £orms an 
undulating, curved sur£ace. Tension gashes are vertically 
oriented, with a number o£ en echelon sets exposed. I n  the middle 
o£ the section the beds are generally upright. Boudined calcite 
sl ickensides are exposed about in gray shale 12 £eet up from the 
road. A massive tension gash oriented hori:ont.a�ly is over twenty 
£eet long and may bend around the rock mass which it envelopes. At 
least three generations o£ vein £i11ing dan be identi£ied including 
milky quart:. white calcite, and late clear calcite. The beds at 
the north end o£ this outcrop ar'!? overturned and are composed a£ 
gray shale and thick graywacke. Fl attened £lute casts are oriented 
in a near verti c a l  position. 

Stop 3121 Her'!? the uppermost Norma.nskil1 strata are seen £or the 
£irst time. These are lamin ated siltstone's and .;:hales < usually 
less than one em. l with occasional thicker graywacke layers. Here 
the beds are overturned, striking NSW and d i pping 57 degrees NE. 
At the south end thick tension gashes are seen in the graywackes. 
Further north curvi-pl anar sur£aces cut by j oint sets are seen. 
These rocks seem almost ' reptilian ' in appearance ( curvi-planar 
with ' scales ' ! .  To the north, a thrust £au1t trace is exposed 
plunging moderately north. Massive tension gashes are exposed 
below, and up the eli££ £ace they £orm l arge curving cavities. A t  
t h e  north end o£ the outcrop on the £ootwa 1 1  o £  t h e  £au1t the rocks 
are less de£armed, although they still exhi bit good j ointing . 

Stop 3 1  These rocks a t  Mile Harker 77 contain the same l ithology 
as those in Stop 30 ; l aminated siltstones and phy11itic shales 
showing good jointing. These beds are oriented NSE and dip 72 
degrees SE. The strata ,  and most o£ those to the north and vest 
continue £or miles strik i ng a £ew degree<;: east or west o£ north and 
dipping. st�eply east £or the most part. 

Stop 32 Rt . 299 . These laminated siltstones, sandstones, and 
shales belong to the uppermost Normanski11 strata .  Bedding is 
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variable as this location i s  near an in£erred east-west £ault 
zon e .  The Esopus £ault lies about 3000 £eet west o£ here . 
Fossil brachiopods are £ound in the disturbed rock, but the 
exotic trilobites £ound £urther south have not been seen here. 

Stoo 33 Rai l road cut through north end o£ I ll inois Mt. Here the 
Esopus £ault lies to the south with rocks o£ the upper Ordovician 
Quassaie Group sitting to the west. These ro��s £orm most o£ 
I l l i nois Mountain, and then bending eastward t·o £orm the h i l l  to the 
northeast. The unnamed rooks o£ uppermost Normansk i l l  are laminated 
sandstones, siltstones, and shales. They are seen on the east end 
o£ Grand Avenue and along a powerline running a l ong the east side o£ 
I l linois Mountain . Numerous small brachiopods are £ound in these 
rooks. In the railroad eut roeks o£ the Slabsides Formation o£ the 
Quassaie Group are exposed. These are steeply dipping, medium to 
thi ek graywaokes with thin shale interbeds. Shale elasts and 
limestone pebbles are much more common than in the Normanskill 
strata. Large strophomenid brachiopods ere o£ten seen on the 
bottoms o£ sandstone beds. 

ROAD LOG FOR 
STRUCTURE AND STRATIGRAPHY OF THE NORMANSKILL GROUP 

This road log covers distances and routes £or Stops 1 to 3, 1 1 ,  
12, and .32, 33. Stops 3 to 3 1  are along a seven mile reach o£ the 
Hudson River accessible onl y  by railraod right-o£-way. Driving is 
prohibited except by permission o£ Conra i l .  Stop 3 i s  at Mile 70 
and Stop 31 is at Mile 77. Re£er to Figure 2 £or locations o£ these 
stops. Stops 11 and 12 are on public right -o£-way near Highland 
Landing and are logged here. 

Cumu l ative miles Miles £rom last point 

0. 0 

5. 2 5. 2 

7. 4 2. 2 

8. 0 0. 6 

8. 2 0. 2 

8. 4 0 . 2 

Intersection o£ Rt. 299 and 
Exit 1 8 ,  I �87. Turn right 
< east l on Rt. 299. 

Turn right at l ight onto 
Rt . 9W south. 

Turn le£t at light onto 
M i l e  H i l l  Rd. , £ollow sign 
toward �ohnson Iorio Park. 
Co�tinue parallel to Hid
Hudson Bridge approach. 
Stop. 1 at outcrop on le£t 
yith good view o£ road-cut 
on . right. 
Continue east to �ohnson 
Iorio Park. Stop 2 
encompasses entire ridge 
on right. 

Turn around and head west. 
Turn right on paved road. 
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8. 7 0 . 2 Turn right on Oakes Rd. 

by river .. 
c 0 

8. 9 0. 2 Pass under railroad bridge. 

9. 4 0. 5 Pass under Mid- Hudson 
B.ridge. 

9. 5 0. 1 Park and walk to Stoo 3 I 0 
at Blue Poin_t 1 . 8 miles. 

From Stop 10 walk to car .. 
Turn around and drive north 

I ' 
to vicinity o:f rai lroad 
bridge where long outcrop 

10. 1 0. 6 is Stoe 1 1 .  
' 0 

L --
10. 3 0. 2 Dri,,e north on Oakes Rd. 

to Highlan-d Landing- I ' 
Mariners Harbor Restaurant 
Parking lot . Stoe -12 
across tracks to west. I o 

10. 4 0 . 1 Dr i 'H� north and park near l ' 
tracks to 'lisi t stops 1 3 -
3 1 . This is a 5 mile hike 
one way . Railroad can also 
entered from north by 
driving north on Rt . 9W 5 f--' 
miles to West Park and take ' 

l '  
right on Floyd Ackert Rd. 
Park near overpass o:f r , Rt. 9W. l ' 
Return to car and tra,,el 
west on Main St. Turn r ,  

1 1 . 3 0. 9 right on Grand St. i i 

12. 1 0 . 8 Travel on Grand past side [ ' streets to intersection 
with Rt. 9W. Turn right 
< north > .  L: 1 3 . 0 0. 9 Turn le:ft at light onto 
Rt. 299 < west l .  

13. 4 0. 4 Pull o:f:f onto shoulder [ 
and park . Stoe 32 on 
right. L 
Resume west on Rt. 299, 
and turn le:ft onto South t 13. 7 0. 3 Chod·ikee Lake Rd. 

14. 5 0. 8 Turn right on Old New Paltz 
Rd. L 

� t 
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1 4 . 6 

16. 9 

1 9 . 3 

0 . 1 

2. 4 

2. 4 

Stop 33 Hiking along 
power line to south w i l l  
bring you to outcrops o f  
uppermost Normanskill Fm. 
and exploration of hillside 
should lead to contact of 
Quassaic Gp.  < Esopus Fault l .  

Drive west on Old New Paltz 
Rd. Pass over 2 railroad 
cuts and Pancake Hollow Rd. 
and severa l  side roads. 
Turn left < west l on Rt . 299 

Return to point of origin , 
intersection of Rt . 299 and 
I -87. 
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GEOLOGY A CROSS THE GREAT VALLEY: 
from the Shawangunks to the Hudson Highlands 

Lawrence E. O'Brien 
Orange County Community College 

Middletown, New York 1 0940 

Introduction 

Orange County is a region of diverse geology, with bedrock ranging in 
age from Precambrian to Devonian, with structures ranging from klippe and 
overturned folds to relatively flat-lying strata, with geomorphic features 
varying from bedrock to glacial, and with fossils varying from the Otisville 
Eurypterid to the Sugarloaf Mastodon. Despite this diversity the county has 
not( with the exception of the Hudson Highland area) been the site of a great 
deal of geologic study. 

On this field trip we will begin with the least deformed Silurian 
Bloomsburg and Shawangunk formations on the west side of the county near 
Port jervis and traverse southeastward through succeedingly older and more 
deformed rocks of Ordovician and Cambrian age to the 1 . 1  billion year old 
Precambrian rocks of the Hudson Highlands following routes I-84 and 9W. 
We will not have time to see some of the interesting rocks and structures 
farther south along the New jersey border but these have been discussed by 
Offield( 1 967) and Jaffe and Jaffe( 1 973). 

Terminology 

The problem of stratigraphic nomenclature, particularly along state 
boundaries and in complex areas, is frustrating both to beginners in geology 
and to old-timers. This area is no exception, especially when it comes to the 
Ordovician shale-graywacke sequence where no fewer than 1 0  different 
names may be found in the literature. An abbreviated stratigraphic column 
is given below showing the names and ages of the rocks we will see on this 
trip. Although the stratigrapher familiar with the area may cringe at what 
they regard excessive "lumping" of names(or even omission of some names 
between the Bloomsburg and Helderberg for example), and the 
geochronologist may frown at the lack of precision in the ages, I feel justified 
in leaving the details for other publications(many are listed in the 
bibliography). However I will try to explain some of the more significant 
usages I have chosen. 

The Bloomsburg Red Beds is the name applied to the formation 
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overlying the Shawangunk in Pennsylvania(Epstein and Epstein, 1 972) while 
the High Falls Shale(or formation) has been applied in New York(Waines et 
al, 1 983,  and Fink and Schuberth, 1 958) .  Since the formation as seen above 
Port jervis( stop 1 )  is obviously not a shale and since it seems closely related 
to the stratigraphically equvalent formation described by the Epsteins, I 
have chosen to use the name Bloomsburg Red Beds. 

The Ordovician shale-graywacke sequence, which I will refer to the 
Martinsburg formation, began as the Hudson River shales and since then has 
been variously referred to(in no particular order) as the Normanskill, Snake 
Hill, Austin Glen, Mount Merino, Bushkill aspect shale, Ramseyburg aspect 
shale, Pen Argyle aspect shale, and Taconic Affinity Shales(T AS) among 
others. See Waines et al( l 983 )  as a starting place if you are interested in 
more detail. Since the Martinsburg is the most widely recognized name I 
have chosen to use it. As we traverse the county see if you can recognize 
distinctive, mappable lithologic variations in these rocks. 

The Wappinger Group, a series of dolomitic to calcitic rocks, has been 
subdivided into a number of formations, however since we will not examine 
these rocks closely on this trip, I have chosen to use the group name. 

The igneous/metamorphic rocks of the Hudson Highlands are quite 
variable. Helenek and Mose( 1 984) have mapped a number of different 
gneiss units. For this trip I will refer only to the Storm King Granite Gneiss 
which we will see at stop 8 and "other" gneisses which we will see at stop 9 .  

Simp1ified StnJtigraphi c Column 

Ham i l ton Group(sands, shales, slits) 

c onondaga Li mestone ., -c Cl Esopus Shale(Grltsl > .. Ulster Group Q 
Glenerle L imestone 

Helderberg GroupOimestonesl 

c Bloomsburg Red Beds(High Falls) ., 
·� ... = 

· shawangunk Conglomerate -
c:;; 

Ordovician Martinsburg Formation 
. 

Camb./Ordov. Wappinger Group( do I om I tel l imestone) 

cambrian 
Poughquag Quartzl te<Hardystonl 

Precambrian Storm King Granitic Gneiss 
and "other· gneisses 
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Rood Log 

This road log will start at the beginning of the entrance ramp for 
1-84 at Exit 1 in Port jervis, New York. It then goes eastward along 1-84 to 
Newburgh then southward as far as Highland Falls. Mileages will be related 
to green interstate mileage markers when possible. Stop 4 will be made first 
during the field conference to avoid crossing the interstate with a group of 
people. 

Total 
Miles 

0 

0.4 

2.4 

2.7 

Miles from 
last point 

0 

0.4 

2.0 

0.3 

Entrance ramp to I -84 eastbound at Port jervis( near 
the junction of N.j. 23 and U.S. 6 ). The cliff behind you 
is the sands and shales Lower Devonian Esopus 
formation(sometimes called the Esopus Grits in this 
area). 

.Enter I -84 at mile marker l .  Between mile markers l 
and 2 the ridge visible to the left(north) side of the 
interstate is Trilobite Ridge, a famous collecting 
locality composed of the Lower Devonian Glenerie 
Limestone . .  

The redbeds on the right are the sands and shales of 
the Silurian Bloomsburg Red Beds. 

STOP l :  [Approximate mile marker location 3.31 
Stop at the parking area. The view northwest from 
this overlook is across the valley of the Neversink 
River which flows in a valley composed of Devonian 
carbonates( the Onondaga Limestone) lying between 
the Shawangunk Ridge (to the right) composed of 
middle Silurian clastics and Allegheny Front( across the 
valley), composed of Devonian clastic strata of the 
Hamilton Group. The confluence of the Delaware and 
Neversink Rivers is to the left in Port jervis. The 
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Delaware River can be seen to the southwest as  it 
flows along the west side of the Shawangunk Ridge. 

The rock cut to the west of this parking area is in 
the redbeds of the Silurian Bloomsburg Redbeds(or 
High Falls Formation) which strike approximately 
N.40 'E and dip 25-30' NW at this location. They 
consist of fine red sands, silts and shales, often with 
mud cracks and gray reduction spots, interbedded 
with coarse, gray-green sands showing trough cross
bedding. There are noticeable carbonate grains in the 
coarse cross-bedded sands. The Bloomsburg, which is 
conformable with the underlying Shawangunk 
conglomerate(stop 2 ), is inferred to be an alluvial 
deposit with the coarse beds reflecting channel 
deposits and the finer redbeds being floodplain 
deposits. It was shed westward from the mountains of 
the Taconic Orogeny, which existed to the east, into a 
sea which existed to the west. This formation grades 
downward into the basal Shawangunk conglomerate 
which unconformably overlies earlier( pre-Taconic 
Orogeny) sediments. 

Things to look for at this stop include: 
l .  Good cross-bedding in the coarse gray sands. 
2 .  Carbonate grains in the coarse gray sands( what is 

their origin? ). 
3 .  Gray reduction spots in the redbeds. Some vertical 

reduction spots may follow burrows. 
4. Pebbles of fine red silts/shales in the coarse gray 

sands. 
S .  Mud cracks in the finer sediments. 
6. Invertebrate tracks. I have seen these at one 

other locality, but not here. 

Mile marker 4. Elevation 1 272 feet. 

STOP 2: [Approximate mile marker location 4.2) 
This location is at the angular unconformity below 

the middle Silurian Shawangunk formation and the 
underlying mid-Ordovician Martinsburg formation. At 
this locality the angular discordance is very slight 
which is the same as I have seen at other exposures of 
the unconformity in Orange County. 
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The basal Shawangunk is a quartz-pebble 
conglomerate with a sandy matrix which grades 
upward into a coarse sand with fewer and smaller 
pebbles. Some feldspar fragments are visible · in the 
upper coarse sand areas. The limonite stain on the 
Shawangunk results from oxidation of pyrite which 
may be seen as minute grains in the matrix of the 
conglomerate. The Shawangunk has been interpreted 
as a beach deposit(Fink and Schuberth, 1 962)  and as a 
braided stream deposit in a complex transitional 
marine-continental environment(Epstein and Epstein, 
1 972). 

Between the Shawangunk and the Martinsburg is a 
brown clay layer which may be seen in other 
exposures of the unconformity in this area. 
Waines(Waines, Shyer and Rutstein, 1 983)  has 
speculated on the origin of this layer and has called it 
a paleosol, although there are several other plausible 
ongms. The other possibilities will be discussed on 
the outcrop. 

Walking around the outcrop to the right(west) you 
may note some glacial smoothing of the dip slope and 
along a trench behind the outcrop you can see an 
exposure of slickensides on a fault plane which strikes 
N.60'W and dips about 6S 'NE. The slickensides plunge 
about N.40'W at 30' .  According to Fink and 
Schuberth( 1 962)  tear faults like this are more 
common farther south in New jersey. There are also 
several quartz veins on the dip slope and they strike 
N.70' � 1 0 'W.  

Things to look for at this stop include: 
1 .  The clay layer at the unconformity. 
2 .  Pyrite grains in the Shawangunk. 
3.  Slickensides on the tear fault. 
4. Glacial smoothing and quartz veins on the dip 

slope. 
S .  Variation in quartz pebble size and quantity. An 

interesting question is  what is  the source of the 
quartz pebbles since they are not common in the 
underlying Martinsburg. 
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The swamp in the median and to the right(south) is an 
example of drainage interruption due to the highway. 
A beaver lodge is sometimes visible in this swamp. 

STOP 3: [Approximate mile marker location 9.8]  
This is the first of four stops in the mid-Ordovician 

Martinsburg formation which will emphasize different 
types of structural deformation and sedimentary 
features. 

At this location you can see more or less horizontal 
beds in the Martinsburg at each side of a section of 
almost vertical beds. The deformed structure is 
approximately 225 feet wide and varies from N.25 'E., 
dip 82'SE on the south side of the highway to N l S 'E. 
and vertical on the north side. This seemingly isolated 
segment of almost vertical beds could be several 
things: an isoclinally folded anticline or syncline, a 
monocline downthrown to the northwest or to the 
southeast, a rotated fault block or possibly something 
else. The graywacke beds in the Martinsburg often 
show graded bedding so it is possible to determine the 
original bed tops in the vertical section. It appears the 
bed tops are all facing the northwest(thus eliminating 
the isoclinal fold possibility) and they show an obvious 
upward curvature at the west end of the tilted section. 
This suggests a monoclinal flexture downthrown to the 
northwest, but similar indications of folding at the 
southeast end of the tilted section are not apparent. I 
suspect the monocline has been cut off by faulting at 
the southeast end but the evidence is not clear. 

A second question is when did the deformation 
occur. Conventional thought would relate it to the 
Taconic Orogeny of late Ordovician time, but Epstein 
and Lyttle( l 986) ,  based on work done in 1 5  areas 
along the Taconic Unconformity from Pennsylvania to 
New York, suggested that post-Taconic faulting had cut 
both the Martinsburg and the overlying Shawangunk. 
Compare this style of deformation with the other 
styles of deformation you will see in the Martinsburg 
at stops 4 and 6 and ask yourself whether this high
angle faulting might represent a different episode of 
faulting. 
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Things to look for at this stop include: 
1 .  Grading in the graywacke beds. 
2.  Slickensides on the bedding planes of the vertical 

beds. Try to determine sense of motion of the slip. 
3. Evidence for folding/faulting at the east end of the 

deformed section. 

Stop 4: [Approximate mile marker location 1 1 .3) 
This cut is on the north side of the west-bound 

land of l-84[Note: During the field conference this will 
be the first stop so that we will not have to cross the 
highway). 

At this location the Martinsburg shows a typical 
"suddenness" of intense deformation. Beneath the 
overpass and to the east of the overpass the beds are 
relatively flat and seemingly undisturbed, but about 
1 30 feet west of the overpass the bedding is sharply 
deformed by an overturned anticlinal fold which has 
been cut by a thrust fault. This thrust fault and 
associated drag folding extends 1 40 feet further west 
where it curves upward to the top of the road cut in a 
characteristic listric-fault fashion. The fault and 
associated drag folds strike about N.40"E and dip SE . 
Be sure to compare this style of deformation, which I 
consider to be unquestionably Taconic, with the style 
of deformation you see at Stops 3 and 6 in the 
Martinsburg . 

This is a good location to examine slaty cleavage in 
the shale layers. It strikes N.40-60"E and dips 25" SE, 

_ but does not penetrate the graywacke layers. This is a 
good stop to show students that slaty cleavage is a 
pressure phenomena unrelated to primary bedding . 

The sketch at the left extends west from the 
overpass to the west end of the cut. 

Things to look for at this stop include: 
1 .  Slaty cleavage between the graywackes. 
2 .  Synclines and overturned anticlines produced by 

drag folding. 
3 .  The listric thrust fault. Try to estimate the amount 

of offset if you can find a suitable marker. 
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Underpass with wind generator to left(north). 

Entrance to rest area. 

Stoo 5: [Approximate mile marker location 1 8.2) 
This is a brief stop to examine recent( 1 968 ? )  

deformation in the Martinsburg. Notice the drill holes 
on the south side of the highway. They have been 
offset by slippage in an up-dip direction to the 
northwest. I was told by Cliff Lloyd, who brought this 
site to my attention, that most of this deformation took 
place shortly after completion of the highway and that 
for a time the highway department had been quite 
concerned about it. I have stopped here a number of 
times since 1 973 and there has been no noticeable 
change since that time. You can see that there are 
several slippage planes, each deformed by a thrusting 
motion, probably related to stress relief following 
excavation of the road cut. For a recent article on this 
phenomena with a list of reference see Bell( 1 985) .  He 
lists references to other such features in the 
Appalachians. 

Across the road you can see another thrust 
fault(Taconic) which strikes N.20'E and dips 35'  SE. 

Things to look for at this stop include: 
1 .  Amount of offset on the recent faults. 
2 .  Drag-folding on the thrust fault. 

Bridge over the Wallkill River. 

Gravel flows on the right( south) side of the highway. 
The gravel, intended to prevent slumping of the 

underlying material, has itself flowed downslope. 
These flows have noticeably enlarged over the past 
few years. Do you think the motion is partly within 
the gravel, or is it merely slipping over .the substrate? 
Compare this with the cuts at 34.0 and 35.3 .  

Stop 6: [Approximate mile marker location 3 1 .5]  
This long road cut shows a number of interesting 

features, both structural and sedimentological, in the 
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Martinsburg formation. The diagram at the left 
extends along the cut on the south side of the highway 
westward from the overpass for 500  feet. 

Structure: On the south side of the highway there 
are a number of faults which cut the strata. 
Examination of the drag folds and the offset of the 
strata at 200 feet show that these are mainly normal 
faults. This deformation does not seem to match the 
thrusting which was evident at stops 4 and 5. While it 
would be nice to see a normal fault offseting a thrust 
fault, I nevertheless believe this is a post-Taconic 
period of faulting. Whether these faults, downthrown 
to the southeast, are related to the deformation at stop 
3(downthrown to the northwest) I can't tell. 

North of the highway and east of the overpass are 
a pair of adjacent anticlines offset by a fault, and 
plunging in opposite directions. This in an interesting 
spot to have students test their powers of observation. 

Sediments: The Martinsburg is a classic flysch 
deposit with the graywackes of the Martinsburg being 
classic turbidites( turbidity current deposits)(McBride, 
1 962). Turbidites are considered to have an "ideal" 
sequence of structures which has been called a Bouma 
cycle after the Dutch sedimentologist who described 
them in 1 962.  A complete Bouma cycle consists of the 
five divisions shown in the diagram below. Often 
some of the divisions are missing but the ones that are 
present are always in the same order. Proximal 
deposits(near their origin point) are more likely to 
have a significant A division whereas more distal 
deposits may consist only of divisions C, D, and E. 
Examine the graywacke beds closely and try to 
identify the various divisions of the Bouma cycle. Are 
these proximal or distal deposits? 

Things to look for at this stop include: 
l .  Faults. What type? Amount of offset. 
2 .  Drag folds along faults. 
3 .  Oppositely plunging anticlines on north side of the 

highway. 
4. Bouma cycles in the graywackes. Identify each 

division present. Are the turbidites proximal or 
distal? 
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Diagram showing ideal ·sequence of 
structures [Bouma cycle) In a graded bed. (After 
Stanley, 1963, jour. Sed. Petrology, v; 33, Fig. 2.) 

Another long outcrop of Martinsburg. 

Slumping in road cut to right. This cut was given no 
special engineering protection to prevent mass 
wasting. Compare this with the cuts at 27.0 and 35.3.  

Gravel drainage zone around top of road cut to right. 
Highway engineers apparently decided to intercept the 
water which would percolate down the slope and 
cause mass wasting and drain the water off to the side. 
The lack of slumping or flow compared to cuts at 27.0 
and 33.0 suggests it was effective. 

Stop 7: [Approximate mile marker location 36.8] 
This is one of perhaps 1 4  small( ?) klippe, or 

allochthonous blocks of Precambrian Hudson Highlands 
material which was thrust northwestward during the 
Taconic Orogeny and then isolated from the parent 
mass by later erosion(other interpretations have been 
made but this is the one I like). 

Toward the east end of the road cut you can see 
the Cambrian age Poughquag Quartzite, which at this 
location is noticeably conglomeratic. The pebbles are 
mainly quartz and the matrix contains substantial 
amounts of pyrite. Oxidation of the pyrite has caused 
the pervasive limonite staining of the rock. Toward 
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the western end of the cut the Poughquag overlies 
Precambrian granitic gneisses in a classic non
conformity. The gneisses have been severely 
weathered and are almost unrecognizable at the first 
casual glance. The attitude of the unconformity shows 
that the Poughquag extended above the level of the 
cut on the north side of the highway and has been 
eroded away so that only gneissic material is exposed. 
This transgressive Cambrian sand marks the 
inundation of the continent following rifting of the 
continent after the Precambrian Grenville Orogeny. It 
probably represents a beach environment. 

The outcrop across the entrance ramp to the 
northwest(onto I-84 west) is Martinsburg, so the basal 
fault below this thrust block must be located between 
the two cuts north of the highway, however I have 
never seen reference to it by anyone who noted it 
during the building of the highway. 

Things to look for at this stop include: 
l .  The non-conformity at the base of the Poughquag. 
2 .  The granitic gneiss below the unconformity. 
3. Variations in pebble content in the Poughquag. 
4. Evidence for faulting in the Poughquag. 
5. Pyrite in the matrix of the Poughquag. 

Road cut though Cambro-Ordovician age Wappinger 
Group Dolomites. These represent a stable shelf 
environment which existed here following the 
transgression of the Poughquag. They persisted until 
the downwarping of the continental margin began 
during the subduction and closing of Iapetus which 
preceded the Taconic Orogeny. They are overlain by 
the flysch deposits of the Martinsburg which are 
subduction-related ( lsachsen, 1 980 ). For additional 
information on these carbonates see Friedman( 1 975 ). 

Exit right(south) off I-84 at Exit 9 to stoplight. Turn 
right at stoplight onto 9W south for 1 block. 

Stoplight. Turn left onto N. Plank Road. 
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Stoplight. Make second right onto Leroy Place(not 
Liberty). Continue along this road - it will change its 
name first to Water Street then to River Road as it 
parallels the Hudson River. 

Stop sign at Washington Street. Continue straight 
ahead on River Road. 

Stop sign at Renwick Street. Continue straight ahead 
on River Road. 

Start of oil tank area for Port of Newburgh on the left. 
Several of the homeowners in the area complained of 
devaluation of their property as this tank farm 
expanded. Would you agree? 

Continue up hill following 9W south signs. 

Curve left onto access ramp for 9W south. 

Bridge over Moodna Creek. Continue south on 9W. 

The hill in front of you marks the beginning of the 
Hudson Highlands. The road leaves the valley of 
Martinsburg sediments, crosses the northwest border 
fault of the Highlands thrust block and starts up the 
Precambrian gneissic material. The first outcrop is 
visible on the left shortly after you start up the hill. 

Stop 8: Overlook at Storm King. [Note: During the 
field conference this will follow. stop 9 so that we will 
be able to park at the overlook.]  

This cut is an excellent exposure of the Storm King 
granite gneiss, at this location a two-feldspar, 
hornblende granite gneiss. The gneissic structure is 
shown by lineation of the amphiboles and a similar 
elongation of the quartz(Lowe, 1 958, indicates there is 
"no clearly preferred space-lattice orientation'' of the 
quartz). There are a number of pegmatitic zones in 
the granite and these have a similar mineralogy to the 
surrounding finer-grained areas. The pegmatite zones 
sometimes follow the strike of the lineation in the 
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gneiss and at times cut across the lineation suggesting 
they are either late-phase crystallization or later 
remobilization of the material. The Storm King was 
first thought to be a late int�usion into the 
gneisses(Lowe, 1 958)  but is now suggested to be an 
early Grenville intrusion(Helenek and Mose, 1 984, give 
a date of 1 1 40 m.y.).  

The overlook to the east provides an impressive 
view over the Hudson River. 

Things to look for at this stop include: 
1 .  Large hornblende crystals in the pegmatitic zones. 
2. Orientation of the pegmatitic zones relative to the 

lineation of the gneiss. 
3 .  Nature of the lineation. 
4. A cross-cutting, epidote-filled fracture. 
5. View from the overlook. 

The proposed Storm King pumped storage reservoir 
site is on the right(west) side of the highway. 

Exit right to Rt. 2 1 8  toward Highland Falls. 

Stop 9: This cut exposes some of the "other" gneisses 
of the Hudson Highlands, and one of the best dikes you 
could ask for. 

The gneisses are quite varied in composition and in 
several places show coarse-grained remobilized zones. 
Garnets are abundant locally but they are usually 
fractured and are difficult to remove from the gneiss. 
You can see how distinct the Storm King gneiss is from 
these other gneisses. 

The dike, which is visible on both sides of the road 
cut, strikes across the road cut at N.47"E and dips 
approximately 70'NW but it curves markedly on the 
right(east) side of the cut. Close examination of the 
dike shows it to be mafic(dioritic to gabbroic) with 
accessory pyrite. There are excellent chilled margins 
with knife-edge sharp contacts with the country 
rock(best seen on the east side of the cut). There are 
also several apophyses(tongues) extending into the 
country rock. About 2 meters above road level on the 
east side of the cut, you can see two small light
colored intrusions into the chilled margin of the dike. 
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These· obviously came from the dikes' still molten 
interior and thus are autointrusions, one of the 
clearest examples I have ever seen. 

Facing the dike on the east side of the cut, you 
should notice the dark(mafic) band about 7 em wide 
which parallels the right contact inside the chill 
margin. This mafic zone does not exist along the left 
contact but there is visible a zone parallel to the 
contact and inside the chilled margin characterized by 
coarse blebs of light and dark minerals. Similar zones 
are visible in the dike on the other side of the cut but 
they are harder to see because of groundwater which 
normally drains along the margins on that side. These 
dissimilar zones present a problem. Why is the dike 
not symmetrical? I am tempted to believe the mafic 
zone on the right is an example of crystal settling of 
the mafics and the blebby zone on the left represents 
the last stages of crystallization of the dike, but if this 
is true it would seem to require a significant upward 
rotation of the dike since its crystallization. I have not 
seen or read of a similar feature on other dikes in the 
area(Mack, 1 962; Ratcliffe et al, 1 983; and others). 

Differential weathering is noticable at the top of 
the dike where the spheroidal weathering of the mafic 
dike is in sharp contrast to the minimal weathering of 
the surrounding gneisses. 

The engineering techniques used to minimize the 
hazard of falling rocks are also worth mentioning. On 
the west side of the cut you can see rock bolts, a ledge 
and a fence(chicken-wire conglomerate). What you 
can't see is that they have replaced the guard rail on 
that side 3 times in the past 1 5 years and still there 
are dents visible on top of the rail. The fault zone 
visible above the ledge was the source of a major fall 
several years ago. A fracture pattern on that side of 
the cut dips into the cut so it is virtually impossible to 
totally prevent rock falls here. 

Things to look for at this stop include: 
l .  Intrusive features such as chill margins on the 

dike, autointrusions in the dike, and apophyses 
from the dike. 

2. Mafic and blebby zones in the dike. 
3 .  Spheroidal weathering at the top of the dike. 

r • 

r .  

I .  

r • 

r ,  : 

r '  

f " 

[ . 

l .  

r l '  

r . 
i I .  

l: 
[ j 

L l  
[� 

E 
L 

' 

t r-



r . 

l . 

I 

r .  I 
( -

r 
i . 

l . 

I 
I . 

I . 

[ 
I . 

L l .  
[ l" 

f-1 . 

F- 1 5  

4. Remobilized zones and garnets in the gneisses. 
5 .  Evidence of falling rocks and engineering 

techniques to prevent them. 

End of Road Log 
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KARST AND STREAM CONS IDERATIONS I N  THE 
ENVIRONMENTAL GEOLOGY OF THE MIDDLE RONDOUT 
AND ESOPUS VALLEYS , ULSTER COUNTY , NEW YORK 

Lawrence R .  Matson 
Department of Physical Science /Geology 

Ulster County Conununity College 
Stone Ridg e ,  New York 1 2 4 8 4  

INTRODUCTION 

The geology of the middle Rondout and Esopus Valleys is as 
rich and varied a s  is the story of the struggle of the early 
colonial Dutch , French and Engl ish settlers of this region . The 
area ha s remained essential ly rural in character unt i l  recently , 
but with the relative nearnes s  o f  the nation ' s  largest metropol i s  
in the time o f  rapid transportation and hightech employment the 
region ' s  land is quickly becoming developed. 

Soil s in these valleys are on bedrock o f  carbonate s topped 
by thick deposits of til l ,  modern a lluvium and post-glacial lake 
bottom deposits . The se valleys are well known for abundant 
harvests of sweet corn and apple production . Any acid pre
cipitation is apparently neutralized by the carbonate character 
of the bedrock and the alkalinity o f  the s treams that flow across 
them since no noticeable effects that occurred in thes e  valley s . 
But the increase of population i s  coupled with a greater need for 
groundwater construction resource s such as sand and grave l , and 
addi tiona! land fill s i tes for waste d i sposa l .  Land development 
has occurred her e ,  a s  i t  has in many other areas , with little 
forethought and planning for environmental consequence s .  This 
field trip i s  a look at some factors that should be considered 
here and in other areas with a s imilar projected development o f  
the land . 

