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CARBONATE AND TERRIGENOUS SEDIMENTARY FACIES 
OF TIDAL ORIGIN, EASTERN NEW YORK 

Gerald M. Friedman 
Department of Geology. R. P. 1. 

INTRODUCTION 

This is a field trip to study sedimentary facies of tidal origin. 
At each exposure we shall study the rocks in terms of l ithology, geo­
metry . sedimentary structures, and fossils and concentrate on the 
pattern of deposition which created the facies. In this kind of 
approach t he name and age of the formation becomes secondary ; hence 
this field trip has been designed irreverently; it pays no heed to 
formation boundar ies . Facies analysis will proceed within the 
boundary condit i ons of each single exposure . 

During Cambrian to Lower Ordovician time, most of the North 
American continent was a shallow epeiric carbonate shelf, like the 
present-day Bahama Bank. At the eastern margin of this shelf, i.e . 
at the eastern margin of this continent, a relativel y steep slope 
existed down which carbonatE sediment moved by slides, slumps, tur­
bidity current, mud flows . and sand falls to oceanic depths (Sanders 
and Friedman. 1967 , p. 240-248 ; Fri edman, 1972) . We shall visit 
shallow- wat er carbonates shelf deposits which accumulated 30 to 40 
miles west of the st eep paleoslope which existed during Cambrian 
to Lower Ordovician times . These shallow- water epeiric carbonate 
sediments. located in such close proximity to a major ocean. were 
under the effects of tidal currents. On thi s field tri p we shall 
examine products of t i dal sedi mentation on this Cambrian to Lower 
Ordoviciap carbonate shelf. For details on the str at i graphy of 
these carbonate deposits reference should be made to Fisher (1954. 
1965) and Braun and Friedman (1969), and on the deposit ional en­
vironments to Braun and Friedman (1969). Friedman (1972), Buyce and 
Friedman (1975), and Friedman and Braun (1975). and Mazzullo and 
Friedman (1975. 1977). 

Coincident with and after the Acadian orogeny during Middle and 
Late Devonian times huge river systems of a "tectonic delta complex" 
(Friedman and Johnson, 1966) drained the area which is now the site 
of the Catskill Mountains . Devonian rocks, of braided and meandering 
strewn origin, interfinr;er with those of tidal . nearshore and offshore 
orlgln. We shall examine the tidal deposits, all of which are terrigen­
ous . For details on the stratigraphy and depositional environments of 
the rocks of the tectonic delta complex reference should be to Johnson 
and Friedman (1969); some reinterpretations have been offered by 
Friedman (1972). 

ITINERARY 

Each stop describes and interprets the sedimentary facies; hence 
each stop should be regarded as self contained. Figure 1 is the road 
log and shows the location of all the six stops visited. 
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STOP 3 
LESTER PARK 

STOP 2 
NORTH TRIBES RTE.29 SARATOGA 
HILL \ SPRINGS 
QUARRY \ 

5 
>=~ AMSTERDAM 

STOP I 30 
FORT HUNTER 

TO 
ONEONTA ";r---.J 

STOP 5 
GRAND GORGE 

Fig. 1. Road log with stops. Scale : 1 inch = approxi mately 
12 miles. Numbers refer to Highways . 
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Miles from 
last point 

Cumulative 
Miles 

0 . 0 0 . 0 Depart Oneonta and follow NY 
NY 30 . 

7 to junction 

4.1 4.1 Turn left (north) on NY 30; cross NY 20 . 

13.7 17.8 Continue on NY 30 to junction with NY 5S 
on outskirts of Amsterdam and close to en­
trance of New York Throughway. 

4.0 21.8 Turn left (west on NY 5S and proceed to 
Fort Hunter; Fort Hunter, turn right (north) 
on Main Street; 

0.2 22.0 Turn right (east) to Queen Ann Street. 

0.9 22.9 STOP 1. FORT HUNTER QUARRY. Alight.t 
slight bend in road and walk to Fort Hunter 
Quarry which is across railroad track close 
to Mohawk River. (Fort Hunter Quarry cannot 
be seen from road; another small quarry 
visible from road is approximately 0.1 mile 
farther east, but will not be visited on 
this trip). 

Stop 1 . Products of' Tidal Environment: Flat Algal Mats 

stromatolites in the Fort Hunter Quarry consist almost entirely 
of' dolomite and feldspar in the form of irregularly bedded, finely­
laminated , unduJ.ating structures. The rocks in this quarry are part 
of' the Tribes Hill Formation of earliest Ordovician age (Fisher, 1954). 
The lithofacies of the Tribes Hill Formation have been studied in 
detail by Braun and Friedman (1969) within the stratigraphic frame­
work establi shed by Fisher (1954). Figure 2 i s a columnar section 
showing the relationship of ten lithofacies to four members of the 
Tribes Hill formation. At Fort Hunter we viII study the lowermost 
two lithofacies of the Fort Johnson Member (see column at right [east] 
end of section, in fig . 2). 

