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PREFACE 

Geologic studies in Rensselaer and Columbia Counties began in the infancy 
of American Geologyo It is especially noteworthy that our host, Rensselaer 
Polytechnic Institute, played a vital role in the development of this then 
new science. The founding of the Rensselaer School (1824) by Stephen 
Van Rensselaer, Patroon of Albany, was a distinct departure from the conven
tional classical institute of higher learning of that day. This school of 
science (the idea of an engineering school came later) claimed the unique 
innovation of having science taught by personal contact in laboratory, field, 
and by classroom functions in which students lectured while professors 
listened! That geology was highly regarded is evidenced by the Rensselaer 
circular of 1827 which reads, " •••• it is now required that each student take 
two short mineralogical tours to collect minerals for his own use, for the 
purpose of improving himself in the science of mineralogy and geology." Into 
this promising environment, as Director of the Rensselaer School, came Amos 
Eaton, who had studied science under Benjamin Silliman and law under Alexander 
Hamilton. 

In 1820-22, Van Rensselaer sponsored the first commissioned geological 
survey in this country, that of Albany and Rensselaer Counties. Amos Eaton 
was Geologist-in-charge with Joseph Henry, who was later to achieve fame in 
his own right, as his assistant. In the same year, Chester Dewey prepared 
a structure section from Troy, N.Y. to Williamstown, Mass. Again, under the 
patronage of Van Rensselaer, Eaton executed Governor DeWitt Clinton's far
sighted plan to make an agricultural and geological survey along the Erie 
Canal. This extraordinary accomplishment included a cross-section of the 
rock formations from Buffalo on the west to Williamstown on the east. Eaton 
further displayed his versatility by authoring textbooks on botany, zoology, 
and chemistry, as well as geology---thereby demonstrating his keen perception 
for related sciences. No more fitting tribute could be bestowed than that by 
his favorite student, James Hall, who said, "If we with great means do what 
he did with small, we shalt deserve wen -of coming generations." 

An impetus to geologic investigation was given in 1836 by the creation 
of the N.Y. Geological Survey, with the appointment of not one but four 
"State Geologists 11 , all energetic men of equal authority and (it was hoped) 
equal competency: W. W. Mather, First or southeastern District; E. Emmons, 
Second or northern District; T. Conrad, Third of central District; L. Vanuxem, 
Fourth or western District. Conrad was selected for his reputation in 
conchology and because the ~ew York rocks were known to be full of fossils 
and none of the other three knew anything about them. It soon became obvious 
that Conrad was overwhelmed with the business of identifying fossils and in 
1837 the Survey was reorganized. Conrad was named first State Paleontologist, 
Lardner Vanuxem transferred to the Third District, and James Hall assumed 
responsibility for the Fourth. The fruit of this colossal endeavor·was the 
monumental Geology of New York in four parts, which even today, forms the 
basis for any stratigraphic studies within the State. 

The geological bibliography of the Troy area boasts the names of many 
of the pioneers of American Geology. Aside from Eaton, there were J. D. Dana~ 
T. N. Dale, C. D. Walcott and Ebenezer Emmons, about whom. we shall have more 
to say. 

D. w. Fisher 
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TRIP A 

GLACIAL FEATURES 
IN THE VICINITY OF TROY, N. Y. 

by Robert G. Lafleur 

Dept. of Geology, Rensselaer Polytechnic Institute 

INTRODUCTION 

Al 

During the past 60 years, the Hudson-Champlain Valley has periodically 
received the attention of several glacial geologists. This valley, the 
longest and most continuous north-south lowland in the northeast, was con
sidered a valuable area for field study because it connected the terminal 
moraines of Long Island with the St. Lawrence Valley. For many years 
workers believed that a continuous record of Wisconsin ice withdrawal 
northward from Long Island was indicated by the many kame terraces, deltas, 
and lacustrine clays exposed throughout the Hudson Valley. 

The north-south trend of the valley also proved ideal for the study 
of glacial rebound, and this phenomenon occupied an important place in the 
works of Peet (1904), Woodworth (1905), and Fairchild (1918). 

Only recently (Flint, 1953),(MacClintock, 1954) have the deposits 
between the Hudson Highlands and Glens Falls been assigned to the Cary 
Substage, younger than the Tazewell Long Island moraines. (See Plate I) 
This assignment has invalidated the correlation of Lake Albany and the 
Mohawk delta with Lake Iroquois, a supposition basic to the early descrip
tions of regional history. In effect, the time during 'Which the Hudson 
Valley was deglaciated has been considerably shortened frcm original con
cepts, although many local details are still valid. 

Among the controversial problems was the nature of the water bodies 
which formed during ice wastage. Most workers accepted the importance of 
a pre-glacial Hudson gorge as a topographic low capable of retaining a 
long N-S tongue of ice in the valley contemporaneous with the lacustrine 
deposition. Peet and Woodworth were impressed by the evidence for a 
definite northward receding ice margin defending expanding fresh water 
lakes, while Cook postulated the superglacial accumulation of much of the 
valley deposits upon and next to a large saucer-like block detached from 
any south-facing regional block or lobe. 

Fairchild, by not conceiving of a possible southern barrier isolating 
the valley from the Atlantic, postulated the marine invasion of the Hudson
Champlain region and related all of the depositional landforms throughout 
the valley to this sea-level strait., By passing his "ideal marine plane" 
through the average of the summit elevations of deltas, terraces and beaches, 
he determined the rebound value for the region to be 2.25 feet per mile, a 
figure too low by comparison to the 4.2 feet per mile value detennined in the 
Connecticut Valley (Flint 1953). 
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Progress in the understanding of the glacial history of the Hudson 
Valley has been hampered by the lack of mapping. The only quadrangles 
which have received attention are the Schenectady (Stoller, 1911), Saratoga 
(Stoller, 1916), Cohoes (Stoller, 1918), and the Troy (Lafleur, 1960) 15 
minute sheets. 

HISTORICAL REVIEW 

Early papers by Peet (1904), Woodworth (1905) and Fairchild (1918) were 
devoted to regional analyses of the Hudson-Champlain Valleys. Peet was the 
first to recognize the rebounded condition of the crust as indicated by the 
gradual climb of delta and terrace summits northward. He also called atten
tion to no fewer than 15 places between Catskill and Glens Falls where the 
ice margin was indicated by distinct ttmorainic phenamenatt. His examples in 
the Troy area are the Schodack Terrace, Loudonville Moraine, and the Sycaway 
Terrace~ Peet presumed that all of the Hudson Valley deposits dated from 
the withdrawal of a single Wisconsin ice sheet and hence assigned too long 
an interval to the Hudson waters, equal to the duration "of Lake Mau:nee, 
Whittlesey, Warren, Dana, and part of Iroquois.n 

Woodworth (1905) followed with a classical paper on glacial deposits 
and history of the Hudson-Champlain Valley, much of which is still valid. 
He called the "Hudson waters" of Peet by the name Lake Albany, following the 
application by Ebenezer Emmons and Asa Fitch (1849) of the name Albany to 
the clays of this area. In Fitch's words, "As neither its geological age 
or name is well settled, I prefer designating it the Albany clay". Woodworth 
correlated Lake Albany in part with Lake Iroquois, defining the former as a 
fresh water lake defended by the ice margin and progressively enlarging north
ward until the ice margin receded far enough to clear the Mohawk Valley 
for outflow of central New York waters (Lake Iroquois). At this time Lake 
Albany "properly came into existence". Woodworth also noted evidence for 
a readvance of ice into the Fort Edward area, and cited the several terraces 
of the Hoosic delta as evidence for the stages of lowering of Lake Albanyo 

Fairchild in 1912 accepted and restated the genesis of Lake Albany as 
postulated by Woodworth, and in the Mohawk Valley defined Lakes Schoharie and 
Amsterdam. He assigned the J40t Mohawk delta to Lake Albany and discriminated 
two periods of Mohawk Valley river flow: (1) the Glaciomohawk which drained: 
the later Lake Vanuxem, the free drainage succeeding Vanuxem, the restored 
Vanuxem, and Lake Warren; and (2) the Iromohawk which drained Lake Iroquois. 
Fairchild recognized that the relation of Lake Albany to the glacial Mohawk 
is not clear and suggested that it was probable Lake Albany endured to the 
close of Iroquois time. 

Stoller in 1911 published his mapping of the Schenectady quadrangle, 
followed by the Saratoga sheet in 1916, and by. the Cohoes sheet in 1918. His 
was the only mapping attempted in the Hudson Valley until very recently. 

Fairchild in 1914 and 1918 rejected Woodworth's original conception of 
the Hudson waters, and assumed that all water-level-indicating features such 
as beaches and deltas were built in a body of sea level water extending from 
New York City to Canada, accompanying the receding ice margino He passed an 
"ideal marine plane" through the summit elevations of the beaches and deltas 
and arrived at a _figure of 2.4 feet per mile as a rebound value for the 
Schenectady-Saratoga area. 
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Stoller (1918), on the Cohoes quadrangle, recognized the presence of 
a series of water levels to the north of Troy and assigned them to stages in 
the lowering of Lake Albany. He did not side ccmpletely with either Woodworth 
or Fairchild on the genesis of these waters, and was more concerned with 
evaluating local conditions. He promoted Woodworth 1s conception of a narrow 
ice block occupying a sharply defined preglacial Hudson gorge contemporaneous 
with the deposition of clays between the ice and the shore in early Lake 
Albany time. Stoller separated the terraced lacustrines into (a) construc
tional surfaces (minimum elevation 300 feet) formed while ice occupied the 
central gorge; (b) construction surfaces marking the upper limit of fine 
sedimentation in the center of the valley following the melting of the ice 
block in the gorge· (minimum elevation 240 feet); (c) fluvial erosional sur
faces marking pauses in the lowering from the 360-foot maximum (200-foot 
upper level near Mechanicville, and 100 foot lower level, also near Mechanic
ville). He inferred that the Iroquois-Mohawk drainage emptied into Lake 
Albany through the Anthonykill channel at Mechanicville when the lake waters 
were at the lower 100-foot terrace level. He rejected Fairchild's marine 
strait on the grounds that (a) no evidence exists indicating rising water 
levels following the cutting of the erosional terraces by existing waters, 
and (b), the marine strait would have to occupy a very narrow channel •••• 
11at Mechanicville not greater than approximately the space between the 
100 foot contour lines on the opposite sides of the valley; that is a 
breadth not greater than that of the present valley bottomtt. 

In 1922 Stoller restated a 360-foot level for the maximum develop
ment of Lake Albany in the Cohoes latitude and correlated the 300-foot 
Malta sand delta and the 310-foot Saratoga delta with stages in the lower
ing of Lake Albany. 

In the first of several papers, Cook (1924) treated the hypotheses 
explaining the disappearance of ice from eastern New York, and was impressed 
with the lack of concentrically arranged recessional moraines as canpared 
with those of the Erie Lobe in Ohio and Indiana. He proposed that the 
portion of the ice sheet south and east of the Adirondacks wasted by the 
stagnation vertically of an overthickened block, a condition invited by 
a saucer-like crustal down.warp of a moderately rugged area. Cook also 
considered that the ice in the Hudson Valley was thicker than elsewhere and 
as a result lingered until after the termination of lacustrine conditions. 
He promoted Woodworth1s concept of an ice block in the Hudson Valley contem
poraneous to part of Lake Albany and extended this concept by suggesting 
that the Hoosic and Battenkill deltas (Cohoes and Schuylerville sheets) 
were built over blocks of ice at the time of maximum development of Lake 
Albany. He was led to this conclusion by not encountering any levels 
coincident with the terraces of the Hoosic delta elsewhere in the Hudson 
Valley. Cook opposed the concept of a well-defined southward-facing ice 
margin, connected to live ice, retreating northward as melting progressedo 
Of particular importance was the following observation: 

11 This much is evident; all of the clays in the valley 
north of Rondout do not belong to a single water body which 
may be called Lake Albany; some of them were laid down in 
ponded water marginal to the ice tongue filling the main 
valley and parts of the smaller valleys tributary to it. 11 (p. 174) 
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Cook also believed that •••• 11There is much to suggest that Lake Albany 
was combered with ice, both floating and anchored in the gorge, that cobble
covered ice formed the bed of its outlet for many miles and that this protected 
ice in the lower valley existed contemporaneously with the buried masses in 
the upper valley already mentioned, as long as this 11 lakett endured." (p. 174) 

Brigham (1929) discussed the glaciation of the lower Mohawk Valley, but 
his work did not extend east to the Troy area. He estimated the maximum thick
ness of ice over the Capital District to be 3700 feet, to permit glaciation 
westward through the Mohawk Valley, ascending to near the 1600 foo~ level of 
the plateau at Cedarville in Herkimer County. 

Cook (1930) in Ruedemann's "Geology of the Capital District" called 
attention to the moraine on the Troy quadrangle (Albia-Burden Lake moraine 
of this paper) and considered the Schodack terrace to be totally an ice
margin deposit, continuing to the south through the Kinderhook sheet. Cook 
did not recognize any beaches, especially along the Schodack terrace, and 
therefore eliminated frcm consideration ice-free conditions for Lake Albany. 

Rich (1935) mapped the glacial deposits of the Catskills and -was the 
first to recognize drifts of two different ages, which were later correlated 
by Flint (1953). Rich's mapping borders on the Hudson Valley, some 30 miles 
south of Troy. 

Chapman (1937) discussed the qeglaciation and lake stages of the Cham
plain Valley and, pertinent to the Troy area, he (1) dismissed ccmpletely 
Fairchildis marine invasion from the south, (2) proposed that no tilting 
(rebound)_of the region occurred from early Coveville time until the marine 
invasion from the north, and (3) proposed a gentle uplift and tilting during 
the final stages of Lake Albany. 

Cook added chapters on the glaciation of the Berne (1935), Catskill 
(1942), and Coxsackie (1943) quadrangles, all to the south and west of the 
Troy area, but he did not map any of these areas. Cook repeated his 
hypothesis of ice stagnation and selected local deposits and landforms as 
evidence. He continued to reject the ice-wall theory of retreat, and 
emphasized the importance of superglacial drift accumulations and ice-
contact topography. He assigned the clays to a series of lakes and times 
of deposition rather than a synchronous "Lake Albany", but did not attempt 
to arrange water bodies in either a geographical or chronological order. 

Chadwick (1944) cited evidence for the presence of an ice block 
lingering in the Hudson Valley beneath Lake Albany waters in the Catskill 
area and also considered the possibility of progressing wave-or -bulge-type 
rebound holding in the waters of Lake Albany at the south. He cited the 
northward deflection of part of the clay plain in the Catskill area as 
evidence for a 4.5 foot per mile rebound value instead of the 2.25 foot per 
mile value measured on the shorelines in the same area. 

Cook (1946), in a paper on ice-contact deposits, selected landforms 
from the Troy area as examples. He cited the large hill east of Rensselaer 
(in the present paper, Plate II, called "Rensselaer Delta't) as an example of 
a 11 smooth rounded" type of ice contact, in which an arch-shaped overhang 
of ice has determined the curvature of the hill on the upstream side. He 
illustrated the Schodack terrace as an ice-contact deposit with an ice roof 
overhang bordering the terrace along its western edge.· 



Cook (1946) coined the words "kame-complex" and "perforation deposit", 
and applied them to features which he had observed near Urlton on the 
Coxsackie quadrangle. 

The most recent regional synopsis has been provided by Flint (1953) 
and his conclusions are summarized as follows: 

1. The lacustrine clays and silts of Woodworth1 s Lake Albany are 
not overridden by readvancing ice between Newburg and a point 
a few miles south of Glens Falls, but are overridden farther 
north. 

2. "They are not covered with outwash but are the latest glacial 
deposits in the valley." (p. 902) 

3. Lake Hackensack and Lake Albany lacustrines are distinct, separate 
sedimentary bodies, although Antevs (1928) correlated Lake Albany 
varves at Newburg with those in the Connecticut Valley. 

4. Outwash covering undisturbed Lake Hackensack clays suggests an 
ice margi~ at the Hudson Highlands prior to Lake Albany. 

5. Lake Hackensack is correlative with the retreat of Tazewell ice; 
Lake Albany dates from the retreat of the Cary ice margin. 

6. There is a discrepancy in tm rate of northward rise between 
the 4.2 feet per mile value for the Connecticut Valley, and 
2.25 feet per mile for the Hudson Valley, as measured from 
sediment summits between Newburg and Glens Falls. 

7. The possibility of Cary readvance, at any latitude, between 
Glens Falls and Newburg is eliminated. 

8. The readvance of ice near Glens Falls dates from the Mankato 
substage. 

9. Lake Albany was drained in Cary rather than Mankato time, to 
permit marine invasion in the deglaciated St. Lawrence lowland. 

10. The Mohawk discharge into the Hudson Valley·dates from Lakes 
Whittlesey and Vanuxem (late Cary) rather than Mankato. 

11. The two drifts of the Catskills may possess substage value; •• o 

"the younger drift in the Catskill Mountains district is 
the Cary drift, and •••• the subdued topography and the· 
weathering of the older drift are a record of the Brady 
interval. 11 (p. 904) 

12. A rising lake level, not yet recognized, prior to Chapman's 
Lake Vermont, accompanied the receding Mankato ice north of 
Glens Falls. 

13. The Lake Vermont Glens Falls delta may cover the evidence 
of Mankato advance west of Glens Falls. 
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PLATE I. Map Showing Carbonate Leaching Test Loca 1i ti es And Proposed 
Drift Correlations. From MacClintock (1954). Troy Quadrangle Indicated 

By D· 

'· 

MacClintock (1954) correlated drift by depth of carbonate leaching, 
and. for the Hudson Valley postulated that the younger Catskill drift of Rich 
is Cary in age. Plate I is his map. Nnt~ the abundant sample localities 
indicating Cary ag~ surrounding the Troy area and also th? two locali ti:?s 
near Glens Falls and Saratoga with a Mankato age d<2siqnation. Thz extent 
of Mankato advanc2 into eastern New York has not been established. 

The present author (1960) has mapped the Troy quadrangle, and the 
"Sequence of Events" chart, Plate II, and the remainder of this discussion 
are based on this work. 
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St. Lawrence, Lake 
Champlain & Hudson 

Valleys 

Emergence 
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(in St. Lawrence-L. 
Champlain lowland) 

Lake 
Vermont 
( in Lake 
Champtain 
Basin) 

Fort Ann 
I phase 

I 
I 
I Coveville 

Phase 

~rly Phase I of rising 
water 

Lake Albany 
(in Hudson Valley) 

"SEQUENCE AND MUTUAL RELATIONS OF THE LATE-WISCONSIN GREAT I.ARES". Eastern part 
of table, from Flint (1957). 
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GENERALIZED SEQUENCE OF EVENTS 

Episode Features on Troy Quadrangle 

Dissection of lacustrines by present Hudson River~ 

"Lake Albany" lowered to 1801 

C'-· 11 Lake Albany" lowered to 230Y 
"Lake Albany" lowered to 310' 

Glacial rebound of 3401 Lake Albany beach 
Minor beaches west of Rt. 4 and B & A R.R. 
Highland Ave. sand - Griswold Hgts. delta 

uJ 
\!) 
<( 
I
V) 

co 
::> 
1./) 

Lake Albany max. 340 1 

Rising -water from ice-free 
Mohawk (?) 

Rensselaer-Albany Interval 
Possible lowering of lake 
levels to about 3201

0 

Lake Rensselaer 300 1 + 
(350' ?) 

at Troy, 3101 summit. 310 1 Wynantskill 
terrace 

Blooming Grove and Schodack 'terrace beach 
ridges,Defreestville beach, Frear Park 
beach, Troy Airport 340' summit sand 
delta of the Wynantskill 

Clays exposed on Spring St. & Highland 
Ave., Troy 

Ice-margin deltas north of Troy on Cohoes 
sheet. Clay deposition(?) in Troy area 
Rebound-induced deflection of upland 
drainages southward. 

"Rensselaer delta" east of Rensselaer, 
clays south of Rt. 381. Ice-border 
gravels(?) along Rt. 4 

Lake Hampton 350 1 

>-
"Hampton Park delta", kettle fillings 
on Schodack Terrace@ East Greenbush. 
Clays and sands west of Couse and south 
of Sherwood Park. Superglacial portion 
of 380-360 cobble-gravel terrace in 
North Greenbush. 

Cl 
<( 

0 

Lake Schodack 3301 

Schodack Terrace 

Albia-Burden Lake (and other) 
upland kame moraines 

Foresets of Schodack terrace. Clay & 
gravel bottomsets west of terrace front. 

Several continuous stages of gravel 
deposition as ice margin withdraws NW 
from Rt. 9 vicinity. 

esker delta complexes 

Emergence of Rensselaer grit plateau as a nunatak. High-level kames & deltas 
around edge. Stagnation and down-wasting of ice toward west and north from 
western edge of plateau. 

Formation of drumlins. Cary ice bifurcated at Helderbergs, sending the 
Mohawk lobe westward into Herkimer County. The Hudson lobe extended south 
to the Highlands(?) and southeastward into the Berkshires. 

Pre-Cary erosional topography on Taconic rocks (and earlier drift?). Local 
relief frequently exceeded 2001 • 
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GEO:r-TORPHIC SETTING 

The Troy quadrangle lies near the geographic center of the Hudson
Champlain lowland at its junction with the Mohawk Valley and displays the 
record of a single Late Wisconsin glacial advance and stagnation of probable Cary 
age. The surficial deposits are underlain by severely deformed Cambrian 
and Ordovician rocks of the Taconic sequence, mapped by Ruedemann (1930) 
and more recently by Elam (1960, unpublished; western half). 

A relief of over 1500 feet extends from the tidewater Hudson River, 
bordering the area on the west, to the rugged plateau maintained by the 
Rensselaer graywacke on the eastern edge. Preglacial erosion developed 
a sharply defined topography with local relief frequently exceeding 200 
feet on north-south trending structures in the less resistant shales and 
sandstones west of the Rensselaer escarpment. Drumlins are common through
out the area, with average sum.mit elevations rising eastward from 450 feet 
mar the Hudson River to 950 feet at the base of the escarpment. Some 
drumloid masses of thick bouldery till occur on_ the Rensselaer plateau but 
typical drumlins are restricted to lower elevations. Much of the western 
quarter of the quadrangle is underlain by lacustrine sediments heretofore 
assigned to Lake Albany, and by gravelly deltas and kame terraces, marginal to 
ice blocks lying in the Hudson preglacial channel. Beaches of Lake Albany 
extensively alter granular deposits from Frear Park in Troy south through 
Defreestville to the Schodack terrace. Postglacial gullying of the lake 
clays has severely dissected the westward-sloping plain bordering the 
Hudson River on the east. 

Two distinct topographic trends are developed. Ice advanced from 
N20W as indicated by drumlin axes. Where drift is thin the Taconic 
structural grain is dominant, striking N-S to N15E. The Troy area received 
the southeastern advance of ice as the main advance split at the Helderbergs, 
sending the Mohawk Lobe westward. 

ICE ADVANCE FEATURES 

Drumlins 

Much of the Troy area west of the Rensselaer plateau is covered by 
clusters of drumlins. See Plate II. They are particularly abundant along 
Rt. 43 between West Sand Lake and Defreestville. The trip route will cross 
this area. 