Figure i is a location map for this field trip . The trip 
can be taken with 1 1  stops or as either of its part s . The firs t  
par t ,  trip G-I ( stops 1 - 6 )  i s  a s tudy o f  the environmental 
geology and hazards as sociated with Karst features o f  the Stone 
Ridge area ; and the s e cond part , trip G-II ( s tops 7 - 1 1 )  is a 
study o f  the environmental geology o f  the Esopus Creek Valley and 
some factors that may be at least partially respon s ible for 
apparently increased stream flooding and the resulting publicly
voiced concern of local residents . 

The middle Rondout and E sopus Valleys are enclosed by 
c lastic rocks of the Shawangunk Mountains to the southeast and 
the Catskill Mountains to the Wes t .  A more complete discussion 
of the bedrock geology of this " c lassic" area has been recently 
described by Lindemann and Waine s ( 1 9 8 7 ) , and a postulated 
stratigraphic column of mos t  of the formations o f  the valley is 
given in Figure 2 .  The Onondaga Formation i s  located s tratigraph
ically 2 2 5 -4 2 0  feet higher in the column than the Glenerie 
Formation . The basal Onondaga Formation beds are coarse-grained 
limestones containing abundant corals and large crinoid 
columnals ,  while the upper beds are fine-grained limestones 
containing dark-gray to black chert and bryozoa and brachiopod 
fauna . 
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Karst features o f  the S tone Ridge , N . Y .  area involve 
principally the Onondaga , Becraft and Rondout Formations , 
all quite pure limestones sub j ect to d i s s olution . These 
units have been mined in open pits and shafts for the 
manufacture of natural and portland cement and for use as 
construction aggregate . A sma l l  solution c avity swallowing 
an intermittent s tream is located in the Onondaga Limestone 
near the intersection of Route 9W and Route 1 9 9  near 
Kingston , N . Y .  and outside of this field trip area . 

the 
the 

Pre-Wisconsinan near-surface weathering 
development of solution features along 

carbonate s of these valley s . 

may have led 
j oint planes 

to 
in 

Concurrent with the forced c los ings of present land
fil l s  throughout the region , community leader s  are faced 
with the difficult tasks o f  locating economically feasible 
waste disposal sites while also protecting thei r  citizen s ,  
present and future . In order to locate and determine s ites 
that are sui table for safe waste d isposal , knowledge of site 
geology must be included . Early input by geologists and 
hydrogeologists may quickly rule out some areas before 
costly engineering and c onstruction i s  performe d .  Con
versely early study by geologists and hydrogeologists may 
affirm the inherent suitabil i ty o f  a s ite and a llow progres s  
i n  the difficult task o f  land fill selection . Important in 
the study o f  landfil l  s i te selection , in the proper manage
ment of san d ,  gravel and water resourc e s  and in s tream flood 
control is an appreciation of the surficial deposits . The 
surficial deposits o f  the study area include lodgement till , 
modern alluvium and kames , ( figure 3 ) . 

Figure 4 i s  the location map for a proposed landfill 
site near Res t  P laus Road in the Town o f  Marbletown . The 
geology and hydrology of the site and nearby areas proved to 
be more complex than could be estimated from published 
geologic maps and a bri e f  study would indicate . Field trip 
part G-I examines the evidence that geological and hydro
logical data should be gathered and analyzed early in 
landfill site selection. 

Field trip part G-I I is a s tudy o f  s tream conditions that 
have become , at least in the eyes of the public , an increasing 
threat from flooding . The Esopus Creek has , however changed i t s  
course several times i n  the pre-history and perhaps early history 
of the area . With this fact in mind , present land-use practices 
may be evaluated less harshly than may immediately be apparent . 
Neverthe le s s ,  certain land-use practice s ,  such a s  mining o r  other 
stream disturbances may upset a balance and increase exis ting 
environmental problems . We will examine the possible or probable 
effects of mining, agriculture , and residential and commercial 
development in the E sopus ·Creek f loodplain . 
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T H I CKNESS ! 
�EMARKS FORMAT I ON L I THOLOGY -

m 1 f t  I 
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Figure 2 .  Postu lated Strati graphic 
Col umn - Rest Plaus Property, Stops 
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several landowners who h ave a llowed geologists and s tudents to 
cros s  and examine their property , my college admini strators who 
have supported an active UCCC geology field trip program and 
numerous students who have had to suffer with wet shoe s ,  cold 
winds , and instructor lectures while on these field trip s .  The 
continuing support of my family in sharing my time has been most 
important . I e specially am pleased to thank Dr . Rus sell Waines 
for the privilege of working with him ( and thereby hopefully 
absorbing some portion of h i s  depth of geologic understanding) 
and typi st s , · Susan Salzmann , and Helen Cha s e ,  Ass i stant to the 
Dean of Instruction . Errors are a ssuredly mine . It i s  also 
important to me that increasing numbers o f  people learn and 
appreciate the important role of geology in protecting our 
environment .  I hope this small study may encourage additional 
serious study and proper planning , and will be a help to 
secondary school s cience and introductory college s cience course 
.._ o � ,...'ho,...c:o 
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Road Log - Trio G 

Trip G - I  

Road log begins at the parking lot o f  the Ramada 
Inn , Route 2 8  west o f  Kingston , N . Y .  - Kingston 
Wes t  quad . 

At traffic light , turn right onto Route 2 8 .  

Take Route 2 0 9  Exit South , E llenville . 

Oxbow on right (wes t ) , and S top 10 . 

Bridge over Esopus Creek . 

Hamlet o f  Hurley and overpas s .  

Roadcut with Onondaga Limestone exposed alongside 
highvJay for next 1 .  5 miles . 

Meander of Esopus Creek on r ight (wes t )  • 

Onondaga Limestone (old quarry ? )  on right (wes t ) ; 
entering hamlet o f  Stone Ridge . 

Park along east s ide highway next to fruit and vege
table s tand on the corner of Cottekill Road and 
Route 2 0 9 .  

STOP 1 .  Enlarging S inkhole 

This s inkhol e  was first noted in the mid-19 7 0 ' s .  At 
that time , it was approximately 5 feet in diameter 
and provided a convenient drain for the then-produc
ing grapevines nearby . In ten years , i t  has enlarged 
to i ts present diameter of about 20 feet , with two 
well-developed channels leading to i t .  A drain next 
to the highway leads to a s torage basin that over
flows with each heavy rain . CAUTION PLEASE : the 
storage bas in cover is a lightweight steel plate and 
is usually l i f ted o f f  the basin entrance by the force 
of the over flowing water ; the opening is a danger to 
anyone walking through the brush along this road . 

Another small s ink has developed next to the founda
tion o f  the rear o f  the two-century-old house immedi
ately north of this stop . Please respect private 
property and do not enter wi thout permi s s ion . An 
additional s i nk i s  located east o f  the rear lawn , and 
some subsidence i s  in evidence on the front and s ide 
lawns . 
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The former owner of the property on the west s ide o f  
the highway >vished to construct a small pond o n  the 
property . He excavated soil and lined it with c lay 
as he was ins tructed by personnel with the State 
Department of Environmental Conservation , and watched 
it fill with rain water . He was quite perturbed to 
see the water go " down the drain . "  In the center o f  
the dry basin was a hole about one foot in diameter 
which he sealed with cement . The man-made basin s tays 
dry and the present landowners are evidently trying 
to fill it with debri s . 

The cause o f  the sinkhole development here is evi
dently the collapse of a cave or cave system within 
the Onondaga Limestone during a lowering of the local 
water table . When the water level dropped , the cave 
roof was unsupported and collaps ed .  The condition is 
accelerated by the entrance of surface water that can 
cause more solution of the carbonate bedrock . 

In the mid-19 7 0 ' s ,  a company located about one mile 
to the north of this site was us ing water drawn 
from s everal drilled wells . The company reportedly 
had a need for a dependable and plenti ful supply 
o f  water and were concerned that the water level 
in its wel ls had dropped more than 40 feet in three 
or four years . The company wanted to know where i t  
should drill for more water . At least one neighbor 
was concerned that the company ' s  dri l ling for more 
water was caus ing his household well to be contami
nated with s il t  and clays . The company was advis ed 
to obtain its water from the west s ide of the highway 
from tills and alluvial s ediments in the Esopus Valley . 
This "solution" has evidently ended for the present the 
company ' s  water supply problems . 

The cause for the lowering o f  the local water table 
is difficult to determine . The construction o f  the 
wider highway may have restricted important recharge 
locally (Egemier , personal communication ) .  Uls ter 
County Community College with large , impermeable 
parking lots and increased comn1ercial development 
locally may all be withdrawing nuch water and preventing 
recharge that could result in a lowering of the water 
table . There has been a s ignificant increase in the 
number o f  homes built nearby , and all have drilled 
wells with cones of depre s s ion that may cause a 
lowered water table . The temperature-precipitation 
conditions may have changed to decrease the ground 
water recharge . A stream, local excavation , or road
cut nearby may have intersected a cave or fracture 
sys tem that is now flowing as a spring . Of course , 
the lowering may be a natural event producing a s ink
hole that should be considered normal in a carbonate 
bedrock located in a humid region . Well-developed 
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sinkholes that are located at Stop 2 have evidently 
formed naturally during the pas t .  

Continue driving south on Route 2 0 9 . 

Intersection o f  Route 2 0 9  and Route 2 1 3  West ;  turn 
right onto Route 2 1 3  \"es t .  

Sinkhole pond ( ? )  on left . 

Turn left at Hendricks Lane and park along the s ide 
road (old Route 2 1 3 ) . 

S TOP 2 .  Hendricks Lane S inkholes 

Positions of at least four s inkholes can be seen in 
the field to the south . They can be recogni zed by 
stands of large trees . Farmers were not able to 
work the land at s inkho les and trees were allowed 
to grow there . A s inkhole in the field to the north 
was covered during the early 1 9 8 0 ' s .  It will be 
interesting to see how long it will remain covered 

· and tillable . 

Return to cars and drive east on Route 2 1 3  back to 
Route 2 0 9 . 

Intersection with Route 2 0 9 , turn right ( south) . 

Town of Marbletown , Town Hall on left . 

Intersection with Route 2 1 3  Eas t ,  turn left (east) . 

Limestones in roadcut , former railroad overpass at 
hamlet of High Falls . 

Light at High Falls intersection with Lucas Turnpike 
(Ulster County Route 1 ) ; turn right ( south ) . 

Rondout Creek meander on left . 

Rondout Creek meander on left . 

Limestone on right , New Scotland and Kalkberg Forma
tions . 

Bridge over dry Kripplebush Creek and parking area 
on right side of road . Park car and walk to dry 
creekbe d ,  Stop 3 .  

STOP 3 .  Pompey ' s  Cave 

A suggested explanation o f  the initiation of this cave 
and subsurface drainage follows . Kripplebush Creek 
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has cut through a recessional moraine at the hamlet 
of Kripplebush and i ts course meanders considerably 
as it flows southeasterly across the post-glacial 
lake bottom deposits and empties into the Rondout 
Creek nearby . The · Rondout Creek flows over a s hrink
ing waterfall � 2 miles north at High Falls s ince 
the caprock is dipping wes t .  As the waterfall height 
lowe r s  and as the Rondout Creek above the waterfall 
continued to erode through the carbonates , the base 
level of the Kripplebush Creek was lowered and the 
local water table dropped . Subsequently , the lower 
reach of the Kripplebush Creek was rej uvenated and 
has cut into the Rondout carbonates . The water 
evacuated from the cave beneath the Mg-Carbonate mem
ber of the Rondout Formation fol lowing the lowering 
water table , and eventually the surface s tream began 
seeping downward through and , thereby , enlarging 
j oints in the Rondout carbonates .  This probably 
occurred first in j o ints near the Rondout Creek , 
then later in j oints farther upstream . Now , the 
stream enters several " swallow holes " upstream and 
has become an underground s tream flowing presumably 
into the Roundout Creek . Indications are that this 
process will continue and , in fact , the upstream , 
meandering portion o f  the s tream seems to be re j u
venated more each year ; it i s  expected that the 
increased downcutting will result in additional 
s inks developing in the s tream bed as long as the 
surface water can enter a cave below i t .  

Note the character o f  the dry stream bed near the 
Lucas Turnpike bridge . Joints are apparent , and 
well-developed mudcracks can be observed . An en
trance to the cave i s  located a few hundred f e e t  
" upstream" i n  the dry s tream bed , and a homemade 
ladder is constructed to a s s i s t  people who wish to 
enter the cave . CAUTION : The property owner has 
not chosen to " po s t "  or restrict valid study o f  
this local phenomenon . I f  you decide to enter , 
please realize i t  is your dec i s ion and you have 
decided to assume any associated ris k .  Before s tudy
ing or entering the cave , you may wish to walk up
stream farther to see a partial collapse of the 
stream bed into the cave below , and to observe the 
stream entrance holes farther upstream . CAUTION : 
The fields nearby are used for pasture for cattle . 
Be care ful that a bull in not loo s e  nearby or you 
may need to make a hasty retreat downstream! I f  you 
decide to enter the cave , check each ladder rung 
very carefully to determine i f  it will hold your 
weight . Always leave at least one person on the 
surface to obtain help if the ladder breaks . 
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Return to the cars and drive south to the driveway 
for the United Methodi s t  Church Camp . 

Turn left into Camp Epworth and drive to the lodge 
parking lot and park . 

STOP 4 .  Rondout Creek Meander 

This vantage point provides an excellent view o f  the 
Rondout Creek at a magni ficant sweeping mobile meander . 
During flood s tage , the s tream severely undercuts its 
bank and some slumps and subsidence have occurred . 
Return to cars and drive out to highway . 

Lucas Turnpike , turn right ( north ) . 

Turn l e ft and drive up a s light incline and park in 
the lot of Rondout Manufacturing Company (RMC ) . 

STOP 5 .  Artesian Spring and Pool 

A fence protects an unwary visitor from the artesian 
spring ( locally called a s i nkhole) located near the 
western boundary o f  the R!-1C parking lot .  This is 
reported to be the third protective fence placed 
around this feature , following the enlargement o f  
the pool and loss o f  the fences . This lot was a 
sand and gravel quarry that was mined until the 
operators noted the appearance o f  groundwater s ur
facing . After mining ceased , the property was 
developed in the 1 9 7 0 ' s  as the current operation . 
Water broke through the sand forming an apparent 
s inkhole . Evidently , sand is flushed out and onto 
the land surface with occas ional increased water 
flow , causing a pit to form fi lled with water . The 
pool within this pit was plumbed to be about 4 0  feet 
deep in the early 1 9 8 0 ' s .  I have observed water , and 
pos s ibly gas bubbles , e j ected one or two feet into 
the air , with the appearance o f  " rising "  and/or 
" j umping." fish ! The aqui fer feeding this spring is 
unknown and somewhat of an enigma , s ince the eleva
tion o f  discharge is about 3 0  feet higher than the 
nearby unnamed s tream. The surrounding surface is 
generally at a lower elevation and increased dis
charge does not seem to be immediately correlated 
with rainstorms . No geochemical tests of the water 
or continuous studies or monitoring of discharge 
are known . Could thi s  spring be the outflow o f  a leak 
in the nearby Rondout Pres sure Tunnel section o f  the 
New York City Aqueduct? Clearly , additional s tudy 
is warranted and could prove interesting . In any 
event , it does indicate that the hydrology o f  this 
area is not well-known . 
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Drive back to highway . 

Turn right ( south) onto Lucas Turnpike . 

Turn right onto small road named Rest Flaus Road . 

Narrow former underpas s  of former railroad . The 
rocks used in constructing this underpas s/railroad 
bridge foundation were taken from the old Delaware 
and Hudson Canal wor k s .  Continue up s light grade 
and park along road with flashers on . 

STOP 6 .  Rest Plaus Road Proposed Landfi l l  
Site 

This site \vas considered as a landfill for the Town 
of Marbletown in the early 1 9 8 0 ' s .  The landfill 
vmuld be located within the shielding forest to the 
northeast with a leachate lagoon located on the 
southwes t .  The soils of the land on the western 
portion of the property would serve as the mine for 
the daily landfill·  cover , as we ll as to provide for 
some future expansion of the landfill if needed . 

Near the southern boundary of the property , a small 
stand of trees can be seen from the road in the 
field .  C lose examination sh01v·s that the trees are 
grovling within and around a shallow, filled s inkhole . 
Blocks of the relatively soluble Becraft Limestone are 
exposed , and dis solution has occurred between the 
separated limestone blocks which are at s l ightly 
different attitudes . Some sur face runo ff is pass ing 
into this depress ion . At various depths , Becraft 
Limestone and other limestones less susceptible to 
solution and s inkhole development underlie the pro
posed lagoon and landfill areas , as we ll as the pro
posed landfill mine . 

Some less obvious solution effects can be observed 
along j oint planes and limestone nodule lavers in 
the Port Ewen mudstones . These appear to occur within 
2 m. (V' 6 ft . )  of the bedrock surface and can be seen 
after a short walk along the abandoned railroad grade 
along the east border of the s ite . 

In addition to solution effects calling into question 
the use of the s ite as a landfil l ,  there is some 
evidence that a southeast-northwest thrust in the 
Port Ewen Formation occurs in the eastern l imb of a 
northeast-trending plunging syncl ine , proj ected along 
the hillside and cro s s ing the abandoned railroad 
grade . Also , a much smaller , narrower , more tightly 
folded , northeast-trendina and nlunainc anticl ine mav 
pro j ect into the southern - half �f the property and • 
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may pass through the location of the previously 
descr ibed s inkhole in the Becraft Limestone . 

Clearly , additional geology and hydrology investiga
tions are called for before thi s property should be 
used as a landfill . The recent search for a town 
landfill has been abandoned , and there are at pres 
ent n o  known plans t o  determine the suitability o f  
this s ite . 

Return to cars and continue driving west . 

Intersection with Old Kings Highway - continue 
straight (wes t ) . 

East overview of Stop 6 ,  former proposed landf i l l  
site .  

Intersection with Route 2 0 9 . 

END OF FIELD TRIP G-I .  To return to Ramada Inn , 
turn right and drive about 1 3  miles north . 

Start of Trip G-I I .  

Turn right (north) onto Route 2 0 9 . 

Intersection with Route 2 1 3  East ,  drive straight on 
Route 2 0 9  North . 

Hamlet of Stone Ridge , N . Y .  

Meander of Esopus Creek along west s ide of highway . 

Turn left onto short drive to Esopus Creek.  

STOP 7 .  Esopus Creek - " Bathtub" 

This area is called locally the Bathtub . Reportedly,  
sand and gravel mining was conducted here , along the 
outside of a stream meander . During a flood in the 
1 9 6 0 ' s ,  the stream cut through the narrow berm 
separating the quarry from the stream, and the 
quarry became a portion of the stream. Mining opera
tions have been relocated to several other areas of 
the Esopus Floodplai n ;  we will visit some of the 
newer operation s .  

Environmental problems associated with a breach of 
quarry operations that could affect the Esopus Creek 
include the fol lowing . ( 1 )  The stream s lows when 
entering the wider , deeper area , and exposure to 
additional light coupled with less shade from pro
tective shoreline trees will warm the waters .  The 
warming waters will be expected to hold less 
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dis solved oxygen and the stream ecology wil l ,  thus , 
change.  This renowned f i shing stream will probably 
produce fewer trout in the future . ( 2 )  More rapid 
stream bank erosion may be expected during flood 
stage causing an increase in stream sediment load . 
This also i s  expected to change the stream ecology . 
( 3 )  Increased erosion here should produce increased 
stream channel depos ition downstream, and more over
bank f looding more o ften . Communi ties dovm s tream 
include the hamlet of Hurley , the C ity of Kingston , 
the hamlet of Lake Katrine , the Town o f  Ulster , and 
the Village of Saugertie s ;  increasing concern is 
being expressed in local newspapers by citi zens and 
local government officials (Kwiatoski byline , King
ston Daily Freeman , 1 0 / 2 / 8 7  and 10/5/87 ) .  The usual 
call is for the Army Corps of Engineers to dredge , 
channelize , or to otherwi se provide increased flood 
control of the middle Esopus Creek . 

Return to cars and turn right ( s outh ) onto Route 2 0 9 . 

Turn right onto Tongore Road ( Old Tongore Road on 
Mohonk Lake , N . Y .  Quad . ) and drive we s t .  CAUTION : 
Make sure you slow down wel l  before thi s turn and 
signal a right turn to avoid a rear-end col l i sion , 
a COQIDOn occurrence here . 

STOP 8 .  Town o f  Marbletown Park , Esopus Creek 

A kame can be seen to the south that has been mined 
since the late 1 9 7 0 ' s .  A kame is valuable for sand 
and gravel mining , since it is sorted by glacial
fluvial processes and operations can thereby save 
considerably . 

The Esopus Creek enters the valley about one-half 
mile upstream (we s t )  of thi s  s top and begins a broad 
meander to flow northeasterly . Mining of sand and 
gravel deposits was done on the floodplain on the 
opposite side of the stream, evidently in accordance 
with ( then ) existing state and local regulations that 
required a minimum 1 0 - foot berm to be left untouched . 
F loods of the late 1 9 7 0 ' s  repeatedly breached the 
berm; and repeated e f forts to reinforce the berm with 
at first gravel s  and then a steel wal l  continually 
failed . Rapid bank eros ion has begun on the south 
side of the Esopus . In 1 9 7 7 , a row o f  trees about 
2 0  feet wide existed from the man-made sand beach to 
the east along the c reek . The se have been washed 
away . The channel downstream is evidently filling 
with gravel's , and it appears the stream may be chang
ing its course here because o f , or in spite o f ,  the 
mining disturbance . 
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Return to cars and continue driving west on Tongore 
Road . 

Turn right ( north ) onto Hurley Mountain Road , unnamed 
on Ashokan and Kingston Hest Quads . 

Cross bridge over Esopus Creek . 

On the l e f t  s i d e , is this a meander s c ar o f  an e a r l i e r  
Es opus C r e e k  channe l ?  

I s  this an oxbow of an early Esopus Creek? This was 
a nearly filled pond until the 1 9 8 0 ' s ,  when it was 
dredged to provide a more attractive pond . It i s  
possible that the stone house v1as contructed along
side a well-flowing s tream two or three centuries 
ago . Several small streams flowing into the valley 
seem to flow into meander scars of a once larger 
stream. Of cour s e ,  they may have constructed these 
meanders themselves if they previously had a greater 
discharge . However ,  several other undoubtedly Esopus 
Creek oxbows and meander scars are apparent from a 
study of the Kingston West Quad . 

Crossroads of Lomontvil le , turn right ( s outh) onto 
Fording Place Road . 

Sand and gravel mining on right s ide ; operation has 
been intermittent during the 1 9 8 0 ' s .  

STOP 9 .  Fording Place on Esopus Creek . 

Sand and gravel mining can be studied here . Note 
that an operation in modern al luvium, ground moraine , 
and lake deposits must include mechanical separation 
or grading . Thi s increases mining costs to the 
operator s .  Occasional glacially carried boulders 
and cobbles can be found here , recognized by facets 
and striae . Note also that the operations of the 
mine are near the stream and the berm is occasionally 
breached by f loods . When water i s  low , many local 
residents ford the s tream here with their vehic les . 
The hamlet of Marbletown i s  located on the other side . 

Cautiously turn around ( since local residents are not 
used to finding cars blocking their accustomed stream 
cross ing) , and drive back on Fording Place Road . 

Turn right (north) onto Hurley Mountain Road . 

Fallen rock zone ; cliff prone to landsl ides . This 
valley wall was probably cut by the glacier ( s ) , but 
the cliff base may have also been undercut by an 
early meandering Esopus Creek . 
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Landslide prone are a .  Rockslides and slumps occur 
here about every 7 to 15 year s ,  often covering the 
roadway . The highway department has each time 
quickly removed the supporting talus at the base of 
the cliff,  probably encouraging additional future 
landslide s .  Note the "blocks " of rock ( Hamilton 
Formation , shales and siltstone s )  that are ready to 
break loose along j oints . 

Turn right onto Wyncoop Place ( no s ign and not named 
on Kingston West Quad . ) ,  now occupied by Engl ishman ' s  
Creek , a local name . 

Cros s ing over a meander scar of early Esopus Creek? 
At the end of Evergreen Lane , a broad , open oxbow 
lak e ,  a meander of an early Esopus Creek can be seen 
(on private property ) . This oxbow lake is apparent 

on the Kingston Wes t  Quad . 

Lawns of the houses on the left were severely damaged 
by Esopus Creek f loodwaters during the heavy rains 
of mid-Apri l ,  1 9 8 7 .  I f  the rains had occurred with 
a melting snow, the damage might have been more seri
ous . Large " potholes "  or " swirlhole s "  over 10 feet 
in diameter , several feet deep , developed in at least 
one lawn . The damage has s ince been repaired by 
residents .  

Bridge over Esopus Creek . 

Stop s ign at hamlet o f  Hurley , N . Y .  

Intersection with Route 2 0 9 , turn left ( north ) . 

Bridge over Esopus Creek , rip-rap placed along s tream 
bank . 

STOP 1 0 .  Oxbow Lake 

A large gravel-covered area on the right s ide of the 
road provides ample parking space . I f  you cross the 
road , use extreme caution s ince cars are leaving a 
controlled-acces s  four-lane highway here and are o ften 
trave lling at a high spee d .  

Some area residents believe that the stream ' s channel 
was changed by man during the construction of this 
newer section of Route 2 0 9 , and that the pond along 
the west s ide of the highway was where the pre-highway 
Esopus Cree,k was f lowing . The 1 9 4 2  Kingston Wes t  Quad , 
however , shows that this exis ted before the highway 
was constructed in the early 1 9 6 0 ' s .  It is certain 
evidence that the Esopus Creek has changed its course 
in the pas t ,  and probably will continue to do so in 
the future barring complete channeli zation . 
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This oxbow is undergoing rapid eutrophication now , 
s ince the nearby agricultural fields are heavily 
fertili zed ; normal runoff is feeding the vegetation 
within this oxbow. 

Return to cars and drive north . 

Turn right onto Route 2.8 Exit" to Kings ton , N . Y .  

Traffic circle ; turn onto first exit , Washington 
Avenue , Kingston . 

Bridge over Esopus Cree k .  

Turn left (northeas t )  a t  traffic light onto S chwenk 
Drive . 

Turn left (west)  into Kingston Plaza and take first 
left into drive along the side of the Sear ' s  Depart
ment Store . Drive to the r�ght in back of the Plaza 
and park . 

STOP 1 1 .  Plaza F lood Control Pro j ect 

F looding during January thaws and spring melts of 
1 9 7 6 - 1 9 7 8  caused citi zens , commercial interests , and 
pol iticians to reque st the Army Corps of Engineers to 
provide flood control . The Corps o f  Engineers at 
first suggested that flood control might not be wise 
s ince it might cause increased flood problems down
stream (north ) , but a compromise was agreed upon t o  
construct flood control on the Plaza s ide only . High 
waters are now not a hazard to the stores , but some 
people have wondered if flooding o f  the oposite side 
might become more common now that nearly all the flood 
waters must flood ont o  the oppo s i t e  side . 

Continue driving along the flood control dike . Note 
that high flow water can be diverted to a confined 
wetland to allow some groundwater recharge . 

Exit the Kingston Plaza and turn right onto Schwenk 
Drive . 

Turn right ( north) at traffic light onto Washington 
Avenue . 

Bridge over Esopus Creek . 

Traffic circle . 

Take first right after N . Y .  State Thruway (Route �8 7 )  
entrance , turn r i g h t  i n t o  the parking l o t  of the Ramada 
Inn . 
END OF FIELD TRIP G- I l .  
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GENERAL STRUCTURE AND O RDOV I C I AN STRAT I G RAPHY FROM THE 
MARLBORO MOUNTA I N  OUTL I ER TO THE SHAWANGUNK CUESTA 

ULSTER COUNTY , NEW YORK 

M I CHAEL J .  KALAKA 
1 1 84 Ocean Avenue,  Sea B r i gh t ,  New Je rsey , 07760 

RUSS E L L  H .  WA I NES 
Department of Geo l og i ca l  S c i ences 

State Un i vers i ty of New York 
Co l l ege at New P a l tz 

New Pa l tz ,  New York 1 25 6 1  

I NTRODUCT I ON 

The Lowe r Wal l k i l l  V a l l ey l i es w i th i n  the wes tern por t i on of the 
Appa l ach i an fo l d  be l t  and i s  approx i ma t e l y  70 m i l es ( 43 . 5  km) no rthwes t  of 
New Yor k  C i ty ( f i g .  1 ) .  

W i t h i n  the s tudy a rea the eastern s i de of the va] l ev i s  f l anked by 
O rdov i c i an f l ysch depos i ts form i ng the Ma r l boro· Sync l i ne (Wa i nes , 
1 986) . On  the wes tern s i de i s  the S hawangu n k  Moun ta i n  escaromen t  capped by 
the Uppe r S i l u r i an Shawangunk Cong l ome rate. 

The M i d d l e  to Late O rdovi c i an Ma r t i nsburg Forma t i on forms the bedrock 
of most of the Lowe r Wa l l k i l l  Va l l ey wh i l e the bedrock on the eastern s i de 
i s  unde r l a i n  by M i dd l e  to Late O rdovi c i an Quass a i c  a ren i tes . Mos t of t h i s  
i s  usua l l y  b l anketed by W i scons i nan t i l l  o r  a l l uv i a l  dePos i t s de r i ved f rom 
the Wa l l k i l l  R i ve r  (Conna l l y  and S i rk i n ,  1 967) . 

Because of s t ruct u ra l comp l ex i t i es ,  i n f requent fos s i l s ,  and l ack of 
s t ra t i g raph i c  ma rkers i t  i s  d i ff i cu l t  to estab l i s h  c l ose l i tho l og i c  
cor re l at i on w i t h i n  the M a r t i nsburg Forma t i o n .  

P rev i ous attempts to determ i ne and dep i ct the s t ructure and 
s t rat i g raphy of the area by Ho l zwasser  ( 1 926) , R i cka r d ( 1 973) , and  Wa i nes 
et a l . ( 1 983)  have not been e n t i re l y  successfu l .  An i ncrease i n  bedrock 
exposures as a res u l t  of recent road cons truct i on toge the r w i th geo l og i c  
data acq u i red from the Del aware Wes t  B ranch Aqueduct (.C i ty of New York Boa rd 
of Water Supp l y ,  1 938,  1 939) , Catski l l  Aqueduct ( Board of Water Supp l y ,  1 905-
1 9 1 8) , and  l ogs f rom th ree w i l d  cat  we l l s  (Sus i ,  Modena , M i nnewas ka )  have. 
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enab l ed the cons t ruct i on of a . compos i te no rtheast-sou thwest  s t ructure sect i o n  
(Ka l aka , 1 985 , f i g .  23) . Th i s  sect i on extends from t h e  center of the 
Mar l boro Mounta i ns near L l oyd , New York wes twa rd th rough the Ma r t i n s bu rg 
Forma t i on i n  the eas tern cen t ra l , cent ra l , and western port i ons of the val l ey 
cont i nu i ng under the Shawangunk Mounta i ns a l most to Wawars i ng ,  New York 
( f i gs .  2 and 3 ) . 

The sect i on revea l s  th ree maj o r  s t ructu ral  doma i ns (east to wes t ) : 
( I )  a monocl i na l , sou theast-d i pp i ng doma i n  i n  wh i ch an a ren i te fac i es s ha l es 
to the wes t  and sou thwes t (we s t  l i mb of the Ma r l boro Sync l i ne) ; ( 2 )  a comp l ex 
doma i n  i nvo l v i ng mos t l y  s ha l es ( cen t ra l  po rt i on of the Wa l l k i  1 1  V a l l ey) ; 
( 3 )  an open fo l d  doma i n  i nvo l v i ng mos t l y  s ha l es (western po r t i o n  j u s t  eas t of 
and under the Shawangunk Cues ta) ( Ka l aka , 1 98 5 ,  f i g .  24) , ( f i g .  2) . 

STRAT I GRAPHY 

The Lowe r Wa l l k i l l  Va l l ey i s  under l a i n  by . th ree ma i n  s t ra t i g raph i c  u n i ts 
(Kal aka , 1 985 , f i g .  1 4 ) . I n  the north-south t rend i ng M a r l boro Sync l i ne the 
1 0 , 000 foot (3048m) O rdov i c i an Quas s a i c  G roup outcrops as  med i um bedded s ub
g raywackes and qua rtz aren i tes (Wa i nes et a l . ,  1 983 ; Wa i nes , 1 986) . I n  the 
eastern cent ra l , cen t ra l , and wes te r n  po r t i o.n . of the va l l ey the Bushki l l  Sha l e  
( l owe r member of the Mart i ns b u rg Format i on )  crops out . I n  the wes tern port i o n ,  
pos s i b l e  s t rat i g raph i c  equ i va l ents  o f  the m i dd l e  and upper Ma r t i n s bu rg are 
over l a i n. by the Shawangunk Cong l omerate w i th angu l a r unconform i ty .  