Two lithofacies are observed : (1) lithofacies 1, mottled felds­
pathic dolomite, and (2) lithofacies 2, laminated feldspathic dolomite . 
Lithofacies 1 is at the bottom of the quarry, and lithofacies 2 is 
approximately half way up. 

Lithofacies 1 . - This facies occurs as thin dolostone beds, 2 cm to 
25 cm but locally more than 50 cm thick, with a few thin interbeds 
of black argillaceous dolostone which are up to 5 cm thick. In the 
field , the dolomite shows gray- black mottling and in places birdseye 
structures. In one sample, the infilling of the birdseyes shows a 
black bituminous rim which may be anthraxolite. In the field, trace 
fossils are abundant, but f'ossils were not noted. Authigenic alkali 



A-l 
page 4 

WHO 

35.6 

3S 

30 

20 

•• ~ 
15 

10 

5 

o 

I2Zl 
tt5I 
tt5I 
E:2l 
~ 

"" 

£»1 

Tribes lIill 
and 
Fori 

fluntn 
quarrits 

•• .2 
.S •.~ E0 0 ~ 
d ~ ! " j!• ~~ 

~ • ~ E 
~ .~ e 
·c &!1­

Can;ijoharie 
Creek 

Flat 
Creek 

{:Z;::Z} " " 

/ 
/ 

/ 

L.F. 

...:::~~., L.'. 8 

/ 
/ 

/ 

.. 

.... ." ... .. '" 

1400 

1200 

1000 

800 

600 

400 

200 

o 

Fcldsphalic dolomite 

Umeslone 

Dolomitic limulone 

Umy dolomite 

Mottled 
dolomitic limestone 

Channels 

Stralilraphic boundary 

l.F. U lhof.cin 

Fig. 2 . Columnar section shoving the relationship of ten 
lithofacies to four members of Tribes Hi l l Format ien 
(Lower Ordovi cian) (after Braun and Friedman, 1969; 
Friedman, 1972) . 
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feldspar (microline) is ubiquitous throughout this lithofacies; its 
identity as alkali feldspar was determined by x-ray analysis and 
staining of a thin section with sodium cobsltinitrite. The insoluble 
residue makes up 22 to 54% by weight of the sediment in samples 
studied with most of the residue composed of authigenic feldspar. 

Lithofacies 2 . - This lithofacies is mineralogically identical to the 
previous facies but differs from it texturally and structurally in 
being irregularly bedded and in containing abundant undulating stro­
matolitic structures ("pseudo_ripplesll) as well as disturbed and 
discontinuous laminations. In places there are a few thin interbeds 
of black argi llaceous dolostone. The thickness of the laminites 
of this facies ranges from 1/2 mm to 2 or 3 mm; on freshly broken 
surfaces the color of the thinner laminae is black and that of the 
thicker ones is gray . The insoluble residue, for the most part 
composed of authigenic feldspar, constitutes between 35% and 67% 
by weight in samples studied . 

These two lithofacies which form the basal unit of the Ordo­
vician , were formed on a broad shallow shelf. Stromatolites, birdseye 
structures, scarci ty of fossils, bituminous material, syngenetic 
dolomite , authigenic feldspar, and mottling suggest that these rocks 
were deposited in a tidal environment (Friedman, 1969). Based on 
analogy with the carbonate sediments in the modern Bahamas, Br aun 
and Friedman (1969) concluded that these two lithofacies formed under 
suprat i dal conditions. However in the Persian Gulf flat algal mat~ 
prefer the uppermost intertidal environment, and al ong the Red Sea 
coast they flourish where entirely immersed in seawater, provided 
hypersaline conditions keep away burrowers and grazers (Friedman and 
others, 1973) . Hence on this field trip we may conclude that the 
stromatolites indicate tidal conditions without distinguishing between 
intertidal and supratidal. For more details on these lithofacies 
refer to Braun and Friedman (1969). 

Trip Continued 

Miles from Ctmltilative 
last point Miles 

Turn around and drive back to Main Street , 
Fort Hunter. 

0.9 23.8 Turn right (north) into Main Street, Fort 
Hunter. 

0.1 23 . 9 Cross original Erie Canal, built in 1822. 
Amos Eaton surveyed this route at the request 
of Stephen Van Rensselaer; after this survey 
Amos Eaton and Van Rensselaer decided to 
found a school for surveying, geological and 
agricultural training which became Rensselaer 
Polytechnic Institute. Follow Main Street 
through Fort Hunter. 
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Miles from Cumulative 
last point Miles 

0.6 24.5 Cross Mohawk River. 

0.5 25.0 Turn right (east) on Mohawk Drive (town of 
Tribes Hill). 