Composition of the drift closely reflects underlying bedrock. The 
trend of major Taconic 1i thologies nearly coincides with the direction of 
ice advance, making the evaluation of distance of transport of bedrock 
fragments by moving ice a difficult one. Generally the till is rich in 
clay, shale,and siltstones, and poor in carbonates. Near the base of the 
Rensselaer plateau some patches of till have a brO"wnish or reddish color 
from the high content of red shale. On top of the plateau, the drift is 
generally thin and contains boulders of graywacke, some of huge proportions. 
Where the ti 11 is calcareous, it has been leached to a depth of about 5 feet, 
but the limestone content of the drift generally is low and irregular, and 
dating by the depth of leaching has its limitations. 
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STAGNATION FEATURES 

The Albia-Burden Lake Moraine 

A continuous gravel moraine extends for 8 miles from Burden Lake north 
and west to Poestenkill and Albia. (See Plate II) 

Isolated kames, kame complexes, eskers, and esker deltas are well 
developed throughout this area. Fundamental to the formation of this moraine 
was the ability of the ice block to temporarily maintain local base levels 
by withholding its runoff waters. Downwasting progressed northward (down
hill) through a minor preglacial valley which joins the Hudson Valley south 
of Troy. Periodic halts in the retreat of the margin (acceleration in melting 
of the whole block while the margin is along any given line) produced semimen
tation both in front of the margin and in crevasses leading to the margin. 
As evidenced by the maximtnn length of the eskers 'Which feed the ice-margin 
outwash, the ablation zone, as far as sedimentation is concerned, extended 
upstream no more than 2 miles from the margin. This distance seems to be 
rather consistent throughout the length of the moraine, and also is appro
priate to the ice margins of the more central Hudson Valley. 

Within this moraine, summit elevations of eskers and esker deltas decrease 
(750 feet to 400 feet )progressively fran SE to NW. Temporary locations of 
the ice margin are indicated at the following locations: one mile NW of 
Maple Grove; one mile WNW of Crystal Cliff; at West Sand Lake; one mile 
NW of Racquet (Reicherts) Lake; at Coopers Pond-Pine Bowl Speedway; and 
at Pawling Sanitarium - Moules Lake, where the ice margin can be traced 
into the Poestenkill valley along Route 354 and thence southeast along the 
Newfoundland Creek valley. 

Apparently there was no barrier to surface water communication between 
the Poestenkill Valley and the ice margins listed above. Trend of differ
entially eroded bedrock is favorable, and a large area of bare rock with 
patches of gravel extends from near Racquet Lake NE to Newfoundland Creek. 
If one can presume that summit elevations of ground-laid outwash lying at 
the same elevation are built under the same local base levels and hence 
are nearly contemporaneous, then various portions of the moraine can be 
correlatedo A paucity of outwash levels from 820' to 620' exists for 
the Poestenkill Valley while several levels within that range occur toward 
the Burden Lake end of the moraineo Consequently a northward retreat of 
the ice margin would have covered 3 miles between Burden Lake and West 
Sand Lake, while at Poestenkill the margin was withdrawing only one mile 
westward between Brookside Cemetery at Barbervi 11e. and Poestenkill. 

For the vicinity of the Albia-Burden Lake moraine it may be stated 
that the ice frequently presented a discernible south-facing margin and, 
as is further shown in the section on Hudson Valley lacustrine stages, this 
tendency was maintained at least through the time of the Newtcwn Road delta, 
on the Cohoes sheet to the north of the Troy area. This would seem to refute 
Cook's (1924) preference for a detached ice block in the middle Hudson Valley, 
apparently unrelated in its melting to any general northward withdrawal of 
the ice margino 
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As may be noted from the 7½ minute topographic sheets and also in 
the field, both the longer eskers with their usual periodic sags and the 
shorter single-segment eskers rise to their outwash termini by as much as 
60 feet. This suggests that the eskers did not accumulate in subglacial 
tunnels but rather that they have collapsed from an englacial or super
glacial position from which they fed the outwash plain as base-level 
controlled, ice-fracture-directed streams. Those longer eskers which 
followed crevasses in the ice 'parallel to original ice advance generally 
rise less to the outwash summit than do those shorter forms which follow 
directions at near 45 degrees to ice advanceo The preferred interpretation 
is that the long eskers are deposited in early-opening crevasses, exposed 
to the sky, with sagging caused by differential collapse where the esker 
is locally laid over ice. Sedimentary structure;; of several long eskers 
indicate they are largely ground laid with foreset bedding being common. 

The shorter eskers may have accumulated in late-opening crevasses 
immediately next to ice margin. 

The Schodack Terrace 

The Schodack terrace, named for its prominent development through 
the Town of Schodack,is an extensive area of gravel and sand, bordered 
on the north by an esker-fed kame complex near the village of East Green
bush, and merging 8-10 miles to the south with the similar but larger 
Kinderhook terrace. The Schodack terrace was first recognized by Peet 
(1904),and Woodworth (1905), who called it a kame-terrace with an ice
contact along its western edge. This designation was also followed by 
Fairchild (1918), and Cook (1930). In 1946, Cook attributed the rounded 
and smoothed western edge to contact with an ice margin which overhung 
part of the terrace toward the east. 

Jahns and Willard (1942) noted similar ice-margin terraces in the 
Connecticut River Valley and pictured them as forming by stages beginning 
along ice margins but ending in delta foreset deposition into glacial 
lakes standing in front of the ice margin. The Schodack terrace appears 
to duplicate this sequence. In several pits, collapsed gravels are over
lain by delta topset and foreset beds. West of the terrace edge, inter
bedded clays and sandy gravels encountered in water wells are probably 
the bottomset equivalents to the delta stage. 

The western edge of the terrace rises from a gullied clay plain 
and has been altered by beaching of waters assigned to Lake Albany. 
Prominent beach ridges occur where the terrace faces westward or slightly 
north of west. Where southeast-trending borders are present, beaches are 
not so well developed. The western edge does not, in most places, reflect 
an ice contact, overhanging or otherwise, and the sediments beneath the 
beach are mainly westward-dipping delta foresets. 

The terrace surface is gently rolling and frequently pitted by kettle 
holes. Its maximum elevation is 350 feet near the eastern edge where it is 
bordered by drumlins, and it slopes to about 320 feet near the beached western 
edge. Angular eskers are exposed within the terrace along the Moordener and 
Vlockie Kills and attain summits of 350 feet. Southeast of Brookview, 
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between the Moordener and Vlockie Kills, the western edge of the terrace 
is indented by reentrants which are aligned parallel to the eskers exposed 
elsewhere on the terrace. Beaching between these points is slight and 
the reentrants could be unaltered ice contacts. South of the Vlockie Ki 11 
the western edge is straight and capped by beach ridgeso From south to ' 
north, the average terrace summit increases by about 10 feet, but it could 
easily have rebounded by that amounto The part of the terrace south of 
the Moordernkill probably is older than that part to the north, as evidenced 
by the eskers which feed the terrace at an ice contact along which this 
creek now flows. (See Plate II for locations of probable ice margins~) 
This suggests that the Kinderhook terrace to the south began to form before 
the Schodack terrace, as a south-and east-facing ice margin in the Hudson 
Valley progressively wasted northward. The "early", "middle", and 11 late 11 

· 

terrace ice margins are examples. 

HUDSON VALLEY LACUSTRINE STAGES 

The Lake Albany Problem 

Originally it -was suggested by Peet (1904) and Woodworth (1905) that 
the Hudson ice block defended lake waters on the south, and as its margin 
melted northward an increasing area was presented for the accumulation of 
lacustrine sediments, chiefly clay. These successive water bodies (or 
growing single body) have been called by the general and collective term 
Lake Albany. Happing in the Troy area indicates that this concept of ice 
withdrawal is valid, and also that it is necessary to recognize the sequen
tial lake stages that comprise the total 11 Lake Albany". 

Two ice-margin deltas are found on the Troy quadrangle isolated from 
the kame terraces to the east, ('1Hampton Dzlta 11and11Rensselaer Delta 11 of 
Plate II). Reconnaissance of tfie Cohoes and Kinderhook sheets to the north 
and south has revealed other places at which the receeding ice margin also 
remained for a time long enough to deposit frontal gravel deltas with fine
grained bottomsets into standing lakes. 

In addition to the two deltas on the Troy sheet, there are (1) numerous 
kame-terrace-delta deposits along the eastern edge of the main Hudson Valley 
which date from both deltas, and also from more southern positions of the ice 
margin; and (2) continuous and well-formed beaches which extend from the 
Kinderhook area north to the Schuylerville sheet. These beaches modify the 
western edges of both the kame-terraces and mid-valley deltas, and as a long 
fetch is required for the beach development, an ice-free condition for the 
Central Hudson-Eastern Mohawk Valleys during the later lake stages is indi-
cated. 

It is further necessary to define as accurately as possible those lake 
stages 'Which coincide with the unblocking of the Mohawk Valley, in order to 
extend Hudson Valley correlations westward. The Albany-Troy-Schenectady area 
is critical to this problem. 

The determination of glacial rebound values for eastern New York depends 
upon the dating of the beaches and other deposits on which measurements are 
made. There is abundant evidence in the Troy area that rebound was in progress 



during the ice-margin and ice-free lake stages. The grouping of all the 
valley deposits together and the averaging of the depositional summits 
has produced a total value of 2o25 feet per mile for the region, which is 
too low. 

The sedimentary relationships also call for more precise definition 
of Lake Albanyo The bulk of the clay can be related to the ice-margin lake 
stages more easily than it can be equated to the ice-free lakes. Deltas, 
some of them very large, cover clay in many areas. Frequently, as at the 
Schodack terrace and at the Hampton and Rensselaer deltas, clays are inter
bedded with silts, sands and gravels in bottomset relationship. Sand-and 
gravel-free clays elsewhere probably represent more distal bottomset occur
rences of ice-derived sediment. Westward from the main Lake Albany beach, 
silts and pebble gravels have been carried lakeward over earlier clays, 
suggesting perhaps a minimum of clay was deposited in 11 later Albany11 time. 

Sequence of Glacial Lakes 

ICE MARGIN STAGES 

Three of many successive Hudson Valley lakes are recognized as having 
ice margins on the Troy quadrangle •. It is presumed that open waters 
extended to the south away from these margins, and that to the north, the 
Hudson lowland was filled by ice to a greater degree than at the Troy lati
tude during this time. (See Plate II) 

The lakes are named Schodack, Hampton and Rensselaer in order of 
decreasing age. These are given names for the purpose of reference and 
description of local deposits. Further mapping is necessary to establish 
the degree of applicability of each. They are important to recognize, 
however, because it is likely that at some time during the existence of or 
shortly after these stages, the Mohawk was opened to eastward runoff by 
near final stagnation of the Mohawk Lobe. 

Lake Schodack 

Lake Schodack is postulated (1) to account for the delta foreset 
beds which dip generally westward along the western edge of the Schodack 
terrace, and (2) to collect the interbedded clay, sand and gravel vmich is 
encountered in water wells drilled along the terrace edge. The mid-valley 
position of the ice margin at this stage is not exactly known, but Strong 
(personal communication) of Hall, Inc., Delmar, N.Y., has postulated the 
western limit of gravel aquifers beneath the clay to pass due south from 
Grandview Hill. The persistent bedrock hogback beneath clay over which 
the streams entering the present Hudson now fall, nearly coincident with 
Strong's aquifer border, may have provided a logical place for the ice 
margin to linger during Lake Schodack time. A water level of 330 feet 
above present sea level would accomodate the delta beds and also permit 
filling of some of the kettles along the terrace edge shortly thereafter, 
but the dating of these kettle-fillings is uncertain. They may date from 
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a later stage of Lake Albany, as evidenced by the increased thickness of 
beach gravels into contemporaneously collapsing shoreline kettles. Apparently 
Lake Schodack did not extend an eastern marginal embayment much farther north 
than Couse, where remnants of pebble gravels at 330 feet are exposed at the 
intersection of Routes 4 and 151. As yet no isolated marginal delta, 
supplied from the ice alone west of the Schodack terrace, has been found. 
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Lake Hanpton 

Lake Hampton, with a postulated water level of 3.50 feet is named from 
the prominent ice-margin delta upon which Hanpton Park in East Greenbush is 
located. The delta summit corresponds to this level and about 10 feet of 
channeled topset beds overlying foresets are exposed in a gravel pit atop 
Hampton Park. The north end of the delta is defended by Rysedorph Hill, a 
small but bulbous knob of Rysedorph Conglomerate which served as a nunatak 
in the Hampton ice margin, probably inviting accelerated ice melting on its 
downstream side. 

East of the delta along Mill Creek, sands which are traceable up the 
delta slope interfinger with clay, indica:ting open water in an embayment 
east and probably northeast of the delta. The near-level-bedded cobble 
gravels, which are continuously exposed from near Albia south to Defreest
ville at an elevation of 380-360 feet, tenninate in delta foresets exposed 
in a pit at the intersection of Routes 4 and 381. These beds are in nice 
adjustment to a 3.50 foot level of Hampton lake water and are assigned to 
that body. Possibly these 380 foot gravels could be assigned to Lake 
Rensselaer, which follows, but relationships in the Wynantskill delta area 
are contrary to this association. 

Lake Rensselaer 

. Immediately east of the City of Rensselaer, a drumlin-shaped hill 
nearly one mile long, surrounded by clay,attains an elevation of 300 feet. 
This hill,called the Rensselaer delta,contains southward-and southeastward
dipping pebble gravel foresets and bottomsets. Connected with this delta 
beneath, and exposed in the gully to the northwest, and through Rensselaer 
to the Hudson River, is the southeastern extension of the Loudonville 
moraine. The clays south of the d .. 21ta; exposed along Mill Creek contain 
at least 50 percent sand, and may represent cyclical (turbidite?) bottomsets 
of the delta. There is no evidence that any of the delta is superglacial and 
no slump structures are encountered in the pit along its southwest flank. 
In the pit at the east end of John St., 2000 feet east of School 2. in the 
City of Rensselaer,slumped cobble gravels are exposed at 100-140 feet and 

. may have collected under more superglacial conditions prior to the retreat 
of the ice margin to the north edge of the Rensselae·r · delta. Such a 
sequence would duplicate that of the later Newtown Rd. delta on the Cohoes 
sheet. 

The level of Lake Rensselaer cannot be established exactly, but a 
northward retreat of 2 miles of the Hampton ice margin is indicated. A lake 
level of at least 300 feet is required, but as the "Rensselaer i:iel ta has · 
no topset beds,;mdas the lower 3.50-foot level gravels to the east adjacent 
and inferior to the 380-foot river gravels through North Greenbush are 
well-beached and altered by later waters, the upper limit of the lake can 
only be estimated to be near or slightly lower than the 3.50 ~co~ ~ke Hampton 
level Further work is needed in Albany County before the s1gn1f1cance of 
Lake Rensselaer and its ice margin can be established. This episode may have 
been the first one in 'Which Mohawk water played an active part. The Loudon
ville moraine slightly antedates the Rensselaer delta and the geographic 



setting and large volume of the former suggests an unusually heavy influx 
of superglacial drainage into the ablation zone, possibly more from the west 
than previously. It would not be suprising if the ice-contact deposits of 
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the Loudonville moraine dated from Lake Hampton, while the terminal Rensselaer 
delta represents the end of the retreat of the ice margin through the Hampton 
ice ablation zone. 

Post-Rensselaer-Pre-Albany Interval 

Well-defined frontal deltas are not found north of the Rensselaer delta 
on the Troy sheet~ Gravels are exposed at Waterford and along Newtown Road 
in Saratoga County on the Cohoes sheet. The Newtown Road deposit is deltaic· 
with a northerly source only on the final stages and is interlobate in early 
stages. 

The channeled topset beds of the Newtown delta are overlain by 
congeliturbate clays. The summit of the Newtown deposit lies now at 350 
feet and if rebound is taken even as a conservative 2¼ feet per mile, the 
delta's position - 13 miles north of the Hampton Park delta, at an identical 
elevation - would place the original summit level at a maximum of 320 feet 
if water levels had remained constant. While the value or the nature of 
rebound has not been established, the summit level of the Newtown Rd. delta 
suggests a general lowering of lake levels following Lake Rensselaer time. 
It is also likely that the ice margin became less continuous during this 
interval, under the influence of added drainage from the Mohawk. Further 
speculation on this interval is not warranted until more mapping is done 
to the north. Part of the clays north of the Rensselaer delta latitude 
belong to this interval, but how much is not presently known. The next 
recognizable episode is that represented by the persistent shore line of a 
redefined Lake Albany. 

ICE -FREE ST.I\G ES 

Lake Albany 

The name Lake Albany is redefined and assigned to the broad, ice-free 
water body which produced the continuous beach with frequent storm ridges 
from south of the Troy sheet northward beyond the limits of the Cohoes quad
rangle. This is the level (320 feet on the south edge to 340 feet at the 
north edge of the Troy sheet) Stoller has assigned to the maximum develop
ment of Lake Albany, which attained according to him a level of 360 feet 
on the Cohoes sheet, and to which the Hoosic delta summit was concordant. 
In the present writer•s opinion, the use of the Lake Albany designation should 
be restricted to this level and episode. 

At full development, Lake Albany received, in the Troy area, the 
discharge from the Wynantskill and Poestenkill Creeks where a 25-50' sand 
delta beneath the Troy Airport was constructed. (Wynantskill delta of Plate 
II). Discharge from the Mohawk (Lake Vanuxem?) presumably was responsible 
for the extensive sands exposed between Albany and Schenectady known as 
the Mohawk delta. Much of this deposit was later wind-worked into what is 
locally called the ncolonie blow sand". 
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Small patches of sand occur east of the Hudson as erosional remnants 
above the clays, and occasionally the sand contains rafted cobbleso Dunes 
in the Troy area are rare. Sand and pebble silt carried westward from the 
Lake Albany beach covers the earlier clays~ particularly west of the Schodack 
terrace where sand thickness frequently exceeds 10 feete How much clay was 
deposited in the redefined Lake Albany is not kno'WD. but the deltaic materials 
laid over the clays suggest that, at least along the shore, coarse material 
dominateso It appears that most of the clay should be assigned to the earlier 
ice-margin lakes. Some clay in North Albany is clearly superglacial. 

Lower Stages of Lake Albany 

The Lake Albany ice margin at the time of the beach formation stood 
at least as far north as the northern edge of the Cohoes sheet but the degree 
to which the upper Hudson Valley was deglaciated at this time is not now 
known. Presence of deltas in the Schuylerville,area particularly that of 
the Battenki14 standing at levels inferior to the 360R Hoosic delta - 320 1 

Albany beach, (at the Schodack latitude) may indicate 1) the ice filled 
the valley north of the Hoosic at this time preventing open-lake deltas 
from forming, or that 2) the inferior deltas record stages of sedimentation 
which occurred only during the lowering of Lake Albany. Minor beaches and 
deltas inferior to the Albany beach occurring at 3101, 2301, and 180' in 
the Troy area may prove correlative to some of these northern deltaso The 
Cohoes-Saratoga-Schuylerville area contains more evidence for the lower 
Albany stages than does the Troy area~ Bedrock nickpoints occur in all the 
streams entering the Hudson south of Troy. The Hoosic delta terraces may 
provide the best data, as Woodworth (1905) and Stoller (1918) both pointed 
out. 

3. 

4, 

5. 

SELECTED EXPOSURES 

Drumlins. Dozens occur between the Wynantskill and Moordenerkill in 
the towns of North Greenbush. East Greenbush, and Schodacko Long axes 
trend about N20W. See Plate IL 

Eskers. Many occur throughout the Alben-Burden Lake moraine. The most 
typical are at Mouleis Lake Coopers Pond. and West Sand Lake. Two others 
feed the Schodack Terrace at East Greenbush and along the Vlockie KillQ 
Esker deltas are extensively excavated 2 miles ESE of West Sand Lake. 

Karnes. Exposed along Rt. 66 SE of Wynantskill, south.of Eagle Mills, 
and Eo of the Wynantskill at West Sand Lake. Solitary kames occur_ one 
mile north of Poestenkill. 

Ice contacts. Several ice contacts cross the Albia-Burden Lake moraine. 
Three (in order of sequence) occur (1) north of Sheer Rd., (2) one mile 
SE of West Sand Lake, and (3) along Rt. 154 at Moule 1s Lake. All of 
these contacts are fed by eskers some of which are a mile in length. 

Schodack Terrace, Extensively developed through the Town of Schodacl< • 
Karney in part with large kettles and a few short eskers. Deltaic 
sediments exposed along the western edge. 



6. Ice-margin deltas. Exposed at Hampton Park and one mi le east of 
Rensselaer. Extensive gravel pits at both localities. Expecially 
good bottomset structures at the latter. 

?. Superglacial kame terrace and ground-laid ice-border outwash gravels 
are extensively exposed in a pit south of Williams Rd., North Green
bush. Terrace is continuous south to Defreestville where it tenninates 
in a small delta. 

8. Lacustrine varved clays with interbedded sands underlie a large area 
west of Rt. 4 and the Boston and Albany tracks. Good exposures are 
limited but occur along the entrance road to the paper company just 
north of Castleton, along Mill Creek north of Rysedorph Hill, and 
along Spring Street irrhere about 35 feet of clay overlying gravel is 
exposed in a pit. 

9. Beaches. The Lake Albany beach is well developed, with frequent stonn 
ridges, at (1) one mile SE of South Schodack, (2) along the Wedge of 
the Schodack terrace between Brookview and East Greenbush, and (3)from 
Defreestville E of Rt. 4 north along Blooming Grove Rd. Gravel pits 
provide cross-sections through the beach at all of these locations. 

10. Peat bogs are common throughout the area. Peat is presently being dug 
from a bog one mile SE of West Sand Lake. 

11. River terraces are best developed along the Poestenkill between Eagle 
Mills and Troy, and also along the Wynantskill in Albia. 

12. Post-glacial rock gorges with falls are found on the Poestenkill near 
Pawling Ave. in Troy, on the Wynantskill along the Airport Rd. in Troy, 
and on Mill Creek along Rt. 151 near Rensselaer. 

13. Promontories at Teller Hill near Sherwood Park, at Rysedorph Hill, and 
at Prospect Park in Troy offer panoramic views of the Hudson Valley. 

SELECTED REFERENCES 

Brigham, A. P., 1929, Glacial geology and geographic conditions of the 
lower Mohawk Valley~ N. Y. State Mus. Bull. 280 

Chapman, D. H., 1937, Late-glacial and post-glacial history of the Champlain 
Valley: Am. J. Sci., v. 34, No. 200, pp. 89-124 

Cook, J. H., 1924, Disappearance of the last glacial ice-sheet from eastern 
New York; N.Y. State Mus. Bull. 251 

_____ , 1930, Glacial geology of the Capital District: N. Y. State 
Mus. Bull. 251 

_____ , 1935, Glacial geology of the Berne Quadrangle: N. Y. State 
Mus. Bullo 331, pp. 222=230 

_____ , 1942, Glacial geology of the Catskill Quadrangle: N. Y. 
State Mus. Bull. 331, pp. 289-237 

A19 



A20 

Cook, J. H., 1943, Glacial geology of the Coxackie Quadrangle: N. Y. State 
Mus. Bullo 332, pp. 321--357 

, 1946, Kame complexes and perforation deposits: Am. J. Sci., 
---- Vo 244., pp. 573-583 

, 1946, Ice-contacts and the melting of ice below a water level: 
----- Amo J. Scio, v. 244, pp. 502-512 

Elam, J. G., 1960, Geology of the Troy South and East Greenbush quadrangles: 
New York: Unpublished Ph.D dissertation, Rens. Poly. Inst. 