SHAWANGUNK CON�LOMERATE O n  the western ma rg i n  o f  t he val l ey the Shawangunk 
Mounta i n  Cues ta i s  capped by a l a te S i l u r i a n ,  wh i te ,  ve i n  quartz cong l ome rate 
that i s  i n  angu l a r  unconform i ty w i th the upper por t i o n  of the Mart i nsburg 
Forma t i o n .  Th i ckness ranges pos s i b l y  between 600 and 300 feet (92m) i n  the 
s tudy a rea (Wa i nes and Sande r s , 1 968� . 

QUASSA I C  GROUP Th i s  group i s  l a te Med i a l  to med i a l  Late O rdov i c i a n  i n  aqe. 
I t  cons i s ts of a 1 0 , 000 foot ( 3048m) sequence of a ren i tes wh i ch have been s ub
d i v i ded i nto f i ve format i on s  wh i ch , top to bottom , a re :  C reekl ocks ( 1 4 1 0  fee t ,  
430m) , R i fton (2509 fee t ,  765m) , Shaupeneak ( 2 1 1 5  fee t .  645m) , S l abs i de ( 22 1 4  
fee t ,  675m) , and Chod i kee ( 1 640 feet , 500m) (Wa i nes , 1 986) . The q roup occurs 
as an out l i e r  occupy i ng the M a r l boro Sync l i ne w i th the east 1 i mb of ove rtu rned 
a ren i tes determ i n i ng the t race of the Ma r l bo ro Moun t a i ns (Wa i nes , 1 986) . To the 
wes t  and southwest the l owermos t th ree forma t i ons appear to g rade rapi d l y  i n to 
the Bushk i l l  Member of the M a r t i ns burg Format i on . 

· 

MART I NSBURG FORMAT I ON AND EQU I VALENTS The eastern cen t ra l , centra l  and 
wes te rn po rt i ons of theva l l ey a re under l a i n  by .Med i a l  to Late O rdov i c i a n  
Mart i nsburg Forma t i o n .  Th i s  un i t  ( c;omposed p r i ma r i l y  o f  d a r k  q ray s ha l es and 
s i l ts tones and l es s  frequent a ren i tes)  has an es t i mated max i mum th i ckness of 
about 1 2 ,000 feet (3659m) ( Ka l aka , 1 985) . To the eas t  i t  appears'  to g rade 
i n to the l owe r Quass a i c  a ren i tes and to the wes t  i t  appears to represent 
l atera l fac i es of the m i dd l e  and _upper un i ts of the Ma r t i nsburg ( Ramseyburg 
and Pen A rgyl ) .  

BUSH K I LL  SHALE The l owe r member of the Ma r t i nsburg Forma t i on ( D rake and 
Epste i n ,  1 967) cons i s ts of l am i nated to very th i n  bedded , dark b l u i sh to dark 
med i um g ray s h a l e  ( l ow grade s l a te) that  wea thers med i um to very l i ght gray to 
yel l owi sh b rown . The sha l e  con ta i ns mi n � te s i l ty l am i nae weathe r i ng ye l l owi s h  
b rown , Weathered l am i nae often con t ra s t  w i th the b l ue g ray o f  the mat r i x  and 
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a re frequent 1 y enhanced by weathe r i ng ·, Sed i men tary fea tu res mos t  common 1 y 
encountered a re g raded bedd i ng i n  s i l t  and c l ay cou p l ets , and cros s- l am i n a t i ons  
i n  the  s i l ty l am i nae , Th i cknesses  va ry from 2 , 000 feet p l us ( 6 1 0m o l us l  below 
the Quas sa i c  a ren i tes (Wa i nes et a l . ,  1 983)  a l though where the Ouassa i c  g rades 
to s ha l e  the t h i ckness may i nc rease by as  much as  6 , 560 feet ( 2000m) (Wa i nes , 
1 986) • 

Genera l l y the Bus hki l l  S ha l e  appea rs unfos s i l i fe rou s , but a l i m i ted number 
of foss i l  l oca t i ons h.ave been determ i ned , 

RAMSEYBURG EQU I VALENT What i s  thought to be a l ate ral  equ i va l ent of the 
m i dd l e  g raywacke-bea r i ng Ramseybu rg Member of the Ma rt i ns bu rg Forma t i on crops 
out j us t  wes t  of Montgome ry and cont i nues northeas twa rd t h rough the s t udy a rea 
where i t  s ha l es out and/or i s  termi nated by a reg i on a l  thrus t .  A l though the 
Ramseyburg equ i va l en t  appears to have been t raced by Of f i e l d  ( 1 967) across the 
Goshen 1 5  m i nute Quadrang l e  as  the Aus t i n  G l en no authors have t raced i t  
d i rect l y  to the Del aware Water Gap where the type l ocat i on c rops out ( D rake and 
Epste i n , 1 967) , Because of i ts rela t i ve pos i t i on between more sha l ey u n i ts 
above and b e l ow and i ts 200 foot p l us (6 1 m p l u s )  th i ckne s s  i n  the Goshen 
Quad rang l e  i t  i s  thought to be equ i va l en t  to the Ramseyburg . 

I n  the s tudy a rea the Ramseybu rg Equ i va l ent occurs as  a sequence of 
a l terna t i ng beds of dark  l ow g rade s l ates and s ha l es and l i ght  g ray , l i ght 
b rown to yel l ow i s h  b rown weathe r i ng ,  t h i n- to t h i ck�eedded s i l ty . s obgt:aywacke 
to quartz a ren i tes . The g raywacke occu rs i n  beds that range f rom l es s  than 
1 foot (O . l m) to 6 feet ( l . Bm) i n  th i cknes s (averag i ng about 3 feet ( 0 . 9m) ) ,  
and appea r to compr i se l es s  than 1 5% of the seq uence. 

A f l ow cas t- bea r i ng i n te rva l can be t raced i n  expo s u res from j us t  wes t  of 
Montgomery northeas twa rd i nto the Shawangunk K i l l .  I f  i t  were not for the 
i dent i f i ca t i o n  of th i s  i nterva l wh i ch can be p rojected i nto the Shawangunk K i l l  
l ocat i on from the southwes t ,  the l am i nated s ha l es and s i l ts tones 6f the 
Ramseyburg Equ i va l ent wou l d  be v i rtua l l y  i nd i s t i ng u i s h ab l e  f rom those of the 
Bushki l l  or Pen Argyl Equ i va l en t s . The contact w i t h  the ove r l y i ng Pen A rgyl  
Equ i va l en t  is  probab l y  g rada t i on a l  w i th the s i l t s tones and g raywacke bands 
t h i n n i ng upwa rd . No fos s i l s  we re observed i n  the Ramseyburg Equ i va l en t .  

The es t i mated th i ckness o f  the Ramseyburg Equ i va l en t  i n  the E l l en v i l l e  
Wel l i s  1 600 feet ( 488m) and 600 feet ( 1 83m) i n  the M i nnewaska We l l  ( Ka l a ka ,  
1 985 , Tab l e  I V ) , ( f i g ,  2) . 

The Shawangunk K i l l  may expose no more than 1 00 feet (30m) of g raywacke
bea r i ng s t rat a ,  but the un i t  appears to t h i cken to the -southwes t because 
Off i e l d  ( 1 967) es t i ma ted a t h i ckness of about 4000 feet ( 1 21 9 . 5m) south of 
the s tudy a rea , 

. PEN ARGYL EQU I VALENT 
burg Forma t i o n  cons i s ts 
wackes . 

I n  the wes tern port i on of the va l l ey the Mart i ns 
of l am i nated s h a l es and s i l t s tones and some subg ray-

S i l t stone l aye rs range f rom 1 / 8  i nch to 1 �2 feet ( 0 . 6m) , more common l y  
between 1 /8 i nch and .;, foot · (0 . 2m) . The sands and s i l t s tone typ i ca l l y  
weather a buff co l o r .  A fresh s ha l e  s u rface i s  med i um d a r k  gray w i th a 
b l u i sh cas t  weather i ng d a r k  g ray o r  b l ack.  Because of i nsuff i c i ent exposures 
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i t  i s  v i rtua l l y  i mpos s i b l e  to deve l op an accepta b l e  s t rat i g raph i c  co l umn at 
presen t .  No foss i l s were found i n  the observed outcrop s .  

An average t h i ckness es t i mated f rom the E l l envi l l e  and M i nnewaska Wel l s  
us i ng gamma l ogs i s  about 6500 feet ( 1 982m) fo r th i s  un i t  ( Ka l aka , 1 985 , 
Tab l e  I V) . Th i s  t h i ckness i s  compa rab l e  to the t h i ckness es t i ma ted by D ra ke 
and Epste i n  ( 1 967) for the Pen Argyl membe r .  

STRUCTURE 

Except for the s tud i e s  of Ho l zwas s e r  ( 1 926) wh i ch res u l ted i n  fou r  
s t ructure sect i ons across or· near the Lowe r Wa l l k i  1 1  V a l l ey ,  few subsequent 
s tud i es have been attempted , p resuma b l y  because of the assumed compl ex 
s tructu re w i th i n  the val l ey ( Ka l aka , 1 98 5 ,  f i g s .  5- 1 1 ) .  

Recent f i e l d  dat a ,  suppl emented w i th data from the Catsk i l l  and 
De l aware Aqueducts , have l ead to the recogn i t i on and d e l i neat i on of s t ructura l  
doma i ns and  new s t ructura l conc l us i ons i n  a s econd approx i ma t i on of  a 
geo l og i ca l l y  comp l ex reg i on . 

The a rea , centered on the Wa l l k i l l  Ant i c l i no r i um ( ' Neel ytown ' of 
R i cka rd , 1 973) , can be d i v i ded i nto th ree maj o r  s t ructu ral  doma i ns f rom east 
to wes t :  ( 1 )  Mcneel i ne ( Southeas t D i p) , ( 2 )  Cen t r a l  Comp l ex ,  (3)  Open Fo l d  
( Ka l aka , 1 98 5 ,  f i g .  24) . 

Monoc l i na l  ( Southeast  D i p) Doma i n  The eastern l i mb of the- Wa l l k i l l  Ant i -
cl i no r i um i s  rep resented by east-d i pp i ng s t rata  wh i ch project i n to the wes tern 
l i mb of the M a r l boro Sync l i ne and i nvo l ve a pos s i b l e  compos i te 1 7 , 000 feet 
( 5 1 83m) (but more l i ke l y  1 2 , 000 feet ( 3660m) ) of Bushk i l l  and O_uassa i c  sed i 
ments . 

Th i s  doma i n  i s  genera l l y  l ocated between t he Mar l boro Mou n ta i ns and 
I nterstate 87 from the Rosenda l e-Dashv i l l e reg i on to the southern t i p  of the 
Ma r l boro Moun ta i ns j us t  north of Newbu rgh ( f i g .  2A) . 

Exposu res rep resenta t i ve of t h i s  doma i n  occur a l ong and i n  the v i c i n i ty 
of Route 299 east of New Pa l tz .  

Cent ra l Comp l ex Doma i n  The ax i s  o f  the Wa l l k i l l  Ant i c l i no r i um wh i ch i s  
masked by a comp l ex of i mb r i cate,  ea st-d i pp i ng s l i ces i s  l ocated 
approx i mate l y  a l ong the cou rse of the Wa l l k i l l  R i ve r .  The i mb r i cate doma i n  
occu rs a l ong the c rest  of the ant i cl i no r i um and extends f rom I n terstate 87 
wes t  to a majo r  northeas t-southwes t  t rend i ng thrust  ( f i g s .  2�, 2B) . Th ree 
k i nds of s ubdoma i ns occu r w i th i n  th i s  reg i o n :  ( 1 )  h i g h l y  comp l ex ,  
(2)  east-d i pp i ng i mb r i cated , ( 3 )  open fol ded . 

Deta i l ed mapp i ng w i th i n  the comp l ex doma i n  req u i res a l a rqe sca l e  approach 
because the s i ze of the s ubdoma i n  i nfe r red w i th i n  the Wa l l k i l l  S i phon a re 
e s t i mated to va ry f rom 400 feet to 2800 feet ( 1 2m to 853 . 7m) i n  w i d t h  ( Ka l aka , 
1 985m f i g .  20 ; Ka l a ka and Wa i nes , 1 985) . Deta i l ed s u rface mapp i ng i s  
i nh i b i ted by g l ac i a l  cover wh i ch masks a maj o r  por t i on of the bedrock w i th i n  
the Lower Wa l l k i l l  Va l l ey .  I t  i s  u n l i ke l y  that an ent i re subdoma i n  i s  exposed 
anywhere w i t h i n  the val l ey ( Ka l aka , 1 985) . 
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The comp l ex doma i n  i s  a b r u pt l y  t e rm i na ted on  i t s wes t e r n  marg i n  b y  a 
major no r t heast to southwes t  t rend i ng ,  e a s t - d i pp i ng t h rus t .  Th i s  t h r u s t  may 
rep rese n t  a so l e  fau l t  p roj ect i ng upwa rd and wes tward off the su rface of the 
Wa p p i ngers C a r bonates on  the east  I i mb of  the Wa l l k i  I I  A n t i c !  i no r i um ( f i g .  3 ) . 
Th i s  t h ru s t  may have formed du r i ng Acad i a n  o r  l a t e r  t i me i n  response to 
t h rus t i ng of the compe tent Quassa i c  a ren i te mass i n  the core of the M a r l boro 
Sync l i ne wes tward i n to the t h i ck ,  l es s  competent B u s hk i l l  Sha l es a l ong the 
crest  o f  the Wa l l k i l l  Ant i c l i nor i um .  Fu r t h e r  ev i dence o f  the maj o r  t h ru s t  i s  
a 2000 foot ( 6 1 0m) sequence of southeas t - d i pp i ng ,  ove r t u rned s t rata i n  the 
l owe r reaches of the Shawangun k i l l  near Tut h i l l town . These s t ra ta ,  rema rkab l e  
i n  the i r  th i ckne s s  and a t t i t u d e ,  appea r to have been ove r t u rned i n  res pon se 
to ove r r i d i ng a l ong the maj o r  thrus t .  Expo s u res of upper p l a t e  mate r i a l  occu r 
nea rby on Route 44-5 5 ,  

N o  a t tempt has been made t o  determ i ne the extent and  n a t u re o f  offset 
a l ong the t h ru s t  because of l ack o f  s t ra t i g ra ph i c  ma rke r s . 

O pen Fo l d  Doma i n  Wes t  of the maj o r  t h ru s t  there ex i s t s  a doma i n  of open 
fo l ds and re l a t i ve l y  m i no r  fau l t s wh i ch can be d i v i ded i n to two subdoma i ns :  
one wh i ch i s  exposed to the east o f  t h e  Shawanqunk C u e s ta , and one exi s t i ng 
beneat h  S i  J u r i  an cove r .  S t ructure of the l a t t e r  was revea l ed mos t l y  i n  the 
De l awa re Wes t  B ranch ( C i ty of New York Boa rd of Wa ter  Supp l y ,  1 93 8 ,  1 939)  
and C a t s k i  I I  Aqueduct Tunne l s  ( Board o f  Wa t e r  Supp l y  1 90 5- 1 9 1 8) ( Ka l aka , 
1 98 5 ,  f i gs .  1 8 , 20 ) . 

F i e l d  observa t i on s  i n  the Trapps reg i o n  (Route 44-55)  i n  add i t i on to t he 
De l awa re �queduct tunnel  d a t a  i nd i cate t h a t  the fo l d  amp l i tudes and wave 
l engths to t he eas t  of the cues ta decrease wes tward bene a t h  S i l u r i an cover 
( Ka l aka , 1 98 5 ,  f i g s .  1 0 ,  2 1 ) .  A l though the deta i l ed s t ructure of t he S i l u r i an 
s t rata was not worked out  the gene r a l  a t t i tudes of the bed s a ppea r to be 
ref l ected i n  the gene ra l s l ope of the l and su rface . Consequent l y ,  t he 
O rdov i c i an s t ruc t u re benea t h  S i l u r i an cove r a ppears to have much g reater 
d i mens i on than the S i l u r i an fo l ds a n d  fau l ts gene rated i n  the Acad i an o r  l a t e r  
o rogeny , Though va r i a b l e ,  wave l engths  i n  t he O rdov i c i an fo l ds a r e  abou t 
2 000 feet ( 6 1 0m) o r  sma l l e r i n  the Rondout P res s u re Tunne l and  averaqe 
1 400 feet ( 42 7m) to 6000 feet ( 1 829m) or l a rg e r  i n  the De l aware Wes t  B ra nch 
Tunnel  ( Board of Wa ter  Supp l y ,  1 905- 1 9 1 8 ;  C i ty of New York Boa rd of Wa t e r  
S u pp l y ,  1 938m 1 939) . F o r  these reasons i t  appears t h e  O rdov i c i a n  s t ructure 
i s  l a rge l y  Tacon i a n  i n  o r i g i n  w i th rel a t i ve l y  m i nor  ' Acad i an '  mod i f i ca t i on 
i n  the open fo l d  doma i n .  

Wa i nes and Sanders , 1 96 8  ( f i gs .  1 ,  2 and Tab l es 1 ,  2 )  may have ant i c i pated 
the open fo l d  doma i n  i n  determ i n i ng Pre- S i l u r i an O rdov i c i an bedd i ng a t t i tudes 
i n  l oca t i on s  1 1  t h rough 1 5  of the i r pape r .  Pa l eod i ps ( 1 6  deg rees o r  l es s )  
a n d  d i p  d i rect i on va r i a t i ons (southwes t ,  northwes t ,  northea s t , wes t  a n d  eas t )  
i nd i cate a reg i on o f  b road , ope n ,  gen t l y  p l ung i ng fo l ds i n  the open fo l d  
doma i n .  Th i s  doma i n  or i g i na l l y  may have extended to the e a s t  o r  northeas t i n  
Wa i nes and Sanders l ocat ions 8 ,  9A , 9 B , and 1 0  whe re O rdov i c i an pa l eod i ps d i d  
not exceed 30  deg rees and  were i nc l i ned to the northwes t ,  southwes t ,  and south
e a s t ,  i nd i ca t i ng somewhat t i ghter  fol d i ng . -- The l a t t e r � l oc�t i ons  l i� .w i th t n -· t he 
i mb r i cate doma i n  b u t  P re-S i l u r i an a t t i tudes a t  the u n conform i ty do not appear 
to have been a ffected by i mb r i cat i o n .  I t  may we l l  be that p r i or to the 
d evel opment of the i mb r i cate doma i n  the O rdov i c i an open fo l d  doma i n  extended 
f u r t her e a s t  o n to a l es s  comp l ex an t i c l i no r i um .  
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A l t hough pos t- S i l u r i an fau l t i ng has been recog n i zed i n  the open fo l d  
doma i n ,  espec i a l l y  i n  the Del awa re Aqueduct ( B i r d ,  1 94 3 ,  f i g . 8) , i ts nature  
i s  not  we l l  unde r s tood and  the d i s p l acement appea rs to  be  re l a t i ve l y  m i no r .  
Pre-S i l u r i an fau l ts p robab l y  occu r a l so ,  but  aga i n  appea r to · have had 
re l a t i ve l y  m i no r  effects . 

CONCLU S I ON S  

O n  t h e  bas i s  of f i e l d  obs e rvat ions augmented b y  d a t a  from t he C a t s k i l l  
a n d  De l awa re Aqueducts and data from fou r  deep w i l d c a t  we l l s  ( E l l en v i l l e  # 1 , 
H i gh Ba rney , M i nnewaska # 1 , and Sus i # 1 ) a new s t r u ct u r a l  and s t r a t i graph i c  
i n terpre t a t ion Df the M i dd l e  O rdov i c i a n  sha l es and s a n d s tones of t he Lower 
Wa l l k i l l  V a l l ey has been deve l oped . Ra ther  than a reg i on of gene r a l  i socl i na l  
fo l d i ng a s  env i s i oned by Hol zwas s e r  ( 1 92 6 ,  P l ate 1 )  and d e p i cted b y  Sandborn 
a f t e r  Berkey ( 1 950) , the a rea a ppears to be s u bd i v i de d  i n to th ree maj o r  
no r thea s t -sou thwes t  t rend i ng s t ructu r a l  doma i ns wh i ch i nvo l ve t h e  M a r t i nsburg 
Forma t i on and Quas s a i c  G ro u p .  

The eas te rnmost doma i n  i s  represent ed b y  monocl i na l  southeas t-d i pp i ng 
s t ra ta ( s ha l es and a re n i tes)  of the wes tern  l i mb of the M a r l boro Sync l i ne .  
Th i s  doma i n  i nc l udes B u s hk i l l  s ha l es wh i ch i n t e r f i ng e r  w i th Quas s a i c  
a ren i tes (Wa i nes , 1 986) , ( f i g .  3 ) . 

A cen t ra l  comp l ex doma i n  cons i s t i ng of i mb r i cated e a s t - d i pp i ng t h r u s t  
s l i ces w i th h i g h l y  d i s t u rbed to open fo l ded s ubdoma i ns i s  l ocated a l ong the 
Wa l l k i l l  Ant i c l i no r i um ax i s  ( Ka l aka , 1 985 , f i g .  2 4 ;  Ka l aka and Wa i nes , 1 986) . 

A maj o r  thrust appea rs to bo rder the wes tern  ma rg i n  of the comp l ex 
doma i n .  The t h r u s t  extends southwa rd t h rough the study  a rea transect i ng 
t h e  C a t s k i l l  and De l awa re Aq ueduct s .  The mot i on a l ong the t h r u s t  appears to 
be ' Acad i a n '  because the t h r u s t  cuts t h rough the S i l u r i an a n d  Devon i a n 
s t rata l ocated on the northwestern  border of the Lower Wa l l k i l l  Va l l ey .  

The doma. i n wes t  of the t h ru s t  i s  characte r i zed by open fol d s  and m i no r  
fau l ts .  Tunne l a n d  f i e l d  data w i th i n  th i s  doma i n  i nd i cate that fol d 
amp l i tude s  genera l l y  decrease and wave l engths  i nc rease wes tward beneath 
Shawangunk Cong l omerate cover .  

Conc l us i ons  wou l d  be i ncomp l e te w i thout refe rence to the Wa l l k i l l  S i phon 
l ocated w i th i n  t h e  comp l ex l y i mb r i ca ted doma i n .  Data s uggest subdoma i na l  
en t i t i es wh i ch range f rom 800 feet ( 244m) to 2700 feet ( 8 2 3m )  i n  w i dth  and 
i nd i cate the s i ze of the subdoma i ns wh i ch can be expected w i th i n  the v a l l ey 
( Ka l aka ,  1 98 5 ,  f i g .  20 ; Ka l aka and Wa i ne s , 1 985) , 

I f  t he present s t ru c t u r a l  i nterpreta t i on o f  t he Wa l l k i 1 1  S i phon i s  
cor rect , mapp i ng of subdoma i n s w i t h i n  t he i m b r i cate zone us i ng present 
geo l og i ca l  tech n i ques may be fut i l e because o f  exten s i ve g l a c i a l  cove r �nd 
t he comp l ex s t ructu re w i th i n  the subdoma i ns thems e l ve s ,  Were i t  not for 
the Catski l l  and Del awa re Aqueduct data and t he w i l dcat we l l i nforma t i on ,  
t he s t ru c t u r a l  and st rat i g raph i c  i n t e r p retat i ons p resented he re ( f i g .  3 )  
wou l d  have been much more d i ff i cu l t ,  i f  not i mpos s i b l e ,  t o  deve l op .  
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ROAD LOG AND STOP DESCRI PTIONS 

Cumu l ative 
Mileage 

Miles Between 
Points Remarks 

4 . 0 

4 . 1 5  

4 . 4 
4 . 5 
4. 7 

0 

4 . 0  

0. 1 5  

0 . 25 
0 . 1 
0 . 2 

Enter NY 299 bearing right £ram NYS 
Thruway Exit 18 at New Paltz and 
proceed east . 
Turn le£t < north > onto North Riverside 
Road. 
Turn right onto Janewood Road and 
proceed to NY 299. Shale near 
telephone pole on le£t side a£ road i s  
probably a l l ochthonous Narmanskiil o n  
the east side a £  the Esopus Thrust . 
Turn right < west > onto NY 299. 
Crossing buried Esopus Thrust . 
Pull a££ highway and park next to 
eli££ an right. 

STOP # 1 .  Here we are i n  middle third a£ Chodikee Formation 
< Strater, 1983 ) the uppermost unit a£ the Quassaic Group. 
We are located in the east l imb a£ the Marlboro Syncline.  
The age a£ these autochthonous strata is Late Ordovici a n .  
Beds are vertical to slightly overturned to the west. 
Continue west on NY 299. 
4 . 8 0. 1 Bridge over Black Creek £ault where 

east limb a£ Marlboro Syncline has 
thrust westward over west l i mb a£ 
syncline. 

5 . 05 0 . 25 Park a l ong roadside next to outcrop. 

STOP #2. Here i s  a more shaley version a£ the Chadikee 
Formation. Fossil s  include brachiopods and highly de£armed 
cryptolithids. Strata typically d i p  east. Continue west on 
NY 299. 

We w i l l  be 
the normally 
Chodikee are 
5 . 60 

6. 65 

8 . 1 0  

8 . 2 

8 . 5 

moving dawn section £or the next 2. 1 miles and 
arenitic £ormatians in the Quassaic beneath the 
shaling aut to the southwest. 

0 . 55 Outcrop a£ S l abside Formation < 1 >  on 
right. 

1 . 05 Shaupeneak or Ri£ton Formation i n  road 
cut . This is the l ast exposure in the 
east-dipping domain an NY 299. 
Continue .west. 

1 . 45 

0 . 1 

0 . 3 

Bridge over NYS Thruway. Entering 
eastern margi n  a£ complex domain . 
Turn right < north > onto North Putt 
Corners Road at tra££ic l ight. 
Turn le£t onto Henry Dubois Drive and 
proceed west . 
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Stop on the right as near this point as 
is saxe and return an £oot. 

STOP #3. Here is a typical example o£ complex domain strata 
in the road cut on the north side with a good east -west 
sectional view. The strata are Medi al Ordovici an Bushki l l  
shales and siltstones. Continue west downhi l l .  
9. 7 0. 35 Stop ; turn lext onto NY 32. Proceed 

to second tra££ic l ight. 
10. 05 0. 35 Turn right at l ight onto M a i n  Street 

< NY 299 ) and proceed west. 
1 0 . 25 0. 2 Turn lext ( south > onto Water Street 

j ust bexore bridge over Wallkill 
River. 

10. 35 0. 1 

10. 5 0. 1 5  
10. 6 0. 1 

Axter stop, bear r i ght onto Plains 
Road. 
Bushkill outcrop on lext. 
Park in area on right and walk back 
over small bridge to outcrop on east 
side a£ road. 

STOP #4 . Here, beneath the poison ivy, are dexormed sha l es 
and siltstones with east -dipping cleavage. Again, these 
appear to be Bushkill and the exposure occurs near the 
center .ox the complex domai n .  Return to cars and drive back 
to NY 299. 
1 0 . 95 

1 1 . 3 

1 1 . 9 

1 9 . 25 

1 9 . 8 
1 9 . 9 

20 . 0  

STOP #5.  
river. 
i n  some 
covered 
complex 
£ossil s  
20. 05 

20. 7 
20. 95 

0. 35 

0 . 35 

0. 6 

7 . 35 

0. 55 
0 . 1 

0 . 1 

Turn lext onto NY 299 across bridge 
over Wallkill River and head west 
across W a l l k i l l  River £laodplai

·n .  
View o £  Shawangunk Cuesta a t  1 2  
o ' clock. 

· 

Bear lext onto Libertyville Road and 
proceed. Roadcuts observed over next 
2. 6 miles are in the complex domai n .  
Stay o n  Albany Past Road. 
Stop and turn le£t ( east ) onto Rt. 4 4 -
55. 
Bridge over W a l l k i l l  River. 
Turn hard right onto Farmers ' Turnpike 
and proceed. 
Park on right next to l arge blocks o£ 
Shawangunk conglomerate. 

Extensive outcrop occurs at base o£ h i l l  along 
Predominantly east -dipping arg i l l i tes are involved 
£olding and £aulting. A £oundation o£ an old 
bridge i s  observable .  Here . i s  another aspect o £  the 
domain. The strata are apparently Bush k i l l .  No 
have been xaund. Return to Rt. 44-55. 

0. 05 Turn l e£t at stop sign onto Rt. 44-55 
and proceed west. 

0. 65 Turn lext onto A l bany Past Road . 
0 . 25 Bridge over Shawangunk K i l l . Park i n  
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op•n ar•a on l•£t sid• o£ road beyond 
bridge. Walk back over bridge to 
Tuthi lltown Gristm i l l  and assemble 
outside Gristmil l  store. 

STOP #6. This is a hiking stop and we h ave been given 
special permission by the owner a£ the m i l l  to walk across 
the property along the north bank a£ the Shawangunk K i l l .  
Please stay with your leader and d o  not wander. 

The £irst phase a£ the hike is about 1 1 00 £eet to a 
concrete dam across the Shawangunk K i l l . On the £ar side a£ 
the stream and on the near side, when water is law, one can see 
an overturned section a£ east - d i pping i nterlaminated 
siltstones and arg i l lites which aggregate some 2000 to 2500 
stratigraphic £eet. 

As £ar as we can tel l ,  there is l ittle £aulting other than 
bedding plane dislocations and the sequence does not 
appear to belong i n  the complex doma i n .  The di££erences 
between these strata and those at the next stop are 
noteworthy . 

No samples i n  the dam area, please. 
Proceed upstream £rom the dam along the berm o£ an 

abandoned cana l .  Watch out £or woodchuck holes in the berm. 
They can be treacherous ( the holes - not th• woodchucks ) .  

Proceed about 1 , 000 £e•t upstream £rom the dam to a point 
where a l arge h i l l  on th• north sid• o£ the stream closes to 
the stream. Here are numerous arenite layers i n  the shales, 
some up to a £oat or so i n  thickness. These ar•nites are 
also overturned, dipping east as can be seen by £low 
structures on the basal bedding pl anes. This sequence seems 
to occur at the top a£ the arg i l lite and silt sequence. The 
arenites can be traced southwestward into an ever-thickening 
aren i te-shale sequence which seems to approximate the 
position a£ the Ramseyburg member in the Martinsburg 
Formation much £urther south. The aug i l l i te-silt sequence 
is mast likel y  upper Bushk i l l  i£ the £oregoing is correct. 
This sequence i n  the Shawangunk K i l l  was £ i rst noted by Paul 
Kopsick ( 1977 ) .  Return to vehicle ( s ) .  Turn right aut o£ 
parking area and return on A lbany Post Road to Rt. 4 4 - 55 .  
20. 3 0.  3 Turn. le£t onto Rt. 4 4 -55 and park 

immedi ately in a v a i l able space on 
righ t .  

STOP #7 • Walk uph i l l  ( west > along one side o£ h ighway and 
return , walking down other side. This extensive road cut 
is in the Bushkill sha l e  and strata gener a l l y  are right side 
up and dip east, but £aulting and some drag £olding suggest 
imbricate thrusting. This exposure is thought to represent 
a portion a£ the upper plate thrust over the lower pl ate 
exposed at Stop #6.  A chance rock£all in this cut yielded 
an extensive £auna including bivalvi a ,  articulate and 
i narticulate brachiopods, cryptolithid trilobites, 
graptolites, gastropods and burrows. Weathering rapidly 
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reduces the shale to £ine rubble. Return ta veh i c l e ( s l . 

BE EXTREMELY CAREFUL CROSSING THE H I GHWAY ! 

24. 4 4 .  1 Proceed west an Rt. 4 4 - 5 5 .  
a n  r i g h t  a t  hairpin curve. 

Turn c.ut 

STOP #8 : Here Martinsburg strata, 

Bush k i l l ,  may ectu11y be Pen Argyl 

nat resembl e  the latter. Here end 

wh ich appear to be 

Equ i va l �nt though they 

at STOP #9, a short 

do 

d istance away, the strata occur in the open £a1d domain and 
in the immediate v i cinity the overlying Shawangunk 

congl omerate may re£1ect Acadian or l ater de£armation which 

was superposed on a predominantly Taconian structur-e-� 
Proceed ' west ' on Rt. 4 4 - 55. 

24. 9 0 . 5 Turn 1e£t VERY CAREFULLY an BLIND 

CURVE into parking area at Laakaut. 
Park i £  poss i bl e .  I t  may be very 
crowded with c l imbers and tourists 

an good weather days. 

STOP #9 : Facing northwest we see the relative attitudes a£ 

the underl ying Martinsburg <Pen Argyl Equivalent ? ) and the 

overlying Shawungunk conglomerate. Although the angular 

uncan£armity between the twa can be pro j ected, the actual 

contact can be seen j ust south o£ Rt. 44-55 at the base o£ 

the Shawungunk <Waines and Sanders, 1968 ) .  The study a£ the 

relative structure o£ the Shawangunk and Martinsburg in th i s  

immediate v icinity was canduc.ted l:ty Persico ( 1 984 ) .  He 
concluded that some Taconic structures were £urther de£ormed 

at a l ater time. 

Next, a view to the southeast and east stretches beyond 

the immed iate Wal l k i l l  Valley to the Hudson H i g h l ands and 

the Hudson River Gap ( southeast ) and the Housatonic. Ridge 

along the Connecticut border to the east. C l oser at hand, 

to the east, we can retrace o u r  general progress a£ the day 
£rom the irregular ridge a£ the Marlboro Mountains 

( overturned east l imb a£ the Marlboro Syncline ) .  S l i ghtly 
c l oser we drop i n  elevation across the east dipping 

manoc1ina1 domain which cannot be recognized £ram this 

viewpoint. We know that the complex domain centers an the 
lower elevati ons a£ the Wal l k i l l  Valley, but again the 

domain cannot be recognized �ram here. Simi larly, the open 

£old domain and its eastern boundary £au1t g i ve no 

indi cation a£ their presence. It must be concluded that 

only extensive e:>tpasure data ( borings, t.unnels ) are: 

necessary ta augment meager or £artuitaus exposures as i n  

Stops 6 and 7 .  

END OF TRIP. 

Return to Kingston Ramada Inn by way a£ Rt. 44-55, NY 299 

and NYS Thruway. 
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BLOCKSTREAMS AT MILLBROOK MOUNTAI N ,  
TOWN OF GARDINER, ULSTER COUNTY, NEW YORK 

ROBERT W .  CUNNINGHAM 
Department. o:f Geological Sciences 

State University o:f New York, 
College at New Paltz 

New Paltz, New York, 12561 

Peter A. Robson 
M ITRE Corporation 

San Antonio, Texas, 78284 

PURPOSE 

To raise questions concerning the origin o:f the :features 
:found in the scree below Millbrook Mountain. 

INTRODUCTION AND DESCRIPTION 

Millbrook Mountain is a three quarter mile long anticlinal 
structure :forming a topographic high ( elevation 1620 :feet., 495 
m. I .  It is located about. one mile south-southeast. o:f Lake 
Minnewaska in the Shawangunk Mountains < :figure 1 1 .  This anticline 
is truncated on the east. side by a 350 :foot. ( 107 m. I cli.:f:f and i.e 
composed entirely o:f Shawangunk conglomerate dipping up to 55 
degrees to the northwest.. While the vista :from the top o:f:fers a 
commanding view o:f the Wallkill valley and Shawangunk Mountains, 
the most. unusual and engrossing geomorphic :features lie 500 :feet. 
below in the talus at the :foot. o:f the cli.:f:f :forming Millbrook 
Mountains ' south-east :face. Instead o:f :forming the 25 t.o 35 
degree straight talus common t.o the Shawangunks, t.hi.s scree 
displays a varied mixture o:f steep slopes, block streams ramps 
sub-parallel to the cli:f:f :face, rampart- like ridges, valleys and 
closed depressions ( :figure 2 1 .  

These :features are composed o:f blocks o:f Shawangunk 
conglomerate averaging :five t.o ten :feet. cubed < 1 . 5 to 3 m. • , wi.t.h 
some blocks :forty :feet. ( 12 m. I in length < Robson , 1972 1 . These 
blocks are signi:ficant.ly l arger than those in the scree presently 
being deposited at. the base o:f Millbrook Mountain. Block streams 
are largely lacking vegetative cover, exposing the bright, white 
sur:faces o:f conglomerate t.o vi.ew J t.hi.s is what. initially aroused 
t.he curiosity o:f Dr. Russell Waines who encouraged the initial 
studies o:f these talus :features by Robson and Cunningham in 1972. 

The block streams generally slope :from one t.o ten degrees 
along their long axes, while the adjacent. rampart-ridges slope at. 
greater than t.hi.rt.y degrees. The steepest. slopes are on the main 
rampart. ( :figure 2 1  and at.t.ai.n a maximum angle o:f repose o:f 41 
degrees < Cunningham and Robson , 1973 1 . Mature hemlocks up t.o 
three :feet. ( 1 m. ) in diameter growing in several :feet. o:f humus 
cover the slopes and tops o:f the ramparts indicating a long period 
o:f stability. The block stream ramps, valleys, and depressions 
are barren rock wi.t.h occasional small shrubs and sparse pines o:f 
small diameter. The newer talus :forming at. the :foot o:f the cli.:f:f, 
and spreading onto the larger blocks supports mixed deciduous and 
coni:ferous trees o:f moderate size. 

The steep, vegetated slopes, topped by the rampart- like 
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ridges sit east of relatively unvegetated high valleys ( figure 2 > .  
Block streams A and B descend up to 0. 5 miles ( 0. 8  km. l north and 
south from valleys 2 and 3 respectively. Block stream C descends 
from valley 4 extending to the south then to the southeast. These 
contrasting surface features offer good evidence that this block 
scree has been redistributed about the base of Millbrook Mountain. 

In the northern part of the area the heavily vegetated slopes 
have apparently remained stable, while the scree behind the main 
ramp-art has presumably migrated to the north and south leaving 
shallow valleys ( 2, 3 >  separated by a saddle. 

Another feature occurs south of block stream C where a mass 
of scree, set out from the eli££ face occurs as a domal structure 
( £igure 2 >  with blocks dipping outward in all directions. A small 
vegetated area separates this structure from the unvegetated block 
stream to the north. 

On the steep eastern face of block stream B, is an alignment 
o£ several thin, unvegetated crescents o£ scree trending 
horizontally and surrounded by vegetated slopes < figure 2 > .  

THEORIES OF FORMATION 
Why is there such a pronounced diiierence is size between the 

scree forming the new talus, and that found in the block streams, 
ramparts, and other features formed £rom a presumably older scree 
deposit? It seems likely that existing j oint sets in the 
Shavangunk conglomerate were weakened by ice and frost wedging and 
loading-unloading processes during and after the last glaciation, 
causing the eli££ face to waste into l arge blocks. It may be that 
the older, coarser scree vas released relatively quickly after 
glaciation from Millbrook Mountain aiter a long period o£ 
weakening during glaciation. Never, finer scree seen here and 
along the Shavangunk ridge is smaller because forces of smaller 
magnitude are working on the cliff surface today. 

If the stable surface of the main rampart represents the 
remnants of an earlier talus, then that talus must have reached a 
higher elevation on the eli££ face than the presently forming 
talus sitting vest of this rampart. Using an estimate of 33 
degrees as an average angle o£ repose, the talus would have 
reached an elevation o£ 1 400 feet ( 427 m. l ,  120 ieet < 37 m. l above 
the elevation of the presently forming talus ( £ igure 3-a l .  Using 
the maximum angle o£ 41 degrees found on the stable vegetated 
slope would bring the proto-talus elevation to 1 500 feet < 458 m. l ,  
120 feet < 37 m. l belov the mountain top < Figure 3-b. A 
conservative estimate for the amount o£ material moved if the 
talus sloped at 33 degrees would be about 2 million cubic yards 
( 1 . 54 mom. l ,  which with 25Y. porosity would veigh about 3. 35 
million tons. If all this material vas derived solely £rom 
Millbrook Mountain at its present elevation, it would represent a 
recession of the cliff face of about 80 feet < Robson and 
Cunningham, 1972 ) .  

THEORIES OF MOVEMENT 
How did this material move? Some sort of mass wasting 

process seems likely. Evidence can be found for both rapid 
movement, i . e ;  angular blocks o£ conglomerate located east of the 
main mass of talus, or block stream sur£aces tilting toward 
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Millbrook Mountain. Alternatively, more evidence can be found 
suggesting slow, cohesive flow. In pl aces the scree stops on 
downslopes exceeding 30 degrees where fragments of Martinsburg 
shale can be found in the subj acent soi l .  Further evidence may 
indicate possible pressure ridges and apparent arcuate alignment 
of elongate blocks in block stream C .  

Rapid movement could have been initiated by several 
mechanisms. 

1 l  Over-steepening by differential post-glacia l  rebound eventually 
overcoming the force of friction. 

2 >  A large rock fall from Millbrook Mountain triggering movement 
of scree which had attained a maximum angle of repose. 

3 >  Failure of shales < probably underlying the scree ) due to 
excessive loading and/or excess groundwater. 

4 l  Activation by an earthquake causing the fluidization of 
possible underlying glacial deposits or slippage of scree. 

S l  If the scree contained a great amount of interstitial ice 
and/or water, one of the aforementioned actions could have set 
off a rapid flow. 

Slow movement could have been the result of several sets of 
circumstances. 

1 l  The larger blocks could be remnants of debris formed on 
stagnant glacier ice at the base of Millbrook Mountain. Blocks 
of Shawangunk conglomerate, weakened by periglacial processes 
may have dropped onto the glacier and been deposited at their 
present positions. Some of the debris may have entrapped 
masses of clean ice. This might relate the depressions in the 
block streams to relict kettles. The ramparts may be merely a 
veneer of ' drift ' overlying shale ridges ( figure 3-b l .  Such 
ridges are common on the slopes below the talus. 

2> These might be rock gl aciers which contained much interstitial 
ice, either relict from the Pleistocene ice sheet, or formed 
during one of the colder time intervals since Pleistocene 
glaciation, i . e J the ' Little Ice Age ' of the 17th to 1 9th 
centuries. 

3 >  These could be rock streams as in the Hickory Run, Pennsylvania 
boulder field as described in Bloom, 1 978, p. 360, 361 ,  driven by 
gelifluction and frost creep, even though these blocks are 
much larger and more angular. 

4 l  Groundwater might have carried away fine shale fragments, and/ 
or stratified drift possibly underlying the scree a little at a 
time causing a gradual ,  but relatively steady settling effect. 
This is unlikely, because there is no evidence of this material 
being deposited at the foot of the talus. In addition, this 
would probably not cause devegetation of the block streams. 

The ultimate truth here might involve a complex of processes 
including varying rates of flow, and a combination of any of the 
above circumstances. While pondering these suggestions, it must 
be kept in mind that except for the lobe of talus directed 
southeastward at the south end of block stream C, the unvegetated 
block streams trend near-parallel to the eli££ face rather than 
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Figure 3-a Profile of Traver s e  A-B showing approximate 
contacts of coarse ,  o l d  talus with new finer talus and 
probable s lope of proto-talus before movement . This is 
shown over steeply s loping b e drock . l ' inch . e quals 170 feet 

Figure 3-b Same as 3-a except s cree s hown as veneer 
over bedrock ridge with protd-talus removed • .  1 inch 
equals 6oo feet 

Figure 3-c Profile of t raverse C-D . Length equals 250 feet . 

Figure 3-d Profile o f  t raver s e  E-F . Length equals 250 feet . 
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down the steep slopes. Is this a £unction o£ unseen, underlying 
topography or ·Was movement hemmed in on the east by a barrier such 
as glacial ice? Was it a sudden adjust-ment o£ much o£ the scree 
by block rotation, with only minor lateral or downslope movement ?  
Remobilization might occur during subsidence, a slow process, or 
during an earthquake, a much more rapid process. 

QUESTIONS 
Why are the block streams unvegetated ? Do they represent 

an early post-Pleistocene readj ustment o£ the talus where the 
porosities are too great to allow buildup o£ humus or sedimen t ?  
D o  they represent recent movement where the organics have been 
' shaken through the interstices ' ,  and the dead vegetation rotted 
away? Was this area always vegetated regardless o£ when the 
movement occurred, until a £crest £ire oxidized all the organics 
in the block streams? 0££ and on observation and arm waving 
during £i£teen years has produced little o£ substance and evidence 
o£ £crest £ire has been sought in vain. 

What o£ the thin crescents o£ unvegetated scree on the steep 
£ace o£ block stream B ?  Are these due t o  continuing instability 
in the scree, or just random barren streaks missed by 
revegetation ? Some £eatures like these may be seen in the talus 
along other parts o£ the Shawangunks. 

Why is the distribution o£ the block streams varied with 
respect to the position o£ the main rampart? Was the initial 
scree distributed £urther to the south by £lowing ice? Perhaps it 
was ' bulldozed '. to the south by a late glacier readvance. Perhaps 
when movement took place, the main rampart at the northern end was 
relatively ' anchored ' by an unseen topographic £eature, or by the 
geometry o£ the blocks comprising the rampart. 

IS IT MOVING? 
Is this talus moving today ? No de£initive study has been done 

to answer this question, although there are several ways in which 
it could be carried out. Fi£teen years experience in this area 
gives these authors impression o£ ' no change ' ,  but that is sti l l  
to be proven . It is possible that the talus houses permanent ice, 
as temperatures measured in crevices in the talus during mid-3uly 
< 1973 ) measured as low as 6• C ( 43• F l ,  probably below ambient 

ground temperature in this area. This may suggest the presence o£ 
permanent ice in the scree but, it i s  unlikely that it would be o£ 
su££icient volume to allow or promote £low o£ the blocks. A study 
which might shed some light on the age o£ this talus movement 
would involve dendrochronology to see i£ there is a gradient in 
tree ages or gaps in ages. In addition, changes o£ climate might 
be in£erred by ring thick.nesses. Geophysical studies designed to 
determine the underlying bed rock topography and thickness o£ 
possible glacial dri£t would be invaluble in solving questions 
concerning this area o£ scree. 

As can be seen, many questions remain to be answered about 
this unique geomorphic £eature at Millbrook !fountain. These talus 
£eatures could be the result o£ periglacial, tectonic, or more 
gradual processes which may be continuing to this day. Occasional 
trips over the past fi£teen years appears to have raised more 
questions than they have answered, but any excursions have raised 
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ROAD LOG 
When hiking on the talus below M i l lbrook Mountain good shoes are 
required ! Good physical conditioning and agility are important. 
Permission of the owner is necessary ! He l i ves j ust north of the 
target area up long driveway on the west side of the road. 

Approach scree £rom below ( east > .  

Drive vest from Exit 1 8  of New York State Thruway on Route 299 to 
New Paltz 1 . 0 miles. 

Continue vest on Rt 299 6. 4 miles to i ntersection of Routes 299 
and 44-55. 

Turn left on Routes 44-55 and travel 1 . 0  mile then veer right at 
· fork onto North Mountain Road < south > .  

Travel 1 . 0  mile and park. Talus features are approximately 0. 5 
miles vest and 600 feet above you. Halcyon Road i s  0. 1 mile too 
far. 

Approach from over Millbrook Mountain < vest > for aerial view only. 

Drive vest from exit 1 8  as above to i ntersection of Routes 299 and 
44-55. 

Turn right on Routes 44-55. and travel 4 . 5 miles to entrance to 
H innevaska State Park. 

Enter park and drive to parking lot near site of old hotel . 

Hike about 4 miles along trai l  to M i l lbrook Mountai n .  

Use extreme caution along cliff edge ! 
Do not attempt to go down ! 
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THE WHITEPORT DOLOSTONE OF THE LATE' S ILURIAN RONDOUT GROUP , 
V IC INITY OF KINGSTON ,  ULSTER COUNTY , NEW YORK 

Brian v .  Fetterhoff 
Department of Geological Sciences  

State University of  New York 
College at New Paltz 

New Paltz , New York 1256 1 

Introduction 

The term Whiteport was proposed by Rickard ( 1962 )  for a 
dolostone referred to by Hartnagel ( 1903 )  as the ' Rondout • in 
a rather restricted sense . Rickard suggested " that the name 
Rondout be applied to the dolomite strata subjacent to the 
Manlius everywhere in New York" ('p . JO ) .  Thus , according to 
Rickard , in the Rondout Formation the Whiteport is the upper
most of three members ( Whiteport , Glasco , Rosendale ) ,  with a 
type section near Whiteport , New York . 

Harper ( 1969 )  described the Whiteport as a ''buff-weathering , 
light-gray to blue-gray on fresh , argillaceous silty dololutite . 
It is mudcracke d ,  finely laminated , commonly burrowed ,  and very 
rarely fossiliferous" ( p .  14) . Harper ' s  environmental interpre
tation is that of a mudflat facies . 

Harper acknowledged that 1ime interbeds do exist within 
the Whi teport in the vic inity of Kingsto.z:.• 

"One prominent interbed has been termed the 
"Twalfskill Bed" ( Wanless , 1921 1 Van Ingen , local 
unpublished field term) . Its thickness averages 
about one foot , and it is found to occur in the 
majority of sections in the Rosendale quadrangle • . .  

In this blue weathering , dolomitic limestone the 
fossils are commonly algal-coated , a fact which 
prompted Wanless to describe it as the "Algal Reef 
Limestone" ( p .  14-15 ) .  
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An additional limestone was recognized by Harper in the 
base of the Whiteport ; a " two-foot interval of interbedded 
o stracod-rich calcarenites ,  calc ilutites and calcareous s il-
ty dolomites'' ( p .  1 1 9 ) . 

· 

Waines and Gomez ( 1977) divided the Whiteport ( from 
Accord to Kingston ) into ' five recognizable units ( from 
top to bottom) a Unit one , an argillaceous shaly dolostone 
( found south of Kingston) , unit two , a massive weathering 
dolostone ( unit one of this paper) , unit three which can b e  
subdivided into an upper ,  laminated portion and a lower,  
organic " reef" ( unit two here ) , unit four, a massive dolostone 
( unit three here ) , and unit five , a somewhat fossiliferous 
lime unit ( unit four here ) . This uni t ,  which was often 
placed in the top of the Glasco , is actually a separate unit 
in the base of the Whiteport . 

It is the presence of these limestone units which appear 
in the vicinity of Kingston that allows additional interpreta
tions of environments and , due to their fossiliferous nature , 
a determination of age , 

Stratigraphy and Environment of Deposition 

In the Kingston area,  four units of the Whiteport Dolo
stone have been recognized . See Figure 1 for sections . 

Unit One 

This unit is a buff-weathering , unfossiliferous laminated 
dolostone . It is occasionally burrowed ,  frequently and deeply 
mudcracked at the top where it is in apparent conformity with 
s trata ( limestone and shale )  of the overlying Thacher lime
stone , The contact.' is drawn at the uppermost mudcrack ( if 
present) or the first limestone• .or shales of ''the 'Thaehet:. �The 
contact with unit two below is sharp , conformable to discon
formable , and frequently limestone intra�lasts of unit two can 
be noted within the lowermos.t strata of unit one . In East 
Kingston , where unit two pinches out ,  uriit one rests discon
formably upon unit thre e .  Thicknesses of unit one range from 
over two feet  ( .6 1  m) in. the Fly Mountain-Wilbur area , to one 
foo t  ( . JO m) in the Kingston area: 

Insoluble residues of -unit one range from 25-30 percent. 
Unit one most probably formed within a shallow intertidal to 
supratidal environment . 
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Unit Two 

Unit two is a blue-gray weathering limestone , which may 
be subdivided into an upper, laminated calc ilutite , and a 
lower organic ' reef ' to ' Offre ef '  un�t ( calcarenite to calci
rudite } ,  which ' contains a varied faunal assemblage . 

The upper subunit is distinctly laminated , is not fossili
ferous , and is frequently mudcracked with apparent intrusion of 
dolomitic muds from the unit above . This situation is similar 
to the mudcracks within unit one above , which are frequently 
filled with shale . Many of the laminated layers show evidence 
of being "ripped-:UP" ( brecc iation } .  

The lower subunit contains scattered fossils , which are 
notably abundant at Wilbur,  and are recognizable in three 
distinc t zones :  1 }  a basal s tromatoporoid unit , 2 }  a solitary 
rugosa- tabulate-bryozoan unit , J }  and an upper stromatoporoid
solitary rugosa unit.  A t  the wes tern end of Callanan ' s  quarry, 
at the base of . this subunit , there is a quartz silt calcarenite 
unit ,  two to three inches ( 5-7 em) thick . This thin unit is 
not fossiliferous and contains angular limestone fragments . 

The upper subunit is disconformable on the lower subunit, 
and the entire unit is distinctly disconformable on unit three . 
It is possible that much of the lower subunit is missing , either 
as a result of erosion at the time of deposition , or by solu
tioning of limestone along the disconformity . 

Thicknesses of unit two range from zero to one and a half 
feet ( .46 m) through the Kingston area . In East Kingston , the 
unit pinches in and out . Where it is present, it averages 
four inches . ( 1 0 . 2  em) in thickness , and the upper subunit is 
generally eroded away , leaving a lower subunit with brachiopods , 
solitary rugose corals , and rare.;. hemispherical s tromatoporoids . 
A t  Wilbur , the unit averages one and a half fee t  ( .46 m) , with 
each subunit six to eight incll.es�. ( 15 . 2  - . 20 . 3  em) . At  Fly Moun
tain the unit thins to one foot ( . JO m) , with each subunit half 
a foot ( 15 . 2  em) in thickness . South of Fly Mountain unit two 
becomes dolomitized ( late phase  diagenesis? ) , although each 
subunit is retain.ed . The lower subunit contains fossil 
' ghosts ' • 

The upper subunit represents a relatively low ( 6-8 percent) 
insoluble residue , compared to the lower subunit ( 10-15  perc ent ) 
or to unit one above . Although this subunit is limestone , it  
is  in lack of  fossils and has similar sedimentary structures to 
units one and three ,  It is likely that this calcilutite is 
intertidal to supratidal , representing similar conditions to 
the dolostone units , but lacking the requisite insolubles to 
enhance and early stage of diagenesis . 

r . 

I . 

I 1 

l "  

r • [ 

t ' 
r . l �  

L 
[ 



l 

t 
l 

J- 5 

The lower subunit represents a return to subtidal condi
tions , and ' re ef '  to ' offreef ' conditions . ' Offreef ' conditions 
exist north and south of Wilbur, where fossils are less abundant 
and there are greater percentages of brachiopods . 'Reef ' waters 
were well-circulated , relatively shallow and allowed a varied 
faunal assemblage . 

Upper Stromatoporoid - Solitary Rugosa Zone 

The hemispherical stromatoporoids are common in this zone , 
as are solitary rugose corals , while laminar stromatoporoids 
are not present . This suggests conditions involving relatively 
high water turbulence with moderate accumulation of fossil 
material . 

Solitary Rugosa - Branching Tabulate Coral - Bryozoan Thickets 

This most fossiliferous portion developed on a solid sub
strate and gentle water currents allowed the more delicate , 
branching forms of tabulates and bryozoans to develop . Laminar 
stromatoporoids are present in this zone in greater numbers than 
below, and there is a decrease in the percentage of hemispheri
cal forms . 

Basal Stromatoporoid Zone 

This zone contains abundant hemispherical stromatoporoids 
(many in apparent growth position) , rare ( poorly developed) 
laminar stromatoporoids , and occasional solitary .rugose corals . 
Turbulence was moderate , as was the accumulation of fossils • .  

Unit Three 

This unit is a buff, masi:live,-w�athering dolostone ( doli
siltite ) ,  occasionally laminated , occasionally burrowed ,  and 
rarely mudcracked . The contact with unit four is gradational , 
and is drawn at the initial fossils within the underlying uni t .  
A major parting occuring toward the c enter o f  the unit is present 
throughout the Kingston area . 

The thickness , ranging from four to seven feet ( 1 . 2 - 2 . 1  
m) , tends to decrease toward the north , and thicken to the 
south and eas t .  

Mudcracks , burrowing , leaching , and the disconformity at 
the top of the unit suggest subaerial exposure "indicative of 
the intertidal to supratidal zone . Unit three is similar in 
most  aspects to unit one . Compared to unit two , unit three 
represents an increase in insolubles ( 25-30 .percent. iJ;l this unit) . 
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Unit Four 

A t  the base of the Whiteport , fi�st appearing at Blooming
ton and extending northeast through Kingston is a dolomitic 
calcarenitic limestone that exhibits cross-stratification , 
occasional ripple marks , _ intraclasts , and is variably fossili
ferous sometimes containing lag deposits with ostracods , solitary 
rugose  corals , and brachiopods . The contact with the underlying 
Glasco limestone is distinctly disconformable ( the top of the 
Glasco is marked by a thin , black shale ) .  

The thickness of unit four ranges from half a foot ( 15 . 2  
em) in the Bloomington-Fly Mountain area , to over a foot ( J0 . 5  
em)  in the East Kingston area . A t  Wilbur, the unit becomes 
dolomitic , with limestonelilenses . A t  the east end of Callanan ' s  
quarry the unit becomes entirely dolomitic , unfossiliferous , and 
i s  unrecognizable in the base of the Whiteport . 

This unit exhibits features attributaole to the shallow 
intertidal to supratidal zone . Ripple marks , cross-stratifica
tion , intraformational conglomerates as well as a high percen
tage of worn and fragmented shells suggest a relatively moderate 
energy environment . The ostracod shells are disarticulated , 
and concave down , indicative of the intertidal environment . 
Many of the brachiopod valves are concentrated in distinct 
horizons , suggesting storm activity . 

The unit bec omes very dolomitic around Wilbur , and the 
faunal assemblage becomes more diversified ( now includes soli
tary rugose corals and hemispherical stromatoporoids ) . It is 
at these localities that cross-stratification and intraclasts 
can be noted . The percent of insoluble residues increases from 
15-20 near. ·Bl6om±ogj;on to arouod 25 near Wilbur . 

Paleontology 

The Whiteport has generally been considered unfossiliferous , 
and therefore , few paleontologic studies nave been conduc ted on 
the formation . Wanless ( 1921 , p .  258) noted ' stromatoporoid 
coral s '  and one species of brachiopod ( Shuchertella woolworthana) 
within unit two . Grosvenor ( 1965 )  and Hoar and Bowen ( 1967) 
studied the brachiopoda of the Rondout Group , giving the mos t  
complete faunal listing to date . Within the Whiteport , Hoar 
noted " cup corals" and ostracods ( presumably referring to uni-t; 
four) . 

· The limestone interbeds in the vicinity of Kingston , howe. 
ever,  show a varied faunal assemblage . In unit four , are brac
hiopods , solitary rugosa , rare , small ' spheroidal ' stromatopo-
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ra ids , and numerous disarticulated 
( 196 9)  reported as ' algal-coated' . 
trilobite , tabulate , bryozoan , and 
fragments suggest a high degree of 

ostracod shells which Harper 
Thin sec tions have revealed 

pelmatozoan fragments . These 
transport . and/or reworking . · 

The lower portion of unit two contains hemispherical 
s tromatoporoids (common ) -, laminar stromatoporo.ids ( rare ) , 
solitary rugosa , favositid and halysitid corals ( rare ) , tabu
late coralslbryozoans , brachiopods , pelmatozoan fragments , and 
trilobite deqris . In the field many of the fossils appear 
algal-coated , which led Wanless to call this unit the "algal
reef" unit . 

Four species  of stromatoporoids representing three genera 
have been identified from unit two . These include Stic tostroma 
pseudoconvictum ( Stock) , ( Hall) , 
p ,  kaugatomicum ( Riabinin , rsky) . 
These species have been report the 
Glasco Limestone Member of the the C oble-
skill Limestone in upstate New York . Only � kaugatomicum and 
D .  pexisum have been reported from the Upper Keyser ( early 
Devonian) ( Stock and Holmes ,  1986 ) . 

Many of the stromatoporoid coenostea of unit two are in 
growth position , but some have been tumbled on their side s , 
and some are upside down . 

The presence of halysitid corals has been reported by 
Adumkin ( 1976 ) , Waines and Gomez ( 1977 ) , Fetterhoff ( 1986 ) , 
and Fetterhoff and Waines ( 1 987 ) . 

The Siluro-Devonian boundary in southeastern New York has 
been placed within the Rondout Formation ( F ishe r ,  1 960 ) and , 
more specifically , at the top of  the Glasco Limestone Member 
( Rickard , 1 962 ) . This location is due t� the presence of the 
' chain ' coral Cystihalysites , which is not thaugl'lt ' to occur 
in the Devonian . According to Berry and Boucot ( 1971 , p .  2 1 5 )  
" the thin Glasco limestone in its median part contains Halysites .  
On this basis , the lower half ofthe Rondout Formation is assigned 
to the Late Pridoli and the upper ,  post-Halysites beds to the 
De-vonian" . 

Recently , the placement of  this boundary had come into 
question with discovery of  halysitids within the Whiteport 
Dolostone . A halysitid ' gho s t •  was first noted by Adumkin 
( 1976 ) , and reported in unit two of  Waines and Gomez ( 1977 ) . 
Fetterhoff ( 1986 ) and Fetterhoff and Waines ( 1987 )  reported 
an unaltered halysitid from unit two . 
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Three genera representing four species of stromatoporoids 
have been identified from unit two . Each of these spec ies has 
been reported f�om the Glasco limestone ( Stock , 1 97� ) , and two 
o f  these as well from the Early Devonian Upper Keyser ( Stock 
and Holmes 1986 ) . However,  Parallelostroma baretti ( Girty) , 
an upper Keyser form also occur±i.lg,�in early Devon�an Thacher 
l imestone , has not been recognized fn unit two of the White-
port . · 

It is believed that the . foregoing evidence strongly ,: 
supports a late Silurian age for the bottom three-fourths and , 
by lithologic association , the upper one-fourth of the Whiteport 
Dolostone . 

Summary 

. The Rondout Group may well represent'.'a series of near
shore environments which are mirrored in the Whiteport D olo
stone with its tripart .( dolostone , limestone , dolostone ) 
sequence . Tidal flat deposits and shallow marine trough depo
s its with varied faunas protected from tidal destruc tion are 
well represented . Fossil evidence supports a Late Silurian 
( Pridoli) age for the Whiteport Dolostone . 
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LITHOLOGIC AND PALEOENVIRONMENTAL ANALYSIS OF THE LATE SILURIAN 
C PRlDOLi l GLASCO LIMESTONE I N  THE M I D - HUDSON VALLEY , V I C I N I TY OF 

K I NGSTON, NEW YORK. 

INTRODUCTION 

by 
Rosario Agostaro 

Department o£ Geological Sciences 
State University University of New York 

College at New Pa ltz 
New Paltz, New York 

In recent years the Glasco l i mestone has been studied in a 
broad to restrictive regional context by authors such as Rickard 
1 1965 1 ,  Grosvenor 1 1965 1 ,  Grosvenor-Hoar and Bowen 1 1 967 1 ,  Waines 
and Hoar 1 1 967 1 ,  Harper 1 1 969 1 ,  and R i ckard 1 1975 1 .  In this· 
investigation the study area i s  limited to the vicinity of 
Kingston, New York and attempts to elucidate the intricate 
l ithologic and paleontologic changes occurring within the Gl asco 
sequence. The Gl asco limestone within the Mid-Hudson Valley is 
Late Silurian < Pridol i an ) age according to Rickard 1 1 975 1 .  It i s  
disoon£ormably overlain and underlain by the Whiteport and 
Rosendale Dolostones. The Gl asco consists of a variety o£ 
carbonates including highly £oss i l i £erous stromatoporoid and 
halysitid bearing limestones, dolomit i c  mudstones, and calcareous 
to dolomitic mudstones and £loatstones. Thickness varies from 0. 7 
to 15. 4 £eet 1 0. 2  to 4 . 7 meters ! .  I n  the Kingston area the 
formation has been subdivided into three mappable stratigraphic 
units C here referred to in ascending order as units A, B, and C l  
< Figure 1 1 .  

Aside from the early work o£ Hartnagel 1 1903 1 the 
paleontology of this sequence has been most recently studied by 
Grosvenor 1 1 965 1 ,  Grosvenor -Hoar and Boven 1 1967 1 who studied the 
brachiopods � and Stock 1 1979 1 who concentrated on the 
stromatoporoids. 

CARBONATE ROCK CLASSIFICATION 

For purposes of field description a cl assification was 
developed l argely based on Cu££ey ' s  1 1 985 1 ree£-rook scheme. He 
purposed that fossil and/or fossil fragments longer than 2mm 
( greatest dimension ! where the most common elements o£ reef 
related carbonates. " When such textural elements constitute 1 0Y. 
or more o£ the rock ' s  volume - versus £ewer or none - they 
provide the most common logical means £or initi a l l y  subdivid ing 
these ree£ rooks "  C Cuf£ey, 1 985, p . 307 l .  
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The field cl assification used i n  this study t akes into 
account percent matrix, packing of fossi ls and/or fossil 
fragments, and growth types. Matrix in this sense incl udes 
sedi ment part icles less than 2mm ·in s i ze .  The tripartite scheme 
used here is as follows : matrix greater than 75 percent, matrix 
75-25 percent ,  and less than 25 percent. Floatstones, boundstones, 
and coverstones £al low past usage, while l amstones, cupstones, 
stickstones, hemstones and chainstones reflect dominant fossil 
growth forms < Fi gure 2 ) .  

STRATIGRAPHY. LITHOLOGIES, AND PALEONTOLOGY 

Three domains were used for mapping and correlation purposes 
< Fi gure 3 > .  A northern dom a i n  i ncludes the quarries and outcrops 
in the East Kingston area. The middle domain i n corporates the 
outcrops and mines of the V l ightberg area. The southern domai n  
includes the quarries, mines and outcrops of the Wi lbur, New 
Salem, Fly Mountain and Bloomington areas . 