Fairchild, H. L., 1909, Glacial waters in central New York: N. Y. State Mus. 
Bull. 127 

________ , 1912, Glacial waters in the Black and Mohawk Valleys: N.Y. 
State Mus~ BulL 160 

, 1914, Pleistocene marine submergence of the Connecticut and --------. H1.1dson Valleys: Bu11. Geol. Soc. Amer., vl 25, pp. 219-242 

, 1917, Postglacial features of the upper Hudson Valley: --------. N. Y. State Mus. Bull. 195 

________ , 1918, Pleistocene marine submergence of the Hudson, Champlain 
and St. Lawrence Valleys: N. Y. State Mus. Bull. 209-210 

Flints, R. F., 1953, ProbabJe Wisconsin substages and Late-Wisconsin events in 
northeastern United States and southeastern Canada: Bull. 
Geol. Soc. Amer., v. 64, pp. 897-920 

______ , 1957., Glacial and Pleistocene geology: Wiley 

Jahns., R. H. and Willard.,, M.E., 1942., Pleistocene and recent deposits in 
Connecticut Valley, Mass: Am. Jour. Sci., v. 240, pp. 
161-191., 265-287 

Lafleur, R. G., 1960, Pleistocene geology of the Troy, New York, Quadrangle: 
Ph.D dissertation, Rens. Poly. Inst. 

MacClintoch, P., 1954, Leaching of Wisconsin glacial gravels in eastern 
North America: Bull. Geol. Soc. Amer., v. 65, pp. 369-384 

Merritt, R. s., and Muller, E. H., 1959, Depth of leaching in relation to 
carbonate content of till in central New Yorh State: Am. 
Jour. Sci'.., v. 257, pp. 465-480 

Feet, C.E., 1904, Glacial and post-glacial history of the Hudson and Champlain 
Valleys: Jour. Geol., v. 12, pp. 415-469, 617-660 

Rich, J. L., 1914, Divergent ice-flow on the plateau northeast of the Catskill 
Tfountains as revealed by ice-molded topography: Bull. Geol. 
Soc. Amer., v. 25, pp. 68-70 



A21 

Rich, J. L., 1935, Glacial geology of the Catskills: N. Y. State Mus. Bull. 299 

Ruedemann, R., 1930, Geology of the Capital District: N. Y. State Mus. 
Bull. 251 

Stoller, J. H., 1911, Glacial geology of the Schenectady quadrangle: N. Y. 
State Mus. Bull. 154 

, 1916, Glacial geology of the Saratoga quadrangle: N. Y. 
------ State Mus. Bull. 183 

, 1918, Glacial geology of the Cohoes quadrangle: N. Y. State 
------ Mus. Bull. 215 

, 1922, Late Pleistocene history of the lower Mohawk and middle 
------ Hudson region: Bull. Geol. Soc. Amer., v. 25, pp. 515-526 

Woodworth, J. B., 1905, J'mcient water levels of the C:hamplain and Hudson Valleys: 
N. Y. State Mus. Bull. 84, pp. 63-265 

, 1907, Postglacial faults of eastern New York: N. Y. State ---------Mus. Bull. 107, pp. 5-28 

NOTES ON TRIP A 





TRIP B 
SOME ASPECTS CF TURBIDITE SEDIMENTATION 

IN THE VICINIT'f OF TROY., NEW YORK 

By Shepard W .. Lowman 

Dept, of GeoiogyJ Rensselaer Polytechnic Institute 

INTRODUCTION 

Bl 

In the course of geologic field work in the vicinity of Troy, New York, 
much interest and controversy have been evolved locally on the subject of deep 
water flow sediments) generically called turbiditeso Numerous and highly 
varied types of turbidites are exposed within the immediate environs of Troy. 
Complicating factors in field mapping are the Logan Line thrust fault and the 
sharp local folding both of which produce tectonic breccias and otherwise 
ccmplicate the definition and identification of stratigraphic units. 

The following section outlines the history of the concept of turbidite 
sedimentation and briefly describes the two main types of turbidites which 
are to be seen on this trip. 

HISTORICAL REVIEW OF TURBIDITES 

Since the beginning of this century there has been a growing interest 
in the apparently anomalous occurrences of "shallow water" coarse grained 
sands, conglomerates, and breccias in association with deep water sediments 
and faunas. 

The papers on the Deepkill by Rudolph Ruedemann first showed the 
coarse grained and brecciated character of a significant part of these 
sediments (.1.901), Later he argued strongly for the pelagic and deep water 
environment of the pure graptolite faunas of the Normanskill, Deepkill and 
Schaghticol{_e (Ruedemann 1926) and (1931.i). 

The work of Manley Natland (1933) demonstrated conclusively the presence 
of deep water assemblages of foraminifers in association with sands and 
conglomerates of the Pliocene of the Los Angeles Basin) California, 

Archanguelsky and Strakov (1938) followed a correlative line of thought 
in the sterile deep basin of the Black Sea and concluded that recent sediment 
from large areas of the shelf south of the Crimea had become unstable due to 
earthquake shocks and had slid off into the deeper parts of the basin~ 
Archanguelsky (1927) also noted the presence of a layer of sand between two 
layers of abyssal deposits and commented that "This fact ls extremely strange 
and suggests an idea of some very rapid catastrophic changes in conditions 
attending the transportation of the material 11 • (p. 280) 

Daly (1936) postulated that submar:ine canyons had been cut by mud~laden 
submarine streams during periods of glac:iation when sea level, and hence base 
level were lowered, 
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Gould (1951) investigated subsurface c1.,,:rnmts J.n Lake Mead where heavy 
mud-laden flood water fr·om the Colcrado Ri.ver flows below the cl.ear water of 
Lake Mead with an foltlal veloclty of 0,7 mil.es pe:r hour;, decreasing to Oo2 
miles per hour 100 miles iictownstream11 , 

BJ 

It remained for Keunen and Migliorini (1950) to demonstrate experimentally 
the process of tu:rbidlte deposition, They were able to illustrate further, 
by field observation 1n the Apennine Mountain are 9 the canpetence of submarine 
currents to transport great masses of coarse elastics under water" Some of 
these sediment=laden currents appear to have odginated as landslides on the 
upper continental slopes, As the mud and rock fall and slide down the steep 
slope.,, the flow incorporates an increasing amount of water_9 and gathers speed 
as it becomes less v:i. scous ,, The carrying power of sueh a mud-laden stream of 
density 2 .. 0 is theoretically 14 9000 Umes the carrying power of pure water, 
experiments have demonstrated 9 9 000 times the power (Keunen lecture,, 1950) o 

A flow of this type was t:rlggered by earthquakes on November 18, 1929, 
from the Grand Banks (Heezen and Ewing 9 195'2), It -flowed several hundred 
miles and snapped many transatlantic cables 1.n i.ts pa th, The greatest speed, 
calculated by the time of successively broken cables was 60 miles per hour. 
The speed was still 50 miles an hour 200 miles from the flowrr s source in 
15,000 feet of water and on a comparat:Ively gentle slope of 25 feet per mile, 
Where the bottom slope decreased to 4 feet to the mlle ,) 400 miles from source, 
the flow was still moving 15 miles per hour., 

Kuenen (1952) calculated the mass of this flow as being approximately 
16 to ho inches thick over an are·a of 100_3 000 square miles" This has been 
corroborated by Ericsonj (1953) and Heezen.~ Ericson and Ewing (1954) o 

Other such flows are kno-wn in several places; for instance 30 miles 
south of Bennuda at a depth of 3 miles (Ericson;, Ewing and Heezen, 195u), 
and at the mouth of the Magdelena River rn Columbia (Heezen 1955) o Extensive 
sedimentary studies have been made in the Black Sea and it has been found as 
noted above that south of the heavily faulted area adjacent to the Crimea 9 

recent sediments have slld off of three quarters of the outer portion of the 
continental shelf, Studies in that area have emphasized the importance of 
faulting as a tr1gger action for such s1 ldes 9 and also the importance of a 
slippery layer to act as a skid plane, (Archanquelsky and Strakov 9 1938), 

Gentle currents similar to those in Lake Mead 9 but on a much greater 
scale 9 may be responsible for thin layers of sand and snt that are inter
bedded with deep=wa ter clay over much of the abyssal plains of the North 
Atlantl.c" These sands have been studied by Erlcson 0 Ewing~ Wollin and 
Heezen (1961) in 230 cores, Ericson. et aL noted that these sands never 
occur a~ pa tt,hes on isolated Mghs butappa:re:ntly do f1.ow over low mounds 
that lie in the path of a flow.. It is conee:i.vable that flow after flow of 
sand could be brought into an area in such :rapid succession that no abyssal 
clay would be deposl tedJ resulting in a considerable thickness of laminated, 
fine=grained sand or silt. 

It seems probable that these gentle cu:r-re:r.ts may ori glnate as submarine 
streams drainfng submarlne de Has such as the de1 t':l. in 14;000 feet of water 
at the mouth of the Hudson River Canyon.t er they may be the fines from more 

(conti::u<?.d on Page B6) 
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EXPLANATION OF FIGURE 2 
(after Kuenen and MigUorifli) 

"Block diagrams illustrating the 7edimentation of the brecciolas and 
the macignoo o c "°vertical scale is some twenty ti.mes the horizontal. 11 

B_5' 

11 Diagram "A 11 shows the phase immediately preceding the sedimentation of 
the brecciolas. No irregularities are shown along the base of the continental 
shelf, to avoid unduly complicating the drawingo The sea would be slowly 
retreating because of the growth of the continental terrace on [The scaglia 
appears to be the starved~basin deep=water equivalent of limestone-shelf 
deposits from which brecciolas were formedJ 

"In "B 11 the 1i ttoral zone has been raised some 30 meters. This has 
brought about the erosion of the continental shelf by waves and of the slope 
by turbidity currents, and the deposition of brecciola fans at the foot of 
the slope.,,co.,,Where the channels were closely spaced the individual fans 
would overlap 1aterally9 whereas no brecciola would be deposited between 
widely spaced channelsoo•oooin the phase shown, the destruction of the 
terrace is well under way but has not yet reached its maximwn." 

11 In 11 C11 the mainland has been uplifted by oro~"ic deformation, and 
its rejuvenation is in progress.,o,oothe new continental terrace, which 
has already buried the submerged remains of the older one, is growing, 
a littoral plain is forming behind it1 and the sea is retreating" Slump
ing along the unstable slope is bringing about the deposition of the 
macigno by turbidity currents" 11 

11 , •• ,~.In sections that have not been too disturbed tectonically, 
the contact between the brecciolas and the macigno is perfectly regular 
and concordant, In some places the two formations actually merge into 
each other by repeated alternations" But, notwithstanding this perfect 
sedimentary continuity9 typical macigno sandstones always make a sudden 
first appearance in a brecciola and shale alternation. From this evidence 
the following deductions may be made~ (1) At a given moment during the 
deposition of the brecciola formation there was a sudden influx of another 
cype of sediment, consisting mainly of arenaceous material. The new type 
of sediment, 1-Jhich gave rise to the deposition of the macigno, obviously 
resulted from the erosion of a different source area than that from which 
the material of the underlying complex was drawn. (2) The conditions 
determining the sedimentation of the brecciola formation persisted for 
some time after the beginning of the macigno sedimentation. (3) The 
changeover to macigno sedimentation was not accompanied by any appreciable 
tectonic disturbance in the area of sedimentation. 11 

"It should be remarked that the upper surface of the brecciola fans, 
mich were deposited by swiftly moving suspensions, slopes out to sea and 
is uneven, whereas that of the maci.gno, which was deposited by a suspension 
that spread out on the bottom c,f the sea floor J is practically horizontal 
and eveno Consequently, the brecciola formation thins out, whereas the 
macigno thickens in a seaward direction. 11 
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turbulent flows originating on the upper continental slopes; ors again, 
some of them may originat,,. from the flood waters of rivers entering the 
ocean or large gulfs particularly in areas of locally narrowed conHnental 
shelves such as the Mississippi Rivero 

Daly (1936) suggested that such mud~laden currents would be formed on 
a vast scale during glacial stages when wave base was lowered by lowering of 
sea levelo Similar currents could be produced tectonically by uplift of the 
continental shelf with consequent lowering of wave base (Archanguelsky 1927)0 
_Occasional great storms might produce similar results without lowering of 
·sea level or raising of the continental shelf. Such storms could produce 
bottom currents in a seaward direction to carry some of the storm~roi.led 
sediment over the edge of the continental slope where it would form a 
turbidity current with resultant deposition on the lower slope or the abyssal 
plain (Kuenen and Migliorini, 1950) and (Rich 1950). 

TYPES OF FLOWS 

There is a tendency to classify turbidity currents into two qrou.ps, 
typified by the fast and slov flows described above~ Actually th1:;re must 
be many kinds of flows in ado.i tion to the two types described. Also it 
seems probable that there are a wide variety of depositional types produced 
below wave base, comparable in variety perhaps to those produced above ito 

Probably one of the best known types of turbidi tes are the b:recciolas 
which were described f:rom the Apennine Mountain arc by Migliorl.ni i.n co= 
authorship with Kuenen (Kuenen and Migli orini., 195'0) o The name brecdola 
was applied to sed!mentary 11 li ttle breccias", in which the fragments are 
preponderantlv 1 if"est0n?, It h2s heen found that there are other 11 1:l'. ttle 
breccias 11 in the Troy area, some of ,:\:i.ich are cmposed of sand in a sand. 
matrix, lime fragments in a sand matrix, lime fragments in a dolomite matrix.~ 
Hme fragments in a clay matrix, and clay fragments in a elay matr:ixo It 
seems reasonable to include these also in the brecciola facies of the t.u.:rbf.df te 
clano 

TRIP STOPS AND DESCRIPTIONS OF EXPOSURES 

The purpose of thfs tr:ip is to examine deep water sedimentary rocks In 
the field. Of the many assemblages that there are of such rocks~ two am 
particularly well developed in the Troy areao One of these is composed of 
brecciolas and associated rocks, the other is the group of rocks that make 
up the eu:xinic as.semblageo 
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Schodack Brecciola Assemblage 

Stop 2. See Figure 3. Four brecciolas are described which apparently 
belong to the Schodack (West Castleton) Formationo These are typically 
developed at the follo'Wing locations~ School 14, west edge of playing field 
at l;th Sto and College Ave., Sage Avenue, 250 feet west of 15th Street, 
Ro P. I. Campus, east end of football field, and Troy High School, northwest 
comer of athletic field. 

All four occurrences appear to be distinctive, and they are not noticeably 
lenticular like the brecciolas of the upper and lower Deepkill some of which 
lens out ac~oss the outcrop. The Sage Avenue brecciola occurs at four locali= 
ties one-half mile apart, and is clearly recognizable at each locality. The 
Troy High School sequence of brecciolas occurs in two extensive outcrops, 
approximately 800 feet apart, at both of which it possesses the same disting
uishing characteristics. All four brecciolas are sharply distinct from one 
another, except that all are ten to twenty feet thick without marked lentic
ularity. They differ in this respect from too Deepkill brecciolas, which 
are inches thick and sharply lenticular. The brecciolas described by 
Migliorini in the Apennines appear to be closer to the Deepkill variety than 
to those of the Schodack. The Grand Banks brecciola of 1929 was calculated 
to be 16 to 40 inches thick. By comparison, the Schodack brecciolas are 
unusually large, although not to be compared to the Rysedorph megabreccia 
facies of the Snake Hill (Middle Ordovician) (J. Gv Elam, 1960 unpublished)$ 

A. School 14 localit;}!"_(North of College Ageo along an extension of 
13th Street at west edge of playground of School lho) 

One hundred feet of outcrop extends north-south, strikes N25E and dips 
45° southeast with the top of the section to the southeast as judged by 
graded beddingo The south end of the outcrop is a pale, gray-green quartzite, 
poorly sorted and mostly fine grained. 

The MATRIX is a brownish purple, fine grained sandstone or siltstone 
with frequent coarse, round, sand grains and some clay, much calcareous dust 
and small calcareous fragments, many blobs of clay varying from black to light 
gray, and also with frequent light gray calcareous granules. 

Tm FRAGMENTS are coarse-grained, light-gray, massive, and fossilferous 
limestone varying in shape frcm irregular to round to tabular. Average size 
is 2"-5" with some longer dimensions up to 1811 • There are also a few large 
slabs the largest of which is two feet thick and eight feet long. The 
general orientation of fragments is subparallel to the boundaries of the main 
flow. Abundant small clay blobs about 211 across are also found, along with 
some dense light gray limestone fragments and a few sandy fragments" At the 
north end of the outcrop the ratio of pebbles to matrix is about 30g70 varying to 
20:80 near the middle, and dropping to 10~90 at the south end of the brecciola 
outcrop. This indication of grading suggests the beds are right side up with 
the top to the south east. 
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Deepkill Euxinlc Assemblage 

Stop L The first stop will be at the type locality of the Deepkill, 
one-quarter mile east of Grant 1s HollowJ ten miles north of Troy on Route 40. 

The upper Deepkill is separated from the lower by a covered interval of 
800 feetj and 1ts rocks comprise a different assemblage from the euxinic 
lower Deepkill, The upper Deepkill is a series of mud flows, clay=in-clay 
brecciolas, a few lime-in-clay brecciolas~ porcelanites, and thin beds of 
chert, Near the bottom of the section there is a small amount of graptolitic 
black shale and dark gray limestone. This part of the Deepkill is mentioned 
because its proximity makes it available for those 'Who may be more interested 
in spending a half=hour on this ~dditional sedimentary type than in collecting 
graptolites and turbidites from the lower Deepkill. 

Both the top and the bottom of the lower Deepkill are covered. The 
part of the section which is exposed is made up of black shale> gray shale, 
light gray thin bedded siltstones in banks one to four feet thick, and 
various types of brecciolas and graded beds. 

This assemblage appears to be produced by two sets of factors. First, 
the underlying euxinic chemical environment dominated by H2S affects Eh much 
more than pH (Krumbein and Garrels 1952). This pemi ts the accumulation of 
lime mud at one time and sapropelitic black mud at another depending on 
alternating chemical controls that are related to tectonic· activicy on the 
basin margin, An example is the Black Sea where the lime muds overly 
sapropelitic ooze (black organic shale) and the two are separated by a thin 
layer of terrigenous sand (Archanguelsky 1927)" The second set of factors 
are those which produce turbidi tes of various kinds, brecciolas and graded 
beds of one kind or another depending on the· speed of flows from the upper 
parts of continental slopes triggered by faulting or by overloading of 
metastable shelves. More gentle currents from continental shelves would 
bring a steadier supply of sand and silt to build the banks of thin bedded 
s i1 ts tones. 

When turbidity flows were in acti en and diluted the euxinic environ
ment, then lime muds or organic ooze would not be present as pure rock 
types, but when the flows died down the euxinic deposits would form the 
dominant rock type with alternation from lime to mud to organic ooze, and 
with an occasional turbidite flowing into the depositional area from one 
side of the basin or the other, 

The faunal evidence as analyzed by Ruedeman fits well with the postu
lated euxinlc environment. The predominant fossils are graptolites 'Which 
are thought to be pelagic or pseudopelagic (i.e. living attached to seaweed). 
Other fossils are rare and are thin shelled chitinous forms which appear to 
be well adapted to a pseudopelagic environment. Other bottom dwelling types 
are wanting ln the shalesj silts, and calcilutites" 
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Schodack Brecciola Assemblage 

Stop 2. See Figure 3. Four brecciolas are described which apparently 
belong to the Schodack (West Castleton) Formationo These are typically 
developed at the following locations: School 14, west edge of playing field 
at 13th Sto and College Ave., Sage Avenue, 250 feet west of 15th Street, 
R. P. I. Campus, east end of foot.hall field, and Troy High School, northwest 
comer of athletic field. 

All four occurrences appear to be distinctive, and they are not noticeably 
lenticular like the brecciolas of the upper and lower Deepkill some of which 
lens out ac~oss the outcrop. The Sage Avenue brecciola occurs at four locali
ties one-half mile apart, and is clearly recognizable at each locality. The 
Troy High School sequence of brecciolas occurs in two extensive outcrops, 
approximately 800 feet apart, at both of which it possesses the same disting
uishing characteristics. All four brecciolas are sharply distinct from one 
another, except that all are ten to twenty feet thick without marked lentic
ularity. They differ in this respect from the Deepkill brecciolas

9 
which 

are inches thick and sharply lenticular. The brecciolas described by 
Migliorini in the Apennines appear to be closer to the Deepkill variety than 
to those of the Schodack. The Grand Banks brecciola of 1929 was calculated 
to be 16 to 40 inches thick~ By comparison, the Schodack brecciolas are 
unusually large, although not to be compared to the Rysedorph megabreccia 
facies of the Snake Hill (Middle Ordovician) (J. Gv Elam, 1960 unpublished). 

A. School 14 locality.(North of College Age. along an extension of 
13th Street at west edge of playground of School 14.) 

One hundred feet of outcrop extends north-south, strikes N25E and dips 
45° southeast with the top of the section to the southeast as judged by 
graded bedding. The south end of the outcrop is a pale, gray-green quartzite, 
poorly sorted and mostly fine grained. 

The MATRIX is a brownish purple, fine grained sandstone or siltstone 
with frequent coarse, round, sand grains and some clay, much calcareous dust 
and small calcareous fragments, many blobs of clay varying from black to light 
gray, and also with frequent light gray calcareous granuleso 

The FRAGMENTS are coarse-grained, light-gray, massive, and fossilferous 
limestone varying in shape from irregular to round to tabular. Average size 
is 2"-5" with some longer dimensions up to 1811 • There are also a few large 
slabs the largest of which is two feet thick and eight feet long. The 
general orientation of fragments is subparallel to the boundaries of the main 
flow. Abundant small clay blobs about 2" across are also found, along with 
some dense light gray limestone fragments and a few sandy fragmentso At the 
north end of the outcrop the ratio of pebbles to matrix is about 30270 varying to 
20:80 near the middle, and dropping to l0g90 at the south end of the brecciola 
outcrop. This indication of grading suggests the beds are right side up with 
the top to the south eastc 
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FIGURE 3. 

LOCATION 
OF 

.8££CCIOLAS 
A. School /4, Colle9e Are. and /3rn 5/-reer. 
B So9eAYe. brecciolor l5rh Sr.occurrence. 
C Campus breccio/o of eos/- side or pla_yiny held 
JJ So9e A¥e.. 250 H. wesl of' 15 rh 5-/ree/: 

E. Breccio/a north Stele o:/ 8emon Pork. 
r. Ounn Gorden Aporlmenfs, Hoos/Ck Sr. d/lt/ f}un:re/1 Are 

G. Tro_y Htjh School p/ayin~ f/e/d. 
II. Be-/ween Re11sseloer19'CK dnd ~ lltjh School 

ployin_y fleld. 
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B. Sage Avenue locality - 15th Streey occurrence. 

The outcrop is buried beneath the bu:i' ·_dings along 15th Street in the 
vicinity of the 15th Street Lounge. Large ;)oulders u v by 6t were blasted 
from an old quarry wall and moved by bull de :;er to their present location 
between the South Parking Lot and the tennI'3 courts. There is one predomi
nant type (TYPE 1) of rock, which makes up ibout 90% of the boulders and 
there are several subsidiary types. 

TYPE 1. FRAGMENTS: About 80% of the fragments are coarse grained, 
fossiliferous, light gray, limestone, averaging u" to 611 in size, irregular 
to subspherical in shape, with no linear distribution, and with no noticeable 
grading. Since the occurrence is a pile of boulders there are no observable 
stratigraphic relationships. Minor constituents are small fragments of light 
gray, dense limestone and sandstone of which the fonner is more abundant~ 

MATRIX is a brown-weathering dolomite mud with numerous m2dium
to coarse, rounded sand grains. About 20 to 50% of the matrix is canposed 
of 1 ight gray, dense, ca lei luti te fragments averaging ¼11 in diameter~ These 
give the matrix the appearance of a pebble conglomerate, 

The relative abundance of matrix and fragments is variable from boulder 
to boulder but the general average is about 60% fragments, not counting the 
¼" calciluti te fragments that appear to make up a considerable part of the 
conglomeratic matrix. 

SPECIAL FEATIJRES OF TYPE 1. The coarse grained fossiliferous limestone 
fragments with brown weathering dolomite cement are closely similar to the 
outcrops on Sage Avenue, 250 feet west of 15th Street (Location D) .where the 
bed is well exposed along a joint face. It also outcrops in Beman Park near 
Samaritan Hospital at the west edge of the parking lot. This was one of s. 
W. Ford's fossil localities (1876). Walcott also collected Lower Cambrian 
fossils (Elliklocephala as~oides zone) from the calcarenite fragments at 
the Beman Par locality. calcarenites in the boulders at the 15th Street 
occurrence of the Sage Avenue brecciola probably are as good a locality for 
collecting fossils from this zone as we will see on this trip. 

Similar features of matrix fragments are seen in the upper brecciola at 
Hoosick Street and Burdett Avenue (section buried), now represented by boulders 
in the rubble pile to the west of the Dunn Garden Apartments. These three 
occurrences appear to lie on strike and are probably correlatable. 

C~ R. P. I. Campus locality (12' brecciola outcropping on R. P. I. 
campus east of football field) 

The general dip of 20° to the east places this brecciola be~eat~ the 
"Sage Avenue brecci ola". It is underlain by greenish-g:'8y clay 1'.': th rnte:
beds of dolomitic fine-grained sandstone two to three inches thick and six 
to ten feet apart: The brecciola is overlain by greenish-gray shale with 
thinly interbedded siltstone or very fine grained sandstone~ The interval 
from the top of the "campus brecciola" to the base of the "Sage Avenue 
brecciola" appears to be 15 to 30 feet, with the latter being the younger 
of the two~ 



MATRIX is dar'k gray 9 flow~streaked mudstone. No evidence is seen of 
stratigraphic d:1fferentiation, graded bedding] or direction of flow. 

FRAGMENTS are predominantly (80%) coarse 1rained llght gray, fossil
iferous limestone~ ranging in size from 2n to 12 feet.;1 irregular in shape 
and 'With no preferred orientation, There are a few small fragments of 
dense light gray limestone 9 about one per cent by volume" Medium grained., 
rounded sandstone makes up about 20% of the fragments -wi. th irregular distribu
tion and no preferred orientat:f.on,. 

FRAGMENTS & MATRIXg Relative percentage of fragments to matrix is 
40z60 to 5'0g5'0: Evidence of scour is seen in the presence of green clay 
blobs in the lower part of the flow. Load casts are also present in the 
fonn of green clay i.njected into the base of the brecciolao 
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STRATIGRAPHIC CORRELATION~ This brecci.ola is lithologically closely 
similar to the lower brecciola at Dunn Garden Apartments (Hoosick & Burdett). 
It also falls in the same succession of beds and is thought to be stratigraphi
cally equivalent, 

Go Troy High School playinf field. (Sequence at the east end of the 
track and playi.ng field north of 

0
roy High School on Burdett Avenueo) 

Strike of these beds ls Nl5E, dip is 75 west, top of the stratigraphic 
sec ti on is to the westo The brecc:tola sequence is made up of three members 
with eleven submembers. It is overlain by thin bedded9 fine grained sand and 
shale with a possible thickness of 200 feeto The brecciola sequence is under
lain by bro-wn weathering green claystone with dark gray wispy interbeds, 
having a possible thickness of 300 feet. The thickness of the brecciola 
sequence is approximately 90 feet. The Troy High School outcrop is the most 
extensive and gives the best picture of both the brecciola and the beds 
associated with i L 

Brecciola Sequence (in descending order) 

Bed Jb; Mostly covered but with occasional patchy outcrops of dense, 
light gray Umestone fragments in a dark gray clay matrix, A large outcrop 
that is probably stratigraphically equivalent occurs at the southeast corner 
of Burdett Avenue and West Peoples Drive., This outcrop has a ratio of frag
ments to matrix of about 15~8.5; the fragments are uniformly light grayj dense 
limestone 3 211 to 3"' thick_9 811 long., and randomly oriented, The matrix is 
uniform dark gray clays tone., 

Ja~ Thin bedded light gray dense limestone~ interbedded with thin 
beds of dark gray shale. Unit is regularly bedded but sli.ghtly disturbed, 
giving th£ appearance of layers being slightly pulled apart in sedimentary 
boudinage, Th.is occurrence, which i.s 2 feet thick and over 8 feet long, 
may be a large mass that slid or flo-wed some distance without turbulence, 
or it may have slid only a few inches or feet, but enough to cause the 
disturbance noted, Similarly bedded limestone in a similar stratigraphic 
posi Hon occurs about _500 feet to the east across the High School playing 
field, 
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Bed 2e 0 Three feet of tan weathering green claystone with numerous 
black wispy streaks that show flow beddingo 

2d 0 One and one half feet of light grayJ dense limestone fragments 
in a dark gray matrix vith 10~90 ratio; fragments are 2 by 6 inches and 
randomly orientedo 

2co Two and one half feet of tan weathering green claystoneo 

2bo One foot of green clay blobs (1 11 to 211 ) in maroon weathering 
clay matrix; ratio 20~800 

2ao Seven feet of green clay with black wispy interbeds and one 
interbed of coquina one inch thick with wonn borings, giving supporting 
evidence of top and bottomo 

Bed ld. Four feet of light gray dense limestone and black shale frag
ments in a rusty, medium-grained, rounded sand matrix with a 20:80 ratio. 
Fragments and trains of fragments are subparallel to the margins of the flowo 
A small percentage of the limestone fragments are granular and fossiliferous. 
A few others are light bro'W!l and well=bedded. Average size of limestone frag
ments is 3 by 6 inches. 

le. One foot thick, similar to above but wi.th sand and clay matrix 
50:50, and showing an increase in the percentage of limestone fragments to 
matrix, to about 40:60. 

lb. Black shale boulder one foot thick and eight feet long, oriented 
parallel to the margins of the brecciola, 

la. Brecciola bed five feet thick, ratio of limestone fragments to 
clay matrix is 80:20. Orientation of fragments is sub=parallel to the bound
aries of the brecciola~ The limestone fragments are mostly dense light gray 
limestone, granular fossiliferous light gray limestoneJ and light brown well
bedded limestone in a ratio of 60g2Qg20o The matrix is dark gray clayo 

SYNOPSIS OF MAIN BRECCIOLA MASS (Beds la-ld) 

GRADED BEDDING. The sand matrix shows incipient grading above 
bed le which is mixed sand and shaleo The main mass of the flow 
la-ld shows marked increase in the abundanee of limestone frag
ments do-wnard through the flowo 

OTHER CRITERIA OF TOP AND BOTTOM. 
Worm borings~ as noted under la o 
Scour~ the basal portion of la shows many wispy blobs 

of green clay that appear to have been scoured from the 
underlying green clay beds while they were unconsolidated. 

STRATIGRAPfilC DIFFERENTIATION. 

MATRIX~ The sand and clay matrices appear to be well 
differentiated stratigraphically, 



FRAGMENTS: The fragments are less well differentiated 
than the matrix but they do show a notable differentiation from 
the top to bottom. Toward the top of the bed, the limestone 
pebbles are mostly calcilututes while at the base the pebbles 
contain about 10% of calcarenites. The pebble-to-matrix ratio 
is perhaps 20~80 toward the top, increasing to 80:20 toward the 
base. At the top of the main brecciola the matrix is nearly 
pure sand; this changes gradationally downward to sandy clay and 
to nearly pure in clay in the base of the flow. 

Correlation of separate outcrops on the west and east sides 
of the athletic field is satisfactory., On the west side the units 
are oriented from top on the west to bottom on the east; on the 
east side the orientation of the same sequence has the top on 
the east and bottom on the west. In spite of this structural 
complication the correlation of the various brecciola units can 
be made in some detail, 

NOTES ON TRIP B 
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TRIP C 

SILURIAN AND DEVONIAN ROCKS OF THE 
CENTRAL HUDSON VALLEY 

By James R. Dunn 
Depto of Geology, Rensselaer Polytechnic Institute 

and 
Lawrence Vo Rickard-~-

N, Yo State Geological Survey 9 Albany, NoY. 

INTRODUCTION 

Limestones, shales, sandstones, and conglomerates comprise the 
Silurian and Devonian sequence of the Hudson Valley. Only the youngest 
portion of the Late Silurian is represented (Rondout Formation), whereas 
most of the Early and all of the Middle Devonian is present. Late Silurian 
(Cayugan Series) rocks are thin, and rest unconfonnably upon folded and 
eroded Middle Ordovician shales and sandstones. The Early Devonian rocks 
are divided into the Helderbergian and Ulsterian Series (Rickard, in press), 
and consist of limestones in. the lower part and shales and sandstones in 
the upper portion. The overlying Middle Devonian sequence (Erian Series) 
begins with the Onondaga Limestone and continues above into marine and 
non-marine shales and sandstones of the Hamilton Group$ Fossils are common 
throughout most of the Silurian-Devonian sequence of the Hudson Valley. 
Marine assemblages are particularly rich in the Helderberg limestones, the 
Onondaga Limestone and the lowerJ mari.ne portion of the Hamilton0 Plant 
fragments are the only abundant fossils in the non-marine rocks near the 
top of the sequence. 

STRATIGRAPHY 

UPPER SILURIAN AND LOWER DEVONIAN 

Introductory Statement 

Extensive detailed geologic mapping on a scale of 100 feet and SO 
feet to the inch by Dunn 9 Cuteliffe 9 and LaBrake in the South Bethlehem-. 
Ravena area and the Port Ewen=East Kingston area, and analyses of _, 
thousands of feet of diamond drill cores have provided new detailed infor
mation about the Cayugan and Helderbergian fonnations in the Hudson Valley. 

Cl 

An outgrowth of the work has been a division of the Manlius, Kalkberg, and 
New Scotland formations into new9 economically usable key beds and members. 
Simultaneouslys L. Vo Rickard (in press) has studied the same series on a 
regional basis and has redefined and subdivided several fonnations6 Plate I 
is a tabulation of the geologic formations from previous authors and indicates 
the new stratigraphic: units suggested by Rickard (in press), and Dunn., et al., 
(unpu.bUshed) ,9 as seen at East Kingstoni Broncks Lake and Ravena. - -

• ~Published by permission of Assnt, Commissioner: N~ Y. State Museum and 
Science Serv:ke, 
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Stratigraphic Summary for the Ravena Area 9 New York 

Aoe Series Formations Members Li tholbqies 

M 
I 
D 

/ 

D E 
L R 
E I Ki ska tom Shale to sandstone 

.A Ashokan Sandstone 
D N Hamilton Mount Marion Shale to sandstone 
E Group Stony Hollow Shale 
V Bakoven Shale 
0 
N Nedrow Limestone 
I Onondaga Edgecliff Limestone 
.A 
N 

L u 
0 L Schoharie Leeds Calcareous mudstone to limesto: 
w s Carlisle Center Calcareous mudstone 
E T 
R E Esopus Sha le to sandstone 

R 
D I Glenerie Quartz sandstone 
E A 
V N 
0 
N 
I H 
A E Becraft Limestone 
N L 

D New Scotland Calcareous mudstone to 1 imestoj 
E 
R Kalk.berg Broncks Lake Limestone 
B Hannacroix Limestone 
E 
R Coeymans Ravena Limestone 
G 
I Man1.ius Umestone 
.A 
N 

late 
SILURIAN CAYUG.AN Rondou.t Limestone 

Middle 
ORDOVICIAN Normansklli Shale to sandstone 



Rickard has suggested that part of the Rondout Fonn.ation (the Crysler 
Member) and the Manlius Formation be placed in the Devonian and that the 
Crysler Member be made the base of the Helderbergian Series& He also has 
defined the Thacher Member of the Manlius and the Ravena Member of the 
Coeymans. He has redefined the top of the Kalkberg and suggests that the 
Kalkberg be given formational stab.iso 

C3 

Jo Ro Dunn, assisted by W. E. Cutcliffe and R. LaBrake, has described 
six key beds within the Manlius Formation that have proven to be mappable 
units throughout the central Hudson Valley. The Kalkberg Formation has been 
subdivided into four units on the basis of lithologic and faunal criteria. 
Faunal, lithologic 1 and chemical data obtained by Dunn support Rickard's 
redefinition of the top of the Kalkberg Formation. The New Scotland Formation 
has been described in detail from numerous cores, and several key beds have 
been notedo A facies change from predominantly calcareous mudstone to silty 
limestones occurs from north to southo 

Upper Silurian 

Rondout Formation 

The name Rondout was first applied by Clarke and Schuchert (1899, 
pp. 874-876) to magnesian limestones in the vicinity of Rondout 'Which were 
used for the manufacture of nab.iral cement0 Rickard (in press) defines the 
Rondout Formation as the buff-weathering, greenish-gray, magnesium limestone 
which is subjacent to the Manlius Formation throughout New York State. 
Because no specific type locality was reccmnnended in the past, Rickard 
suggests that the e:xposures in the abandoned gravel pit o.5 miles south of 
Wilbur, New York be taken as the standard reference section. He notes that 
other equally good sections are present at the abandoned cement mine in 
East Kingston and along the road south of the West Shore railroad bridge 
at Wilbur. The Rondout of southeastern and eastern New York is considered 
by Rickard to be Upper Silurian (Late Cayugan). The Crysler Member of 
central New York is placed in the Devonian (Early Helderbergian). 

The Rondout, as presently defined in the central Hudson Valley, is 
the buff-to gray-weathering, magnesian limestone which lies between the 
contorted Ordovician shales, siltstones, and graywackes and the ash-gray
weathering, blue-gray, predominantly thin-bedded limestone of the lowest 
Manlius Formation. Fresh Rondout Limestone has a greenish cast, particularly 
in the more magnesian zones. These zones in all cases are fairly high in 
ferrous iron and in pyrite and hence weather characteristically to a buff 
coloro Locally.~ the Rondout is rich in the corals Halysites catenularia 
and Cladopora rectilineata~ 

In the vicinicy of Rosendale and Kingston, the Rondout is divided, 
from bottom to top$ into the Wilbur Limestone (3-15 feet), the Rosendale 
Dolomitic Limestone (17-27 feet), the Glasco Limestone (10 to 15 feet), 
and the Whiteport Dolomitic Limestone (9-14 feet). The Rondout is 37feet 
thick at Wilbur~ 40 feet at Fourth Lake, and almost 50 feet at Rosendale 
according to Rickard ( in press)., Diamond dri 11 cores indicate a thickness 
of about 28 feet at East Kingston. A thickness of approximately 30 feet 
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MANL\US WATERUME FOSSILS: 
a. "Spirifer" vanuxemi, x 2v4_ b. Stropheodonta 
varistriata., xlYs. c.Leperditia alto, x 3. 

d. Tentaculites qyracanthus, x3. 

e. "Orthoceras"(Anastomoceras) rudis, x 34. 

f. 

g. 

COEYMANS LI ME5TONE FOSS! LS: 
f. Uncinulus mutabilis, x 111a. 
g. Gypidula coeymanens is, x 1~. 
h. Atrypa reticula ris, x I Ya. 



(Rickard in press) is maintained northward to Catskillo The thiclmess 
in the Thacher Park and Ravena area is generally less than 10 feet but is 
variableo Cores at Ravena and South Bethlehem (western part of Callanan 
quarry) indicate 2 to 8 feet of Rondout magnesian limestone, but at the 
northern part of the Callanan Road Improvement Cooipany quarry at Sou.th 
Bethlehem (Stop lA) the Rondout Formation is 12 (?) feet thicko 

Lower Devonian 

Manlius Fomation 

The name Manlius was first used by Vanuxem (18401 Po 376) for lime
stone in the vicinity of Manlius, New Yorko .Apparently it was first 
applied to rocks which are now known as the Cobleski111 Rondout, and 
Manlius Formations, but most subsequent applications of the name have 
restricted its use to only the last of these., The Manlius Formation is 
subdivided from bottom to top into the Thacher Member {Rickard, in press), 
and the w.iney, Elmwood3 Clark Reservation 2 and Jamesville Members (Smith, 
1929)0 e Olney and higher members were to fotmd pass laterally into 
the Coeymans Formation in the Richfield Springs quadrangle (Rickard, in 
press)., 

The only member of the Manlius Formation present in the central 
Hudson Valley is the Thachero .According to Rickard3 the Thacher is not 
a part of the type Manlius as defined by Smith (1929)., The Thacher consists 
of interbedded "ribbon" limestone and more massive biostromal tmits consis
ting of stromatoporoid remains. It has been subdivided by Dtmn into 6 tmits, 
and these units have been utilized for detailed geologic mapping at South 
Bethlehem1 Ravena, Coxsackiej East Kingston and Port Ewen. Plate I summa
rizes the units as seen at East Kingston and Ravena. The subnembers are 
tentatively cal led M-1 through M-60 Of particular interest is the fact that 
the M-5 unit has a typical Rondout lithology, Le.,j it is greenish gray, 
somewhat pyr:itic, weathers to a buff color and is magnesium rich., M-6, a 
medium bedded, frequently biostromal layer, is at the top of the Thacher. 

The Thacher Member of the Manlius is 52 feet thick at the type locality 
at Indian Ladder in Thacher Park3 52 to 55 feet at Ravena and Sou.th Bethlehem, 
50 feet at Broncks Lake 3 52 feet at East Kingston3 and 50 to 55 feet at 
Wilbur3 Rondout, and Glasco southeast of Kingston (Rickard, in press). The 
fauna of the lower Thacher consists of Tentaculites gyracanthus (F.aton), 
Howellella vanu.xemi (Hall),:i a brachiopod.si and Leperditia alta (Conrad), and 
Howellella vanu.xemi (Hall), among others.. The stromatopore which is the major 
reef-former presumably is S}ringostroma barretti (Girty)o About 80 fossil 
species have been reported rom the Thachero 

Coeymans Formation 

The name Coeymans was first suggested by Clarke and Schuchert (1899, 
pp. 874-875) for the 1YLower-Pentamerus" limestone of Hall, Vanu.xem and others. 
The name was applied in some cases to include certain overlying strata, but 
subsequent usage by Ruedemann (1930) 3 Goldring (1935),(1943), and Chadwick 
(194h) has restricted the Coeymans Formation to the essentially non-chercy 
units below the Kalkberg Formation and above the upper biostrom.al layer of 
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the Manlius Formation. The Ravena (news; Rickard 1961) is the only member 
of the Coeymans Fo:rmatf on wh1.ch occurs in eastern New York, The Ravena 
Member of the Coeymans Formation is a homogeneous.9 bluish 9 medium grayj 
medium to coarse=grained limestone which forms prominent9 massive ledges 
below the cherty Kalkberg Formationo It normally weathers to a slightly 
lighter gray than the overlying Kalkbergo Bedding planes are 1 to 12 inches 
apart and irregular enough in detail so that attitudes are difficult to obtaino 
The Ravena Limestone is characterized faunally by Z?teidula coefieanensis 
(Schuchert) and large crinoid stems 'Which.9 toward e top oft e member.9 
are silicifiedo 

Rickard (in press) considers the upper contact of the Coeymans with 
the Kalkberg Formation to be gradational. Dunn identifies the top of the 
Coeymans in the Hudson Valley by the first occurrence of layers of chert 
nodules occurring about 12 inches aparto Johnsen (1958.9 Po 10) places 
this contact in the same position" Generally speaking 9 this selection 
places one or two nodular zones within the Coeymans Formationo However.9 in 
the absence of a more definitive contact the base of the closely spaced 
chert layers is quite adequate becausei (1) this produces more uniform thick
nesses for the Coeymans within a given area; (2) the base of the chert layers 
can nearly always be seen and is therefore readily mappable; (3) the increase 
in chert coincides with an increase in the silica content of the limestone, 
from less that 10% to about 25% ~ a point of considerable economic importancee 
This selection of the top of th:! Coeymans produces somewhat greater thick= 
nesses for the Coeymans at Ravena than earlier reporteda Based on many 
drill cores, Dunn recognized 26 to 30 feeto Johnsen observed 32 feet of 
Coeymans at Ravena o Typical thicknesses (Rickard, in press) for the Coey-
mans fonnation in the Hudson Valley are~ Rosendale area 15 to 20 feet, Catskill 
quadrangle 10 to 15 feeti Ravena 20 feet; Indian Ladder in Thacher Park, 36 
feet (50 feet according to Goldring 1935J Po 10l)e 

Over 80 species of fossils have been reported from the Coeymans forma
tion, Among the most common areg the brachiopods ~ "reticularis" 
(Linnaeus) 9 Stropheodenta (Brach,trion) varistriata~ad), ~!dula 
coeymanensis7.Schuchert) 9 Uncinuus mutabilis (Haif)j Camerot00:1a semplicata 
1Conrad) -~ Leptaena "rhomboidalis11 Wilek.ens) and Rhipidomelloides obla ta (Hall) & 

The most common trilobites reported are Odontochile micrurus (Green) and 
Synphoroides pleuroptyx (Green)o 

Ka1kberg Formation 

In 1908~ Chadwick (pp. 346m348) proposed the name Kalkberg for the 
cherty limestones in the lower part of the New Scotland Formation of 
Clarke and Schuchert (1899J ppQ 874-878), with the apparent intention of 
giving the Kalkberg the status of a member~ The name has been used primarily 
for the lower member of the New Scotland Formation although Hartnagel (1912, 
pp~ 56=60) separated the Kalkberg from the New Scotlandj giving them equal 
status. In the op!.nlon of Ri.ckard (in press) because 18 ,009othe Kalkberg is 
much more extensive in central New York than the restricted New Scotland and 
contains a lithology and fauna distinct from strata above and below? it 
should be raised to forna tfonal rank and used only ::i.n that sense., 1u 

Chadwick placed the type locality of the Kalkberg at AustinR s Glen on 
Catskill Creek where Riekard (in press) refers 54 feet of limestone to this 
formation~ Earlier authors describing thi.s section recogn:i.zed only 40 feet 



of Kalkberg and put the remaining part into the New Scotland or "Catskill 
shaly" o Rickard ts redefinition of the top of the type Ka lkberg permits a 
clearer lithologic differentiation by placing all of the less shaly, medium 
to massive limestone units togethero Faunal distinctions are also sharper -
the Kalkberg includes the Dicoelosia (formerly Bilobites) varicus (Conrad) 
zone, and generally lacks Eospirlfer macropleuruso (Conrad}o 

Independently, Dunn, working on cores and chemical analyses form East 
Kingston, South Bethlehem, and Ravena, arrived at a similar position far the 
top of the Kalkberg Formationo Criteria for separation were found to be not 
only faunal and lithologic but also chemicalo Passage frcm Kalkberg, as now 
defined, into New Scotland is cmracterized by a change from less than 30% 
Si02 to nearly 50% Si02 and several percent A12o3 or, stated lithologically, 
from siliceous limestone to calcareous mudstoneo 

It is here proposed by Dunn that the Kalkberg Formation within the 
Hudson Valley be subdivided into tvo uni ts 'Which have been studied and 
differentiated in cores and in the field both in the Ravena-South Bethlehem 
area and the East Kingston area. The names here proposed are Hannacroix 
(low-er and upper) for the lcwer unit and Broncks Lake (lower and upper} 
for the overlying unit. TI1ese two members have structural, faunal, and 
lithologic distinctions, but, aside frcm a slight upward increase in Al203 
(from about 2% to 305%), the chemical composition of both members is very 
similaro 

The lower Hannocroix is fully exposed in the field at many places 
from Al:tany to Kingston, because it is the principal ledge-forming unit 
west of the Hudson River~ The lower Hannacroix is a bluish-gray, chert
rich limestone at the base of the Kalkberg, which, except for the chert, 
is very similar to the Coeymans Fonnationo It is fine grained, except for 
recrystallized fossils, and massive in appearance with bedding planes 4 
to 12 inches apart. Nodular chert layers are spaced approximately 8 to 14 
inches aparte The predominant species are large silicified crinoid stems, 
the brachiopods Dicoelosia varicus (Conrad), Gypidula coeymanensis (Schuchert) 
and Atrypa "reticularis" (Linnaeus) o Typical thicknesses of the low-er 
Hannacroix are 11 feet at Ravena and on Hannacroix Creek, 14 feet at Catskill, 
and 15 feet at East Kingston~ 

The upper Hannacroix is a fine~grained, fairly massive, gray lime
stone with anastomosing argillaceous subbedding and is the unit above the 
last layer of chert of the lower Hannacroix., Bedding planes are several 
inches to two feet apart~ Although it contains none of the distinctive 
layers of chert nodules of the lower Hannacroix9 it still contains about 
25% Si02. This silica occurs as silt, fine chert replacements, and as a 
component in the clay fraction. On weathered bedding planes the rock is 
laced with thin shale stringers giving it a "tennis=net" appearance o In 
the absence of chert, this unit looks very similar to the Coeymans Fonnation, 
but is finer ~rained and contains only a few small shells of G;n>iciula 
coeymanensis (Schuehert). Other typical fossils arei Dicoelos1a various 
(Conrad), A twa "reticularis" (Linnaeus), and Eatonia medialis. (Vanuxem). 
The top oft e Hannacro1x 1s recognized by the first appearance of a dark 
gray9 euxinic shale which contains pyritic nodules and small brachiopods. 
Typical thicknesses of the upper Hannacroix are 10 feet at Ravena and South 
Bethlehem, 14 feet at Catskill,and 14 to 18 feet at East Kingston. 
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KALKBERG BEDS FOSSILS: 

a. Bilobites varicus, x.3. b. Fenestrella compressa, xl!-i. 

c. Streptelasma (Enterolasma) strictum, >< !Ya. 

d. 
e. 

f. h. 