Northern Doma i n  

Here the t h i ckness of t h e  Gl asco Formation i s  9. 5 feet ( 2 . 9 
meters ) .  The lower most sequence, u n i t  A ,  averages 3 . 7 feet ( 1 . 1 
meters > in thickness. . Most sections consist of a basal hemstone 
or floatstone or lamstone, over l a i n  in succession by a chert -rich 
coverst.one, a calcareous to dolomitic floatstone or l amstone or 
hemstone, and an upper low matrix chai n stone with abundant 
laminar stromatoporoids < Figure 4 ) .  Overall the unit is 
characterized by matrix poor l itholog i es < Figure 5 l .  An 
insoluble residue of 4 . 2 percent was obtained from the 
chai nstone. The fauna in decreasing order of abundance includes 
fragmented halysitids,  laminar stromatoporoids, sol itary rugosa, 
stick - l ike tabul ates and/or bryozoa, hemispherical 
stromatoporoids, other tabu l ates ( chiefly cladopor i d - l i ke forms > ,  
pelmatozaan oscicles, and entire halysi t i d  coral l a  < Figures 6 and 
7 l .  Within the basal porti ons of the unit the dominant 
stromatoporoid form is hemispheric a l ,  w h i l e  in the overlying 
coverstones and chainstones it is almost exclusively l aminar. 

Unit B is 4 . 8 feet < 1 . 5 meters i on average and can be 
identified by several cycl ic packages ( fl oatstone or hemstone or 
lamstone overlain by cupstone or stickstone l .  Thi s  unit starts 
with a floatstone and ends with a stickstone or shale. The 
dominant l ithology is floatstone, especi ally in the lower part 
( subunit 1 ,  Figure 4 )  which exhibits a dramatic increase in 
matrix relative to unit ( A l ( Figures 4 & 5 l .  Insoluble residues 
formed 4 . 3 percent of the upper stickstone l i thologies ( subunit 
2, Figure 4 l  in t h i s. unit. The three dominant macro- invertebrates 
in the unit are solitary rugosa, cl adoporid-l ike tabu lates and 
stick - l i ke tabul ates and/or bryozoa < Fi gures 6 and 7 ) .  

Unit C averages 1 . 0 feet ( 0. 3 meters ) in thickness and is 
comprised of a clean l ime calcarenite ( subunit l A l or a 
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lamstone/coverstane ( subunit 1 B ,  Figure 4 )  overl ain i n  one place 
by a mix of matrix-rich l ithologies. Where present C Fi gure 4 l  
the calcarenites occur above a bedding surface part i n g  at the top 
of u n i t  B.  These calcarenites contain 2. 5 percent insoluble 
residues end appear to be a facies a-£ the lamstone/cover.stone 
li thologies C Figure 4 ) .  The upper subun i t  C 2 l ,  where it exists, 
contains flaatstones, mudstones, rudstones and shales. Within 
the l amstane/caverstane package laminar and hemispherical 
stromatoporoids are equally abundant wh i l e  solitary rugosa are rare. 
Although most of the material is fragmental , the calcarenites 
ere characterized by equal proportions of solitary 
rugose and cl adoparid-like tabul ates when identifiabl e .  

Middle Domain 

The Glasco i n  this domai n  as studied i n  two local i t i es 
averages 1 . 4  feet ( 0. 4 meters ) in thickness. Only u n i t  C occurs 
in this domain ; The unit is characterized by dolomitic mudstone, 
flaatstane, and quartz-rich rudstone ( subunit 2 > .  These 
lithologies contain stringers of fossi l hash end are indistinctly 
l aminated. Rare stromatoporoids were the only foss i l s  
identified. 

Southern Domain 

In the southern domain the Gl asco l i mestone averages 1 1 . 1 
feet C 3 . 4 meters ) .  Unit A i s  1 . 7  feet ( 0 . 5 meters ) thick an 
average. The basal l ithologi es are chert-rich boundstanes with 
rare hemstones to the west ( subunit 2,  Figure 4 l l  and flaatstanes 
and mudstones to the east ( subunit 1 ,  Figure 4 ) .  Dolomitic to 
calcareous floatstones or lamstanes or hemstones ( subunit 3, 
Figure 4 )  that overly the boundstanes conta i n  9. 8 percent 
i nsoluble residues. The upper subunit ( 4 )  C Figure 4 )  is a 
dol omitic chainstone containing more matrix ( 50-75 percen t >  than 
that• in the northern domain.  Only fragmented halysitids, laminar 
and hemispherical stromatoporoids, and sol itary rugose occur in 
abundances greater then one percent ( Figure 7 l .  

Unit B is 6 . 2 feet C 1 . 9  meters ) thick on average. Twa 
disti nct subun its can be recogn i zed ( subun its 4 - 5, Fi gure 4 > .  
Dolomitic floatstone and/or l emstone, eastern facies, or a 
dolomitic floatstone end/or stickstone, western facies, ( Figure 
4 l l .  The eastern facies may e l sa contain hemstones and 
caverstanes intercal ated with matrix-rich C 90 percent >  
floetstones. Some basel flaatstones contain burrowed horizons 
that may be related to hardgrounds. The upper subu n i t  C 2, Figure 
4 l l is a dolomitic mudstone end/or floatstone. Two macro
i nvertebrates dominate this u n i t : cl edopori d � l ike tabul ates end 
fragmented h el ysit ids. Soli t ary rugose , l aminar and irregular 
stromatopo�oids are less abundant C Figures 6 and 7 l .  

Unit C ranges from 1 . 2  to 9 . 0 feet C 0. 4 to 2 . 7 meters l ,  
averaging 3 . 2 feet ( 1 . 0  meters ) .  Two subunits were identified : 
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CARBONATE CLASSIFICATION 
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-cup shape g rowth 
( i . e .  s o l i t a ry rugosa) 
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Figure 2 :  carbonate field classification ( partly adapted from Cuf fey , 1 9 8 5 )  
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l amstone/coverstone ( l B l  and £loatstone, mudstone, and rudstone 
< subunit 2 l .  In the west a thin shale overl ies the 
l a mstone/coverstone, w h i l e  in the central portion o£ this doma in 
deposition o£ £loatstone and mudstone commences. Finally,  to the 
east the l amstone/coverstone sequence is nonexistent wh ile a 
£loatstone/mudstone package becomes dominant. .  Rudstones and 
dolomitic

· 
mudstones near t

'
he tap a:! this unit average 25 percent 

insoluble residues. The matrix-rich l ithologies contain 
disarticulated ostracod val ves , vertical burrows, rare sol itary 
rugosa and brachiopods. 

Summarv 

In terms o:! thicknesses unit A is thickest in the northern 
doma i n  because subunit 1 < Figure 4 l  was probably eroded or 
nat deposited in the southern domain prior to deposition a£ 
subunit 2. Unit B is thickest in the southern domain because 
there is an additional thickness o:! dolomitic 
mudstane/£loatstone ( subunit 2 ) .  The thinning a£ unit C in the 
northern domain is due to two possible causes. First, the 
l amstonelcoverstone lithologies are much reduced. Second, the 
overlying matrix-rich package i s  rare or non - existent i n  the 
northern doma i n .  

Faunal l y ,  the most signi£icant trend w a s  noted i n  the m i ddle 
unit < B l .  Here solitary rugosa decrease i n  abundance £rom 38 
percent .in the north to 1 1  percent i n  the south . Laminar and 
irregul ar stromatoporoids increase in abundance :!rom north to 
south . 

General l y ,  insoluble residue percentage contrasted sharply 
in two domains : high insolubles in the southern domain versus low 
insolubles in the north . 

DEPOSITIONAL ENVIRONMENTS 

A number o£ relatively shal l ow water carbonate environments 
are recognized £or the Glasco sequence. These include patch ree£ 
and backree£ complexes, stromatoporoid knobs and low subtidal to 
intertidal £lata. 

Unit A 

Late Rosendal e  sedimentation probably occurred i n  a tidal 
£let environment ( Harper, 1 969 l .  These £l ata may have been 
periodically exposed. Incursion o£ the sea during early Gl asco 
time saw the development o£ a patch ree£ complex and associated 
halysitid coral thickets. Since the Rosendale substrate was 
probably well l i thi£ied, both stabi l i zation and colon ization 
stages in ree£ growth were omitted and a rather geological l y  
' quick ' diversi£ication stage progressed in the patch ree£. 

Hemispherical and l aminar stromatoporoids, sol i.tary rugosa, 
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F igure 3 :  
Map of study area showing domains and 
locations of stops . (Numbers and black 
dots refer to fieldtrip stop s ; R= other 
sections in the northern domain ; S= 
other sections in middle and southern 
domains ; RTQ= quarry below Route 3 2 ;  
HNW= Hudson Quarry northwes t ;  NSE= 
Hudson Quarry southeas t ;  FLY= Fly 
Mountain Central . )  
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stic k - l ike tabul ates and / or bryo2oa, cladoporid - l i ke tabulates, 
complete end fragmented halysitid corals, favositid corals and 
pelmato2oans debris have been recogni2ed. The greatest species 
diversity among stromatoporoid was encountered in the patch reef 
and overlying reef flat environments. I n  thirt.y-seven coenostea 
sampled , three genera and f i ve species were identified : 
Parallelostroma constellatum, P. kaugatomicum, P. rondoutense, 
Stromatopora olarkei, and Oensastroma pexisu m < Agostaro, 1987 > .  

Sedimentation rates must have been relatively high since the 
dominan t  growth form is hemispherical to g l obul ar rather than 
laminar. The implication i s  that hemispherical stromatoporoids 
were able to keep pace with sedimentation while l aminar forms 
were engulfed by the sediment . The patch reefs were likely 
destroyed catastrophically by an influx of fine-grained sediment 
and/or storm generated debris as indicated by the deposition of 
floa�stones and mudstones in the upper portion o£ subunit 1 .  

A shal lowing event ( s l  produced a significantly contrasting 
environment : high energy stromatoporoid flats probably simi l a r  to 
ree£ £l ata. With decreased sedimentation and i ncreased 
turbulence, lamin·ar encrusting stromatoporoids apparently 
thrived. One species, Stromatopora clarkei, dominated this 
assemblage. A domination stage in ree£ growth is postu l ated . 
Laminar stromatoporoids attai ned their greatest dimensions i n  
this environment. These averaged 4 . 7  inches < 1 1 . 9  c m l  i n  breadth 
al thou.gh some reached 23. 6 inches ( 60 em l .  The l ack of matrix 
adds credence to the high energy, sha l l ow water f l at hypothesis. 

Halysitid coral thickets developed on top o£ the 
stromatoporoid flats. The halysitid coral l a  may have been 
stabi l i 2ed in the fol lowing manner. With an upright and open 
structure the halysitids could have baffled currents and trapped 
sediment in between cora l l i tes thus anchoring the bases of the 
cora l l a .  During storm events most halysitids appear to have been 
dislodged, toppled, crushed and transported to form ac.cumulations 
o£ flattened assemblages < chainstones l .  In the northern doma i n ,  
large l aminar stromatoporoids are sandwiched between such debris, 
either of which may been a favorable settling ground £or 
stromatoporoid l arvae as compared to calcareous muds. 
Stromatoporoids were eventua l l y  kil led by an influx o£ 
fragmented halysitids washing on top o£ the coenostea. Complete 
halysitid cora l l a  are exceedingly rare in a chainatone lithology. 

In the south the chainstone is dolomitic,  thins, and 
contains much more ·matrix while l aminar stromatoporoids are rare. 
The coverstone i s  simil arly dolomitic and, where it exists, 
thins. The environment was apparently l ess turbulent and 
possibly deeper than th at to the north. 

Unit B 

Relative deepening of the sea during medial Glasco time 
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brought about a net decrease i n  water turbul ence. Al though the 
unit A patch ree£s stood only a £ev £eet above the sea£1 oor ( 4 - 5  
£eet-> C 1 . 2 - 1 . 5 meters ) ,  they may have produced su££icient 
barriers to dissipate energy on a l andward side·. Matrix -rich 
packages accumul ated i n  backree£ complexes. A backree£ complex 
probably consisted o£ the backree£ environment and a shallower 
near- shore, subtidal environmen t .  

Cycl ic deposition o £  £1oatstones w i th stickstones, 
l amstones, hemstones or cupstones characterize Gl asco backree£ 
deposition . Cycl icity is a common component o£ European Devonian 
back -ree£ deposits < Burchette, 1 981 > .  Such cycl icity may suggest 
peri odic attempts to re-establ ish ree£ growth ; i . e . stabi l i zation 
and colonization stages. Other evidence £or back -ree£ deposition 
includes : 

C l l abundant skeletal debris 
C 2 l stickstone/cupstone/£1oatstone/mudstone/ with £ine-grain•d 

matrix 
( 3 l branching and sma l l  l aminar growth £arms 

The del icate branching £arms C cl adoporid-like tabul ates and 
stick - like 'tabulates and/or bryozoa ) indicate high sedimentation 
and low energy rates. The water vas probably more turbid than 
t.hat in the patch ree£s and thus precluded a more diverse £auna 
o£ £il.ter and suspension £eeders to develop. The macro
invertebrates most likely grew in thickets and served to ba££le 
currents and al l ow matrix to accumul ate . With the addition o£ 
abundant bryozoan ,  tabul ate, and sol itary rugosan skeletons the 
substrate became a muddy gravel . This substrate vas colonized by 
sma l l  l ami nar stromatoporoids < averaging 2. 9 inches or 7 . 3 
centimeters in breadth l and £ever hemispherical or dendro_id 
£arms, until they were bl anketed and k i l led o££ by £ine-grained 
sediment . This cycle vas repeated numerous times in some 
local i ti es. 

In the northeast the cycles are l i me - rich and contain equal 
percentages o£ solitary rugosa, stick - l ike tabul ates and/or 
bryozoa, and cl adoporid - like tabulates. The situation suggests 
better circu l at ion than that to 'the sout h .  In the southwest the 
l ithologies are dolomitic, more matrix rich and soli tary rugosa 
are £ever rel ative to bryozoans and tabul ates . Circu l ation vas 
more restricted and the percent age o£ i nsolubles were higher. 

In the southeast there is evidence £or a shallow, quiet 
water, near shore, subtidal envi ronment . Cycl i city decreases and 
is ultimately nonexis�ent. The dolomitic £1oatstone and 
mudstones are nearly devoid o£ epi£auna with the exception o£ 
stringers o£ brachiopod and ostrocad valves. To the west the 
sequence becomes h ighly £oss i l i£erous and cycli c .  An in£auna 
must have tolerated this environment since deep, wide, vertical 
burrows are common at the base o£ this unit . ' I£ this is a 
hardground it could imply a temporary stoppage i n  sedimentation 

r , 

f ;  
i 
' -

l -

r 1 
I . 

[ : 
[ � 

f l �  

L 
[ 



i l . 

' 
I t 

I l . 

"' w "' 
" 
:> z 

� 
� 

"' w "' 
" :> z 

� 
0 
� 

240.00 

220.00 

200.00 

1 80.00 

1 60.00 

1 40.00 

120.00 

1 00.00 

80.00 

60.00 

40.00 

20.00 

0.00 

240.00 

220.00 

200.00 

1 80.00 

160.00 

1 40.00 

120.00 

1 00.00 

80.00 

60.00 

40.00 

20.00 

0.00 

fOSSIL OIS1RISUTION UNITA (NORTH) 

LS HS IS WH FH SR STS OT PO 

FOSSIL TYPES 

FOSSIL OISiRIBUTION UNITA (SOUTH) 

j - 2 1  

2o4-0.00 

220.00 

200.00 

1 80.00 

160.00 
"' w 1 40.00 "' 
" :> 

1 20.00 z 

� 1 00.00 
� 

80.00 

60.00 

40.00 

20.00 

0.00 

240.00 

220.00 

200.00 

180.00 

1 60.00 
"' w 1 o4-0.00 "' " :> 

1 20.00 z 

:; 100.00 i;1 
80.00 

60.00 

40.00 

20.00 

fOSSIL OISiRIB UTION UNITS (SOUtH) 

LS HS 1 R  WH FH SR STB CT PO 

FOSSIL TYPES 

FOSSIL DISTRIBUTION UNITE (NORTH) 

V71 �  0.00 
LS HS IS WH F'H SR STB OT PO 

FOSSIL TYPES 

� � � � FH SR m M � 
FOSSIL TYPES 

Figure 6 :  D i s tribution of macro-invertebrates for units 
A and B in the northern and southern doma ins . 
Hi stograms show total number of individua l s . 
S trictly outcrop observat�ons . ( LS = laminar 
stromatoporoids ; HS=hemispherical stromatoporoids ; 
I S =irregular and dendroid stromatoporoids ; WH= 
entire ha lysitids ; FH=fraqment halysitids ; SR=sol itary 
rugosa ; STB=stick-like tabulate and/or bryo z o a ; 
OT=other tabu l ates , ch i e f ly c ladoporid-like forms ; 
and PO=pelmatozoan o s c i c l e s ) .  
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< Bethhurst, 1 975 l .  High salinity might have restricted the 
spi�aun a ,  It is notable that in one local ity virtua l l y  the 
ent i re package of lithologies are dol omiti zed, indicative of high 
insolublea, possibly i mplying a terrigenous source for some of 
the sediment. 

Unit C 

Three disti nct environments are recognized : stromatoporoid 
knobs, high energy calcarenite shoals,  end low subtidal to 
intertidal < ? >  flats. A modern analog of the stromatoporoid knobs 
woul d  be the coral knobs essocieted . with patch reefs of Bermuda, 
which may be upto 5 meters ( 1 6. 4 feet ) across end rise 1 to 3 
meters ( 3. 3  to 9 . 9 feet ) above the seafloor ( James, 1 983 > .  The 
stromatoporoid knobs extend from the southern into the northern 
domai n .  When the knobs ere exposed on bedding planes they are up 
to 1 5  feet across 1 4 . 6 meters ) and rise 1 -3 feet ( 0. 3 - 0 . 9 
meters > above the surrounding shales, calcareous shales, or 
dolomitic mudstones. 

Although evidence for high energy scour is generally 
absent, rare sma l l  scale channel ing has been observed at the base 
of this unit. Laminar stromatoporoids < Parallelostroma 
conatel latum l have been seen to encrust a vertical channel w a l l  
and subsequent infill ings < Agoataro a n d  Waines, 1 987 ) .  The 
impl ication here is that shal l owing possibly occurred . 

It is intriguing that laminar and hemispherical growth forma 
seem to co-exist at similar horizons within the stromatoporoid 
knobs. In a study of a Silurian biostrome of Gotland, Kershaw 
( 1981 , p. 1 288 l noted that laminar and high domical stromatoporoids 
were found • ad j acent to one another and therefore neighbors in 
the same environment • .  The author also suggested that intense 
competition under favorable conditions could lend to low 
diversity among reef organisms in modern reefs ( p . l 293 l .  He 
presented a scenario that may be mirrored in the stromatoporoid 
knobs of the Glasco. "Laminar to low domical forms were possibly 
spreading sideways to rapidly increase their surface area for 
food collection, exclusion of other organisms and to offer a low 
profi l e  to currents, thereby reducing stresses on the coenostea. 
High to extended forms developed the alternate solution of upward 
growth, possibly to take advantage of nutrient-rich currents or 
perhaps to produce a microenvironment of extra turbulence 
resulting in a constant supply of clean water • < Kershaw, 1 98 1 ,  
p. 1293 l .  

Of twenty coenostea sampled from this horizon four species 
in one genus were identified < Parallelostroma l and two species 
< P. constell etum and P . kaugatomicum )  constituted 80 percent of the 
population, indicating low species diversity. This has been 
interpreted as a colonization stage in reef growth < Agostaro, 
1987 ) .  In gener a l ,  growth forma were not unique to any particular 
species. 
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Al though dolomitic mudstone end shales ere a m a j or component 
of t h i s  knob environment close examination suggests that 
hydrodynamic energy was sufficient ·to al low reef-li ke deposits to 
develop i . e. : ( l l  many stromatoporoids exhibit encrusting forms 
�nd ( 2 l  fragmented, repaired or heeled coenast e e .  As the 
stromatoporoid knobs built upwards they produced topographic 
highs scattered over the sea bottom. Fine-grained sediment 
( sh a les end dolomitic mudstones ) accumul ated in the interareas. 

With the exception of the unit A stromatoporoid flats, these 
knobs may represent the sha l l owest environment in which 
stromatoporoid activity coul d  thrive. If the knobs were 
per i odically exposed subaer i a l l y ,  this would account for the 
fragmented but healed coenostea.  To the north and northeast the 
knobs disappear end high energy calcarenite shoals occu r .  

The h i g h  energy associated with t h e  shoals transported the 
fine grain sediments out of this area. A significant color 
change occurs between the underlying dark gray to black back reef 
stickstone and cupstone deposits of u n i t  B and the l i ght gray to 
blue low insoluble residue l i th o l og i es of the shoal deposits. 
The l atter cont ains the fol l ow i n g  macro- invertebrates, when 
identifiable ( sinc.e most are fragmented l :  tabul ates, bryozoans, 
sol i t ary rugose, and rare hemispherical stromatoporoids.  Tl)e 
source for the fragments may well have been the backreef thickets 
of unit B.  The shoals appear to represent a facies change from 
the stromatoporoid knobs si nce over a l l  thicknesses are simi lar 
and both overly similar strata ( in the northern damai n l ( Figure 
4 ) .  

The mast perplexing environment appears ta be a l ow subtidal 
to i ntertidal flat environment which i s  represented in the 
central portion of the southern domain by dolomitic to 
calcareous. laminated, sometimes rippled, floatstones and 
mudstones ( subun it 2 l . Hemi�pherical and globular 
stromatoporoids are rare. Eastward this subunit thickens and 
rudstones begin to occur. At the eastern extreme of the southern 
domain the str·amatoparaid knobs disappear and unit C is entirely 
a mixture of dolomitic mudstones, floatstones, and rudstones. 
Thi n - sections reveal that the rudstones are rich in rounded, fine 
to medium size, quartz grains that often exhibit graded bedding. 
These are commonly associated with ostracod valves and ' pellets ' .  
In addition the pellet - l ike structures have been observed i n  
l amin ated , often bioturbated, l i t hologies. 

The middle domain is represented by a low subtidal to 
intertidal flat environment. Unit C appears to be the only one 
present and it has thinned dramatically ( Figure 4 l .  The 
impl ication seems to be that this area is closer to the shorel ine 
and salinities were sufficient to a l l ow only ostrocads, rare 
brachiopods, and some infauna to exist on the tidal flat . Quartz 
grains from rudstones and foss i l - hash floatstones/mudstones 
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suggest a terrigenous in:flux . The anomalously thin section ( less 
t h en one :foot l o:f Gl asco in the middle domain may be explained by 
e topographic high ( Rosendale Doloston e )  on which only l atest 
Gl asco sediments accumul ated . 

Summary 

Lithologic, paleontologic, end observational enelysis o:f e 
marine carbonate sequence, the Late S i l urien Gl asco Formation in 
the vicinity o:f K i ngston , New York, de:fine the paleoenvironments 
within this stratigraphic sequence. The :four environments 
recogni2ed ere patch ree:f complex, beck ree:f complex, 
stromatoporoid knob end l ow subtidal to i ntertidal :flat.  
Relative nearness to shore, water turbul ence end turbidity, along 
with storm activity seem to be m a j or parameters greatly e:f:fecting 
the nature end stabil ity o:f environments. 

Stromatoporoid growth within the patch ree:f complex eppeers 
in:fluenced by depth end turbulence o:f water. Hemispherical :forms 
occurred in moderately low turbulent waters o:f the patch ree:f. 
Leminer encrusting :forms ere dominant in sh a l l ower, more 
turbulent, stromatoporoid :flats. Leek o:f good circul aton a l l owed 
matrix - rich sediments to accumu l ate i n  some o:f the beck ree:f 
complexes o:f unit B. Hemispherical end leminer stromatoporoids 
were seemingly eble to co-ex i st in the stromatoporoid 
knobs. High turbul ence apparently removed :fine- grained sediment 
end a l l owed calcarenite shoal s  to develop contemporaneously to 
the north . In t h e  southeast, terrigenous input end 
possible high s a l inities eliminated nearly a l l  biologic activity 
toward the end o:f Glasco time. 



LZ\TE SILURiilli ( PRIDOLI ) ROSENDALE DOLOSTONE l.ND wiLBUR LHlESTONE , 
VICINITY: OF KINGSTON , ULSTER ·coUNTY , NEw YORK 

LORRAINE E .  WARREN 

Department of Geological Sciences 
State University of New York College at New Paltz 

New Paltz , New York , 1 2561 

INTRODUCTION 

The Rondout Group , of which the Rosendale Dolostone is part , 
has pl ayed an important part in Ulster County ' s  past economic 
development . The Dolostone is comprised of Hydraulic limestone , 
which was crushed , reduced in kilns and used as a natural cement . 

The term Rosendale was proposed by Hall ( 1893 , p .  156 ) who 
gave as a location the southern exposure of a high escarpment at 
Rosendale where this dolostone was mined and manufactured into 
hydraulic cement • .  Some of the more recent investigations of the 
Rosendale in this century are those of Ricka�d , ( 1962 ) ,  Hoar and 
Bowen , (1967 ) ,  Harper , ( 1969 ) . and harren and h aines , ( 1 986 ) .  

Based en field observations from nine different locations 
from just north of Kingston south to �laple Hill ( just north of 
Rosendale ) ,  a four-fold subdivision is proposed for the Rosendale 
Dolostone . From top to bottom the Rosendale is comprised of 
Unit One : Limestone , Unit Two : Dolostone , Unit Three : Wilbur 
Limestone and Unit Four : Dolostone . Although not all subdivisions 
are present at all locations these units can be correlated laterall y .  

The term ;;ilbur Limestone was designated by Hartnagel ( 1 903 ) 
based on a stratigraphic sequence of Mather ( 1 843 , p .  331 ) .  The 
outcrop referred to by Mather was located on the " right " ( southeast )  
side of Rondout Creek opposite Wilbur . Hartnagel selected Mather ' s  
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unit # 10 ( limestone , dark colored impure and fossiliferous ) and placed r · · 
the viilbur Limestone at the base of the Rosendale Dolostone. [" 
�lost authors such as Van Ingen , ( 1 903 ) ,  l.Yanles s ,  ( 19 21 ) ,  Rickard , 
( 1962 ) and Harper , ( 1969 ) have followed this practice . 

STRATIGRAPHY P�D DEPOSITION;� ENVIRONMENT 

It is suggested a four-fold subdivi sion of the Rosendale
Wilbur sequence is the best way to present the vertical and 
lateral variations observed in- the Kingston are a .  

UNIT ONE : 
This occurs as a mottled and some what dolomitized limestone 

that is slightly fossiliferous , and weathers light blue-gray. 
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At Wilbur Quarry the thickness is two feet ( 0 . 6m ) .  In the vicinity 
of Wilbur the unit is disconformable with the overlying Glasco 
Limestone with a thin dark shale at the contact . The base of the 
unit grades into the unit below. To the south ( Fly Mountain ) the 
unit appears dolomitized ( l ate phase diagenesis ? )  and cannot be 
distinguish from the underlying dolostone . The unit does not 
appear to occur north of the southern Vlightberg and may have 
been removed by erosion prior to the deposition of the Gl asco . 

Unit one seems to represent a relatively near shore , high 
s aline , ' deep water ' trough deposit located between the tide 
flat and the shoreline . Fossils are not numerous and partial 
dolomitization may indicate proximity to tide fl ats deposition . 
This may account for the mottling of the limestone of the Hilbur 
area which appears to be in an early s t age of di agenesis .  

UNIT T\�0 : 
Thi s is a 'massive to l aminated unfossiliferous dolostone 

which weathers orange-buff . In Wilbur Quarry this unit i s  8 . 3  feet 
( 2 . 5m )  thick. The unit appears to equate with the bulk of Mather ' s  
( 1843 ) unit # 9 ( gray to black cement rock ) and the ' dark cement 
rock ' of many early 20th century authors . At Fly Mountain unit 
two grades downward into the dolostone below , but from the 
Vlightberg north the lower part of uni t two appears to become 
interbedded with numerous to sparse slightly fossiliferous 
limestone stringers forming a subunit . 

Unit two probably represents a hyper s aline intertidal to tide 
flat environment .  The limestone stringers found north from the 
Vlightberg and in the east side of Cal l anan ' s  Quarry may have been 
derived from lime secreting organisms in a marine trough environment 
as in unit three and may represent organic debris outwash across 
tide flats . 

UNIT THEEE : 
In the \lilbur area this unit occurs as a spar sly fossiliferous 

massive limestone that is somewhat mottled and slightly dolomitized. 
The unit weathers a light blue-gray. At Wilbur Quarry the limestone 
has a thickness of four feet ( 1 . 2m )  and the upper and lower contacts 
are rapidly gradational to dolostone . This unit is the Wilbur 
Limestone of many authors and can be readily recognized as a 
stratigraphic unit below the Rosendale Dolostone from the Vlightberg 
north as far as west Camp , New York. However in the vicinity of 
Wilbur and south in Fly Mountain the Wilbur Limestone is an internal 
stratigraphic component of the Rosendale Dolostone . At the south 
end of Fly �lountain the Wilbur is a cherty and silicified fossil
bearing ' dolostone with occasional angular pebble-like structures 
of undolomitized limestone . The Hilbur can be traced as a thin 
insoluble resdue and a high Ca/Mg zone many miles to the southwest 
( Warren and Waines .  1986 ) .  other limestones near or at the base 
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of the Rosendale Dolostone , such as those reported at High Falls , 
do not appear to be correl at.able with Wilbur Limestone of the 
Wilbur area.  Fossil content increases from the Vlightberg north 
and the base of this unit oversteps the underlying Ordovici an 
sandstones and shales with angular unconformity . 

The Wilbur exhibits a diverse fauna of brachiopods , bryozoa , 
tabulate ( favositid and halysiti d )  and rugose coral s , trilobi tes , 
ostracods , gastropods and pelmatozoan fragements ( Hartnagel , 1903 ) .  
Most recently , stromatoporoids identified by Stock ( 1979 ) include 
Stromatopora bekkeri ,  P arallelostroma constell atum , Parallelostroma 
katigatomi cum all from Wilbur strata just north of Kingston . 
Stromatopora bekkeri located at Accord , New York in the ' Wilbur 
member ' comes from basal Rosendale strata which predate any of the 
Rosendale in the vicinity of Kingston . 

Unit three represents a very fossiliferous limestone formed 
in a off shor@ ' trouqh-like envir9noment .  · Here a variety of f auna 
can be found ranging from brachiopods to stromatoporoids . The 
fossils found south at Fly Mountain may represent organic debris 
outwash across . tide flats . Here again as in unit one the mottled 
limestone of the "ilbur vicinity appears to be in a early stage 
of di agenesi s .  

UNIT FOUR : 
Thi s unit i s  a massive dolostone which weathers orange-buff . 

At Wilbur Quarry the unit i s  6 . 6  feet ( 2 . 0m )  thick. In the 
vicinity of \�ilbur the unit disconformably overlies the Binnewater 
S andstone , and does not appear to extend northeast over Ordovician 
sediments . To the south at Fly Nountain this dolostone develops 
sparse chert nodules and occasi�nal fossil ghosts . The unit i s  
absent at the Vlightberg north. It i s  also absent a t  the east 
side of Call anan ' s  Quarry . 

Unit four probably represents a intertidal to tide flat 
environment . These flats most likely had a low energy environment ,  
and perhaps were hypersaline . 

CONCLUSION 

The propos al of the Four-fold subdivision of the Rosendale 
Dolostone can be easly recognized in the field. All four units 
are distict enoug� to be readly recogni zed . At most locations 
all units are present except where removed by erosion , or have 
under gone facies change or were never deposited. 

From the foregoing, i t  seems that the Wilbur Limestone 
would be best recognized as a facies and subunit of the Rosendale 
Dolostone . 
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ROADLOG FOR F IELDTR I P  J :  
STRATIGRAPHY OF THE LATE S ILURI AN 

IN THE V I C I N ITY OF K I NGSTON , 
RONDOUT GROUP 
NEW YOR K .  

CO-LEADERS : AGOSTARO, R ;  FETTERHOFF, B . V . ; WARREN, L .  

Fieldtrip st arts a t  the Ramada Inn parking lot .  

M ILES FROM LAST POINT 

0 Turn ri ght aut o£ park ing lot onto NY28 heading 
northwest. 

0 . 1 Tra££ic light j ust past light bear right t oward 
US209 bypass and Kingston - Rhinecl i££ Bridge. 

0 . 2 North on US209. For the next 2. 1 miles are 
extensive roadcuts in gently d i pping siltstones 
end shales o£ Mt.. Marion Formation ( Middle 
Devonian l .  

2 . 0 Pass over Sewki l l  Road. 

0 . 3 Pass over NYS Thruway. 

0 . 3 

0. 7 

Bridge over Esopus Creek . 

End US209 bypass.  
east. 

Beg inning o£ NY199 .  Cont i nue 

0. 1 Pass over US 9 W .  

0 . 2 Roadcut shows Lower Devoni a n  strata . 

0 . 8 . Exit at NY32. Bear right . 

0 . 3 At stop sign turn le£t < south l onto NY32. 
Proceed south 0 . 5 miles end pu ll o££ to right . 

STOP 1A : WYGANT NORTH. ROADCUT EXPOSI N G  THACHER, WHITEPORT, 
GLASCO, AND ROSENDALE. < PLEASE DO NOT CROSS 
H I GHWAY. BEWARE OF FALLING ROCK - WEAR HARD 
HATS. 

Whiteport 

Thickness of Whiteport i s  £ive £eet. Unit two i s  
not present i n  this section, end unit one rests 
d i scon£ormably upon unit three. 