. 
1. 

J 
NEW SCOTLAND BEDS FOSSILS: 

d. Uncinu lus abruptus, x Ws. e. Rhi pi dome Ila oblata, x I Ys, x, ~. 
f, Isorthis P-erelegans, x 1~. 9. Stenoschisma formosum,x1~. h. Platyceras 
ventricosm, x I~. i. Leptostrophia becki, x I~, x ¾. j. ''5" P-erlamellosus, x tJa. 

1------------.....----------------------



The lower part of the Broncks Lake Member consists of fine-grained, 
blue-gray limestone beds, one to three'Tnches thick, interbedded with cal~ 
careous shale layers, about 1 to 2 inches thicko This unit is not often 
exposed, but when it is, the hard limestone layers weather away from the 
argillaceous beds which become soft and friable on long exposureo At the 
base is a black, euxinic shale, 2=3½ feet thick, which contains small 
calcareous fossilso In the lower Broncks Lake, fossils are abundant, the 
most characteristic ones being large colonies of encrusting bryozoans and 
the brachiopod Dicoelosia varicus (Conrad)o The large crinoid stems of 
Mariacrinus stoloniferous, Hall and the brachiopods Uncinulus abruptus, 
Hall, Rhipodomelloides oblata (Hall), and Kozlowskiel1na perlam.ellosua 
(Hall) are abundanto The lower Broncks Lake is 15 feet thick at Ravena 
and South Bethlehem, 14 feet at East Kingston and 16 feet at Catskillo 

The upper Broncks Lake is a fine-grained, blue-gray limestone which 
differs lithologically from the lower part by 1) its more massive bedding 
(a few inches to a foot or more thick), 2) its argillareous material is 
less obvious, 3) the occurrence of one to three chert layers near its 
base, and 4) its characteristically pitted weathered surface. Faunally, 
the unit ws observed to contain a few Dicoelosia and bryozoan -whorls 
only in the lower 4 to 5 feet.. Lingula rectilatera (Hall) is common but 
has not been observed in the lower Broncks Lakeo Typical thicknesses in 
the Hudson Valley are~ 25 to 30 feet at Ravena, 24 feet at South Bethlehem, 
23 feet at Broncks Lake, and 27 feet at East Kingston~ 

New Scotland Formation 

The tenn New Scotland ws first applied by Clarke and Schuchert (1899, 
PPo 874-878) to the "Catskill or Del thyris shaly limestone" of early workers 
(Hall, 1893, PPo 8-13, ~rton, 1894, PPo 4o6-407)o Clarke and Schuchert 
probably included the Kalkberg Fonnation in their original definition of 
the New Scotlando Rickard ( in press) and Dunn, et al., (unpl/lblished) 
separate the Kalkberg and the New Scotland stratainto two fonnations. 

The New Scotland Fonnation consists primarily of alternating medium 
gray, sublithographic to fine grained, impure limestone, and dark gray 
calcareous muds tone with varying amounts of chert and pyrite o Toward the 
top of the New Scotland same of the limestone layers become similar to 
the Becraft Limestone as calcite crystals increase in size to medium and 
coarse grain., At all areas in the central Hudson Valley -where the contact 
is exposed, the lowest New Scotland, in gross chemical composition, is not 
a limestoneo Rather, it is primarily a calcareous mudstone or siltstone in 
which the total carbonate is 45% or less. The top of the New Scotland Forna
tion is taken arbitrarily at the lowest appearance of green shale and the 
highest occurrence of typical fine-grained, gray New Scotland limestone~ 
The change coincides with a sudden increase in lime content in the South 
Bethlehem, Alsen and Kingston areas, 

Significant facies changes occur in the Hudson Valley areao At 
Ravena and South Bethlehem .the New Scotland Fonnation is a calcareous mud
stone throughout its entire thickness. At Broncks Lake only the upper 6 
feet can be called a limestone. At East Kingston the New Scotland is 
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mostly limestone. wl.th but 27 feet at the base be~.ng argillaceous or siltya 
An additional change in the New Scotland Limestone is a notable increase 
in the content of silt in the Kingston area and a corresponding decrease 
in the alumina contenta Judging from chemical analyses~ the New Scotland 
Limestone is basically a limy siltstone or silty limestone at Kingston, 
but in the Albany area 9 although still silty9 the clay content increases 
approximately by a factor of 2, According to Rickard (i.n press) the New 
Scotland formation also changes character to the west in the Schoharie 
and Canajoharie quadranglesa Here it is lower in clay content and gradually 
becomes more similar to the Kalkberg Fonnationo 

Several valuable marker beds in the New Scotland have been noted in 
the central Hudson Va11ey9 particularly in the South Bethlehem to Broncks 
Lake area,. Plate I shows their position and gives a short description of 
their characteristics. 

The brachiopods Kozlowskielina perlamellosa (Hall)< Eospirifer 
macropleurus (Conrad), Leptaena iirhomboidalis" (Wi1ckensJ:; Leptostr~hia 
beckii (Hall)j Howe11ella cycloptera (Hall) 9 and Stro~honella punctuifera 
(Conrad) are commona Bryozoans, trilobites 9 pelecypo s 9 ostracods and 
platyceratid gastropods have also been notedo In all 9 over 300 species 
have been reported from the Kalkberg and New Scotland formationso 

New New Scotland Fomation is 65 feet thick (Rickard 9 in press) in 
the Helderbergs. Core data at South Bethlehem and Ravena indicate a thick
ness of 98 feet and approximately 92 feet is present at Broncks Lakeo It 
is 98 feet thick at Austin's Glen (Rickard 9 in press), and about 100 feet 
at East Kingston, 

Becraft Formation 

The name Becraft was given by Darton (1894) to the exposures of the 
coarse grained limestone occurring above the New Scotland Formation on 
Becraft Mountain near Hudson, New Yorko The Becraft Fonnation consists of 
very coarse=grained9 light gray~ tan, reddish, or nearly white limestone 
with green or gray shale partingso Locally chert occurs near the base and 
also near the top, and at Ravena minor quartz sandstone lenses have been 
observed near the top~ It weathers to a light gray and is a prominent 
ledge fonner~ Bedding planes are 3 to 6 inches apart at the base and over 
a foot apart in the upper portion~ Appearance in outerop is massive; 
bedding planes are irregular and difficult to see~ The Becraft Fonnation 
has a thickness of 13 to 27 feet in the Albany areaJ 40 to 65 feet in the 
Ravena to Alsen areaJ and 35 to 50 feet in the Kingston areao 

Fossils are abundant and crinoid stems are most commonQ The brachiopods 
A trypa reticular1.s 9 (Linnaeus)~ Gypidula (?) pseudo!aleata (Hall) 9 Leptaena 
11rhomboidaHs11 (Wflekens):; Meristella prfoceps (Hal ) ~ Schizophoria 
mul tistriata (Hall)~ ~1Spirifer11 eonclnnus (Hall)~ and Howeiielia cycloptera 
(Hall) are among the most eommon. 
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NEW ScorLAND BEDS FOSSILS: a. Strophonella leavenworthana, x Iva. 
b."S"(Eospirifer) macropleura,x¾. c.Leptaena rhomboidal is, x 34. 

e. 

d. 

GLENEl<IE LIMESTONE FOSSILS: 

g. ·· s:· murch isoni , )(. 1 vs. 
h. Rensselaeria 

ovoides, ,c: ~4. 

i. "Spi rifer·· arenosus, 
X 3/4. 

BECRAFT LIMESTONE FOSSILS: 
d. Uncinulus campbeHanus,xlJs. 
e. ':Spirifer'' concinnus, x Wa. 
f. Gypidula P-seudogaleata, ,c IYs. 
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Alsen Formation 

The Alsen Formation was named by Grabau (1919)0 He gave the name 
to cherty limestones which lie above the Becraft Formation in the central 
Hudson Valleyo The Alsen Formation, in the Ravena-South Bethlehem area, 
and the Port Ewen Formation (above the Alsen) from the Catskill area south 
are the youngest formations of the Helderbergian Serieso 

The Alsen is a medium=grained, medium to dark gray9 cherty limestone 
with interbedded argillaceous materialo It is similar in appearance to the 
lower Hannacroix Member of the Kalkberg Formationo Aside from its strati= 
graphic position, the Alsen differs from the Kalkberg in having fewer layers 
of chert, being somewhat coarser grained, and containing Stirifer concinnus 
and Monota]a tabulata~ According to Rickard (in press) t e Alsen is absent 
from the oxsackie quadrangle to West Berne (northwest) o Rickard measured 
24 feet in the Broncks Lake section, 35 feet at Austinrs Glen, and 20 feet 
in the Kingston areao Core data from East Kingston also indicate a 20 foot 
thickness for the Alsen in that area. At Ravena, however, some confusion 
exists in some cores where Alsen~like limestone is present beneath Glenerie 
quartzite (Oriskany) along with massive chert of uncertain identity. The 
limestone might reasonably be Alsen. The chert could be Alsen, Port Ewen 
or Glenerie. 

Glenerie Formation 

The name Oriskany Sandstone was applied by Vanuxem (1937) to a nearly 
pure, fossiliferous quartz sandstone exposed at Oriskany Falls in east-
central New York._ This sandstone is represented in the Hudson Valley by 
cherts and siliceous limestones containing Ori?kany fossils, for which 
Chadwick (1908, p. 348) proposed the name Glenerieo The Glenerie varies in 
thickness throughout the Hudson Valley from less than .5 to over _50 feet,. 
generally thickening to the southo Its fossils are usually silicified and 
many excellent collections have been made from these bedse The most common 
brachiopods are~ Eatonia peculiaris (Conrad), Hipparionyx roximus (Vanuxem) 
Leptocoelia flabellites (Conrad), Leptostrophia oriskania Clarke ,Rensselaeria 
ovoides (Eaton), Costispirifer arenosus (Conrad), and Acrospirifer murchison1 
(Castelnau). The trilobites: Homalonotus vanuxemi (Hall), Phacops logani 
(Hall) and Synphoria stemmata (Clarke) have also been foundo 

Esol?Y:s Formation 

The Esopus Shale or Grit,, overlying the Glenerie Formation 9 is the 
11 Caudaga1H qri t 11 of Vanuxem (1842) and other early workers, so called from 
the markings Taonurus caudaftalli (Vanuxem) on the bedding planes which 
resemble a roosterRs tail. e Esopus, because of its soft, argillaceous 
nature forms gentle slopes between the terraces maintained by the Becraft
Glenerie below and the Schoharie=Onondaga above. It is relatively barren 
of fossils exeept for a few brachiopods and the Taonurus markings whose 
origin is disputed. Taonurus has been described as a worm burrow, "fucoid", 
or seaweed or wave=mark of a peculiar type. Recently Laskowski (19.56) has 
submitted evidence that these markings represent plant remains. The Esopus 
is about 1_50 feet thick in the Coxsackie quadrangle and will be seen at 
Stop 3o 



Schoharie Formation 

This formation 9 the youngest of the Lower Devonian units recognized 
in eastern New York 9 has been subdivided into several memberso The lower 
20-30 feet9 known as the Carlisle Center Member, consists of laminated and 
flaggy calcareous mudstones or s1ltstones with a sparse faunao The over
lying Leeds Member is about 25 feet thick, It is composed of calcareous 
mudstones and shtstones 'Which grade upward into cherty9 argillaceous lime
stones, weathering buffo Fossils are more common in the Leeds Membero 
The most common Schoharie fossils are the brachiopodsg A(Eypa ir,ressa 
(Hall), Chonetes hemisphericus (Hall), Elytha fimbriata onrad, Le~taena 
"rhomboidalis" (Wilckens) 11 °s1irifer" macrus {Hall), "§!' raricosta ( onrad); 
the trilobiteg Synphoria anch ops (Hall) and various gastropods, cephalopods, 
corals and conularidso 

MIDDLE DEVONIAN 

Onondaga Limestone and Albrights Reef 

The Ononda~ Limestone of the Hudson River Valley, approximately 100 
feet thick, consists of gray, fossiliferous limestones, often cherty. At 
two localities in the Coxsackie quadrangle coral reefs have been recognized, 
one of which will be visited on this trip (Stop 5). Oliver (1954),(1956 a) 
has subdivided the Onondaga into four members~ in ascending order, the · 
Edgecliff 2 Nedrow 2 Morehouse and Seneca o Only the lower three are present 
in the Coxsackie area, the Seneca having been replaced by the overlying 
Bakoven Black Shale and Stony Hollow Sandstone. 

The basal contact of the Onondaga (Edgecliff Member) with the under
lying Schoharie is gradationalo The Edgecliff {35-40 feet) is characterized 
by abundant -white-weathering chert and a profusion of both rugose and 
tabulate corals in addition to brachiopods and other fossilso It consists 
of light gray coarse-grained crinoidal limestone in beds½ to 3 feet thick. 
Li~hologic separation of the Nedrow Member (20 feet) in the Hudson Valley 
is not so distinct as further west but its characteristic platyceratid 
gastropods persisto The remainder of the Onondaga is referred to the 
Morehouse Member, approximately 50 feet thick, 'Which contains a middle 
cherty division between upper and lower non-cherty divisions. Morehouse 
beds consists of finer grained limestones than the Edgecliff and the chert 
usually is black~ Fossils are abundant. 

The Albrights ~ (Stop 5) forms hills on both sides of the road 
one mile west-southwest of Albrightso It is approximately 1000 feet long, 
250 feet wide and over 20 feet high {Oliver 1956 b)o Tabulate and colonial 
rugose corals are abundant in the very coarse-grained pink or gray lime
stone which_ lacks distinct beddingo Fossils present are the corals: 
Cyathophl?lum ~:1 gysti~hyllum ~, Favosi tes sh. 9 Streptelasma ~, 
Synapts tllum. ~, and aphrentis ~; the brae iopods: Amphigen1a 
elongaVanuxe111)., A \SY'fa 11 reticularis 11 (Linnaeus), Coelospira camilla 
(Hall), Leptaena "rhombo1dalis" (Wilckens), "S1irifer11 divaricatus (Hall), 
"Se II macrus (Hall), Stropheodonta concava (Hal ) , and Strophonella ampla 
(Hall), and the trilobites~ Odontocephalus selenurus (Eaton), Phacops 
cristata (Hall)J and Synphoria anchiops (Hall), 
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a. b. 

d. e. 

SCHOHARIE AND ONONDAGA LIMESTONE FOSSILS: 
a. Amphigenia elon9ata, x ¾. b. "Spirifer" duodenarius, x 1¼-. 
c. "Spirifer" raricosta, xi~. d. Chonetes hemisphericus, x 1~. 

e. Sch\zophoria propinqua,x1~. f. Atrypa impressa, xlY4. 

g. Schucher!ella _P-andora, >< fY4. h. Zaphrentis P-rol ifica, x ¾. 
i. Elytha f1mbriata, xlY2. j. Strophonella ampla, x IV4. 



Hami 1 ton Group 

The highest beds to be seen on this trip are: those of tre Hamilton 
shales and sandstoneso In the Coxsackie quadrangle this group is divided 
into 5 memhersi in ascending order.9 the Bakoven9 Stony Hollow, Mount Marion, 
Ashokan.9 and Kiskatcmo Over 2000 feet of Hamil ton beds are presento The 

Cl7 

top occurs in the adjacent Durham quadrangle to the west where an additional 
1000 feet of Hamil ton beds (entirely Kiskatom) are found". The Bakoven, Stony 
Hollow and Moont Mar.ton members are chronological equivalents of the Marcellus 
Formation of the Hamilton in central and -western New Yorko The Ashokan and 
Kiskatom are non=marine rocks representing the Skaneateles, Ludlowville and 
Moscow Formationso 

Overlying the Onondaga Limestone with a sharp but apparently conformable 
contact are the black shales of the lower. Hamilton, the Bakoven Memhere 
These shales, 180=200 feet thiek, contain a small fauna of brachiopods, 
pelecypods, cephalopods and "pteropodsYY typical of Devonian black shales 
elsewhere in New Yorko The Bakoven is a continuation of the Union Springs 
Black Shale of central New Yorko It is overlain by the Stony Hollow- Sand
stone Member.9 approximately 100 feet thick, which contains a few brachiopods, 
corais.9 and trilobites, but apparently none of the cephalopods so character
istic of its equivalent to the west9 the Cherry Valley (fiAgoniatite") Lime
stoneo Both the Bakoven and Stony Hollow are chronological equivalents of 
the Seneca Member of the Onondaga Limestone in western New Yorko Inasmuch 
as no good exposures suitable for a large group rave been located, the 
Bakoven and Stony Hollm, will not be seen on this tripo The fauna consists 
of the brachiopods~ Chonetes .s!.::, mucronatus (Hall) 9 Leiorhynchus limi tare 
(Vanuxem) !I h ~ (Hall):, _and Nucleospira concinna {Hall)~ the pelecypods: 
Lunulicardium marcellanse (Vanuxem)andPterochaenia fragilis (Hall); and 
Styliolina fissurella {Hall):, and Tornoceras {Parodoceras) discoideum (Conrad). 

The rema fader of the marine porti on of the Hami 1 ton Group in the 
Coxsackie area is knor.m. as the Mount Marion Membere These interbedded bluish
gray:, sandy shales and argillaceous siltstones 9 1200 feet thick, contain 
pebble beds, crossbedding and flow rolls in the upper portion near the 
transition into the overlying non""11larine Ashokan flagso Fossils of brachi
opods9 pelecypods,, and eephalopodsll are abundant and usually occur as molds, 
both i.nternal and external., Sevttal good exposures are located in the 
vicinity of the Alcove Reservoir (Stops 4A and W3)& 

Common Mt~ Marion fossils are the followingi 

Conrad 

Of Uncertain Afff~ 
TentacuEtes be~.h . .frus (Hall) 

Peleeypods 

Trilobites 
~reenops boothi. ~Grren) 

ornalonotu.s deka i.Green) 



ClB 

e. 

g . 

j. 

MOUNT MAR.ION BEDS BRACH IOPODS: 
a. "Spirifer"(Paraspirifer) acuminatus, ><1Y2.. b.Cyrtina hamiltonensis, x ,~. 
c. Schizophoria striatula, x l¼J. d.Athyris cora, x 1Ji. e. Rhipidomella vanu)(em i, 
x \}z. f. Stropheodonta inaequi rad iata, x l¼J. q.Tropidoleptus cari natus, x IJ4. H. Ai rypa 
spinosa, x l¼I. i. Chonetes coronatus, x I~. j.Chonetes sc.itulus, x l¼f.. k. "Spirjfer" 
(Mucrospirifer) mucronatus,xl¾-. 1. Dignomia alveata,>< JY4. m.StropheocAonta de
missa.iel~. n.Comarotoec.hia congregata, ,c I~. o."5pirife( (5pinocyrtia) qranulosus, x 1'4. 
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f. 9· 

MOUNT MARION ~EDS FOSSILS: 
a. Gtyptodesma (Ac.tjnodesma) erectum. x¾. b. Cornellites [~Pterinea"]flabel lum, 
xo/4. c.Actinopteria boydi, x1~. ,J.Orthonota undulata, ,co/4. e..Diaphorostoma 
lineatum," ,~. f. Mi<:helinoc.eras? [Orthoc.erasJ subufatum, x 3/4. q. LoX'onema 
hami\tonensis, x I~. h. Tentaculites bellulus, x1Y2.. i. Nuculifes oblon
qatus, x IY4. j. Modiomorpha mytiloides, x ¾. k. Grammysia bi5ulcata, 
x I~. 1. Paracyclas Ii ra ta, x. 1Y4. m. Goniophora hami ltonensis, }C. J V4. 
n. Nyassa arguta, xlV4. o. Bucanopsis lyra, x1v2.. 
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The greater portion of the Hamilton beds of this area consists of 
non-marine strata. These beds are unfossiliferous, except for small crust
aceans and plant remains. The lower 300 feet, the Ashokan, contains laminated 
''bluestones" (sandstones) formerly extensively quarried for flagstones used 
in side-walks and building construction. The interbedded shales are olive, 
weathering reddish or brown. The upper portion is kno-wn as the Kiskatom 
Member. This member consists of about 1500 feet of alternating red and 
green, green or gray sandstones. Cross-bedding, pebble layers and flow 
rolls occur. Fossils are rare - plant fragments are most commona Neither 
Ashokan nor Kiskatom beds will be seen on this trip~ 

STRUCTURE 

STRUCTURES IN THE WEST£RN CENTRAL HUDSON VALLEY 

The Silurian and Devonian formations lie unconformably on Ordovician 
gray-wackes, siltstones and shales which have undergone deformation varying 
from gentle warps to isoclinal folding. West of the Hudson River, these 
younger fonnations are strongly folded and thrust faulted. The faults and 
folds trend approximately north-south and the thrust faults usually dip 
from 20° to 35° eastward. Normal faulting is rare although the outcrop 
pattern caused by thrust faulting may locally seem to be caused by normal 
faults. Folding is most intense in the Kingston area. Northward the 
structures are similar but have a less violent aspect. Westward from the 
Hudson Valley the amplitude of the folding decreases and the faulting 
becomes less common. 

Typical Hudson Valley fold-fault structures in the Silurian-Devonian 
strata consist of an anticline thrust over a syncline so that in plan two 
anticlines are adjacent to each other. In some cases the hidden synclinal 
structure may be very large, but the size of the hidden structure is rarely 
decipherable from the surface evidence. Plate II .. shows two typical structures 
in the Ravena area. Note that the lower and more southern structure gave 
little surface evidence of the syncline which was detected by core drilling. 

ECONCMIC GEOLffiY 

For the past two to three years the economics of industrial rock 
materials has been undergoing revolutionary changes in the central Hudson 
Valley~ The changes are of major significance to producers of portland 
cement and lightweight aggregate in the whole eastern United States. In 
addition, new concepts of the quality of some limestones are of considerable 
importance in the quarrying and use of coarse aggregate. An indicatfon of 
the scale of these changes in the raw material situation in the Hudson 
Valley may be seen in the increase of crushed stone reserves by a factor 
of about 3 to 5, the cement reserves by a factor of about 5 to .10 and the 
lightweight aggregate reserves from. negligible to over a billioff tons, 
Translated into monetary value this is the equivalent of finding a mining 
camp of the scale of Butte, Montana. All of these changes are based to a 
large extent upon systematic geologic st.udies of the nature and uses -0f rock 
raw materials and demonstrate clearly the value of geologists in this field,. 
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The most signifi.eant new dlscover-les are that at least locally the 
New Scotland,, Port Ewen.9 and Glenerie formations are suitable for coarse 
aggregate in concrete, and that the Esopus formation, at least locallyj is 
suitable for expanded lightweight aggregateo In addition, careful analytical 
work~ stratigraphically contro1led9 has resulted in methods of blending rock 
strata which are new in the Hudson Valleyo 

The Hudson Valley is uniquely situated for the economic production of 
raw materials in that it combines excellent transportation facilities (-water, 
air, rail, highway) with one of the worldYs largest metropolitan markets. 
The value of any raw material produced in.the Hudson Valley is likely to be 
considerably enhanced over less favorably situated occurrences of the same 
material. 

Portland cement plants have long been established just south of Catskill 
and at Becraft Mountain southeast of Hudson, and natural cement has been 
produced in the Rosendale-Kingston area for many years. Coarse aggregate 
producers have operated at Kingston, at Hudson, west of Catskill, and at 
South Bethlehem for a considerable time. 

Within the past few years the following companies have either 
announced the construction of new plants or have already begun operation: 
Hudson Cement Company at East Kingston, in operation; Southern Lightweight 
Aggregate Company just south of Saugerties, plant to be constructed: 
Atlantic Cement Company, Ravena (jointly owned by Ne'WIIJ.ont Mining Campany 
and the Cerro Corporation), plant to be constructede Extensive optioning 
and current drilling immediately southwest of Kingston indicate still more 
activity within the Hudson Valleyo 

The operation of the Hudson Cement Company at East Kingston is based 
on new concepts of utilization of rock strata in the Hudson ValleyQ 
Quarrying procedures involve the blending of various rock types to produce 
portland cement, and the selective quarrying of other rock types to produce 
coarse aggregate. The structures i.n the area are complex~ The normal 
Hudson Valley folding and thrust faulting is abnormally severe and large 
areas of overturned and steeply dipping beds occure The planning and 
execution of the dri11ing 9 the determination of reserves of various cate
gories of rock~ the chemical and physical testing of the rock, and the day
to-day development of the quarrying operation all require geologic control. 
The basis for all phases of operation is a detailed geologic outcrop map 
and vertical cross-sections which are at a scale of 100 feet to the inch, 
with 5 foot contour interval. 

The operation of the Callanan Road Improvement Company at Kingston an:i 
South Bethlehem and the projected operation of the Atlantic Cement Company 
are, so far as the quarrying is concerned 9 based on similar detailed geologic 
data. 

The Southern Lightweight Aggregate Company at Mt. Marion, just south 
of Saugerties,, wi 11 quarry shales of the Esopus formation~ This rock., -when 
heated to the proper temperature, expands to a scoriaceous material which 
makes excellent aggregate for lightweight cement blocks, Considerably more 
activity in lightweight aggregate exploration is occurring throughout the 
valley. 
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A. Callanan Road Improvement Co. 
B. Atlantic Cement Co. -

to be constructed. 
C.Gatski\l Mountain Stone Co. -

crushed stone. 
D. Lone Star Cement Co. 
E. Universal At las Cement Co. 
F. Colarusso and Sons- crushed stone. 
G. North American Cement Corp. 
H. Lehigh Portland Cement Co. 
I. Alpha Port land Cement Co. 
J. Southern lightweight Aggregate 

Co. -to be construe.tea. 
K. Hudson Cement Co. 
L. Callanan Road Improvement Co. 
M. New York Trap Rock Co.-prospect. 

Product uncertain. 

STRATIGRAPHIC SECTIONS 

CD John Boyd ThaGher Park 
Db- Dns- DK- D9- Dm-sr 

@ Bien is hair pin curve quarry 
De- Dm 

@Hannac.roix Creek (Deans Mills 
area) DK- De.- Dm - Sr 

® Broncks Lake 
Va- Db- Dns- Dk- De. 

@Austins Glen 
Db- Dns -DK- De- Dm 

® Quarry Hill 
DK- Dc..-Dm 



C24 

USES OF ROCK FORMATIONS IN THE CENTRAL HUDSON VALLEY 

Principal Formations and Lithologies 

Onondaga limestone 

Schoharie sandy limestone 

Esopus silty shale 

Glenerie impure limestone 

Port Ewen impure limestone 

Alsen impure limestone 

Becraft limestone 

New Scotland silty limestone and 
limey siltstone 

Kalkberg impure limestone 

Coeymans limestone 

Manlius limestone 

Rondout magnesium limestone 

Potential Uses 

Coarse aggregate, portland cement, 
locally agricultural lime and 
blast furnace fluxo 

None known 

Lightweight aggregate 

Coarse aggregate, portland cement* 

Coarse aggregate, portland cemen~* 

Coarse aggregate, portland cemen~* 

Coarse aggregate, portland cement* 
agricultural lime 

Coarse aggregate, portland cement* 

Coarse aggregate, portland cement* 

Portland cement, coarse aggregate 

Portland cement, agricultural lime, 
blast furnace flux, coarse aggregateo 

Natural cement .. 

*Mixed with purer limestones such as Becraft, Coeymans, or Manlius 

It is interesting to note that in the Kingston area the total 
potentially economic rock section is about 800 feet thick. 
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TRIP STOPS 

Stop 1A. Callanan Road Improvement Company Quarry, northeastern part. 

Outcrop has Normanskill srales, siltstones, and graywackes at the 
base, overlain by the full thickness of the Rondout Fomation and 12 feet 
of the Manlius Formation. All units are essentially conformable even 
though they are of Ordovician, Silurian(?) and Devonian ages. Of 
particular interest are the abundant Tentaculites in the lower unit of 
the Manlius Fomation and the transparent obtuse rhombohedrons of calcite 
associated with quartz crystals in the Rondout Formation. 

Stop 1B. Callanan Road Improvement Company Quarry, center. 

The walls of the quarry have typical Hudson Valley thrust fault 
structures. The Rondout, Manlius, Coeymans and part of the Kalkberg 
formations are exposed in the walls of the quarry. Plate VI is a picture 
of the quarry, looking south, in which the faults and fomations are 
indicated~ 

Stop 2. Synclinal structure 4500 feet south~southeast of the Callanan Road 
Improvement Company quarry .• 

New Scotland Limestone, Becraft Limestone, Glenerie Sandstone and 
Chert (Oriskany) and Esopus Shale are exposed. The Becraft Formation is 
thrust over the Glenerie Formation at the east side of the structure, and 
a zone of cleavage and shear in the Becraft branches north-northwestward 
from the thrust fault. Plate V- is a map of the area and Plate II shows 
a cross-section through the structure which was core drilled about 10,000 
feet southeast of Stop 2. 

Stop 3. An exposure of the Esopus Formation in a cliff. 

The Glenerie Formation and the Becraft Formation are exposed at the 
base. 

Stop 4A. Mt. Marion beds, lower part. 

The exposure is in an old quarry from which flagstone was produced. 
Brachiopods and Tentaculites are abundant. 



Stop LB. Mt. Marion Sandstone, upper part. 

The exposures are in a quarry from which flagstone was produced. Lack 
of marine fossils and the fairly common plant remains suggest non-marine 
origin. 

Stop 5. Onondaga Reef. 

This is one of the reefs which is typical of the Onondaga Formation in 
New York. Fossil collecting is excellent. 

Stop 6. Broncks Lake stratigraphic section. 

All units of the Kalkberg Fonnation are e:xposed but not fully. All of 
the New Scotland and Becraft Formations can be seen, and 24 feet of the Alsen 
Fonnation is visible. The strata dip steeply -westward and are cut by a 
fault 'Which repeats part of the Kalkberg Formation. 

NOTES ON TRIP C 
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PLATE ilI.C 

Cal \anan Road Improvement Company, South Bethlehem quarry, looking south. 
A thrust fault dipping eastward is overlain by an antic.line. E'lCf><?Sed formations 
are the Manlius (0ml, Coeyman.s (De), and Kalkberq (Ok){upper~ lower HannacroixJ. 
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STRATIGRAPHY AND STRUCTURE IN THE S0UTHEP.N TAcmncs 
(RENSSELAER AND COLUMBIA C0UNTIES, TJEW YORK)1c 

By Donald 1;J. fisher 
Geological Survey, N.Y,, State Museum and Science Service, Albany, N. Y. 

11 The structural [and stratigraphic] investi
gation of the Taconic region is only in its 
beginning stages, and ••.. the interpretation 
of one particular area, to be satisfying, 
should allow correlations with adjoining areas• 
In this region of r:l.ense underbrush, extensive 
forests, widespread till cover, low relief, and 
few fossil localities, facts and observations 
are hard to accumulate, and their interpretation 
is beset with difficulties." ---R. Balk (1953) 

THE TACONIC SYSTEM 

During the early days of the Geological Survey, there was born a contro
versy which, in modified fonn, continues today. In the mid-19th century, the 
argument was primarily stratigraphical and dealt with the age of the rocks 
east of the Hudson River;in the mid-20th century the argument is primarily 
structural, dealing with the manner of deformation to account for the present 
position of these same rocks. 

The 11 Taconic System1' was born when L Emmons (1842) named the deformed 
shales, quartzites and limestones east of the Hudson River, announcing that 
they lay unconformably beneath the base of the "New Y0 rk. System" (Upper 
Cambrian Potsdam Sandstone of present t.enninology). Later, Emmons (1844) 
discovered the trilobites Elliptocephala asaphoides and Atops trilineatus 
(See Plate 2) in defonned strata in western Rensselaer County, and believed 
that he had found the 11 Primordial faunan=-=the opening chapter of life 
history of the Earth. Emmons soon became aware of the hostility to his 
11 Taconic System". He said (1855) 5 r11n regard to the Ta.conic System, I do 
not know that I am indebted to any one for favors, or for suggestions. 
Indeed, nothing very flattering has ever been sa1 d, or published, respecting 
the views I have maintained on th!s subject." Al though confronted by such 
formidable opposition as Hall 9 Dana and Sir Charles Lyell among others, who 
were unwilling to accept the then novel concept of thrusting or the antiquity 
of the fossils, Emmons steadfastly mai.nta ined that his "Taconic System" was 
older than Potsdam and correlated it t,1 th the Lower Cambrian of Professor 
Sedgwick. of Great Brl tain. Al though Emmons was correct in this thesis, he 
was incorrect in his resolute view that the entire Taconics were pre-Potsdam, 
for Bishop, Dana, and Walcott found Trenton fossils at several sites. Mean
while, s. w. Ford, a Troy jeweler and ProL w. B. Dwight of Vassar had located 
several localities where the "Primordial fauna 11 could be obtained. The bitter 
controversy lingered long after Emmonsw death in 1863. Today, the name 
Taconian is used as a series name for the Lower Cambri.an in acknowledgment of 
Emmons' recognition of the low stratigraphic position of these rocks. 

-ii-Published by permission of the Assistant Com.missioner, New York State Museum 
and Science Service. 
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THE TACONIC PROBLEM 

The Taconic Problem is twofold 9 dependent upong 

(1) establishment of the correct straUgraphic succession, and 
( 2) formula ti on of a workable s true tura l device to exp la in the 

present att.1 tudes of the rock uni ts o 

Excluding a few minor discrepancles 3 the stratigraphy has been fairly 
well worked out in all areas despite the meager paleontological control. 
To be sure, if fossI 1 s were m.11TI.ero0s Jn the Taconics, geologic relations 
would have been clar:fied long agoo Unfortunately, fossils are exceedingly 
scarce because of ori.glnal Inhospitable environments 9 lack of or poor 
preservation 1 and eash.rardly progressLve me:tarnorphismo When found, Taconic 
fossils can be categod.zed broadly as (1) Early Cambrian and (2) graptoliteso 
Included in the fomer are inarticu1.ate brathiopods~ trilobite fragments, 
and fossils of un,~ert.ain biologic affi.n.~Hes (see Plate 2),~all difficult to 
identify. The latter category 3 the graptoU.tes.') (See Plate 3) are also rela
tively difficult to identify on the species level and the number of paleontol
ogists who are competent to do so are woefully fewo Nonetheless 9 careful 
scrutiny and ultimate discovery of fossils in Taconic rocks reveals not only 
relative age but much regarding paleoeco1.og:;;'.9 morphology.,, and evolution of 
these Early Paleozoic animals 9 for nro eyes that have learned to see, fossils 
are very much alive"ooocG. Ge Simpsono 

The Taconic controversy fs aL.ve a century after its Inception because 
of the lack of a single structural explanation9 satisfactory to all-" to 
account for the present posi. tion of the rocks. The failure of some engaged 
in detailed mapping to venture :beyond the borders of thei.r own mapped area, 
and of others who expound on T:c1conic geology while possessing only a cursory 
knowledge of the fi.e ld relations 9 has further added to the confusiono Often, 
workers mapp:l.ng concur:renUy I.n adjacent areas disagree on presence of .faults, 
unconformitiesJ and physical makeup of roch 9 let alone age of the :rockso The 
task of the regional compiler :.2 Indeed a challenging and frustrating or;.eo 

STRATIGRAPBY 

The strat:!.graph:\' c succession In the souttern Tacon:l'.cs has resulted from 
the work of Dale (1893 9 1904) .9 Rt'edemarm (1914, 1.930) 9 Craddock (1957) 9 Weaver 
(1957) and the unpublished works of Elam9 Cut..::'H.ffeJ Potter\) Talmadge, Warthin, 
and Fisher, that of the northern 'Iaconlcs by Dale (1899) J Ke:1 th (1932):, Kaiser 
(1945), Fowler (195'0) .9 Zen (1959s 1961) .~ and the unpublished works of Platt, 
Theokritoff 9 Shumaker~ and Hew:. tte For a comprehensive treatment of the strati= 
graphy of the northern TaconJ.(;S the reader is referred to Zen (1961) o 

Following are brief remarKs on t.he recognized units 1n the southem 
Taconicso Symbols in parent.hes~:.:.s refer to the accompanying geologic map (See 
Plate 1) o 

THE EUGEOSYNCLINAL (T.ACO!'HC .i SEQUENCE 

Age Unknown 9 Probably Lower Cambr .18.n 

Rensselaer Gr~c}~~.:Xri ~ l\l8Jnea by fra.l.e (1.893 9 Po 291) 0 this unit has 
received more a ttenU or. than ar,y e, hEt' n tb.e Tac:onlcs prima:r:.Jy because 1 t 
forms the prominent toy:,08 ;a.r:J·,>, ti.p arid n Rensselaer County and because of 
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THE TACONIC PROBLEM 

The Taconic Problem is twofold 9 dependent upom 

(1) establishment of the correct strati graphic succession, and 
(2) formulation of a workable str·uctural device to explain the 

present attitudes of the rock uni tso 

Excluding a few minor disc:repancies 9 the stratigraphy has been fairly 
well worked out in all areas despite the meager paleontological controL 
To be sure, l.f fossl 1 s were rn.llllerous fo the Taconlcs, geologic relations 
would have been clar:.fied long agoo Unfortunately, fossils are exceedingly 
scarce because of original lnhospl table environments 9 lack of or poor 
preser-vation~ and eastwardly progrs::::s1ve metamorphlsmo When found, Taconic 
fossils can be categorized broadly as (1) Early Cambrian and (2) graptollteso 
Included in the .former are :tnarticu1.ate brachiopods 9 trilobite fragments., 
and fossils of un~.erLa;n bioloaic aff.:.n:ties (see Plate 2),~all difficult to 
identifyo The latter category; the grapt.oU.tes 9 (See Plate 3) are also rela
tively difficult to identify on the species level and the number of paleontol
ogists who are competent to do so are woefully fewo Nonetheless 9 careful 
scrutiny and ul ti.mate discovery of fossils in Ta conic rocks reveals not only 
relative age but much regarding paleoecol.og~;'.9 morphology,9 and evolution of 
these Early Paleozoic ard.mals,9 for 11 To eyes that have learned to see, fossils 
are very much alivenooooG. Ge Simpsono 

The Taconic controversy is a.u.ve a century after its Inception because 
of the lack of a single structural explanation 9 satisfactory to all;i to 
account for the present position of the rocks. The failure of some engaged 
in detailed mapping to venture beyond the borders of their own mapped area., 
and of others who expound on T2con:f.c geology while possessing only a cursory 
knowledge of the fleld relaU ons 9 has further added to the confus1.ono Often.I! 
workers mapping concurrenLly :.n adjacent areas disagree on presence of .faults, 
unconformi tiess and physical ma}<:eup of rocl·t.~ let alone age of the rockso The 
task of the regional comp:ile::r :s ir,deed a challenging and frustrating o:r;e. 

STRATIGRAPBY 

The stratigraphic succession 1n the southern Tacon:l'.cs has resulted from 
the work of Dale (1.893 9 1904) .~ Rt:edernarm (1914 9 1.930) J Craddock (1957) 3 Weaver 
(1957) and the unpublished works of Eiarr1 9 Cutc0 l:i'.ffe,, Potter9 Talmadge, Wa:rthin, 
and Fisheq that of the nort.hem 1acon:ics by Dale (1899):, Ke:i th (1932), Kaiser 
(1945), Fowler (195·0) .~ Zen (1959s 1961) .• and the unpublished works of Platt3 

Theokri toff 9 Shwnaker,9 and Hew: tt e For a comprehensive treatment of the strati= 
graphy of the northern Taconii:,s the reader is referred to Zen (1961) o 

Following are brief remar1ts on the recogni.zed units in the southern 
Taconicso Symbols in parenthes0,,s refer to the acc;ompanying geologic map (See 
Plate l)o 

THE EUGEOSYNCLINAL (TACONJC) SEQUENCE 

Age Unknown.9 Probably Lower C:::1mbrl.8n 

. Rensselaer G.E_~:§;~~ ,:xr) ~ Named by Dal.e \:i,893 9 p. 291) 9 this unit has 
received more atteni:.;or, chan a1,y ocher n the Taconfcs prJmarUy because lt 
forms the prominent to:i:,08 '. a;:ir,;.;:' upland n Rensseiaer County and because of 



its unique petrology. It is a first cycle graywacke consisti~g mainly of. 
quartz chlorite and feldspar with subordinate amounts of mica, tourmaline, 

' ' ' Th. ·t· zircon, apatite, sphene, garnet, hornblende, and pyroxen~. 1s composi ion 
demands derivation from a metamorphic terraneo Customarily, the Rensselaer 

1 th • II 1 t • II is medium to coarse textured although local y ere is a cong omera 1c 
phase of angular quartz and feldspar fragments ave:ag~ng 3/h". in. diameter. 
Lamprophyres, albite~1asalt dikes and tuffs occur within_and rimming the 
Rensselaer Graywacke. Regrettably, exposures of these igneous rocks are 
rather inaccessible and will not be visited on this trip. 
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As eastern New York and adjacent states were blanketed by limestones, 
dolomites, and orthoquartzites (miogeosynclinal deposits) from the Late 
Cambrian through the Late Devonian, a pre-Late Cambrian age is mandatory-
unless one assumes that the Precambrian Green Mts. were exposed and supplying 
detritus to the west during the Late Middle or Upper Ordovician. On the west 
flank of the Precambrian Green Mountain anticlinorium are Early Cambrian 
carbonates and orthoquartzites having the Elliptocephala asaphoides fauna. 
Either the Rensselaer is older than these shelf deposits or a western correl
ative of themo The writer favors the former view. 

Whether the Rensselaer is lower Early Cambrian or Precambrian is an 
academic question dependent upon the placement of the base of the Cambrian 
System---an unresolved problem at this writing. Some advocate that the base 
of the oldest widespread olenellid trilobite zone be selected; others that 
the physical discontinuity between the gneisses of the "basement" and unmeta
morphosed sedimentary rocks be selected. The latter course creates special 
problems in that the physical break is not a time plane. No indisputable 
fossils have thus far been found in the Rensselaer. Previous workers have 
variously classed it as Upper Devonian, Middle Devonian, Silurian, Upper and 
Middle Ordovician, and Lower Cambrian. 

Austerlitz Phyllite (Xa) = (new name, Fisher, in press) In the eastern 
parts of Columbia and Rensselaer Counties is a widespread purple and green to 
greenish-gray phyllite that constitutes the high north-south ridges. This 
unit has been named from Austerlitz Township in eastern Columbia County. 
Chlorite and muscovite are ubiquitous minerals. Along or near the State Line, 
the Austerlitz assumes a 11 sandpaper11 texture because of abundant coarse dark 
green chloritoid. Where quartz is abundant~ a 11 salt and pepper" appearance 
is prominent. Although no fossils have been found, interbedded green chloritic 
quartzites and subgraywackes coupled with the purple and green color intimates 
that the unit is a metamorphic phase of the Nassau Formation and transitional 
with the Rensselaer and Curtiss Hountain units. In the past, the Austerlitz 
Phylli te has been included in the encompassing term "Berkshire Schist". The 
black portion of the 11Berkshire 11 is now considered to be Middle Ordovician 
and it is therefore undesirable to continue using that name. In some, as 
yet unmapped, areas there appears to be both a vertical and lateral transition 
of black into green phyllite, so that some of the green, too may be Ordovician. 