Glasco 

Note lover discon£ormable contact w ith massive 
dolomitic mudstones o£ the Rosenda l e .  Coverstone 
lithology o£ unit A ( subunit 2 l  charecteri2ed by lami n ar 
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stromatoporoids, chie£ly Stromatopora o l arkei, 
intercal ated with stick -l ike tabu l ates and lar bryozoa, 
and chert . Take nate of the position of this unit in 
the stratigraphic sequence. 

Distinct calor change between unit B and C ( dark 
blue vs. light gray l .  Bedding plane parting marks upper 
contact of unit C with overlying basal ostracod 
floatstones of the Whiteport . This unit in the lower 
Wh iteport occurs in virtually all l oc a l i t i es studied and 
serves as an exoellent marker bed . 

0. 8 Pu ll off on right side of road. 

STOP l B :  WYGANT SOUTH. PLEASE DO NOT CROSS H I GHWAY. 

Whiteport 

Unit four is well exposed at this stop. Note 
abundance of ostracods, and fragments of l i mestone 
( intraformational conglomerate >  within this unit. 
Gradationa.l contact with unit three. Unit one and two 
are not exposed at this stop. 

Gl asco 

Hemispherical stromatoporoids and halysitids found 
in the basal hemstones are typical of the northern 
domain. Compare intact halysitid coral l a  with 
fragmented types in chainstone. Note l aminar 
stromatoporoids in caverstone and chainstane lithologies 
of unit A .  Pay particular attention to 
stromatoporoid/halysitid association in low matrix 
chainstone. 

Dominant macro-invertebrates in unit B are solit ary 
rugosa, cl adoporid-l ike tabul ates, and stick -like 
tabulates and/or bryozoa ( espec i a l l y  in subunit 2 > .  
Unit C is characterized by fossil fragments. Note 
irregular disconformable upper contact and associated 
rip-up clasts. 

Rosendale 

At this location unit one is missi ng, probably due 
to erosion. Unit two is massive dolostone. Unit two 
subunit is a massive dolostone with discontinuous to 
continuous limestone stringers. Unit three, Wi lbur is 
mottled and contains a fossil marker bed. The bottom 
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portion of t h i s  u n i t  i s  a sandy l i m�stone w h i c h  reste on 
Ordov i c i an sediments w i t h  a n g u l a r  uncan£ormi t y .  
l i ke l y ,  u n i t  four w a s  never deposited. 

Mas-t 

1 . 7  Return t o  transpor t a t i on and proceed south on 
NY32. There are i n termittent outc.rops and road 
cuts in a more or less regu l ar l y  ascen d i n g  
strati g r a p h i c  order £rom A u s t i n  Glen l ? l 
through Onondaga Formations. The over a l l  
struc.tu r a l  p i ct ur e  i s  somew h a t  comp l i c.atE?d . 
Turn 1E?£t onto 9W sou t h .  

1 . 6 Stay i n  l e£t l an e  at l i ght makE? 1E?£t turn into 
housing developmen t .  
bridge. 

Crass under r a i l r a d  

0 . 1 Turn r i g ht a n d  proceE?d to dead E?nd circ l e .  Park 
here. 

STOP 2 :  VLIGHTBERG H I LL. < FOLLOW FIELDTRIP LEADERS UP 
H I LL l .  PLEASE FOLLOW P I NK RI BBON TRA I L  AND DO NOT 
WANDER -ESPECIALLY DANGEROUS CLIFFS. 

2A : VAN I NGEN ' S  W I LBUR 

RosE?nd a l E?  

U n i t  thrE?e, W i l bur i s  massive but sti l l  has that 
mottled look . Here the l i mestone i s  i n  angu l a r  
uncon£ormity w i t h  underl y i n g  MiddlE? Ordov i c i a n  
Normanski l l  < Austen G l E? n  aspect ) grayw ackes . 

2B : SOUTH END OF THE VLIGHTBERG 

Whiteport 

Unit £our i s  not prE?sent at t h i s  stop. 
dolomitizE?d, and t h e  subu n i t s  arE? barE?l y 
d i st i nguishabl e .  

G l asco 

U n i t  two i s  

The G l asco i s  represented by u n i t  C ( subunit 2 )  
which consists o£ d o l om i t i c  mudstones, i nd i sti nctl y  
l a minated d o l o m i t i c  mudstone , .  and stringers a£ £ossi l  
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h ash with quart2 grains. 
stops 3, 5A and 5B. 

Simi l ar hari2ans occur et 

Rosendale 

A small mottled portion a£ unit one is presen t .  

0 .  1 

0 . 1 5  

Turn around make 
railroad bridge. 
and cross US9W. 

1E>£t and go bac.k undE>r 
At tra££ic l i gh t  go straight 

At nE>xt .tra££ic l ight make a le£t turn onto 
Hasbrouck Ave. 

0 . 1 Turn le£t on Abeel StrE>et ( tva blocks dovn l .  

0. 5 

0 . 75 

0. 05 

0 . 05 

0.  1 5  

ProcE>E>d down Abeel StrE>E>t and g o  past £l ashing 
red l ight . 

Pass under NY CE>ntral R a i l road. 

Turn right at stop sign < Wi lbur Ave l .  

Turn le£t an RT21 3 at £l ashing red light 
proceed back toward NY Central Railroad 
underpass < East ) .  

Pull o£ road parallel to Rondout CrE>E>k just 
past stonehousE> on right. Outcrop nE>xt to 
picket £E>nce. 

STOP 3 •  SWEENEY ' S  STONEYARD. < FOLLOW FIELD TRIP LEADERS ! 
NO SAMPLING AT THIS OUTCROP - WHEN WE CROSS THE 
ROAD STAY ON SIDEWALK . DO NOT WALK ON THE FLOWER 
GARDEN. l OUTCROP DESCRIPTIONS W ILL BE PRESENTED BY 
FIELDTRIP LEADERS ON OPPOSITE S IDE OF OUTCROP. 

Whiteport 

BE>st E>xposurE> £or thE> Whi tE>port Dolostone in thE> 
Kingston area. Unit £our is do1omiti2E>d at this st op. 
Unit two can be seE>n in its two subdivisions, the uppE>r 
laminatE>d subunit and lovE>r ' rE>e£ • subun i t .  The three 
subzonE>s within t.hE> 1 o'ver subunit are best exposed herE>. 
NotE> discon£ormity at the base o£ units £our, two, and 
at the top o£ unit two. At the top o£ o£ unit onE>, 
mudcracks mark thE> contact with the Thac.her limest one. 
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Gl asco 

Cherty boundstone is found near the base a£ u n i t  A 
( very thin subunit 1 ) .  U n i t  B con t a i ns a lower 

dolomitic f l oatstone/l amstone ( su b u n i t  1 ) .  The upper 
dolomi tic mudstone mey be i n d i c a t i ve of quiet water i n  
t h e  back reef env i ronment .  Note t h e  h ig h s  a n d  lows 
w i t h i n  the stromatoporoid knobs a l on g  w i t h  l am i n a r  a n d  
hemispher i c a l  stromatoporoids located a t  simi l a r  
horizons. Take a close look a t  t h e  over l y i n g  s u b u n i t  2 .  

Rosen d a l e  

A t  t h i s  stop a l l  four u n i t s  i n  t h e  fou r - f o l d  
proposal a r e  present .  The upper l i mestone o f  u n i t  one 
can be seen w i t h  its mottled look and a minor p a r t i n g  a t  
t h e  base. U n i t  t w o  i s  massive dolostone w h i c h  h a s  
sever a l  p a r t i n g s  present .  U n i t  three a n d  u n i t  four are 
present but are h i d den beh i n d  the fence. Once a g a i n  do 
not step on t h e  garden a n d  no samples please . 

0 . 1 

0 . 3 

0 . 2 

0 . 0 5  

0 . 65 

Proceed east on Abeel Street . After underpass 
N Y  Central Rai lroad turn left on Devitt to turn 
around and get back on Abeel Street going west . 

Pass under NY Central R a i l ro a d .  

P a s s  outcrop j us t  examined. 

Con t i nu i n g  down Abeel Street w h i ch a l so becomes 
N Y 2 1 3 .  

Trave l i n g  southwest p a r a l l e l  t o  Rondout Creek . 
Prepare to pu l l  off road to right. suddenly i n  
0 . 65 m i l e s .  P a r k  i n  entrance t o  gravel p i t  
roa d .  I f  road i s  open d o  n o t  block entrance. 

STOP 4 :  CITY OF K I NGSTON GRAVEL PIT < FOLLOW FIELDTRIP 
LEADERS > .  THE C L I FF TO THE NORTHWEST I S  FORMED OF AN 
EXTENSIVE SEQUENCE OF UPPER S I LU R I A N  AND LOWER DEVO N I A N  
STRATA < MOSTLY CARBONATES > PARTLY REPEATED B Y  FAULT I N G .  

W h i t eport 

Unit four i s  d o l omi t i zed at t h i s  outcrop. 
Fossi l i �erous horizons can be noted, w i th concave-down 
ostracod v a l v e s ,  brachiopods, end soli tary rugose 
corals. Hemispherical stromatoporoids a l so prese n t .  
U n i t  three i s  covered b y  t a lus ; u n i t  t w o  can be seen i n  
both subu n i t s .  Contact between u n i t  one a n d  overlying 
Thacher l i mestone is l as t  mudcrack in unit one. 

.L 
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Glasco 

Th• eh•rty eov•rston• mark•r b� •ss•ntially sits 
at th• bas• of unit A. Th• chainston• lithology has 
thi nn•d r•lativ• to th• north, contains mor• matrix and 
f•v, if any, laminar stromatoporoids. Th• cyclic natur• 
of floatston• and l amston• within unit B is b•st 
demonstrat•d at this locality. The base of unit C shows 
an unusual stromatoporoid growth form. A vertical 
channel vall and subsequent infil lings are encrusted by 
stromatoporoid coenost•a ( Parallelostroma constellatum > . 
One• again take not• of of the l aminar and h•mispherieal 
stormatoporoids that seem to co-•xist at similar 
horizons. 

Rosendale 

This stop repr•sents the standard· r•f•rence for th• 
Rondout Formation and the type seetion of the Wilbur 
member. Here all four units of the Rosendale dolostone 
can be seen. The cli:ff to the northeast shows an 
extensive sequence o:f all :four units . Unit one can 
clearly be identi:fied below the base o:f the Glasco. The 
massive limestone is mottled and the upper portion is 
darker than the bottom. . The Wilbur, unit three, is 
sandwiched between the dolostone o:f unit tvo and unit 
:four. Unit :four lies with discon:formity on the 
underlying Binnevater Sandstone. 

0. 9 

0. 1 

1. 0 

Continue southwest on NY21 3. 
Rondout Creek Bridge. 

Cross Over 

A:fter bridge turn le£t onto New Salem Road. 

Proceed to Call anan ' s  Quarry. Turn left into 
:far entrance. Park in lot, keep roadway into 
pit open. 

· 

STOP 5 :  CALLANAN ' S  QUARRY. WAIVER FORMS MUST BE SIGNED 
RELEASING QUARRY AND ITS EMPLOYEES OF ANY LIABILITY, BEFORE 
ENTERING PREMISES. IT IS MANDATORY THAT HARD HATS AND 
FIELD BOOTS BE WORN - NO ONE ADMITTED WITHOUT SUCH SAFETY 
EQUIPMENT. 
LOCALITIES. 
AND CLIFFS. 

FOLLOW FIELDTRIP LEADERS TO DESIGNATED 
DO NOT WANDER - EXTREMELY DANGEROUS OVERHANGS 
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5A : CALLANAN ' S  WEST : F I ELD A S S I STANTS W I LL BE ON HAND TO 
ASSIST < ESPECIALLY KEEPI N G  F I ELDTRIP PART I C IPANTS 
AWARE OF DANGEROUS CLIFFS AND OVERHANGS l .  NO C L I M B I N G  
O F  A N Y  SORT. 

W h i t eport 

' Re-e:f • subun it_ o:f u n i t  t vo is present in t h i s  
sect ion. Undeformed h a ly s i t i d  cor a l  found at t h i s  
location . Unit four i s  a l most completely dolomitized. 

Gl asco 

Cherty boundstone marker bed is once a g a i n  located 
near the base of unit A .  Take a c l ose l oo k  at the 
burrowed horizon a n d  high matrix c h a i nstone ( rare entire 
h a l y s i t i d  cora l l a  ) .  U n i t  B i s  rather t h i c k  a t  t h i s  
l o c a l i t y .  Take some t i me to examine t h e  stromatoporoid 
knobs and the over l y i ng dol omi t i c  mudstone and 
f l oatstone w i t h  occasional l aminates, foss i l  debris a n d  
scattered hemispherical stromatoporoids . The l atter w a s  
interpreted a s  a l o w  subt i d a l  to intert i d a l  < ? l  f l a t  L 
environmen t .  

Rosendale 

A t  t h i s  outcrop a l l  four u n i t s  are· present but due 
t o  faulting the beds are repeated several t i me s .  U n i t  
o n e  c a n  b e  found s i t t i n g  under t h e  s h a l e  parting a t  t h e  
base o f  the Gl asco. This mot t l ed l i mestone has a 
parting at i ts base. U n i t  t w o  massive dolostone h a s  
several parti n g s .  U n i t  three, W i l bur i s  mottled a n d  
a l s o  has several p a r t i n g s .  T h e  lower dolostone o f  u n i t  
four i s  massive w i t h  a r e a s  t h a t.  a r e  more calc areous. 
Th i s  dolostone l ies d i sconformably on the underlying 
Binnewater Sandstone. 

58 : CALLANAN ' S  EAST : ONCE A G A I N  FOLLOW F I ELDTR I P  LEADERS. 

STAY AWAY FROM EDGE OF BENCH . DO NOT WANDER OR 
CLIMB ! !  F I ELD ASSISTANTS ARE I N STRUCTED TO KEEP F I ELD 
TRIP PARTICIPANTS A W A Y  FROM C L I F F .  STAY AWAY FROM 
ROPED OFF AREA. 
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Whit.,port 

Unit four is no long"'r present 1 unit thre"' is over 
seven f"'et in thic.kn.,ss . Unit two :i s  muc.h th:i nn"'r in 
than the w .. st.,rn s:id"' of th"' quarry, and, du"' to th"' 
l"'ss abundant fossil s  v:ith:in th"' l ow"'r subunit, is now 
' offree'i ' . 

Glasco 

This l ocality has b"'"'n th"' most probl.,matic to 
d"'c:iph"'r du"' to its se .. m:ingly • u nusual " character . 
With th"' h"'lP of marker b"'ds i n  th"' Wh:it.,port and 
Ros .. ndal"' th"' intr:icat.. natur"' of this .. xposur"' 

· a ppears to have b"'"'n cl.ar:i:!i.,d. Unit A as usual 
contains a lower cov .. rston.,/boundston"' but only 
fragm.,nts o:! th"' chainston"' r"'ma:i n .  Unit B do"'s not 
contain subunit 1 but is r .. pr"'s"'nt"'d by a thick 
subunit 2 ( 5. 4  :r .... t l  consisting chi.,:!ly o:! dolomitic 
mudston"'s with :r .. v.,r floatston•s ( som.,vhat cycli c ! .  
Some b"'ds ar"' l aminated and burrow.,d. Th"' bas"' o:! th"' 
unit contains wid.,, d"'"'P• v ... rtical burrows that app.,ar 
r"'lat"'d to a horizon on th"' w .. st sid.,. Unit C is 
r"'present"'d by subunit 2 and its associat"'d mixtur"' o:! 
dolomitic muciston"'s and :!1oatston.,s, rudston.,s, and 
black .shal"' at th"' top. Th.,se l i thologi"'s contai n  
more fossil debris and q.uart:z grains. Only u n i t  C ,  at 
other localiti"'s d"'monstrates these associations. 

Unit one, the mottl•d l imeston•, i s  r•pres•nt"'d 
in the th• cli:!:!s ( very dangerous do not c l i mb up 
talus) . Unit tva and its subunit a l ong with the 
Wi.lbur can be seen on several boulders lying n•ar by. 
Unit two i s  massiv• dolostone w h i ch is somewhat 
c a lcareous. Again unit two subu n i t. is pr•sent, a 
doloston"' with continuous to discontinuous lim•stone 
string•rs. Unit thr.,e, th• W i l bur, is mottl•d, and 
:!ossil i:!erous along with cl asts o:! sandstone pr.,s•nt 
near th"' bas... Th"' Wilbur sits on top of Ordovician 
s"'dim•nts at an angular uncon:!ormity Most l ik•ly 
unit four vas n"'ver deposit"'d h•r•. 

END OF TRIP. HAVE A PLEASANT DRIVE HOME ! 
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TIDAL CURRENTS , BIOGENIC ACTIVITY AND PYCNOCUNAL 

FLUCTUATION ON A LOWER DEVONIAN RAMP: 

BECRAFT, ALSEN , AND PORT EWEN FORMATIONS , 

CENTRAL HUDSON VALLEY 

JAMES R. EBERT 

Department of Earth Sciences 

State University Col l ege 

Oneonta , New York 1 3820-1 380 

INTRODUCTION 

The Helderberg Group ( Lower Devoni a n )  of New York State 
i ncl udes eight thi n ,  but extens i ve formations  that compri se two 
transgressive cycles separated by a minor regression ( Rickard , 
1 962;  Head , 1 969 ; Laporte , 1 969 ; Ebert , 1 982,  1 983) .  The l ower 
cycle  exhib its the classic  deepen ing upward sequence of forma
tions : Rondout, Man l i u s ,  Coeymans , Kal kberg , New Scotland 
( Table 1 ;  Rickard , 1 962;  Laporte , 1 967 , 1 969 ) that has been 
widely cited as an example  of epeiric  sea (ramp ) sedimentati on .  
The regression i s  recorded by an upper tongue of the Kal kberg 
Formation and the l ower portion of the Becraft Formation (Head , 
1 969 ; Arif,  1 973; Ebert , 1 982, 1 983 ) .  The upper transgress i ve 
cycle  i s  comprised of the Becraft , Al sen and Port Ewen forma
tions and has been assumed to represent a repeti tion of Coey
man s ,  Kal kberg and New Scotl and l i thol ogies and environments 
( Ri ckard , 1 962; Laporte , 1 967 ) .  Gross simil ari ty i n  outcrop 
appearance had been the only basi s  for this  assumption .  Recent 
descriptions of the upper cycle  ( Ebert , 1 982,  1 983,  1 985,  1 986;  
Mazzo , 1 981 , Mazzo and LaFl eur, 1 984) have i ndicated significant 
departures from the characteri stics of the l ower formations . 
Compari son of upper and l ower cycles ( Ebert , 1 982,  1 983, 1 985 )  
has resul ted i n  improved understanding  of  the processes that 
operated on the Hel derberg ramp . 

Tidal sand waves are recognized i n  the Becraft Formation . 
Thi s  formation and other s keletal gra instone un its have previ
ously been i nterpreted as shoal deposits that accumulated above 
wave base. The predominance of .wave acti on has always been 
assumed i n  these interpretations ; however , ana l ys i s  of sed i
mentary structures c learly i ndicates the dominance of tidal 
currents . 

Tidal sand waves occur i n  a variety of modern environments , 
from estuarine channel s  to the open shel f. The simpl i sti c ,  and 
poss i bly erroneous , i nterpretation of wave dominance in many 
coarse carbonates probably has l ed to inaccurate reconstructions 
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ffi "' � � � e-; H <.!> � FORMATION . MEMBER "' � ;:1 :>< � "' "' "' <.!> 

::l BOIS BLANC/ SCHOHARIE 
H CARLISLE CENTER � "' � ESOPUS t1 � e-; ORISKANY/CONNELLY/ "' H GLENERIE i:l � � PORT JERVIS .f§ � :a  PORT EWEN 

ALSEN O H  � fil  BECRAFT 
Q f-;  KALKBERG/NEW SCOTLAND "' � fil s  � KALKBERG 8 � � COEYMANS DEANSBORO 

� � · DAYVILLE/RAVENA 
JAMESVILLE � ::a CLARK RESERVATION ::a �LIUS 
ELMWOOD 
OLNEY 

THACHER 
CHRYSLER/WHITEPORT · 

RONDOUT CHRYSLER 
. :a � AKRON/COBLESKILL o-l g H H "' !:;; � BERTIE , CAMILLUS , 

:::> u "' SYRACUSE �nd VERNON 

TABLE 1 

Lower Devonian Stratigraphy o f  New York state . 
After Rickard ( 1 9 7 5 ) . 
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of envi ronments and pal eogeography, espec ia l ly  when adjacent 
facies are poorly exposed . 

The occurrence of tidal sand waves i n  a sequence that has 
been interpreted as representing sedimentation in an epeiric  sea 
( Laporte , 1 969) rai ses important questions about the processes 
that operate in such seas . Tradi tional epeiric  sea mode ls  
( Shaw , 1 964; Irwi n ,  1 965;  Ahr, 1 973)  have treated these seas as 
being tideless (Hal l am,  1 981 ) .  These model s  regard the posi tion 
of wave base as the primary factor governi ng the di stri bution of 
facies .  Tides are considered to be absent or  of negl i g i bl e  
effect. 

Si gnificant tidal exchange in epe 1 r1 c  seas has been di sre
garded because of the supposed fri ctional diffi cul ty of moving 
the tidal pri sm across such wide , sha l l ow shel ves (Shaw, 1 964; 
Irwi n ,  1 965; Mazzul l o  and Friedman , 1 975 ;  Hal l am ,  1 981 ) .  
Despite this bias,  a tidal ori gin has been demonstrated for many 
quartz areni tes from epeiric  sea settings ( e . g .  Kl e i n ,  1 970,  
1 97 1 , 1 975 ,  1 977 ; Thompson , 1 975;  Johnson , 1 975;  Swett, Kl ein  
and Smi t ,  1 971 ; Chafetz , 1 977 ; Barwi s and Makurath , 1 978; 
Recently,  Sl ingerl and ( 1 986)  has developed a numerical  model 
that supports the hypothesi s  ( Kl ei n ,  1 977 ; Kl ein and Ryer, 
1 978 ) that some epe i ri c  seas could  have been tide-dominated . 
Thi s model for the Upper Devonian Catski l l  epeiric sea i ncl udes 
the geographi c  area of the present study. Tidal sand waves of 
the Becraft Formation and the model of S l i ngerland suggest that , 
at l east , the shal l ow portions of the northern Appa l achian Basin  
may have been tida l l y  dominated throughout the Devon ian .  It 
should be pointed out , however, that deeper portions of the 
bas i n ,  especi a l ly  duri ng the Middl e Devon ian , were storm
dominated (for examples ,  see Brett , 1 986 ) .  

Biogeni c  processes pl ayed an important rol e  i n  the Helder
berg sea , as wel l .  The Al sen Formation displ ays a predomi nance 
of biogenical ly-di srupted fabrics , al though remnants of phys ical 
structures are a l so preserved . The overlying Port Ewen Forma
tion a l so shows evi dence of the importance of biogeni c  acti vity. 
A variety of i chnofossi l s  are present in this uni t .  These 
traces provide a detai l ed record of subtle changes i n  water 
oxygenation on the deeper portions of the Hel derberg ramp . Of 
particular i nterest are the cycl i c  variations i n  the d istri bu
tion of Zoophycos , Chondrites and Hel mi nthoida and asso -
ci ated l i thologies.  These cycles record fl uctuations i n  the 
posi tion of the pycnocl ine and its i ntersection wi th the 
sediment-water i nterface . These fl uctuations occurred in re
sponse to regional transgression and record the shoreward shift 
i n  the l ocation of the pycnoc l i nal i ntersection . Both symmetric 
and asymmetri c cycles are recorded . Al though PAC-l i ke i n  sca l e ,  
these cycles do not seem to fit the PAC motif  of shal l owi ng 
upward. Deepening upward and sha l l owing fol l owed by deepening 
seem to be the more typical  pattern for these cycles.  
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PREVIOUS WORK 

New York ' s  Helderberg carbonates have been studied since 
the · l840 ' s ;  however, few of these works have been sedimentologic  
in  nature. The vast majority of early research was concerned 
with paleontology and biostratigraphy. Research prior to 1 962 
has been succinctly summarized by Ri ckard ( 1 962 ) .  

The detailed stratigraphic analysis  of Rickard ( 1 962) has 
provided an excel lent standard for eval uation of earl ier paleon
tologic and biostratigraphi c  efforts . It has al so served as the 
framework upon which al l subsequent work is based . Outcrop 
designations in thi s report fol low Rickard ( Fi g .  1 ;  e . g .  R-44 = 
Ri ckard ' s  section 44) . Most subsequent study of the Helderberg 
Group has concentrated upon the l ower formations .  Si9nificant 
contributions incl ude Laporte ( 1 967 , 1 969 ) ;  Anderson ( 1 967 , 
1 971 , 1972,  1 974 ) ,  Head , Harper ,  Laporte and Andersen ( 1969 ) ,  
Belak  ( 1978, 1 980 ) and Epstein ( 1 968 , 1 969 , 1 971 ) .  Numerous 
detai led stratigraphic studies have al so been undertaken by E .  
J .  Anderson and. P .  W .  Goodwin and their  students i n  the devel op
ment and testing of the hypothesis of Punctuated Aggradational 
Cycles ( PACs ) .  

Paleogeographic reconstructions of the northern Appal achian 
Basin during Helderberg time ( Laporte , 1 967 ; Head , 1 969 , 1974) 
show the bathymetric axi s of the basin trending northeast
southwest and intersecting the New York outcrop bel t  in  the 
vicinity of Kingston ( Rickard ' s  section 24 and STOP 3 of thi s  
tri p ) .  These maps al so demonstrate the near coincidence of 
Lower Devonian depositional stri ke and the trend of the modern 
outcrop bel t  through most of New York State . 

Upper Hel derberg units have received considerably less 
attention. A cursory account of the Becraft Formation is in
cl uded in  Anderson ( 1 972) . Arif ( 1 973)  studied Becraft petrol ogy. 
Mazzo ( 1981 ) and Mazzo and LaFleur ( 1 984) descri bed l i thologies and 
cycl icity in  the Port Ewen Formation . Ebert ( 1 983) i s  the only 
comprehensive treatment of the upper units. 

Description of the sedimentology of the upper units with a 
revised model for epei ric sea sedimentation and a slightly 
revised stratigraphy are incl uded in Ebert ( 1983) . Significant 
aspects of the revi sed stratigraphy i ncl ude : 1 )  recognition of 
the upper tongue of the Kal kberg Formation between the New 
Scotland and Becraft Formations in  the Hudson Val l ey, 2 )  demon
stration of partial temporal equivalence of the Kal kberg and 
l ower Becraft Formation in the east-west portion of the outcrop 
bel t ,  3) demonstration of stratigraphic convergence of the 
Becraft Formation with l ower units toward the western end of the 
Becraft outcrop bel t ,  4) recogni tion of four di stincti ve sub
facies within the Becraft Formation,  5 )  ampl ification upon 
earl ier correl ations of the Minisink Formation of eastern Penn
sylvania,  and 6 )  description of a clear exposure of the Port 
Ewen-Glenerie contact at Bl oomington , New York. Thi s  work i s  
summarized i n  Ebert ( 1 982, 1 985) and deta i l s  of Becraft sedi-
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FIGURE 1 .  - Port ion af Hel derberg outcrop bel t i n  eastern New 
York and l ocation of stops . Upper Hel derberg formations 
occur from R-92 ( ? )  through Section BL ( Bl oomington ) .  I -88 " 
roadcut on i nterstate , AC = Atl ant ic  Cement quarry at Ravena , 
BMI = Becraft Mounta i n  Independent Cement quarry ,  RB = 

Rhi necl i ff Bridge , Rt. 1 99 roadcut: Modi fi ed from Ri ckard 
( 1 962 ) .  
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mentology are presented in Ebert ( 1 986 ) .  This  paper i l l ustrates 
some of the major aspects of the sedimentology of the upper 
Hel derberg Formations .  

BECRAFT FORMATION 

Sand waves are common bedforms in  modern , si l i ciclasti c ,  
estuarine and shel f-sea envi ronments . In recent years , sand 
waves have been widely documented in  ancient si l icicl astic rocks 
(e .g .  Al len and Narayan , 1 964; DeRaaf and Boersma , 1 971 ; 
Narayan , 1 971 ; Pryor and Amarel , 1 971 ; Johnson , 1975;  Anderton , 
1976; Nio ,  1976; Button and Vos ,  1 977 ; Hobday and Tankard, 1 978 ; 
Lovel l ,  1980 ; Vi sser, 1 980 ; Al len,  1 98l a ,  b ,  1 982; Homewood and 
Al len,  1 981 ; A l len and Homewood , 1 984; Kreisa and Moiola ,  1 986 ) .  
These sandstone examples commonly di spl ay meter-scale or larger 
cross-bedding that i s. arranged in sigmoidal tidal bundles 
(Boersma and Terwindt , 1 981 ) as defined by s i lt  or mud drapes . 
Erosional reacti vation surfaces and ri pples or smal l scale 
(<0 .04m) cross-stratification produced by the subordinate flow 
are also common features . Paleocurrents tend to be nearly uni 
directional , which Al l en { 1 980 ) attributes to strong tidal asymmetry. 

Tidal sand waves are al so common bedforms in  modern carbon
ate envi ronments , especial l y  in  ool itic  facies and one would  
suspect that they should be  common in  ancient carbonates ,  as 
wel l .  Tidal sand waves have only recently been reported from 
ancient carbonate rocks ( Ebert, 1 983, 1 986; DeMicco , 1 986 ) .  
This  field trip wi l l  examine features of tidal sand waves from a 
skeletal l imestone , the Becraft Formation . The interpretation 
of this unit as a complex of sand waves is based upon an assem
bl age of sedimentary structures that i s  simi lar to those 
reported from modern ool itic sand waves (Hine , 1 977 ) and simi l ar 
to the theoretical suite of structures model l ed by Al l en ( 1 980 ) .  
Many structures reported from si l i cicl astic rocks are present as 
wel l .  The suite of structures described impl ies a greater 
degree of tidal symmetry for these carbonate sand waves than i s  
typical ly indicated i n  the s i l i cic lastic examples cited above . 

Internal stratigraphy of the Becraft Formation 

Four di stinct subfacies are recognized wi thin the skeletal 
grainstones of the Becraft Formation ( fi g .  2 ;  Ebert, 1 983) . 
Subfacies 1 and 2 comprise the tidal sand waves that wi l l  be 
examined on this tri p .  Subfacies 1 makes up the lower hal f of 
the formation in the central Hudson Val l ey and i s  absent west of 
Ravena , N .Y .  as a result of thinning and facies change . Thi ck
ness ranges from 0 to 7 . 5  met.ers (24.6 feet ) .  Thi s  unit was 
originally recognized by Rickard ( 1 962) and used by Arif ( 1 973)  • 

Subfacies 2 i s  present throughout the outcrop bel t  of the 
Becraft . This  subfacies thins from 9 . 2  meters ( 30 . 2  feet) i n  the 
Hudson Val ley ( sections R-44, R-47 ) to di sappearance just east of 
Cherry Val ley ( R-94) via truncation along the pre-Oriskany di scon
formity. Rickard and Arif also noted the occurrence of thi s  uni t .  
Subfacies 1 and 2 wi l l  be examined at several stops on this fiel d trip .  
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Subfacies 3 and 4 are thin (<1 .6m ,  5 .2  ft. ) and more 
l imited in  di stribution than subfacies 1 and 2 .  Subfacies 3 

. occurs at the top of the formation in  the central Hudson Val l ey 
only between Catski l l  Creek and Cementon ( Fig .  2) and wi l l  be . 
seen at stops 1 and 2.  It is compri sed of wel l -sorted , sub
rounded, medium-to-coarse skeletal grainstone (crinoidal debris  
- 34% , brachiopod val ues - 23%, bryozoans - 1 6% ,  micritized 
grains - 1 6% ) . Thi s unit  i s  readi ly  recognized by an abundance 
of disarticulated val ves of the pentamerid brachiopod Gypidula 

seudo aleata and root-l i ke holdfasts of the crinoid Cl ono
crinus ? . Planar erosional surfaces separate beds that show 
few physical sedimentary structures .  Asymmetrical ripples and 
herringbone cross-l amination are present , but are not common . 
Bioturbate fabrics predominate . Subfacies 3 represents inactive 
sand waves that were transitional between the active sand waves 
of subfacies 1 and 2 and the open shelf (Al sen Formation ) . 

. 

Subfacies 4 overl ies and interfingers with subfacies 2 at 
sections I-88, R-66 and AC and i s  not present in the field tri p 
area . Subfacies 4 of the Becraft has been regarded in  the past 
as Port Ewen ( see references in  Rickard , 1 962 , p .  91 ) and out
l i ers of the Al sen Formation ( Rickard , 1 962,  1 975 ) . Textural 
and faunal criteria i ndicate strong simi l arity to the Becraft 
and marked differences from the Al sen and shoul d ,  therefore , be 
regarded as a subdi vision of the Becraft ( Ebert , 1 983) . Thi s  
unit  consists of very poorly-sorted , cross-bedded crinoidal 
grainstones interbedded with bioturbated skeletal packstones .  Gypidula is again abundant . Peloids are common and rare 
ooids are present . Subfacies 4 occupies a more shoreward 
position and i s  interpreted as l agoonal sediments (packstones ) 
interbedded with washovers (grainstones ) derived from the sand 
waves of subfacies 2 .  

SEDIMENTOLOGY OF BECRAFT SAND WAVES 

SUBFACIES 1 AND 2 

Becraft sand waves are recorded by two distinctive sub
facies ( 1 and 2 ) of skeletal grainstone.  Both subfacies record 
nearly symmetrical tidal regimes ; however, s l ight variations in  
tidal dominance and symmetry occur between subfacies . Most 
exposures of these subfacies are essential ly two-dimentional ; 
so detai led study of paleocurrents was not possi bl e .  Estima
tions of tidal directions , dominance and symmetry are based upon 
apparent dip data from these two-dimensional exposures and are 
regarded as representing general trends . 

Both subfacies are subtidal i n  origin  as suggested by the 
presence of a normal marine fauna (e . g .  echinoderms , brachio
pods , bryozoans and rare coral s ) and pai red si l t  drapes , a 
sedimentologic criteria of subtidal deposition ( Vi sser, 1 980 ) . 
Depositional and diagenetic features of i ntertidal or supratidal 
origin are absent from both subfacies.  
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Subfacies 1 

The l ower subfacies ( 1 ) i s  a heterol i th ic  sequence compris
ing the fol lowing l i thologies : a )  very coarse , crinoid and 
brachiopod grainstones to rudstones , b )  medi um quartz s i l tstones 
to very fine sandstones ,  and c )  fine pelo idal gra instones .  
Cri noidal debris (35%} , di sarticul ated brachiopod val ves (25% } ,  
and bryozoan fragments ( 24%) are the major parti cles i n  gra i n
stones and rudstones . The distinctive hol dfast of Aspidocrinus 
scute l i formi s i s  abundant and diagnostic of thi s  un i t  at most 
l ocations . Al l grains are sub-angu l ar and poorly to moderately 
sorted . Finer-grained l i thologies di spl ay a complete range of 
compositions from nearly pure quartzose s i l tstones and very fine 
sandstones to nearly pure peloidal  gra instones . Quartz gra i ns 
are angular to sub-angul ar .  Pel oids are typi cal ly sub-spherical  
to s l i ghtly ovoid  and average 0 .001 m in  diameter ( very fine 
sand ) .  These finer grains are typica l l y  moderately- to wel l 
sorted. 

Skel etal grainstones and rudstones occur as tabular  bed s ,  
0 .05-0 . 35 m in  thi ckness or a s  l enses defined by the finer
grained l i thologies . S i l tstones and pelo idal  gra instones occur 
as thin ( 0 . 005-0.05 m) i nterbeds that separate beds of skel etal 
grainstone or as si gmoidal drapes ( Krei sa and Moio l a ,  1 986} that 
define the forms of dunes in s keletal gra instones ( F ig .  3 ) .  
Preserved duneforms i n  thi s  subfacies are typical l y  0 . 2-0 . 3  m in  
ampl i tude , wi th wavel engths of  1 . 3-3 .0  m. Drapes commonly spl i t  
into pairs· a long dune foresets . The l ateral spacing o f  drapes 
in the downcurrent d irection may define neap-spring tidal 
bundles (F ig .  3 } ,  however thi s  is diffi cul t to determine because 
of the l imited width of most exposures . 

Skeletal grainstones exh ib it  herringbone and unidirec
tional cross-bedding in decimenter sca l e  cosets . A s l i ght 
majority of the sets are genera l l y  oriented toward the south
west. Indi vidual sets overl i e  planar or undulose erosional 
surfaces or thi n i nterbeds of the finer-grained l i thologies . 
Within cross-sets , s ingle  and pai red drapes of the finer 
l i thol ogies are common . These drapes define the duneforms 
descri bed above . 

Interbeds of s i l tstone and pel oidal grainstone are commonly 
cross-laminated. Asymmetrical ripples are l ess commonly pre
served.  Ripples and/or cross- lamination that ascend foresets 
i n  grainstones have been noted ; however,  these structures are 
rare . These structures indicate apparent paleoflow that was 
opposi te to that recorded by cross-beddi ng i n  underlying and 
overlying gra instones . Cross-laminations without reversal of 
paleoflow have a l so been observed . Some interbeds appear to be 
structurel ess or vaguely l aminated.  

Subfacies 1 represents sl i ghtly asymmetrical , subtidal sand 
waves . The tidal regime was s l ightly ebb-dominant,  toward the 
southwest . Heterol ithic  bedd ing records unsteady flow and 
deposi ti on from both bedl oad and suspens ion . Drapes were . 
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FIGURE 3 .  - Sketch of duneform and s i l ty/pel oidal drapes and i nterbeds 
i n  Becraft subfacies 1 from fi eld photograph , taken at R-44 ( STOP 2 ) . 
Pai red drapes occur at A and B .  Drapes are separated by thi n l enses 
of skel etal grainstone that may represent rippl es . Lateral spaci ng  
from A to· B may define a neap-spri ng-neap tidal bundl e .  Note also 
rippl es at the crest of the dune that i ndi cate pal eocurrent reversal . 
Sca l e  bar = 0 . 1  meters. 
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deposited from suspension duri ng slack  water periods . Pai red 
drapes record two sl ack water periods wh ich can only occur i n  a 
compl etely subtidal setting ( Vi sser , 1 980 ) . Ri pples and cross
l amination in fine-grained l i thologies indicate current 
reversal and reworki ng by the subordinate tide . 

Subfacies 2 

Very coarse skel etal gra instones and rudstones make up 
subfacies 2. The d istincti ve fine-gra ined drapes and i nterbeds 
of the subfacies 1 are absent from thi s unit .  However ,  some 
fine quartz and pel oids are present as geopetal sediment i n  
shel ter pores . Crinoidal debris ( 40% )and brachiopods val ves ( 30% ) are the dominant particles . Both are s l i ghtly more 
abundant than i n  subfacies 1 .  Bryozoan fragments are common ( 1 4% ) , but less abundant than i n  the l ower uni t .  Skeletal 
grai ns are sub-angul ar to sub-rounded . Sorting i s  moderate to 
poor. Grainstones of subfacies 2 exh i b i t  improved sorting and 
roundness rel ative to subfacies 1 .  

Grainstone beds of subfaci es 2 range from 0 . 05 to 1 . 0 m i n 
th ickness , but are typical ly 0 . 2-0 . 4  m .  These beds are gener
a l ly  tabul ar or broadly l enticular.  Duneforms have been observed 
and one l oca l i ty ( I-88 ) displays a tra in  of three s l i ghtly 
c l imbing forms ( Fig .  4) . At thi s l ocation , lenti cul arity of 
bedding can be attri buted to the geometry of whol e  or partly 
preserved duneforms . 

Pl anar and trough cross sets are the dominant type of 
i nternal stratification i n  subfacies 2 .  Herringbone and un i 
di rectional cosets are present ,  with herri ngbone cosets bei ng 
s l i ghtly more common ( Fig .  4) . Sl i ghtly more than half of 
these sets are oriented toward the northeast. Sets are ero
s ively based by genera l l y  pl anar to very broadly undul ose 
surfaces . Within sets , numerous l ow-angl e ,  erosional reacti va
tion surfaces are apparent ( Fig .  4 ) . 

Horizontal or very gently incl i ned (<5  degrees ) planar 
strati fication is common throughout subfacies 2, but i s  most 
common in the upper third of the uni t .  Sets of planar strat
i fi cation are typical l y  underlain  and overl a in  by nearly fl at 
erosional surfaces . These beds occur in stacks up to 0 . 1  m 
thick or as compos i te sets with cross-stratified cosets . Most 
planar-strati fied beds show uni form distri bution of grai n  
s izes , but normal and inverse grading have a l so been observed . 
Interbedding of rel ati vely finer gra instones and coarser rud
stones i s  one of the most conspicuous features of this type of 
strati fi cation . Fi ner grainstones may display vague cross� 
l amination ( ? ) in these i nterbedded associations ; however,  
structures are difficult to recognize owi ng to the coarseness 
of the skeletal gra ins .  

Asymmetric ripples and obvious ripple cross-lami nation are 
rel ati vely rare in subfacies 2 .  Ri pples occur as di sti nct ive 
caps on the crests of duneforms at the roadcut on I-88 near 

' ' 

' ' 

r ,  

I , 

I ' 

r 
l ' 

f 
l ' 

r , I 
l ' 

f . 

L 
L 
f--l_o 



K- 1 2  

FIGURE 4 .  - Sketch of cross-stratifi cation and bedforms i n  Becraft subfacies 
2 from field photograph of weathered joint surface taken at the roadcut on 
I-88. Herri ngbone and unidirecti onal cosets are apparent , as are end-on 
views of troughs . Three , sl i ghtly cl imbing duneforms extend from D to the 
lower end of the scal e bar. One dunef<irm ( D )  exhi bi ts several reactivat i on 
surfaces with in  its cross-strat ifi cation and a di stinctive ri ppl e cap ( R ) . 
These features record a s l i ghtly subordi nate , reversed tidal fl ow .  A 
stri kingly simi l ar array of structures was model l ed by Al l en ( 1 980) for 
nearly symmetrical and symmetri cal sand waves .  Sca le  bar = O . S _meters . 
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Central Bridge (Fi g .  4) . Ripple caps exh ib it  opposed orienta
tions to the pa leoflow indi cated by the underlying cross
stratifi cation. 

Biogeni c  structures are rare i n  subfacies 2 .  Minor bio
genic  disruption of fabric occurs near the top of the unit near 
the contact with subfacies 3 or the Al sen Formation.  

Subfacies 2 records subtidal sand waves that were s l i ghtly 
flood-dominant toward the northeast and more symmetri cal than 
the sand waves of subfacies 1 .  Herringbone cross-strati fica
tion i ndi cates the near equal i ty of fl ood and ebb tidal cur
rents in this  subfacies . Erosional reacti vation surfaces and 
ripple caps record the reshaping of bedforms by opposed cur
rents. Erosional reworking , rather than depos ition of drape s ,  
i ndicates the presence of a stronger subordinate tide and , 
therefore , i ncreased tidal symmetry. 

A strong subordi nate flow i s  a l so i ndicated by the absence 
of the fine-grained drapes that were present i n  subfacies 1 .  
The occurrence of fine i nternal sediment i n  shel ter pores 
suggests that materi al  capable of forming drapes was ava i l able  
during deposition of th i s  subfacies . Fine sediment remained i n  
suspension or  was deposited and resuspended by the subordinate 
flow and was perhaps transported i nto adjacent deeper envi ron
ments ( e . g .  Al sen Formation ) .  

· Coarse , pl anar-stratified gra ins·tones and rudstones represent 
upper stage pl ane beds that formed during maximum vel ocity of 
the tidal flow. Interbedded finer gra instones may record flow 
reversal and/or accel erating and wan ing fl ow, especi a l l y  i f  
they are i ndeed cross-l ami nated . These planar- and cross
l aminated ( ? )  cosets are interpreted as vertical ly accreted 
tidal bundles ( Krei sa and Moiol a ,  1 986) . Al ternation of dom
inantly vertical ly accreted i nterva l s  wi th dominantly l atera l l y  
accreted intervals  may record neap-spring variations i n  tidal 
regime or vari ations in the rate of production of skeletal 
sediment relative to rates of reworking of thi s  sediment by 
tidal currents .  

l . 

L .  
r . 

ALSEN FORMATION [ .  
The Becraft Formation i s  overlain  by the Al sen Formation 

( 0-9. 5m )  i n  the central Hudson Va l l ey. The Al sen thins to the 
north as a consequence of pre-Tristates beve l i ng and i s  absent 
from Ravena westward. Skeletal gra instones and skeletal , pelo idal  
grainstones are the dominant l i thol ogi es . Skeletal packstones 1 
with abundant peloids (average 1 1 %) are loca l l y  common , especi a l ly l .  
at section RB (STOP 3 ) .  These packstones are typical ly more 
argi l l aceous than other l i thologies . Particles are medium to r 
coarse grained and moderately to poorly sorted . Skeletal L� 
grains are di sarticul ated , fragmented and h i ghly micri ti zed , 
but not rounded . Mi critized gra ins constitute 22% of particl es r as a formational average . Peloidal  l i thologies are very fi ne , to fine sands and i ncl ude much coarser skeletal components . 
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Bedding i n  the Al sen i s  thi n ,  di scontinuous and irregular,  
commonly giving the appearance of a network of fitted nodules . 
These nodules probably originated through non-sutured seam 
pressure sol ution (Wanless , 1979) operating upon thin ,  vaguely 
rippled and bioturbated beds ( Ebert , 1 983 ) .  Physical sediment
ary structures are rare in  this unit owing to extensive bio
turbation . Most fabrics consist of swi rled or randomly 
oriented skeletal grains.  Di screte burrows ( 0 . 5  to 2 .0  mm 
diameter) are quite common and are usual ly  fi l led with fine 
peloidal sediment, showing concentri c ,  back-fi l l  structures . 
Remnant physical structures incl ude sma l l -scale herringbone 
cross-l amination , asymmetric and symmetri c ripples.  Physical 
structures are more common in  the base of the formation in 
close proximity to the Becraft Formation . These remnant struc
tures and grai nstone textures suggest the action of weak tidal 
currents ( Ebert , 1 983,  1 985 ) .  

The fauna of the Al sen Formation i s  a diverse array of 
epifaunal suspension feeders and infaunal deposit feeders . 
Encrusting , ramose and fenestrate bryozoans are the dominant 
constituents . Brachiopods ( 1 1 %) and crinoidal .debris ( 1 9%)  are 
al so common . This fauna i ndicates ample oxygenation and rela
tive stabi l ity of the substrate . 

Textural , faunal , i chnofaunal and structural evidence 
suggest that Al sen deposition took place on an open shelf where 
water circulation was sufficient to maintain oxygenation and 
occasional ly stir the substrate . Currents were sufficient to 
winnow the sediment periodical ly to produce grainstone textures 
and physical structures . However,  the substrate was probably 
relatively stable and burrowing organi sms were able to destroy 
most of the physical structures . The high percentage of micri 
tized grains and the l imited abrasion of these particles i s  
additional evidence of substrate stabi l i ty.  

· 

PORT EWEN FORMATION 

The Port Ewen Formation overl ies the Al sen Formation from 
Catski l l  Creek (R-44, STOP 2) south through the Hudson Val ley.  
From Catski l l  Creek to Cementon ( R-36 } the Port Ewen i s  less 
than 2 meters thick as a result of pre-Tri states erosion.  From 
Cementon to Kingston , the Port Ewen thickens rapidly,  attaining 
a maximum thickness of roughly 24 meters ( Fi g .  2 ) .  The di scon
formable upper contact i s  clearly marked by phosphatic nodules 
at Catski l l  Creek ( STOP 2) . El sewhere , the contact is poorly 
exposed or covered . However, at Bloomington , New York ( section 
BL) ,  the contact is reasonably wel l -exposed and appears to be 
conformable (see Ebert , 1 983 ) .  

Fi ve l i thologies make up the Port Ewen Formation:  1 )  s i l ty,  
argi l l aceous ,  skeletal packstone to wackestone , 2 )  si lty, 
argi l laceous , peloidal packstone to wackestone , 3)  nodular to 
i rregularly bedded peloidal grainstone , 4) dark grey to black 
shale , and 5)  nodular to i rregul arly bedded chert . 



K- 1 5  

Lithologies 1 and 2 comprise most of the formation ; 
Bryozoans ( 1 2% ) ,  brachiopods (9% ) ,  ostracodes ( 6% ) , tri l obites 
( 5%) , sponge spicules ( 2% )  and crinoid fragments ( 2% )  are 
present .  Most skel etal gra ins are hi ghly micriti zed and com
pacted , making them nearly uni dentifi able  (average 18% of 
grains ) .  Skel etal particles are typica l l y  i n  the fine to 
medi um sand range. Peloids are sl ightly ovoid in shape and 
average 0 . 1  mm in di ameter .  Quartz i s  present as medi um to 
coarse s i l t .  

Compactional and pressure solution fabri cs are common i n  
l i thologies 1 and 2 .  Depositional textures and fabrics are 
difficult to assess and are further obscured by l ocal develop
ment of structural cleavage . Primary structures are rare and 
poorl y preserved . Fine l ami nation , rare , th in  beds of graded 
packstone and burrows interpreted as Helminthoida are the only 
structures found in these l i thol ogies . 

Nodular and irregul ar beds of l i ght grey, purer carbonate 
are one of the most stri king features of the Port Ewen Forma
tion . Nodules range from 0 . 02 m to 0 . 25 m i n  thickness and 
from 0 . 4  m to nearly 1 . 0 m i n l ength . Al l nodules and irregu
l ar beds are compri sed of pel o i dal  gra instone with variabl e ,  
minor quantities of skel etal debri s .  Microspar pelo ids , aver
agi ng 0 . 1  mm in diameter , show indi sti nct boundaries with the 
enclosing sparry cement . The skeletal elements within  the 
nodules are s l i ghtly coarser than the fauna in surrounding 
l i thologies , but are not different taxonomical ly. 

Nodules are thoroughly burrow-mottled , except where recog
nizable ichnogenera are present , typica l l y  Chondrites and Zoo
phycos . Bioturbation i s  more i ntense wi thin  nodules than � 
the surrounding lithologies ( 1  and 2 ) .  Most nodules  have sharp 
boundaries . However ,  some nodules have been observed that 
exh i bi t  a gradual decrease in the degree of bioturbation into 
the surrounding l i thol ogies . 

The formation , geometry and di stri bution of nodules are 
the result  9f early cementation contro l l ed by bioturbati on and 
pel letization of sediment .  Organi sms responsible  for Chon
drites and Zoophycos pel leted the sediment i n  loca l i zed areas 
and thereby generated a more open fabric and greater permeabi l 
i ty. These areas were cemented early,  perhaps on the sea floor 
and thus preserved from subsequent compaction . Addi tional 
evidence for early cementation i s  provided by synsedimentary 
fractures in some nodules that are partia l l y  cement-fi l led , 
wi th sediment overlying cement .  

Comparable rel ationshi ps i nvol vi ng bioturbation , early 
cementation and differential  compaction have been reported from 
chal ks by Mi l l iman ( 1 966 ) ,  Furi sch ( 1 972) , Noble and Howe l l s  
( 1 974) , Hattin ( 1 971 , 1 97 5 ,  1 981 ) ,  Bathurst ( 1 975 ) , and Garri 
son and Kennedy ( 1 977 ) .  Nodul es i n  some Cretaceous chal ks , 
a l though sma l l er and less wel l -defined than Port Ewen nodul es,  
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display Chondrites , Planol ites , and Zoophycos (Garrison and 
Kennedy, 1977 ) , 

Mazzo ( 1981 ) and Mazzo and LaFleur ( 1 984) have suggested 
that nodules in  the Port Ewen Formation are the result of soft
sediment deformation of a l lochthonous flows of carbonate sedi
ment into the deeper portions of the basin . These workers have 
not noted any biogenic  structures within nodules . Indeed , they 
suggest that burrowing infauna avoided these carbonate-rich 
horizons (Mazzo , 1 981 , p. 51 ) .  The geometry of nodules and the 
intimate association with clearly in  situ i chnofossi l s  argue 
against this interpretation .  The present attitude of some 
nodules might possi bly suggest transport or reorientation , but 
this is more l i kely the resul t of shearing and/or rotation 
during Acadian tectoni sm than synsedimentary processes . 

Periodic exhumation of some nodul ar horizons and the 
development of patchy hardgrounds may have taken place , al
though the evidence is  not concl usive .  At several horizons , 
the upper surfaces of nodules are encrusted or replaced by fine 
pyrite. These pyritic zones contain sharp-sided biogenic  
structures that may be borings . Associated with these zones 
are pebbly, phosphatic  and/or pyritic clasts that contain simi
lar biogenic structures .  Pyritic zones are most commonly over
lain  by dark, barren shales . Thi s  association of l i thologies 
and structures col lectively i ndicate l ow rates of sediment 
accumulation and quite probably non-depositional hiatuses . 

Chert in the Port Ewen i s  present as rinds that centripe
tal ly replace nodules of peloidal grainstone and as continuous 
beds that were origina l l y  peloidal . These features tend to be 
more common in  the upper five to eight meters of the formation . 
Thi s  distri bution may reflect greater avai l abi l i ty of si l ica i n  
proximity to the quartz-rich l i thol ogies of the Glenerie and 
Connelly  formation s .  

Biogenic structures , i n  addition to those mentioned above , 
i ncl ude Planol ites and three rarer forms that are questionably 
identified as Paleodictyon , Teichichnus and Terebel l ina . The 
Port Ewen ichnofauna is assignable to the Nereites and Zoo
phycos associations (Se i lacher , 1 967 , 1 978) that define deep
water assemblages . These traces , coupled with the sparse 
shel ly fauna , i ndi cate dysaerobic conditions at or near the 
pycnocl ine in a stratified basin .  

Cyclic  di stri bution of l i thol ogies and i chnofossi l s  

Mazzo ( 1 981 ) and Mazzo and LaFleur ( 1 984) noted the 
presence of cyclic  variation of l i thol ogies in  the Port Ewen 
Formation . They describe asymmetric cycles that are l i ghter 
colored and more nodular at the base and become progressively 
darker and shal ier upward . Burrows ( probably Helminthoida )  are 
noted only in the top , shaly parts of cycles.  Cycles are 
interpreted as recording fluctuations in  the supply of al l och
thonous carbonate during regi onal transgression .  Carbonate 
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i nput i s  interpreted to have i ncreased when the aerobic
dysaerobi c pycnocl ine shifted basi nward and decreased during 
shoreward shifts wh i ch would  decrease upslope production of 
carbonate . 

In addition to variations i n  l i thologies and col or,  dis
tri bution of ichnofauna must be taken i nto consideration i n  any 
interpretation of Port Ewen cycles .  Wi thin cycles , ichnofos-
s i l s  vary in a regular fashion wi th l i thol ogy ( Fi9. 5 ) . A typical 
asymmetric cycle  consi sts of: 1 )  a sharp , but genera l l y  non
erosive basal surface overl a in  by thin (a few centimeters ) dark 
sha l e .  These horizons are commonly zones of bedding pl ane s l i p  
duri ng deformation . 2)  Thick ,  l i ght grey , conti nuous beds or 
nodules of peloidal gra instone wi th abundant Zoophycos and/or 
Chondrites . 3) Smal l er and sparser nodules of peloidal  
grainstone with greater amounts of skel etal wackestone or  pack
stone between nodu les . Chondrites and Zoophycos are l ess 
common than below and a few Helmi nthoida tubes are present.  4)  
Dark, l aminated , h ighly argi l l aceous , ske l etal wackestone and 
packstone . Helminthoi da i s  the domi nant trace . Pl anol i tes may 
be common and Chondrites are rare . 

Symmetrical cycles a l so occur i n  the Port Ewen Formation 
( Fi g .  5 ) .  In such cycles , the sequence descri bed above i s  
inverted i n  the lower hal f  o f  the cycle and un i t  2 ,  the thick 
beds or nodules , occur in the center of the cycl e .  

In general , cycles  tend to contai n shal l ower water ichno
foss i l s  of the Zoophycos association at the base wh ich are 
gradual ly replaced upward by deeper water forms of the Nerei tes 
association (F ig .  5 ) .  Thi s  progress i on i s  i nterpreted to repre
sent abrupt shal lowi ng ( base of cyc le )  fol l owed by gradual deepen ing 
i n  response to regional transgression .  These variations occur 
as a response to shoreward shi fts of the pycnocl ine during 
transgression.  Variations i n  oxygenation at the sediment-water 
i nterface are recorded i n  a very detai led manner by the 
assemblages of trace fossi l s .  Duri ng these shoreward shi fts of 
the pycnocl ine , reduction in water oxygenation is responsible  
for reduced biogen i c  activity and hence there i s  l i ttle subse-
quent cementation and nodule formation . Al though sti l l  a func-
tion of pycnocl inal shifts , thi s  expl anation of cyc l ic ity dif-
fers s ignifi cantly from that of Mazzo ( 1 981 ) and Mazzo and 
Lafleur ( 1 984) . 

It is  i nteresting to note that Port Ewen cycles are of the 
same order of magni tude as PACs , yet they record deepening
upward rather than the uni versal sha l l owi ng predi cted by the 
PAC hypothesi s  (Goodwin and Anderson , 1 985 ) .  In the case of 
symmetrical cycles , gradual sha l l owing fol l owed by gradual 
deepeni ng are recorded . Thi s  symmetry and gradual variation 
are a l so at odds with the tenets of the PAC hypothesi s .  
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PORT EWEN CYCLES 
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fiGURE 5 .  - Schemati c representation of asymmetrical and 
symmetri cal cycl es i n  the Port Ewen Formation .  Cyc 1 ici ty 
i s  most apparent i n  the di stri bution of pel oidal grainstone 
nodules.  Detai l ed descri ptions of .1 i thol ogies are in text.  
Verti ca 1 1 i nes show d.i stri but ion and abundance of· the four 
common i chnofoss i l s  of the Port Ewen . Arrows at the top 
of each col umn i ndi cate rel ative abundance i ncreasing to the 
1 eft. · 



� r-� 

J. fll 
� 

. . . 
. .  

FIGURE 6 .  - Cartoon representation of upper Hel derberg envi ronments 
duri ng the upper cyc l e  transgress ion .  From l eft to  right envi ron
ments are : deep , dysaerobic  shelf (Port Ewen ) ,  open shel f (Al sen 
and Becraft-3 ) ,  subtidal sand waves ( Becraft-2 ) , shel f l agoon 
( Becraft-4 )  and· hypothet i ca l  tidal flat ( l i ned pattern ) .  Dashed 
l i ne on l eft represents the pycnoc l i ne . Sp i ra l s  = Zoophycos , 
branch i ng symbol = general bioturbation , ova l s  i n  cross-section = 
burrow-generated nodul es , brush- l i ke symbol = cri noids . Near
shore envi ronments (presumably simi l a r  to the Manl i us Formation)  
have been removed by subsequent eros ion .  
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ENVIRONMENTAL MODEL OF THE UPPER HELDERBERG RAMP 

Figure 6 summarizes the distri bution of environments on 
the upper Helderberg ramp . Thi s  ramp was characterized by an 
extremely low slope as in the traditional epeiric-sea models  of 
Shaw ( 1 964) and Irwin ( 1 965) . However ,  wave base was not the 
primary factor that governed the di stri bution of facies on the 
ramp . The depths at whi ch tidal currents began to affect the 
bottom and the position of the aerobic - dysaerobic pynocl ine 
were the primary factors that control l ed the nature and 
di stri bution of facies . 

Subtidal sand waves were molded from loose skeletal debri s 
in  the shal l ow depths that were affected by tidal flow. Only 
robust brachiopods , crinoids , and a few bryozoans could 
tolerate this turbulent sand-wave envi ronment. These organi sms 
provided additional coarse sediment for the maintenance of the 
sand waves. 

The sand-wave shoals dissipated much of the tidal flow and , 
therefore , reduced turbulence on their  l andward side . Thi s  
faci l itated the deposition of finer sediment in  the more 
shoreward areas . Tidal flats simi l ar to those of the Manl i us 
Formation may have existed along the shorel ine.  Between the 
sand-wave shoals  and the shore , a sha l l ow shelf lagoon exi sted 
that supported a di verse assemblage of suspension feeders . 
Washovers or spi l l over lobes from the shoal s periodical l y  • 

advanced over the finer sediments of the shelf l agoon . 

A wel l-oxygenated , open shelf lay seaward of the sand-wave 
complexes.  This  open shelf supported an abundant and diverse 
assemblage of bryozoans , brachiopods , crinoids and abundant 
ichnofauna . Weak tidal currents aerated the shelf and 
occasional ly winnowed the finer sediment or produced minor 
bedforms and perhaps l ow-ampl itude sand waves . Substrate 
mobil ity was relatively infrequent and burrowers were able to 
destroy most physical sedimentary structures . 

' . 

Deeper portions of the shelf were below the infl uence of 
tidal currents and waves .  Micrite , clay and fine shel ly debris 
were deposited on the deep shelf by d i l ute turbidity flows and 
by the settl ing of fine material that was winnowed from the 
sand waves and open shelf .  

Bottom waters were poorly oxygenated and restricted the 
biota to a moderately diverse ichnofauna and sparse shel ly 
fauna . Burrowers responded to subtle changes in  water 
oxygenation on the deeper portions of the ramp and were thus 
infl uenced by the position of the aerobic - dysaerobic pycno
cl ine . 

The burrowing acti vity of organisms increased the porosity 
and permeabi l ity of the sediment in  l ocal areas . These areas 
experienced early cementation and becam� nodules of peloidal 
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grainstone . The spati al and temporal di stri bution of organi sms 
directly control led the subsequent di stri bution of nodul es . 

Periodi c exhumation of some nodul ar hori zons by submarine 
erosion may have resul ted i n  the exi stence of patchy hardgrounds 
on the sea floor . 
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ROAD LOG FOR TIDAL CURRENTS , BIOGENIC ACTIVITY 
AND PYCNOCLINAL FLUCTUATION ON A LOWER DEVONIAN RAMP 

CUMULATIVE 
MILEAGE 

0 .0  

0 . 1  

0 .7  

1 . 5 

1 .8 

1 . 9 

2 . 2  

2 .5  

3 .6  

4. 1  

4.4 

6 . 25 

6 . 5  

7 .9 

8 .0  

8 . 1  

MILES FROM 
LAST POINT 

0 .0  

0 . 1  

0 .6  

0 .8  

0 . 3  

0 . 1  

0 . 3  

0 . 3  

1 . 1 

0. 5 

0 . 3  

1 .85 

0 . 25 

1 .4 

0 . 1  

o .  1 

ROUTE 
DESCRIPTION 

Exit 21 tol l  plaza on I-87 

Turn l eft on Ol d State Rt . 23 

Turn east ( left ) on Rt . 23, 
outcrop on left di splays 
Taconi c  unconformity 

Jet. Rt. 9W south 

Jet. Rt . 9W north 

Steel deck bridge over 
tri butary to Hans Vosen Ki l l  

Jet . Rt . 385 

Rip Van Win kl e  Bridge tol l  
plaza , outcrops on both sides 
of road show chevron folds in the 
Austin Glen Formation , cross 
Hudson River 
$0 . 50 tol l for passenger vehicles 

Jet. Rt . 9G, Rts . 23 and 9G run 
concurrently, continue east on 23 

Jet. Rt. 23B, continue east on 23 

Entrance to Columbia - Greene 
Community Col lege 

Jet . Rt . 9 ,  turn north ( l eft ) 
on Rt . 9 ,  outcrop on corner is  
in  Manl i us Formation 

Smal l outcrop of Normanski l l  
Formation , the h i l l  to the right 
of the road is Becraft Mountain ,  
an outl ier of the Hel derberg Group 

Entrance to inactive Independent 
Cement Corporation plant 

Conveyor over road 

Entrance to quarry, STOP 1 ,  bus 
wi l l  park on opposite side of road. 
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STOP 1 .  BECRAFT MOUNTAIN 

Location :  Inactive quarry of the Independent Cement Corporation 
on Becraft �1ountain outl ier ( " Becraft Hi l l s " ) ,  l ocated i n  north
east quarter of the Hudson South , New York 7 . 5  minute quad
rangl e ,  just east of Rt . 9 ,  approximately 1 mi le  south of Hudson . 

References : Grabau , 1 903; Ri ckard , 1 962 

Description : A smal l pit  i n  the Man l i us and Coeymans formations 
can be seen to the l eft of the access road to the main  quarry. 
Before entering the mai n  quarry, exposures in the New Scotland 
Formation are visible  along the access road.  The mai n  quarry i s  
quite extensive ;  however ,  we wi l l  concentrate on the northern 
end. The l ower Helderberg formations are l argel y  submerged , but 
exce l l ent exposures of the upper formations may be studied 
throughout the quarry. 

The upper contact of the New Scotland Formation i s  cl early 
exposed in the northern wal l  of the quarry. Above the New 
Scotland i s  a thin ( 1 .8  m) un i t  that I interpret as the 
easternmost extension of Ri ckard ' s  ( 1 962) upper tongue of the 
Kal kberg Formation . Sl i ghtly l ess than four meters of Becraft 
subfacies 1 overlie  this uni t .  Subfacies 2 ( 8 . 5  m) and 
subfacies 3 ( 1 .8, m) occur above subfacies 1 .  The Al sen 
Formation 2 . 5  m) is the highest un i t  present in the quarry. 

The eastern posi tion of the Becraft Mountain  outl ier pl aces 
this exposure in a more shoreward posi tion rel ati ve to 
l ocal ities in the main  outcrop bel t  of the Helderberg Group . 
Th i s  i s  clearly reflected i n  the character of the upper 
formations . Subfacies 1 ,  for examp l e ,  exhi bits fewer and 
thinner s i l ty i nterbeds and drapes than at other loca l i ties i n  
the central Hudson Va l l ey ,  an  i ndication of  stronger current 
action in sha l l ower water. Hol dfasts of Aspidocrinus 
scutel l iformis are usual ly sparse in th i s  �nit .  El sewhere , this 
hol dfast i s  abundant i n  subfacies 1 .  These two factors combine 
to g i ve subfacies 1 an overal l appearance that i s  simi l ar to 
that of subfacies 2 at other locations west of the Hudson.  
Erosional surfaces and s i l t  drapes within sets of cross 
strati fication are the major features to be observed i n  
subfacies 1 at  this stop. 