Elizaville Shale (Xe)- Named by Weaver (1957, p. 739), this unit is a 
silty, greenish-gray shale or argillite, often laminated and resembling much 
of the Lower Cambrian Mettawee Formation to the north. In places the cleavage 
is so pronounced that the formation may be termed a slate. Thin brownish 
quartzites are common as are black carbonaceous patches along the bedding. 
The thickness has been estimated at 2000'. The unit is unknown west of the 
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Chatham Fault.. Within the upper Elizaville (and upper Nassau) is a co1;= 
spicuous ridge=making green ehlorltic Cil:1artzit~ ':aryin? from ~0=70U th1ck 
which has been named the Cu:ctiss Mountarn Quartz:..te (F1sher 9 1.n press) o The 
type locali t.y is on Cu:cUss Mountain.9 a ?onspi?~ous ~or!h•=sout.h ridge west 
of Tackawasick Lake in the Troy quactcang1.eo 1h1s urn.t 1s most useful in 
wrking out the structure 1.n the southern Ta;.~onicso It appears to be a 
fades between the Nassau 9 Elizav:Ule and Rensselaer and thus holds a position 
akin to that of the Zior, HiD Qu::,,rtzite in the northern Tacon::.cso 

Everett Schist (Xev) ~ Narr1C?d by Hobbs (1897) 9 this 1.s a green quartz= 
chlori te schist comprisi.ng the b1;1k of the Mto Washington massif along the 
New York~Massachusetts Hne" Foliat1. on is well developed and magnetite 
octahedra and pyrite cubes are .fa:rl.y ·:-:ommono This ls the highest rank 
metamorphic roc:k that we ..:ohall see cm. thLs tripo Fossils have been com= 
pletely obliterated :lf~ I.n fac,to they w·e:r'e o:riginally presento Weaver 
mapped this unit as the Be·rksh1.re s,;:;hl.st and correlated it w1. th his 
Middle Ordovician T:renton:7.an black slate to the westo EvJ.denee is c:onfl:i'.c= 
ting as to whether the Everett green sc:h:i st is trans:i Uonal with the black 
beneath or whether H lies in fault contact or unc:onformi ty with it~ In the 
nor them Tacon:Ics 9 Macfadyen (195'6) c:alled a similar green schist the Mto 
Anthony Formation (Upper Ordovician) o 

Lower Cambrian (Clt) 

Bom?seen Stib~raYTf;~~ = I'h8 Bomos.een ~ type loc:a~.i t~, a~ Lake Bomoseen~ 
Vermont) 1s extensive 1n t.he northe:tn 1acom.cs ~ espec:~al.1y :tn the west 9 but 
poorly developed in the so1.:tho It occurs in the Troy q'.ladrangle but is not 
definitely known further sou tho It Is an oLive=green.9 mass:Ive.9 chlo:ri. te= 
muscovi te=albi te=microcrine qu.a1t~zU.e (subgraywa::ke) with disseminated hema= 
ti te and graphite and clearly a fad.es of the Mett.aweeo Except for the 
single report of the bra,:h: crod CiboXeH8." fo3::? '!.:Ls are ·:.:,;;-i.k'nowno The Bomoseen 
will not be "0

·' sited rr +-·;, • , tr',--~~·-· V L . · J. 1. ,l! .,. ,:, ""· , t' o 

Mettawee Slate = Th.L;:; tc, . .7.t" named. from the Metta.wee River in WasMngton 
County (Ruedemann,, fo CushJ.ng an.d Rtiedemarm? 1914.9 Po 691 9 is a green.9 pu:rple 9 

variegated green and purple ut g:cay slate or shaleo Chlo:r:l'.te and sedci.te 
are present in comparat:T.J'ei.y large amotmtso Cleavage ts •J.suaily well developed 

- and it is the perfect.fon of tr.Js featu:re 9 togethe:r with the uniform physical 
makeup,, which makes the Wash:t.r,gb::m Guu11t:y Metta.wee so economlcally usable as 
slate flaggingo In Col.uJllb~.a Co".5'i.,ty 9 the M:ettawee is predominantly a quartz= 
sil t.11 greenish=gray argi.1.1 J te w: th lentieu.1.ar. nodular Hmestone and 1:l'.mestone 
conglomerates or brec:das ha:d.ng a s:Lump orlgln (b:ree:clolas) in its upper parto 
As persistent limestone hree;,.::; OLcJ.o 5=20t thJ'.Ck:.9 Jn. northern Columbia and 
1;:estern Rensselaer Counties ~.s the §.,_~y,:·esa:nt £sriglom~ra~ (Ford~ 1885) an 
1ll=sorted heterogeneous mixwre of si.a:bby coarse to fine textured 11.mestone 
in an argillaceous or quartz••sar,d matr:1.X==the quartz grains usually well= 
roundedo The Stuyvesant Conglome:ra te hcis afforded most of the E8dy Cambrian 
fossils in New Yor{ko The::e rude :'se:e Plc1te 2) g the 8.[fnostJd t.dlob:l'. tes 9 

Calodiscus lobatus, S.> m~ehl_9 SerrodTscus.~r~cfofiUS9 o~e~Ia ~d'.ndle~,9 £> 
connexa, and Paget:l'.des ~~c_1.3~11ict tnlob1 te ITITptocepfia!~ 
asapho11es, the ptychoJ?~=u:id tr·U~bi t~ ~ t:d~.ineatu.s, and the ~rtiobi~es 

0 

Fofdasp1: ~' Kootenrn 2~::~E~s .!~~.2!E·u:1na ~~~~." and Koch1ella f:1. tch1 o 

Botsford1a caelata.~ Obolr::;L::':i crassci and A.c;rotret.a tac,ord'.ea are the most common 
brachiopods, Helc:f one~ ~Yililg~::s the mos:r=•r:recf:.ientgast:t:•opod~ fragments 
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of archaeocyathids are locally cornmono Most Early Cambrian faunas, and this 
is no exception, are character:!.zed by st:ange foss ls whose systematic position 
is in doubt as they bear no close resemblance to 1 ving animalso In the 
Stuyvesant Conglomerate these include Hyoli thellus micans. (a .posslbl~ tube 
worm)~ Coleoloides E!_indlei ,(worm? or moll~sk?)~ the hyoh~h1ds olithes 
americanus and Ho communis la probable extrnc:t dass of mo1.lusks. ~ Steno~ 
thecops1s schodackensl.s ,a possible conularld or phoroni.d) 9 and Sal te:rella 
pulchel~~ Stenothecoides labrador.ic~~. and For~llla troyensl~. Af.ter lengthy 
search, most of the above may be coli.ected behrnd the Troy High SchooL 

Nassau Fonnatfon = The name Nassau was given (Ruedemann"' in Cushing and 
Ruedemann~ 19141 Po 70) to the Intermixed greenish and reddish quartzose 
shales and interbedded green quartz 1. tes so prevalent in southern Rensselaer 
and northern Columbia Counties o Accessory minerals :ln the shales include 
muscovite 9 chlod. te 9 pl.agioclase and. hema tHq those i.n the quartzf. tes are 
zircon, tounnaline, ar,d apatJ.te: wfth siJL:.a." caldt.e:, dc1.oml'.te and serf.cite 
as cemento The t.:n;.::1mess has beer" est·'..mated a.s upwards of 8oov o The Ashley 
Hill Limestone (Dale.~ 1893) with a fauna almost :1.dentI.::::al to the Stuyvesant 
Conglomerate, lies wl. thln the upper Nassau and therefore fixes its age as 
Early Cambrian. The l\lassau ls cl.early a quartz-rlch fac:I.es of the Mettawee. 

Schodack?, Hooker?,, or- West Castleton? Formation = This unit has fallen 
victim to a nom~ne:latorial !'snafu"=•=-a ::;l tuaL'..on not at all uncommon in 
stratigraphyo BrieflyJ the r-,r6biem 1s this, Strat1.g:raph1,:a1ly above the 
Mettawee,9 or Bomoseen wher·e the Mettawee is mlssing.~ are lnterbedded black 
srales, usually s:lty aEd micaceous 9 and thin bedded fine t.12:xtured limestones

9 
locally with thin sU tston0.:s, and 1:\'.mestone breedolas with :blaek ehert and 
buff dolomites. Da.Le (:899)~ in l{1:1,sh:ngton County

9 
called this Un:l'.t D 

(Cambrian black slate)" Regrettably 9 Ruedemann (Cushing and Ruedemann$ 1914, 
p. 69) selected the unsuitable geographic: name Schodack for tMs unit

9 
taking the name from ltr:;:twr1 Ear Jy CambrJ.an 12:xposures 2 miles south of Schodack 
some 75 miles to the sout.h., But these fossI.Hfe:rou.s strata are not :lnte:r= 
bedded black shales and 1 ime;;:;tones==,,,they are: the Stuyvesant Hmestor1e eonglom= 
erate within the Mettawee: green a:rgl'..llitel The name S:::.hodaek continued to 
be applied to the Lowe:r Ca:m.br-Ian black shales and limestones throughout 
eastern New Y:.rk until :reCET).t1yq when Theok:r:r.toff (1.95'9) advised agafr1st its 
continued use in the northern Taconl..::so Ke:th (1923) had ,::a.lled a similar 
but doubtfully Id(:>ntJ.t;aJ unit in Ve:cmont9 the Hool1er.9 and Zen. (1.959;) 1961) 
has lately subsU~uted the name West Castleton for the Early Cambr1.an black 
shales and limestones :·r1 Washington County and adjacent Ve:rmonto Now

9 
Atops 

trilineatus and ELJt"~hala asapho:Ides (identified by Ao R Palme:.r.9 U.S. 
National MuseumJr1a"."":E :t e:er;:"crrs'co-;.e:r·ed b§'" the writer in b12wk shales and :Inter~ 
bedded limestones ar;,j ::":L1.. ::stones at Judson Polnt

3 
9 mU.es south of the 11 typen 

Schodack at Schodack i...andlrig. Thls~ d:fsconcertl.ngly"' Is the same unlt that 
overlies the foss:JHwcous Mettawee at Schodack Lan.d{ng and the:cefore.

9 
ironi

cally, Ruedemann was h,.deed e;or:rec ti 

North of Oakw::cd C\?:ir;e Lecy 0 Ncrth Troy~ the:re J s about 301 c:::' rather 
massive tan to pink {nous c::al::'8:reous ssndstone or qua:rtzHe t,rh:1:;h 
Ruedemann (Cushing ar.ci Rc:;edemann9 19149 Po 70) named the Diamond Roc:I, Quartz= 
ite,0 its meager pocr·:.,, ,·.-~'P.~8'"""Pd fct•·•)O'F,•a' "r· ·u··., '"'ct~ t·0 < an E-ctr'1''y:--C,.,·rrib·Y·""'·a·,"r·7••=d,."';:·;:·"~ It .. .... J .t-.L -~•._, .... V •' UL:c .1 J. .I,."-" v~ . . CUI . . ~ .. ,. ~- ·~~·o 

'fias not been posH:ve:'.i.:,, 1.d0::td.:'.f'Ied outs:!de cf the type 1.ocalityo The: Diamond 
Rock overlies the Mett::!;iv',:;e 2l1'td ·1.1nde;:r'des the nadequately def-7ned 11Troy" shales, 
whi.ch probably are:; 1.n r,art9 the 11Schodac'k'' b ack shales and 1.Imestones and 
Mettawee shaleso 



Upper Cambrian and Lower Ordovician (Ob) 

In the Taconic Sequence are Upper Cambrian (Croixian) and Lower 
Ordovician (Canadian) elastics, which, in the northern Taconics, are sepa
rable into the Hatch Hill and Poultney Formations, respectively. These 
lithologies change southward so that extension of these names is impractical. 
In northern Rensselaer County, the Lower Ordovician Schaghticoke (pronounced 
skat-i-coke) and Deepkill formations with their diagnostic graptolite faunas 
of Dictyonema flabelliforme and Staurograptus dichotomus on the one hand 
and Tetragraptus, Ph}llograptus and Didymosraptus bifidus on the.other, are 
classic (see Plate 3. However the names ~chaghticoke and Deepk1ll have 
assumed a time connotation and although their lithologies extend into 
Columbia County, it is felt unwise to use these names for lithic units in 
the southern Taconics owing to the time=transgressive nature of the units, 
for example the Schaghticoke lithology (Early Ordovician at its type locality) 
is apparently Late Cambrian in Columbia County. AccordinglyJ the new narn~q 
Germantown and Stut;;esant Falls have been proposed (Fisher, in press) for 
Late Cambrian and arly Ordovician rocks in the southern Taconics. The 
Germantown consists of ribbon limestones, thin siltstones, brecciolas, and 
interbedded black shales bearing Callograptus and Dendrograptus, which, to 
W. B. N. Berry suggest a Late Cambrian age. Overlying the Germantown with 
a sharp lithologic change is a sequence of interbedded green fine textured 
argillite which has produced the graptolites Tetragraptus

3 
and Didymograptus 

south of Becraft Mountain. The Stuyvesant Falls Formation is at least hoo• 
thick at its type locality in Kinderhook Creek at Stuyvesant Falls where 
it underlies the Mt. Merino shale of the NonnanskilL Complete sections 
of the German town Formation are unknown and its base is obscured within the 
black shale-limestone terrane. It is probably no less than 400 1 thick. 

Middle Ordovician 

Normanskill Grfup (On)~ Within the Taconic Sequence resting unconform
ably upon elastics o varying ages is a succession of shales and graywackes 
about 2000 1 thick. The basal unit (called the Indian River Slate in the 
northern Taconics) is a green or red shale or slate locally with green 
chert or siliceous argilli te. The medial unit (Mt. Merino black shale and 
chert) is the most graptol iferous with many genera represented, while the 
upper unit (Austin Glen Graywacke) is composed of tan weathering graywacke 
interbedded with gray and black shales. The graywacke is composed princi
pally of angular quartz and shale fragments in a calcareous argillaceous 
matrix. Plagioclase feldspar is subsidiary. Nemagraptus gracilis is 
characteristic of the Mt. Merino and Climacograptus bicomis is characteristic 
of the Austin Glen (see Plate 3). No younger rocks are known within the 
Taconic Sequence. ProL w. B. N. Berry, University of Calif-Jrnia, has 
recently restudied the graptoli te faunas of the NormanskUl and older shales, 
and in so doing, has discovered many new fossll localities. Some of his 
revisions have appeared in print (Berry

9 
1960)" 

THE M!CGEOSYNCLINAL SEQUENCE 

Pou~hquag (=Cheshire) Quartzite (Gp) - The name Poughquag was given by 
Dana (187 ) to the basal quartzite holding the E11iptoc.:evhala fauna and 
resting on the Precambrian gneisses. Later, Emerson (1892) applied the name 
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Cheshire to the same unit in western Massachusetts and Vermont. The Poughquag 
is a fine to medium textured virtreous to conglomeratic quartzite, feldspathic 
at its base and usually brownish to white in color. In New York State it is 
not known to outcrop north of Stissing Mountain, Duchess County. 

Stockbridge Group (OGs) - The name Stockbridge was given (Emmons, 1842, 
P• 154) to the carbonates above the basal quartzite (Poughquag) and beneath 
the Berkshire schist (black portion only), thus ranging from Early Cambrian 
through lower Middle Ordovician. Stockbridge is synonymous with the later 
term, Wappinger (Dana, 1879). In places, the Stockbridge has yielded fossils. 
This has led to a critical examination of the ·subtle lithologic differences 
within the carbonate terrane and has permitted the following subdivision, in 
ascending order: 

Stissing Formation (Gl) - In discovering Hyolithes billingsi, 
Paterina stissingensis and Prozacanthoides stissingensis at 
Stissing Mountain, Dwight (1890) announced what he thought 
were Middle Cambrian fossils. The last to work in that area 
(Knopf, 1946) regarded this unit as wholly Lower Cambrian. 
The Stissing Formation consists of a lower dolomite with 

olithellus micans, an intermediate red dolomitic shale 
and argil aceous dolomite and an upper bluish-gray cherty 
dolomite and limestone with the fossils which Dwight reported. 
The Stissing may be present in southern Columbia County. 

~ Plains Formation (Gss) - Sandy dolomites, shales, sand
stones, ooiites; no fossils except the algae CryPtozoon; Upper 
Cambrian but may be older; Knopf (1946) reports at least 1300 1 

thick. 

Briarcliff Dolomite (Gss) - Vuggy, light colored dolomite, 
slightly sandy. The occurrence of the trilobites Plethometopus,Plethopeltis 
and Prosaukia confirm a Late Cambrian (Trempealeau) age; Knopf (1946) 
reports at least 10001 thick. 

Halcyon Lake Cale-dolomite (Ob) - Fine to medium textured calcareous 
dolomite and dolomitic limestone with the nautiloids, Ectenoceras 
and Ellsmereoceras, and the gastropods, Ozarkis ira and Sinuopea, all 
indicative of an t'.arly Ordovician (Lower Canadian age; about 3001 

thick. 

Rochdale Limestone (Ob) - Limestones, dolomites, rarely sandy; the 
ga~tropcd Lecanospira compacta is most abundant, also has nautiloids 
Dw1ghtoceras, Eothinoceras and Vassaroceras and the trilobite 

stricurus conicus, all guides to the Early Ordovician (Middle 
Canadian; about 400' thick. 

Copake Limestone (Ob) - Dolomitic limestones, calcareous dolomites 
with S0-90' of cross-bedded sandy dolomite in the basal portion; 
212' at type locality at Tom Hill at Copake, Columbia County; has 
wHh brachiopod Syntrophia lateralis, the gastropod Ecculiomphalus 
volutatus and the trilobite Isoteloides cf. whitfieldi, all denoting 
a correlation with the Upper Canadian Fort Cassin Formation of the 
Champlain Valley. 
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Balmville Limestone (Oba) •· Named by Holz1rJc1sse:r (1926J p, 40) from 
the very fossiliferous outcrop at Ba1mville, two miles north of 
Newburgh No Yo, where it is ?O" thick, it unconformably rests on 
various di vis fons of the Stockbridge o The Balmv:!lle is a detrital 
limestone, commonly conglomeratic. (caldrudite) or coarse textured 
( calcarenite) but usually medium (e,dlds:1.1 ti te) to fine textured 
(calcHutite), sometimes it is an arg:il11=calcilutit.e, Fossil 
fragments are relatively common ( as rocks east of the Hudson River 
go) with pelmatozoan ossl.cles ar,.d columnals most obviouso Less 
frequently 1 sections of brachl.opods,. gastropods, horn corals and 
bryozoa can be seeno Faunal Hs ts have not been pu:bl!shed for 
Columbia County 9 but in Duche:::,s and Ulster County the Balmville has 
yielded the fo11owfngz the a1.J=:w Solenopora c:9mpacta~ the corals 
Lambeophy:i.lu~ and ~radium, £:e,.-;eptacul1 tes., the bryozoans Arthropora 
armatum9 Batostoma winc:heLU.~ _sr'.'dotrypa aedills.9 Helopora divaricata, 
Phyllodict_ya yada and RhinicHstya ~His~ the brachlopods Dlnorthis 
pectinella.9 N~collella~ Paudc:~9 Rafi.nesquhta alternata and 
Sowerbyella; unidentified endoceroid~, and the trHobi tes Flexicalymene 
senaria and Illaenus crassi.cauda, The abundance of echinoderm debris 
requires a p'ost,=Canadlan age, This fauna seems to agree most closely 
with the Rochland and B1.ack River limestones (Amste:rdam 0 Chaumont) of 
the Mohawk and Black River Valleyse In Coiumbia Ccunty"' the Balmville 
occurs in fault bl o•.:chs (horses) and 1.n normal stratJ.graphic position. 

Walloomsac Slate (Ow) •- Named by Prindl.e ana Knopf (l.932~ p. 269) 3 this 
is a blach slate or black phyll.Ite wh1.ch occupies large areas in eastern 
Rensselaer and eastern C0Lum:b1a Countles, It is conformable with the Balm~ 
ville and disconfc-'rmable on e,laer port:. ons of the Stockbd.dge Group. It 
likewise rests on the EI izavf.lls Shsle but the nature of this juncture is 
disputable. Simi1.a7:'ly3 the 1-falicomsac~s upper contact is in d!spute. 
Previously mapped by Craddock ar,d :"ieBver (1957) as Trentonian black slate 9 

the Walloomsac can be traced southward Into the Rhinebeck quadrangle lnto 
the graptolite=bearing Vit, Me:r:1.no porE.,1i1 of the NonnanskHL Potter (u.r:.pubL) 
has demonstrated Lhat the Walloomsac of V·;e Hoosick quadrangle grades laterally 
into the Mt. Medno and Jl.ustln Glee: un:!ts 0 Occasional thl.n beds of Hmestone 
may be found w:i thi'.n ·0.:..be: l.ower p0r t:c~,. of the Walloomsac 0 Fosslis have not 
been found in the Wal1.oomsac of Re112sei..ae:c a!"1d Colti"!Tibla Countieso Stdated 
cleavage planes are comm0n as are pyrite crystals and white q,1artz velnso 
An estimated thir::Jmess of upwards of 100011 Las been :reported for Columbia 
Countyo 

Snake Hill fe,rmaUon(Osh) ,, T:-ce tyre Locality Ls at Snake Hill on 
Saratoga Lake \,rriere the eharacter1.st quartz,,silt g:r.ay~black shales and 
thin calcareous s:11 ts tone beds occ0.:r o The Snake m.11. Js a facies of the 
Nonnanskill of the Hadson Valley and the Canajoharfo :black shale of the 
1'1?hawk Valley& fhe fauna cons:l'sts pt.?.mar~::y ,:if gca;:'~..;U.tes J.n the shales 
and brachiopods and pe lecypods h1 the c:::: L: .' ~:oneE o 

East 0f the 'fli5ds0n River and wn:h~.n the Sr,ah:0: F :11. Formati. on :!.s a 
north=south 11.nea.-::- aggLomerat.2.on of a s;.'.Jmp blo,:,h:;;:; fossiliferous Hme= 
stone, dolomite.,, shale and graywacke te:rmed the.ogtsed:):rph Conglome:ratee 
Its faur1a was fully dr::scri.bed by Ruedemann 901; s.n.d has been mu.c:h quoted 



because of -1.ts 1..;n'.que:ness, Ir,e Ry.:.;E;d,.::r1 h se:e:ms to represent the spalling 
off of a thrust plc1te; (grav:ty sllde:; du-rfog Its we:stwa:rd travel into the 
then u.n~onsolidated Snake Hi 1 l sedlmer,t.sc 

To the r1ortho fr,. the Sehuylerv11le;1 Cambddge and Fort Ann quadrangles, 
are larger exotle blocks of Trenton and Canadian carbonates collectively 
known as the Bald Mountain Limestone (Rm,demann 9 in Cushing and Ruedemann 3 

191h) o Var:tous :i'.nte:rpretations have been offered to account for their 
presence, One of the more logi.c:al appears to be that the carbonate represents 
a bloe:k cau.ght between two proxlmal east:w-ar'd dipping reverse faul tso Slump 
blocks ex1st to the west of the carbonate sBver within the Snake Hill 
formaU.ono Numerous other Trenton and Canadian ca:rbonate blocks (horses) 
occur :=d.ong re:ve:rse fau.1 ts elsE.whe:re :l'.n the Tac0n1cs ~ for example the carbon= 
ates at Ro;.:'.'k City S,:'hoo1 on the Kl nde:rhook quadrangle~ and the Taekawas i ck 
Ume;stone at the west edge of the: Rensselc1e:r Pl.ateau Jn the southeast corner 
of the Troy quadrarJ.gle o 

STRUCTURE 

The major st:n.1.ct::1..ff'es In the Tac:onlcs are lengthy essentially N=S reverse 
fau.1 ts and paraHelln.g pene=i.soelinal folds overturned to the west with much 
of the foldfog doubly plunging both to north and southo The N 10° = 15° E 
trend of some of the majo:c faul t.s (notably the Chatham Fault) truncate the 
N=S post=NormanskHl folds, Transverse: east=west tear faults are less common 
as are symmetrical folds. Of the minor struetures 9 cleavage ls the most 
prominento Naturally 9 1. i: 1s consptcuot1s in the :shales but it. Is also obvf.ous 
I.n the Balmv;lle :Ume;stone and an 1.n·egula:r cleavage can be deteeted 1.n many 
dolomites aec,ourd .. 1.r,g for the n1gged appearance of weathered surfaees o East 
of the Chatham fat.I t. 9 cleavage sharply Increases and masks beddfog so effeet
lvely that the amount and d1re:ctlon of fold:1.ng is exceed!ngly dlffic,ul t to 
dete:rmineo 

As wl th fossil.:;, metamo:r-phism ( even low rank) ls disastrous to primary 
featureso Nonet.he~_ess" there a:re three types of sedlmentary st:rt1.(.:t.ures which 
ean be utilized wa.h some confi.dence in distingu.!shing between top and bot.tom 
of bedd:1.ngo Small=s-::ale cr0ss=bedd1.ng is most reliable and oc:curs :In the thin 
siltstones 9 cale.an~ous sandstones and sandv dolomites. This crHeri.on has 
proved serviceable :n the Nas:~:au, "S,:::hodac:k11 ~ Germantm,mj Stuyvesant Falls 9 
Austin Glen and ps.r of the Stodtbddge unitsa Flow easts on the bottoms 
of beds are rt>:1.iabl.e but less f:requento They are e:xceedingly abundant fo 
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the Stuyvesant Falls Formation and less abundant in the Rensse1.ae:r 9 Nassau.~· 
Curt:Iss Mount.a !.n9 '