Subfacies 2 is clearly exposed in the quarry, but access 
for l arge groups i s  diffi cult and potential ly dangerous . For 
thi s reason , th is  un i t  wi l l  not be observed here . The general 
character of subfacies 2 can be seen from a distance , however. 
Thicker bedding , coarser textures and an abundance of A .  
scutel l iformis and Gypidula  pseudogaleata differentiate-thi s  
uni t  from subfacies 1 .  The relative freshness of the exposure 
and the coarseness of subfacies 2 make observation of 
sedimentary structures difficul t .  Interbedding of rudstone and 
grainstone i s  the dominant structure . Th i s  i nterbedding i s  
i nterpreted as vertical ly accreted tidal bundles.  Unimodal 
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cross stratification i s  common in  the center of  the un i t ,  but 
may also be present el sewhere . 

Subfacies 3 occurs just below the Al sen Formation . Th i s  
unit is  superfi cial ly simi lar to subfacies 2,  but may be 
di fferentiated by the presence of bioturbate fabrics and the 
rootl i ke hol dfast Clonocrinus ( ? ) .  Thi s  unit i s  readily 
observable in  the quarry, but i s  better studied at STOP 2,  owing 
to the weathered character of that exposure. 

By virtue of its position near the pre-quarry ground 
surface, the Al sen Formation i s  better weathered than other 
units in the quarry. Sedimentary structures and textures are 
high l ighted by this weathering. Nodul ar chert al so hel ps to 
di fferentiate this formation. Herringbone cross stratification , 
argi l laceous interbeds , vague grading arid bioturbate fabrics are 
the important features to note . Faunal differences from the 
underlying Becraft are evident in  the decrease in  crinoidal 
debris and brachiopods and the obvious increase in abundance and 
diversity of bryozoans.  The Al sen Formation at this stop 
displays signifi cantly more physical sedimentary structures than 
at other exposures. Thi s is further evidence of a shal lower 
position on the ramp for this l ocation .  

8 . 1  0 .0  

9.85 1 . 75  

1 1 .9 2 .05 

1 2.6  0 .7  

1 3.85 1 . 25 

1 4 . 2  0 . 35 

1 5. 3  1 . 1  

1 5 .6  0 . 3  

1 6 . 2  0 . 6  

Return south o n  Rt. 9 

Turn west (ri ght ) on Rt. 23 

Jet. with Rts . 23B and 9B, view 
of Catski l l  Front across the Hudson 

Rip Van Winkle Bridge , no tol l 
i n  this direction 

Jet. Rt. 385 

Jet . Rt. 9W north 

Jet. Rt . 238, connector to I-87 , 
excel l ent exposure of the 
Taconi c  unconformity on offramp 

Large outcrop i n  Helderberg 
Group , these exposures continue 
for next hal f mi l e ,  units 
show complex deformation ( see 
Marshak, 1 986 ) 

Bridge over Catski l l  Creek ,  
STOP 2 ,  bus wi l l  park on north 
side of road.  CAUTION: 
TRAFFIC IS  OFTEN HEAVY AND 
FAST-MOVING. 
CROSS TO SOUTH SIDE WITH 
EXTREME CARE. 



K- 3 1  

STOP 2.  CATSKILL CREEK IN  AUSTIN GLEN . 

Location : Waterfa l l  and rapids on Catski l l  Creek ,  below and 
just south of the Rt . 23 bridge over the creek ,  approximately 
0 . 35 mi l es northwest of the Rt . 23 bridge over I-87 . The deep , 
narrow val l ey of Catski l l  Creek i s  known as Austin Glen or Leeds 
Gorge i n  thi s area. Northeast corner of Cementon ,  New York 7 . 5  
mi nute quadrangl e ,  1 980 photo revised . 

References : Section 44 of Rickard ( 1 962 ) , Structural geology is  
descri bed by Marshak ( 1 986 ) ,  STOP 2B , see a lso STOPS 1 and 2 .  

Description : The near vertical bedding at this location has 
created a natural dam across Cats ki l l  Creek .  Resi stant beds of 
the Glenerie Formation and the Upper Hel derberg Becraft , Al sen 
and Port Ewen Formations form the dam and subsequent waterfa l l . 
Upstream from this dam, the creek has scoured out the less 
resistant Esopus Formation as it  flows paral lel  to stri ke . In  
addition to  these un i t s ,  the top of the New Scotland Formation 
and the upper tongue of the Ka l kberg Formation are a lso exposed 
just below the fal l s  on the east ban k  of the creek .  

The upper tongue of  the Kal kberg Formation ( 4  m) and 
Becraft subfacies 1 ( 4 . 9  m) are stri kingly simi l ar at th i s  
location . The two are differentiated by the abundance of 
As idocrinus holdfasts in subfacies 1 .  Thi s  des ignation fo l lows 
Rickard 1 962 ) .  Duneforms , s i l ty and pel oidal i nterbeds and 
drapes are the essential  features to note i n  thi s  part of the 
section . Herringbone and unidirectional cross strati fication 
are common , wi th end-on views of troughs less common . Ripples 
and cross lamination occur i n  some of the finer i nterbeds . The 
i ncreased abundance and thickness of fi ner l i thol ogies , rel ative 
to STOP 1 ,  suggest that this l ocation occupied a s l i ghtly more 
offshore or down ramp posi tion . 

Becraft subfacies 2 (approx. 9 . 5  m )  i s  exposed i n  the fal l s  
and on the west bank  of the creek .  Thick  to massi ve-appearing 
bedd i ng and a nearly whi te weathered color set th i s  un i t  apart 
from underlying and overlying units . As at STOP 1 ,  the coarse 
texture of thi s unit makes observation of sedimentary structures 
difficul t .  Crude beddi ng i s  apparent i n  some crinoidal , 
Gypi dul a - Conci nni spi rifer rudstones .  Planar stratifi cation , 
grai nstone - rudstone interbedding,  normal and inverse gradi ng 
are present .  These features are i nterpreted as upper stage 
plane bedding  and vertical ly accreted t idal bundles . Cross 
stratification i s  present,  but i s  difficu l t  to observe . 

Subfacies 3 ( 1 . 6  m) i s  only subtly different from subfacies 
2 in overa l l  appearance . Thi s  unit i s  recognized by the 
abundance of Gypidula  and Conc inn is  i ri fer and by the p ink ,  
root-l i ke hol dfasts of  Clonocrinus ? • Finer textures and i n  
s itu hol dfasts i ndi cate reduced turbul ence and i ncreased 
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sraDi l ity of substrate rel ative to the underl yi ng subfacies . 
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The Al sen Formation ( approx. 1 1  m)  i s  noticeably darker, 
finer-grained and chertier than the underlying Becraft 
Formation . The fauna i s  enriched in  bryozoans relative to 
subfacies of the Becraft Formation . Crinoidal constituents are 
less abundant and finer and brachiopods tend to be thinner
shel l ed than in  the Becraft. 

Sedimentary structures have been l argely destroyed by 
bioturbation . The increase in  biogenical l y-di srupted fabrics 
and the paucity of physical structures , as compared to the 
Becraft Mountain  exposure , also suggest a s l i ghtly more down 
ramp position for this exposure . 

Approximately two meters of the Port Ewen Formation are 
exposed near the top of the section , just below the Glenerie 
Formation.  The Port Ewen is a moderatel y  fossi l i ferous , 
bioturbate wackestone to packstone at thi s  section . Bryozoans 
dominate the fauna . Tri l obites and ostracodes are also common . 
The Port Ewen is  greatly thinned here by pre-Glenerie erosion.  
Large phosphatic  and/or s l i ghtly pyritic cobbles in  the base of 
the sandy Glenerie mark this disconformity. These features may 
be observed in the beds that make up the upstream portion of the 
11dam11 • 
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36 . 3  
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0 . 2  

0 . 5  

o .  1 

1 7 . 5  

Jet . Cauterski l l  Rd. ( Greene 
County Rt . 47 ) ,  Sunoco station 
on right , Dairy Queen on- l eft . 

Bus wi l l  turn here to return 
east on Rt . 23 

Catski 1 1  Creek 

Exit from Rt. 23 for Leeds and 
Jefferson Heights 

Proceed left at bottom of ramp 
onto Old State Rt. 23 

Turn right for entrance to 
Thruway, I-87 

Tol l  pl aza for interchange 21 , 
starting point of road log.  
Take I-87 south . Note Helder
berg outcrops on ramp . 

Outcrops of the Helderberg 
Group , Tri states Group , 
Onondaga Limestone and Hamilton 
Group may be seen along I-87 
over the next 21 . 4  mi les.  

Ul ster Service Area 
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ROADCUT ON ROUTE 199 . 

Exit 1 9 ,  Ki ngston , exi t Thruway 

Tol l  plaza 

Traffi c  ci rcl e ,  fol l ow Rt . 209 
north ( Pi ne Hil l )  for Rhine
c l i ff Bridge 

Traffi c  l i ght on Rt . 28 , pro
ceed straight 

Ri ght turn onto ramp for Rt . 
209 , north 

Bridge over Esopus Creek 

Jet . Rt . 9W south , begin  Rt . 
1 99 ,  continue east fol l owi ng 
Rt . 1 99 

Outcrop i n  Tristates Group and 
Onondaga Limestone 

STOP 3 .  Roadcut through anti 
c l i ne .  Bus wi l l  continue east 
and turn around to park on 
north s ide of Rt . 1 99.  

Outcrops i n  l ower Hel derberg 
Group 

Exit for Rt . 32 , Ki ngston and 
Saugerties 

End of ramp , turn north (right) 
onto Rt . 32 , under bridge 

Turn right onto ramp leadi ng to 
Rt . 1 99 

Outcrops of Austin Glen Forma
tion on ramp 

Return to STOP 3. 

Location : Roadcut through anticl ine i n  the upper Hel derberg 
Group on Rt . 1 99 ,  the approach to the Kingston-Rhinec l i ff Bridge 
over the Hudson River.  Exposure i s  0 . 7  mi l es east of the junc
tion of 1 99 with Rt . 9W and 0 . 35 mi les west of the Rt . 32 
overpass .  Northwest quarter of Kingston East , New York 7 . 5  
minute quadrangle .  
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References : STOP l b  of Waines and Hoar ( 1 967 ) ;  STOP 3 of Heyl 
and Sal kind ( 1 967 ) ;  STOP 3 of Toots ( 1 976 ) ;  STOP 9b of Pederson , 
Sichko and Wol ff ( 1 976) ; STOP 7 of Marshak ( 1 986) . 

Description : Th i s  exposure has been v is i ted on several previous 
NYSGA fie ld  tri ps for the purposes of i l l ustrating structural 
features or stratigraphi c  succession.  Thi s  trip wi l l  examine 
the sedimentology of the Upper Hel derberg Formations exposed i n  
this  popular roadcut . 

The Becraft Formation ( 9 . 5  m)  occupies the core of thi s 
anti cl inal exposure . Sl i ghtly less  than two meters of subfacies 
1 are exposed at the base of the section . Subfacies 2 compri ses 
the remaining 7 . 6  meters of the formation . Subfacies 3 i s  
absent ,  al though the uppermost parts of subfacies 2 are somewhat 
simi lar  to subfacies 3. Minor s i l ty i nterbeds may be found i n  
pl aces i n  the lower parts of subfacies 2 .  These i nterbeds are 
commonly cross l aminated and some show paleocurrent reversa l s  
rel ati ve to adjacent cross-bedded grainstone s .  Structures i n  
the grainstones are di fficult to observe on t h i s  relatively 
fresh face . 

The Al sen Formation ( 6 . 3  m)  sharply overl ies  subfacies 2 of 
the Becraft Formation , al though -several beds of Becraft-l i ke 
grainstones are interbedded throughout the l ower few meters of 
the Al sen . Bioturbate fabrics predominate in the grainstones 
and packstones of thi s unit .  The contact with the overlying 
Port Ewen Formation i s  readi l y  recogni zed,  but appears to be 
gradational .  

A l l  fi ve l i thologies that make up the Port Ewen Formation 
( 24 m) are present i n  thi s exposure . Cyc l i ci ty i s  most 
noticeable i n  the di stri bution of the nodules and beds of 
pelo idal grainstone . Asymmetrical and symmetrical cycles are 
present .  

Nodules are thoroughly burrown-mottled,  except where 
recogni zable i chnogenera are present ,  typica l l y  Chondrites and 
Zoophycos . Bioturbation i s  more i ntense wi thin  nodules than i n  
the surrounding l i thologies . Most nodul es have sharp 
boundaries . However ,  some nodules exh i b i t  a gradual decrease i n  
the degree of bioturbation i nto the surrounding l i thologies . 
Di fferential compaction between nodular and non-nodular 
l i thol ogies i s  read i l y  apparent.  Note the absence of evidence 
for soft-sediment deformation which  Mazzo ( 1 981 ) and Mazzo and 
Lafl eur ( 1 984) suggest shou ld  be ubiquitous . 

The di stri bution of i chnofauna wi thin  cycles i s  such that 
Zoophycos and Chondri tes are most abundant i n  the centers of 
symmetri cal cycles . Deeper water forms are present i n  the upper 
and lower portions of these cycle s .  Several nodular beds 
exh ib it  pyri te impregnation of the upper surfaces.  Borings ( ? )  
are associated with these surfaces ,  a s  are pebbly,  phosphati c 
and/or pyritic clasts that contain  simi l ar biogenic structures .  
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Periodi c exhumation of some nodular horizons and the development 
of patchy hardgrounds are suggested by these features .  
Additional evidence for early cementation i s  provided by 
synsedimentary fractures i n  some nodules that are partial ly 
cement-fi l l ed ,  with sediment overlying cement . 

Chert i s  present as rinds that centripetal ly  replace 
nodules of peloidal grainstone and as continuous beds that were 
original ly peloidal . These features tend to be more common 
with in  fi ve to eight meters of the contact with the Glenerie 
Formation.  

Sandy, brachiopod-rich beds of the Glenerie Formation are 
present on the west l imb of the fol d .  A covered i nterval of , 
approximately 5 meters separates th is  formation from the Port 
Ewen below. 

END OF ROAD LOG. CONTINUE ON RT. 199 WEST TO RT. 9W AND RETURN 
SOUTH TO KINGSTON . 
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THE CATSKI LLS REV I S ITED 

by 

Constantine Manos and Russell H .  Waines 

Department o£ GeologiQal Sciences 
State University o£ New York, Col l ege at New Paltz 

On this trip we hope to present an overview o£ sediments 
that accumul ated to £orm the Catsk i l l  Cl astic Wedge. Rather 
than develop a paper and £ie1d trip guide that deal entirely 
with new research, we plan to visit some outcrop locations that 
have already been reported in the l iterature, add one or two new 
locations, including a £ossil collecting stop in the Mt.  Marion 
£ormation, and travel to the Blenheim-Gilboa Hydroelectric Power 
Station north o£ Grand Gorge. 

The study first begins in the post-Onondaga Bakaven 
shaies at an outcrop in the Kingston area. These dark shales, 
deposited in a deep, euxinic marine environment, are 
successively overlain at ather locations by mudstones, shales, 
and sandstones that comprise the £ irst gray, and then red beds 
to be seen as we travel stratigraphically higher into the 
Catsk i l l  Front. The Stony Hallow £ormation, which we may see en 
route, was deposited an a d i st a l  prodelta slope. The £ irst £our 
stops are clustered a £ew miles within the trip ' s  paint a£ 
origin at locations where the Bakaven, then Mt. Marion 
mudstones, £oss i 1 i£eraus Mt. Marion i ran-stained mudstones 
exposed in a somewhat remote quarry, and the Plattek i l l  
sandstones are exposed. the Ashakan £ormation, which underl ies 
the Plattek i l l , was deposited an an i ntertidal shelf, while the 
Plattek i l l  best represents a piedmont £1aodp1ain deposit .  

From here, we w i l l  travel i n  a northwest direction 
through Shandaken, onto NY 23, then along NY 30 N past Grand 
Gorge to the Blenheim-Gilboa Power Station . On the trip towards 
Grand Gorge, we will be traveling an terrain mostly underlain by 
the Oneonta £ormation and have opportun i ties to view on our 
le£t, the valley a£ Schoharie Creek. The Schoharie is normally 
an under£it stream, although heavy rains during Apr i l ,  1 987 
caused considerable £loading and erosion . The Blenheim-Gil boa 
Power Station, completed a£ter World W ar I I ,  employs w a ters o£ 
the Schoharie Creek, held in a main Cch annel- level l reservoir 
and an upper reservoir located on a plateau west o£ the 
Schoharie, to generate electricity £or the Power Authority a£ 
the State o£ New York. A cluster a£ £our stops in this area, 
which is essentially underlain by beds that are upper Hamilton 
and Tully equivalents, w i l l  include a visit to a sharpl y 
undercut slope in the Schoharie channel produced during the 
April floods, and a rev i s i t  to the G i l boa bridge, north a£ the 
Schoharie Reservoir. Near the bridge stand same a£ the st,umps 
of the £amaus Gilboa Forest £lor a .  
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The return south through Grand Gorge and then eastward, 
w i l l  carry us to a unique exposure o£ the Oneonta £ormation , 
where we can be a££orded the chance to examine a sma l l ,  yet 
deta i l -packed outcrop, and discuss various ideas on the 
environment o£ deposition o£ these sediments. I t  is not a new 
outcrop, but apparently it is visited by geologists quite o£ten, 
according to people l iving nearby, and thi s  would seem to 
j usti£y our return to it.  

· 

As we travel through Haines Falls to Tannersvi l l e ,  i n  a 
direction roughly perpendicular to the depositional strike ( mean · 

cross-bedding i n  this area near the Catski l l  Front has a vector 
o£ 297• according to Fletcher ' s  1 967 paper > ,  we w i l l  not be 
traveling " down - section • to any great degree. At Tannersv i l l e, 
we w i l l  turn towards North and South Lakes and stop at the edge 
o£ the Catsk i l l  Escarpment, nearly 2000 £eet or about 700 meters 
above the Hudson Valley £1oor . Hope£u11y, we can reach this 
location be£ore l ate a£ternoon. The view eastward, across the 
Hudson Valley to the Housatonic Mountains i n  the distance, is a 
grand vista. I t  should make any o£ us specul ate o n ,  and perhaps 
better understand the Acadi an Mountains that were the high 
source terrain £or the sediments that we revisited. 

We hope that_ you wil l  enjoy this trip, and rest secure 
in the com£orting thought that there will be no examination at 
the end o£ the trip 1 
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0. 1 
0 . 7 

STOP 1 

0 . 8 

1 . 2 

5. 4 

STOP 2 

6 . 1 
7. 6 
7 . 9 

8 . 8 
9. 4 

9 . 7 

L - 3  

Field Trip Road Log and Stop Descript i ons 

Distance 
between 

Stops 

0 . 0 

0. 1 
0 . 6 

0. 1 

0. 4 

4 . 2 

0. 7 
1 . 5 
0 . 3 

0 . 9 
0. 6 

0. 3  

Remarks 

Ramada I n n .  begin at entrance. 
Drive to tra:f:fic light on NY 28 . 
Turn right onto NY 28 < west > .  
Turn right onto Forest H i l l  Road then 
right onto City View Terrace and stop on 
right. 

Bakoven Shal e .  The black shale and over
lying siltstone section in the high road 
cut across the road area well described by 
Pedersen et a l .  ( 1 976, Stop 7 )  and appear 
to represent the upper part .o:f the Bakoven 
:formation .  This unit may represent 
initial deposition o:f a delt.a toe in a 
deep distal basi n .  Return t o  NY 28. 
Turn right < west > onto NY 28 and get into 
le:ft tra:f:fic l an e .  
Turn le:ft onto Mountain Road < Ulster 5 l  
and proceed along base o:f Mountain Marion 
escarpment < on right ) w i th Esopus 
:floodplain < bottom o:f g lacial lake ) on 
le:ft.. 
Park on right. 

Base o:f Mount Marion Escarpment. Observe the 
variation in l i thology, sedimentary 
structures, and .:fossil s  or lack o:f them. 
Can you :find any reason :for postulating 
the edavance o:f e delta into the Bakoven 
basin such that these sediments represent 
deposition on a d i stal to proximal 
prodelta slope ? Many blocks o:f Mount 
Merion, some quite large, have rotated 
with slow gravitational descent to g i v e  
erroneous impressions o:f bedding plane 
attitudes a l ong the escarpment.  Continue 
south on Mountain Road. 
Turn right < west ) onto Johnson Road. 
Keep straight onto Lapla Road . 
We have been ascending up section and :for 
the next 0. 9 mi les will note increasing 
sandstone bed :frequency and thickness in 
the road cuts and nearby outcrops as we 
pass :from Mount Marion to Ashokan beds.  
Turn right onto Querry Hill Roa d .  
' Slow Children ' a n d  Feral Dogs. Close your 
windows and drive very slowly. 
Drive to :far end o_:f quarry and park to 
right on glaciated pavement. 

L 
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Sl ide · · � M ountain Towanda 
..... J'<" f-- -<"-I- "'/ � Upper 

"" 0" 
00 

· Walton 
- - - - -

G l en Aub rey ':v L ow e r  ' 
{ Walton 
_)._ 

C i nc i nnatus J. O n e o nt a  
O t s e l i c  � 

. � � I I I / �i l b o a  Tu}J.-8. Manor-

rr 7.. · / k i l l  
Potter Ho l l ow 

ortland Point .J 

Panther �lie k i l l  

• 

Mountain Ashokan \ 
Mou nt  Ma r i on 

Cherry Va l le y  I s  
7 Bokove n s h  I Stony 
Hol l2!'!.... 

Moorehouse I s  

E d g e c l i f f  Is 

F i g .  1 .  S t ra t i g raph i c  D i a g ram for the M i d d l e  and Upper Devon i an 
i n  s tu dy a rea (mod i f i ed a f t e r  R i ck a rd , 1 975) . 
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STOP 3 1  

1 8 . 2 
22. 9 
23. 2 

STOP 4 •  

24. 8 
4 4 . 8 
56. 1 
56. 4 
62 . 2  
68. 3 
75. 9 

76. 1 

8 . 5 
4 . 7  
0 . 3 

1 . 6  
20. 0  
1 1 . 3 

0 . 3 
5. 8 
6.  1 
7 . 6 

0. 2 
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Quarry in Mt. Marion . This quarry is probably 
in upper Mount Marion shales and 
si ltstones. Foss i l s  are exceedingly 
abundant in one horizon with articulate 
brachiopods and bivalvia most abundant but 
many other types a£ £ossi l s  a l so occur. 
Some a£ .these are very small and some are 
exceptionally l arge - espec i a l l y  two 
inarticulate brachiopods, Roemerel l a  
grandis a n d  Lindstroemella aspidium� 

Sheets a£ i l lustrated £ossils w i l l  be 
passed out to help you identi£y your 
d i scoveries. A mug-shot o£ the £rectal 
l ike trace £ossi l Aristophycous will a l so 
be distributed. This specimen, obtained 
£rom this quarry, appears to be the only 
Devonian £ind recognized and is curerntly 
in private hands. Please help us £ind the 
other h a l £  a£ this specimen or another 
equal l y  well -preserved. The specimen 
appears to have come £rom within six 
inches a£ the g l aciated pavement at the 
north end a£ the quarry. Sandstones, 
possibly representative a£ the Ashoken 
£ormation, can be seen across the road to 
the west. The strata in the quarry may 
represent sediments deposited on the 
shallow, marine shelf: a£ an advancing 
delta marine plat£orm. The Ashoken sands 
may represent £urther shelf advance as 
intertidal shelf deposits. Return to MY 
28 by retracing route. 
Turn left ( west > onto MY 28. 
Traffic light. Proceed on MY 28. 
At some point in the next 1 . 6 mi les we 
will pull o£f highway and park on right. 

Plattek i l l  Formation. I n  the 1 . 6  miles there 
are many good road cuts where the red and 
green sandstones and shales o£ the 
Plattek i l l  formation can be seen . Look 
for l i thologic changes and sedimentary 
structures which might indicate a piedmont 
£loodpl!"in environment. 
Continue west on MY 28 • .  

Turn right ( north ) onto MY 42 at Shandaken. 
Turn le£t onto 1 3A .  
Turn left onto MY 23A. 
Continue straight onto NY 23. 
TURN RIGHT ONTO NY 30M IN GRAND GORGE 
TURN R IGHT INTO LANSING MANOR AND 
BLENHEI M - G ILBOA POWER STATION. 
Drive to visitor parking lot. 

\ 
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Blenheim-Gi lboa Power Station. Hidden in the 

Mine K i l l  Falls Overlook. This i s  in part of 
a recreational site located j ust south of 
Lansing Manor . We w i l l  stop briefly here. 
At the north end of the parking lot we can 
view waterfal l s  of the Mine K i l l  as it 
flows eastward into the Schoharie Valley. 
The Manorkill formation overlies Potter 
Hallow gray and red beds, but the contact 
cannot bee seen from the observation 
platforms. 
TURN LEFT ON TO NY 30 S 
TURN LEFT ONTO UNNAMED ROAD 
STOP ON LEFT SIDE OF ROAD NEAR CREEK 

Erasion in Bend of Schoharie Creek. Th�s 
location i s  a t  a sharp bend in the 
Schoharie at the base of Bernt H i l l ,  in 
marine facies of the Manorkill formation. 
Heavy rains during Apr i l ,  1987 resulted in 
severe flooding of the Schoharie that 
caused much erosion in several places, 
sometimes undercutting nearby roads. This 
is what we see here on the west side 
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( undercut slope l o£ t h e  ben d .  Moderate 
gullying also developed on the apposite 
( £ar l side o£ the road in this area ,  but 
road crews have repaired most o£ the 
damage. Please w atch your step, and do 
not walk too close to the edge o£ the rock 
ledges. 
T - j unction . Cross road to small park. 

Tree Fern Trunk Display. A well known displa� 
about a hal£ dozen stumps that are 
identi£ied by Banks et a l .  ( 1 985 l a s  
progymnosperms which represent typical 
remains a£ the Gilboa Forest, uncovered 
during quarrying operations near here. 
The trees probably grew to a height o£ 
about 60 £eet < 18 meters ) ,  and the 
specirnens we see are mostly 
Eospermatopter i s .  The stumps were £ound 
in the lower Manork i l l  beds ( and upper 
Potter Hollow ? l ,  which are assigned to the 
upper Hamilton Group. Although we will 
not make the attempt, a trek across the 
bridge and then southward along the 
Schoharie Channel leads to the east side 
a£ the Schoharie Reservoir ( see Figure 3 l ,  
where, during times o£ lower water levels, 
cross-bedding and occasional molds o£ 
small stumps may be seen in the light gray 
sandstone .near the water ' s  edge. TURN 
RIGHT FROM T - .JUNCTION OR LEFT FROM DISPLAY 
OF STUMPS. 
TURN LEFT ONTO NY 30 S 
TURN LEFT ONTO NY 23 ( east l in GRAND GORGE 
Continue Str a ight onto NY 23A 
TURN LEFT ONTO NY 296 
TURN LEFT INTO LANE AND STOP 

Fluvial Facies ( ? l  Red Beds.  NO ROCK 
HAMMERS, PLEAS E !  This small outcrop i s  
unique i n  terms a £  what i t  h a s  t o  o££er in 
one package .  It consists pri.marily o£ 
three lithologic divisi on s  in a 
coarsening -upwards sequence with distinct 
crass-bedding in the uppermost unit, and a 
small channel cutout an the le£t < west l 
side a£ the outcrop. The tap sur£ace a£ 
this rock exposure shows a top v i ew a£ the 
cross-bedding structures, and a g l acially 
smoothed and striated sur£ ace. Buttner 
< 1977 > re£erred to this outcrop a s  
possibly representing a transitional 
£acies < we assume transitional between 
meandering and braided £luvial systems l .  
What interpretation can you obtain £ram 
this autcr�p ?  < Oneonta £ormation here. l 
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West 
C a t s k i l l  Moun t a i ns 

Red and �D tllalea. sandstones, and COD· glomerates depoeited in fresh a.ndfor bnckwa water; 6ah and plant l'eDl.aiQ 
" ' 

Susquehann a  
R i ver 

0 " 

SCHOHAR I E  VALL 

" "' 

lmiJ 
fE2J 
lliTE1J 
� 

Intubedded "'":T .JJaleo, liltotoneo, and AD<!· stones deposite in ahallow marine water: abundant and varied foaail invertebrates Dark gray and black shales of dee� water origin; only ammonoids and tbin-shelled pelecypods CODllliOD 
Shallow water marine limestone, often cherty; fossils abundant and varied 

Sca l e., m i l es 
.Vert i ca l  

Exaggera t i on 

F i g . 4 .  C ros s sect ion of Devonian Sys tem a l ong New York - Penn s y l van i a 
borde r  (mod i f i ed a fter F i g . 1 7 ,  B roughton et a l . , 1 962) . 

WEST 

.. -... ..  
F i g .  5 .  ·Geo l og i c c ros s  sect ion of the Catsk i 1 1  F ron t  (after F l etcher ,  1 967) . 
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F i g ,  6 .  Gol d r i ng ' s  recons t ruct i o n  o f  the p rogymnosperm Eospermatopte r i s  
( l eft)  pos s i b l y  a s  much a s  90 dm t a l l ,  and a s tump of the same 
about 5 dm i n  he i qh t  ( r i qh t )  (after  f i q .  2b and 2c i n  Banks 
et a l . , 1 985) . 
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0 . 1 
7 . 4 

2 . 3 
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TURN LEFT ONTO NY 23A ( east > 
TURN LEFT ONTO GREEN COUNTY 1 8  TO NORTH 
LAKE 
PARK REGISTRATION BOOTH 
Drive to farthest parking lot at east end 
of North Lake. Take trail for 1 /3 mile to 
site 2, Catskill Mountain House . 

Catskill Escarpmen t .  N O  ROCK HAMMERS, 
PLEASE ! Site of Catskill Mountain House. 
Although Figures 4 and 5 show detai l s  of 
topography and stratigraphy of the 
Catsk i l l  Clastic Wedge and the Catskill 
Front respectively, we feel that Fi gure 
7 1 B  on page 1 39 of Dunbar and Rodgers 
( 1 957 ) i s  unexcelled in depicting 
lithologic boundaries, and the Catskill 
facies crossing time lines, in a simple 
yet effective way. We are on the very 
edge of the escarpment, and Palenville is 
about 1 700 feet ( 520 meters ) below us, 
while the Hudson River farther to the east 
is at a level that is about another 165 
meters lower . We can easily see ( hope for 
a clear day >  the Rowena Memori a l  School 
Building, built in 1 899 in Palenvi l le, and 
made of Becraft l i mestone ( Helderberg 
Group ) .  The Catsk i l l  Mountain House was a 
resort hotel first built here in the earl y  
1 800 ' s, and enlarged over the decades to 
become one of the most notable vacation 
sites in the East . After the turn of the 
century, i ts popularity began to decline 
somewhat, and reportedly, the steel rails 
used for conveying passengers by a train 
system up to the level of the escarpment 
were torn up and scrapped for the war 
effort in World War I .  Although there 
were changes of ownership, the hotel 
continued to serve tourists until the late 
1 940 ' s .  By the late 1950 ' s  the building 
was judged to be beyond repa i r ,  and on a 
pre-dawn winter morning in the early 
1 960 ' s, it was set afire by State 
author i ties. Whatever part of the 
wreckage that could not be removed was 
pushed over the escarpment to the slopes 
below . Today, the view to the east is as 
spectacular as i t  was for hotel guests who 
sat on the front porch which was �ocated 
very near the edge of the escarpmen t .  At 
this location during late Devonian time, 
there was perh aps another mile of 
sediments above us. Projecting, in our 
minds, the trend of these sediments upward 
to the east as we view the present 
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Map show i ng the C a t s k i  1 1  Esca rpment nea r Pa l env i l le .  Note l ocat i ons 
o f  No r t h  Lake , South Lake , Kaa tersk i l l  Fa l l s ,  and Ha i nes Fa l l s i n  
re l a t i on to Kaater s k i l l  C l ove , and the Mounta i n  House l ocat i on .  
From 1 946 7! m i nute topograph i c  map .  
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Housatonic Moun t a i n s  be,Yond t h e  Hudson 

River, we can begin to comprehend the 

elevat i on o£ the Acadian Mount a i n s  source 

terrai n .  Red bed sandstones and 

conglomerates w i th much cross -bedding 

evident , can be seen a l ong the escarpment 
here. Return to NY 23A 
TURN LEFT ONTO NY 23A < east l 
Veer r i g h t  onto NY 32A . 

Rowena Memori a l  School - 1 899, made o£ 

Becr a£t Ls . a t  j unction o£ 23A and 32A. 

Junction w i th NY 32S 
TURN LEFT INTO TOLL BOOTH 

EXIT 20 NY STATE THRUWAY AND GO SOUTH TO 

KINGSTON, EX I T  19 AND RAMADA INN 
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Map of North and South Lakes •. Dam at South Lake has out l e t 
Kaaters k i l l  Fa l l s .  E s ca rpment ove r l ook at s i te of Catski l l  
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