1S,.:;hod:ac.0k.Y!, Germantown" Austin Glen and Pine Fla.Ins uni tso 
Graded bedding in the Rensselaet\, Sttc.'l}'vesant,, Germantown? Au.s:+:.:ln Gle:n and 
Stockbridge unf ts must be ·:.;.sed wI. th. c:au.tfono Ml.cro=graded beddh,~1 , ,,; tr:xst= 
worthy but large~•s,:':ale graded bedding occasfonany gives cont:.;adlc tory :rr-:.sult.s. 
Ripple mar.ks are too rare to be of much helpo 
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THE TACONIC PROBLEM CONTINUED2 

HYPOTHESES PROPOSED TO EXPLAIN THE FIELD RELATIONS 

The Tacor1Ic Sequence is a sGce;ession of clastics.9 primarily micaceous 
and quartz=si'.1.t s:haLes_9 purple and green sha1.es and slates.9 red slates, 
quartzites.:i graywaches,, and I.nterbedded black shales and ribbon limestones, 
having relat:tvely g"e3L nurth~south extent (cao 15'0 miles) and relatively 
small east=west exter,t ( -:·a o 25· m1 les) c Lamprophyres 9 dikes of diabase and 
albite=basalt~ and t~fL, 0c0cr w:. th;'.n rt., C.early, this is a eugeosynclinal 
suite o Peripheral to the racorJ.; c Sequence are contemporaneous miogeosynclinal 
carbonates and o:rthoquartziteso In order to explain the apparent anomalous 
position of the Tac:on:1.e Sequence 9 d:Ifferlng structural hypotheses have been 
proposed and it :1. s these that are the snurce of current controversy& 

All workers recognize a western bounding fault or zone of faults, 
usually termed 11 Logan 8s Line 11 although it properly should be called Emmonsi 
Line for it was he who fi. rst recognized it£ However, the nature of the 
eastern boundary is cause for dispute o This "Taconic Contact" holds the 
key to the Tacon:i.c Problem" When exposed, which is seldom,, the field rela
tions are inconclus:l.ve for the increased metamorphic rank of initially 
similar H thologies onl.y obsc'.c,Tes the (;haracter of the eastern contact. In 
addition, fossils are absent ;n these metamorphic rockso Different workers 
see this eastern boundary as a fault _9 unconformi ty_9 coni'onnable contact or 
transitional cont.act."" o ,,soir1e workers are noncommi.talo 

Fundamentaliy" •_.hr:::e hypcth8ses exist which attempt to explain the 
structure of the Ta•:'.:...Eitsc Some favor one over the other two or have ad= 
apta tions or coITJ.bL·:a (.:.or1s of these for their own mapped areaso The 
three hypotheses are briefly des.:,:dbed_9 to which the writer adds hi.s own 
modified combination uf the three whl.ch : . .s pa:rtl'.cula:rly adapt.able in 
northern Columbia Cc:t;:r,ty o A1.1 are I Ll nstrated w:l'. th schematic structure 
sections (see Plate L) o 1rJI thout benefl t of a stereog:ram it Is exceedingly 
difficult to illustra 1.e t:,·e :;omplex ;;;t:n::ct.ure of the Taconicso 

. Ao The Allochthone or lUlppe Hypothes~s I.s perhaps the most publicizedo 
This presupposes that the TaconLc Sequence was :!ni t:i'ally deposited far· to 
the east and that emplacement of an 811.ochthone of eugeosyncU.nal rocks was 
accomplished by wesb,rard low angle thrnst1ng due to crustal shortening or 
gravlty slidingo Subsequent erosion tsolated the Taeonic Sequence exposing 
contemporaneous miogeosyr1C'Hnal (autochthonrn1s) rocks on the east 0 Conceived 
by Ruedemann (1909) and ,';laborated by Ke 1th (1912), this hypothesis has 
received the support of Marshall Kay 9 John Rodgers, Wallace Cady.I' Jo Thompson, 



R. Shumaker, L. Platt, D. Potter and G. Theokritoff. E-an Zen (1959, 1961) 
has altered this concept to say that the allochthone is a large flat-lying 
westward overturned anticline (nappe). Whereas Zen's theme is ingeniously 
suitable for the northern Taconics, no evidence for such a structure has 
been forthcoming by any worker in the southern Taconics. 
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B. The Bucher H~othesis regards folding as the major means of deforma
tion with the 'raconic equence forming a tight anticlinorium and the migeo
synclinal sequence fanning adjacent tight synclinoria. Some faulting.is 
admitted but large scale thrusting is denied. Shale to carbonate fac1es 
changes are viewed as more apparent than real but great weight is assigned 
important unconformities in explaining contrasting rock units. These 
unconformities are acknowledged as difficult to locate in deformed strata. 
Walter Bucher fonnula ted this hypothesis based on the field work of his 
students, J.C. Craddock and J. Weaver, in the Kinderhook and Copake quad
rangles respectively. 

Misuse of certain paleontological data is obvious, especially in 
carbonate slices along faults and relative ages of certain rock units. 

C. In situ Hypothesis - Adherents of the existence of rapid shale 
to carbonate' facies changes (Christina Lockman, R. Balk, J. Elam) believe 
that the Taconic Sequence was deposited in place but that severe deforma
tion compressed the rocks to such a degree that the original situation is 
greatly foreshortened. High angle reverse faulting is preferred over low 
angle thrusting and westward travel of an allochthone is rejected. This 
hypothesis fails to satisfactorily explain the mechanics of producing con
temporaneous carbmate blocks along the major faults. 

D. Field relations in Columbia County are satisfied by supposing 
peneisoclinal folding following lformanskill deposition with subsequent 
westward submarine gravity sliding of an allochthone into the Snake Hill 
sediments accompanied by spalling-off of heterogeneous rocks into the 
host sea. Uplift and erosion during the ensuing Silurian was succeeded, 
in the Middle and Late Devonian, by high angle reverse faulting thereby 
imbricating the Ordovician allochthone. Pre-Normanskill and post-Canadian 
folding and minor faulting is demonstrable. It is dubious whether there 
was any post-Early Cambrian and pre-Late Cambrian folding. The differing 
L::iwer Cambrian units beneath younger strata can be explained by admitting 
differential uplift and erosion or contemporaneity of differing Early 
Cambrian facies. Intricate inter-tonguing and time-transgressiveness of 
principal mapping units is evident but, as yet, inadequately worked out. 

Lack of agreement on the manner of Taconic deformation remains as 
much a puzzle today as was the "Taconic System 11 over a century ago. Much· 
tedious work remains for young energetic geologists with a keen mind and 
an observing eye. 
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Ordovician sequence of graptoH.te zones for North America 
with considerable reference to,N.Y. State species) 
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_____ ,1904., Geology of the Hudson Valley between. the Hoosick and the 
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Elam, J., 1960, Geology of the Troy South and East Greenbush quadranglesi 
unpublished Ph. D. thes'i.s.~ Rensselae:r Polytechnic Institute. 
Geologlc map~ (pr:tndpaily a sed:f.mer,.tol.cg!,::al approach to 
the study of Tacord.c rod-1:s :1.n a class:~: srea) 

Emmons, E., 1842 Geology of New York 9 compds ing the Second Geological Dis~ 
trict 9 A1bany 9 No Y. 9 437p. 9 17 plso (explains the 
"Taconic System") 

Fisher, D. w., 1956, The Cambdan System of New Yo:rk Stateg Cambrian 
Sympos:f.um 9 20th inter. Geolo Congresss Mexico Ctty9 

p, 321=35.L (lists 123 references concern1.ng Cambr:1.an 
geology of N" Y.) 

Kay, G. M., 1942, Development of the northern Allegheny sync1:1norium 
and adjoining regionsg GeoL Soc. Amer. BuH. 9 v. 53 JI 

p. 1601=1657, 11 figs., 3 pls. (includes pallnspastic 
maps of Taconic area) 



Lochman, c., 1956, Stratigraphy, paleontology, and paleoecology of the 
Elliptocephala asaphoides strata in Cambridge and Hoosick 
quadrangles, New Yorkg GeoL. Soc. Amer. Bull., v. 67 
p. 1331-1396, 10 pls. (outstanding work on the best 
known Early Cambrian fauna in eastern North America) 

Ruedemann, R., 1930,Geology of the Capital District: N. Y. S. Mus. Bull. 285, 
218p., 79 figs., geologic map. 

D19 

, 19h2, Geology of the Catskill and Kaaterskill quadrangies, Part 1. 
----- Cambrian and Ordovician geology: N. Y. s. Mus. Bull. 331, 

251 p., 78 figs., geologic map. 

Rodgers, J., Billings, M.~ and Thompson, J.B., 1952, Geology of the Appala
chian Highlands of east-central New York, southern Vermont, 
and southern New Hampshire: Geol. Soc. Amer. Guidebook 
for field trips in New England, 56th meeting, p. 1-71, 
geologic maps (field guide to classic areas; extensive 
bibliography) 

Weaver, J. D., 1957, Stratigraphy and structure of the Copake quadrangle, 
New York: Geol. Soc. Amer. Bull., v. 68, p. 725-762, 
geologic map. 

Zen, E., ~- al., 1959, Stratigraphy and structure of west-central Vermont 
- and adjacent New York: Guidebook for 51st New England 

Intercoll. Geol. Conf., 87p., geologic maps. (field 
guide to classic areas in northern Taconics) 

_____ , 1961, Stratigraphy and structure at the north end of the Taconic 
Range in west-central Vermontg Geol. Soc. Amer. Bull., 
v. 72, p. 293-338, 7 figs., 5 pls., geologic map. 
(comprehensive review of geology of northern Taconics; 
extensive bibliography) 

APPENDIX: SELECTED OUTCROPS, MARKED ON GEOLOGIC MAP 

1. Troy quadrangle, along both sides of Red Mill Rd. (N. Y. 151), 1 mile 
west of N. Y. hO; slump blocks of Austin Glen Graywacke and Trenton 
Limestone in badly deformed Snake Hill Shale; Rysedorph Hill 0.2 mile 
to the northeast. 

2. Berkshire Spur of Thruway (travelling east); no stopping permitted. 

(a) Kinderhook quadrangle, 0.5 mile east of u. s. 9; greenish-gray 
slaty argillite of Mettawee Formation. 

(b) Kinderhook quadrangle, few hundred feet west of crossing of N.Y. 
203 at North Chatham and 0.3 mile further east; interbedded black 
shale, limestone and calcareous sandstone, beds nearly vertical, 
Lower Cambrian. 
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(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

Kinderhook quadrangle 9 Oou mile further east where Coltnnbia 
County 32 passes beneath Thruway, grayish=green slaty argillite 
of Mettawee Forrnationo 

Kinderhook quadrangle 9 1 mile further east 9 principally on 
west=bound lanei essentially vertical beds of interbedded 
black shale, limestone and calcareous sandstone, probably 
Lower Cambriano 

Kinderhook quadrangle, 106 miles further east, principally on 
westbound lane, purple and green shales with interbedded thin 
red and green sH ts tones.? Nassau Forma tiono 

Kinderhook quadrangleJ L5 ml.1.es further east and Oo3 mile 
east of Old Cha tham.9 also along town road paralleling 
Thruwayi black s1.ate 9 presumably Walloomsac.'I no fossils 
yet found 9 purple and green Nassau beneath 9 along town 
roado Nature of contact disputablea 

Kinderhook quadrangle 9 3 miles further east and 1 mile east 
of East Chatham where No Yo 295 passes over Thruway; Anticline 
in black slate (Wa1-loomsac ?) on east=bound laneo Amos Eaton 
born at New Concord (Historic marker) 9 Ll miles south of 
East Chathamo 

Pittsfield quadrangle 9 308 miles further east, along both lanes; 
1 mile of exposures of eastward dipping Stockbridge dolomites 
and dolomi :.Ic 11.mestones .9 locally much deformedo 

3o Pittsfield quadrang1e9 town road paralleHng Thruway on the northj 
1 mile west of B3 \'.nterehangeJ eastward dipping Stockbr:l.dge carbonates. 

4o Pittsfield quadrangle 9 L 2 miles east of Canaan at west end of Queechy 
Lake along N, Yo 295, fossiliferous Bc1lmvil1e Limestone on dolomite 
and underneath AusterH tz purple and green phyll lte o 

So Pittsfield quadrangle, Oo2 mile southwest of Canaan along south 
side of Bo & Ao RoRo at junct:Y on wl th Colurnbla County 5, eastward 
dipping AusterH tz purple and green phyll:ite with interbedded thin 
green chlorl tic qJ.artz1.te, black slate outcrops ,ooi to the west 
along the Ro R 

0 

60 Pittsfield quadrangle 9 2o3 miles south of Canaan in tunnels of the 
Bo & Ao RoRo, Austerll tz purple and green phylH te thrust on Stockbridge 
carbonates, fossil.ifE:rous BalmvUlE; Limestone locally presento 

7 o Pittsfield quadrangle 0 4 miles northeast of Au.sterHtz on west side of 
No Yo 22, rtBerkshlre . bl.ack phy.i.17. Leo 

80 Kinderhook quadrangle:"' 2.h mllE:s W(:;St of AusterlHz and 5o3 miles east 
of Chatham along both sides of No Yo 203 3 Rensselaer Graywacke with many 
quartz veins.9 some of wr,:7ch ar12: fel.dspar=bear:1.ngo 



9. 

10. 

11. 

12. 

13. 

14. 

i5. 

16. 

17. 

18. 

19. 

20., 

Copake quadrangle, road-cut on west side of N.Y. 22 at Copake Falls; 
interbedded dolomite and shale with ripple marks (?) or flow structure 
(?) on dolomite, Pine Plains Formation. 

Copake quadrangle, Taconic State Park, green Everett Schist on north 
side of N. Y. 344 at eastern edge of Park. 

Copake quadrangle, 0.7 mile northeast of Copake at Tom Hill on west 
side of N. Y. 22, Copake Limestone and Balmville Limestone with 
distorted fossils due to flowage. 

Copake quadrangle, along west side of Columbia County 7 at east 
end of Copake Lake; Balmville Limestone thrust on Walloomsac Slate. 

Copake quadrangle, 5 miles east of Claverack and 1.5 miles south of 
present termination of Taconic Parkway at N, Y. 23; green argillite 
(Elizaville) and chloritic quartzite (Curtiss Mountain) along both 
sides of Parkway. 

Catskill quadrangle, exposures on both sides of U.S. 9, 0.5 mile 
south of southern edge of Becraft Mountain; interbedded graptoliferous 
black shale and limestone (Germanto-wn Fm.) and greenish-gray silty 
shale with Deepkill graptolites. 

Catskill quadrangle 9 along west side of Columbia County 31 at Blue 
Hill, 1.5 miles southwest of southern edge of Becraft Mountain; red 
and green shale and much green chert, lower member of Normanskill 
Group. 

Catskill quadrangle, 2.5 miles southwest of southern edge of Becraft 
Mountain along both sides of Columbia County 14; ferruginous quartzite 
overlying quartzose greenish-gray shale (Germantown Fm.) 

Catskill quadrangle, 0.5 mile east of eastern terminus of Rip Van 
Winkle Bridge along south side of N. Y. 23; deformed Mt. Merino Shale 
of Normanskill Group. 

Catskill quadrangle, 2.5 miles ESE of Germantown along Columbia County 
8 and in Fisher's Quarry 5oor to the northeast~ interbedded black shale, 
limestone and limestone brecciola of Germanto-wn Fm. overlying Mettawee 
green arg il lite. 

Kinderhook quadrangle, in and along Kinderhook Creek at Stuyvesant Falls 
where Columbia County 25A passes over creek (type locality of Stuyvesant 
Falls Fm.); interbedded green silty shale and flow-cast green siltstones 
and chertified argillite underlying Mt. Merino shale of Normanskill 
Group. 

Coxsackie quadrangle, roadcut along N. Y. 9J and cuts along railroad 1.9 
miles south of Schodack Landing; grayish-green argillite (Mettawee) with 
fossiliferous limestone brecciola (Stuyvesant Conglomerate) near top, 
Mettawee overlain by laminated siltstones and interbedded black shales. 
Type locality of Schodack Formation. 
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Albany quadrangle, along the Normanskill at Kenwood between the Thruway 
and N0 Y. 32, type locality of the Normanskill; gray and black shale 
with interbedded graywacke. 

22.. Cohoes quadrangle, along the Deep Kill 0.6 mile east of N. Y. 40 and 
1 mile SSE of Melrose, type locality of the Deep Kill Formation; inter
bedded limestone and black shale in lower portion and greenish-gray 
shale in upper portion overlain by red shale of basal Normanskill. A 
reverse fault here repeats a portion of the section. 

23. Cohoes quadrangle, in and along the Hoosic River where N. Y. 40 crosses 
it at Schaghticoke type locality of Schaghticoke Formation; interbedded 
green and black shale and thin limestones and siltstones, all badly 
deformed. 

NOTES ON TRIP D. (TACONIC TRIP) 
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A NEW rnTERPRETATION OF THE TACONIC PROBLEM 

By Phi lip C, Hewitt 

Department of Geology, Union College, Schenectady, N. Y. 

AA. HEWITT'S HYPOTHESIS 

A possible interpretation of the evidence accumulated during the 
recent numerous studies of the Taconics has been suggested by Hewitt 
(Vermont Geol. Surv, Bull., in press). Reference to Plates 4 and 5 
will assist the reader in the following discussion. 

Probably the most vexing difficulty lies in the great disparity 
of opinion regarding the nature of the eastern front of the "High 
Taconics 11 section, that is, the Taconic Range proper. West of this area 
is the "Low Taconics" section. Workers north of the boundary between the 
Equinox and Pawlet quadrangles in Vermont believe that a fault exists alon9 
the eastern front of the Taconic Range. From the northern boundary of the 
Equinox quadrangle southward into New York, there has been no evidence 
reported of a fault along this eastern zone. MacFadyen (1956) believed 
the contact to be such that the sequence is a normal one and Hewitt 
(Vermont Geol. Surv. Bull., in press) believes that there is evidence 
indicating a gradational and interbedded contact between the Ordovician 
marbles and the overlying phyllites in several localities. These two 
interpretations of a fault in the one case as against the normal contact 
in the other appear to be diametrically opposed. 

Although there is no general agreement regarding the supposed fault 
along the eastern front of the "High Taconics", virtually all students 
of the problem agree that a fault does exist along the western edge of 
th is area. The same fault seems to be traceable from the west side of 
Stissing Mountain (Millbrook quadrangle, N.Y.) northeastward through 
New York State and into Vermont. Zen (1961) shows that the fault eventually 
bends eastward in the Castleton area. Adherents of the klippe hypothesis 
require that the fault turn southward and trend to the southwest roughly 
parallel to and eventually joining the westerly and generally accepted 
fault discussed above. Adherents of the normal sequential deposition 
theory do not accept the. eastern fault since it is unlikely that the fault 
would occur at the contact between the marble sequence (Vermont Valley) 
and the overlying phyllites if that contact is gradational. It must be 
in some other position and this opposes the klippe hypothesis. They may 
agree that the western fault probably does arc to the east and south in 
the Castleton quadrangle. The fault cannot, however, continue its south
ward direction for any considerable distance, in the view of these workers. 

It would appear that the two hypotheses are unreconcilable. The 
fault either is or is not present. Yet Zen (1960) believes that such 
reconciliation is necessary in view of the conflicting data. 

Hewitt (Vermont Geol. Surv. Bull., in press) has suggested an inter
pretation which may in fact reconcile both views. This theory assumes 
general agreement about the fault (Fault A) along the western edge of 
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the "High Taconicsn (Plate 5) o The "High Taconics 11 
(

11SH.ce A11
) has been 

thrust over the nLow Tacon:icsn ("Slice B11
) o If the 11High Taconicsn is 

in its normal posi t:l.on relative to the marble sequence 9 then the entire 
mass including those rocks east of Fault A ( the Tacon:1.c Range, marble 

, . ') . t f th 11 1 ° 11 Th sequence, and the Green Mountains 1s p~r o e s~e s_ 1.ce. o ,, e~e 
rocks have been thrust westward as a un1 t over the 1 

LOW Tacon1cs · which 
was previously also faulted into its present site o Fault A then is on 
the eastern boundary of the 11 Low Taconlcs11 and Fault B, which trends north
eastward from the Troy area, is the western or leading edge of the klippeo 

According to this hypothesis the area west of Fault Bis the autochthone, 
"Slice B" the allochthone and nslice An (Also allochthonous) is thrust over 
nsu.ce B" 

0 
In this fashion the klippe is entirely exposed at the north 

end as Zen (1961) stateso As one tries to follcw the klippe southward it 
is buried on the east by the '1High Taconlcs" C"Slt::;e A11

) which has been 
thrust over the tra11 :ng or eastern side of the kHppeo The eastern part 
of the klippe can no longer be observed for it Is overlain by the "High 
Taconics" (Plate 4, Figure AAo) and is cut off by the later fault (Fault A). 
Reference to an adaptation of Zenus cross-section (Plate 4, Figure Aa) 
shows the klippe exposed on both east and westo Fault Bis the major fault 
marking the western edge of the kl ippe a At Hs northern extremity it bends 
east then south and is covered in the rest of its southerly extent by Fault A 
which then becomes the major faul to The iiLow Tacon:1cs 11 is allochthonous; 
the 11 High Tacon1.es 11 is a second 3 more easterlys thrust sheeta 

The value of this interpretation is that H simplifies the highly 
complex structure and stratigraphy required by the usual klippe hypothesiso 
At the same time it avoi.ds the um;;s"..1al sed:!.men tologL;, Condi t:1 ons required 
by the fades change concept s:1.nee all of the elemer:.t.s (the autochthone 3 

"Slice A" and "Slice B11
) were orlg:l'.nally deposited separately and are not 

necessarily related sedlmentol ogl<.;allyo 

Some evidence that the Green Moun ta ins and marble sequence as well as 
the Taconic Range have been thrust in should be presented alsoo Diment 
(1956, Po 1688) ind:T.cated in h:I.s gravity studies of a portfon of that area 
that a very high gravity exists 1n the regfon of the Lorthem part of the 
Green Moun ta:lns and a very low gr'avi ty under the Tacon.le Ran.ge a He suggested 
faulting as one possible explanation for these gravity 9.,_0,1:?L:Y.eso In 
addition Fisher (personal communl'cation) reports that se:v8ral Precambrian 
hills in the Schunemunk and Poughkeepsie quadrangles a:ce probably root.lesso 
Offield (personal communicat:l'.on) belleves that gravity measurements of 
Stissing Mountain in Duchess County ind:!'.cate that this Precambrian is also 
separated from the basement.I' although he suggests that lateral movement 
was probably not greatc 

If the Precambrian were formerly more extens>:i'e a,: the surface due 
to faulting, these rocks would have been ar,. excel.1.e:n.t ;::'o,x:;o::e s.:rea for later 
(Ordovician) sediments and may provide a sourc:8 for s:·:_,t, unr.ts as the 
Rensselaer graywaclrno These would then not ne:::essa:r£1v be of Camb:dan 
age but possibly of later' Ordovlc0.Jan age. A fuU d'si:~~1.ss:;.on of the 
historical sequence is Included i.n the :cepo:rt on the Equinox qi1adrangle

2 
Vermont (Hewitt.$ Vermont GeoL Survo BulL .9 1.n ptes:,;) 0 
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