0.4 25.4 Turn left (north) on Stoner Trail. 

0.2 25.6 CrOBS Route 5 and continue on Stoner Trail. 

2.7 28.3 Turn right on NY 67 (east). 

1.5 29.8 Fulton-Montgomery Community College; con­
tinue on NY 67. 

1.6 31.4 STOP 2. NORTH TRIBES HILL QUARRY (on left). 

Stop 2. Products of Tidal Channels 

Route of Walk. - Take the trail towards old abandoned crusher 9 but 
instead of heading towards the quarry move uphill to the first rock 
exposures. The rocks to be examined are near the edge of steep cliff. 

Description and discussion. - In the rocks at this exposure the field 
relationships show typical channels truncated at their bases. Lodged 
within the channels are limestone blocks of variable shape ranging 
in diameter from about one to three feet (fig. 3). These blocks 
resemble similar blocks in tidal channels of the Bahamas which are 
derived by undercutting of the banks of the tidal channels. The 
blocks at this exposure are rounded, suggesting that they have 
undergone some transport. 

The rocks composing the channel (i.e. the channel fill) and 
the blocks of rock within the channels have been described as litho­
facies 8 (channel fill) and lithofacies 7 (blocks) of the Wolf Hollow 
Member of the Tribes Hill Formation (lowermost Ordovician) (see 
columnar section of fig. 2; column at the right end of the section) 
(Braun and Friedman, 1969). The channel fill (lithofacies 8) con­
sists of intrasparite and biointrasparite with sporadic ooids, a 
high-energy facies, whereas the blocks (lithofacies 7) consist of 
mottled dolomitic micrite and biomicrite, a low-energy facies of the 
undercut bank. The micrite blocks which foundered in the channels 
must have been indurated penecontemporaneously. 

Hence during earliest Ordovician time high-energy tidal channels 
crisscrossed tidal flats at this site. In them water coming from 
the deep ocean to the east rose and fell with the changing tides. 
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Fig. 3 . View perpendicular to strata of limestones showing 
worn and abraded block (light gray) of mottled dolo­
mitic micrite (lithofacies 7 of Tribes Hill Formation, 
Lower Ordovician , of Braun and Friedman, 1969. and 
Friedman and BraWl , 1975) which is thought to have 
foundered from eroded bank of ancient tidal channel . 
Darker gray enclosing rock is intrssparite and bio­
intrasparite ( lithofaci~s 8 of Tribes Hill Formation 
of Brs1lll and Friedman , 1969, and Friedman and BrstUl, 
1975). North Tribes Hill Quarry (Stop 2). 
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Trip Continued 

Miles from Cumulative 
l ast point Miles 

Continue east on NY 61 (through Village of 
Fort Johnson); 

1.8 33.2 Turn left (east) on NY 5; 

1.0 34.2 City of Amsterdam ; turn left (north) on 
NY 30 

6.3 40.5 Turn right (east) on NY 29 

19. 1 59.6 Continue on NY 29 to Petrified Garden Rd. 
Drive past "Petrified Gardens" to Lester 
Park. 

1.2 60.8 Alight at Lester Park 

STOP 3. LESTER PARK 

Stop 3. Products of Intertidal Environment: Domed 

Algal Mats, (Cabbage Heads). This locality is the site of one of 
the finest domed algal mats to be seen anywhere preserved in ancient 
rocks . On the east side of the road in Lester Park a glaciated sur­
face exposes horizontal sections of the cabbage- shaped heads composed 
of vertically stacked, hemispherical algal layers. These structures, 
known as Cryptozoons , have been classically described by James Hall 
(1847,1883), Cushing and Ruedemann (1914), and Goldring (1938) ; an 
even earlier study drew attention to the presence of ooids as the 
first reported aoid occurrence in North America (Steele, 1825). 
Interest in these rocks has been revived as they are useful environ­
mental indicators (Logan,1961; Fisher, 1965; Halley, 1971; Owen, 1973). 
The algal heads are composed of discrete club- shaped or columnar 
structures bullt of hemispheroidal algal mats expanding upward from 
a base, although continued expansion may result in the fusion of 
neighboring colonies into a Collenis-type structure (Logan, Rezak 
and Ginsburg, 19(4) . The algal mats are part of the Hoyt Limestone 
of Late Cambrian (Trempealeauan) age. Their intertidal origin has 
been inferred by (1) observations in the rocks, and (2) by analogy 
with similar modern algal heads . 

The evidence for deposition under tidal conditions for the Hoyt 
Limestone at Lester Park includes: (1) mud cracks, (2) flat pebble 
conglomerate, (3) small channels, (4) cross- beds, (5) birdseye 
structures, (6) syngenetic dolomite, and (7) stromatolit es (for 
cri teria on recognition of tidal limestones, see Friedman, 1969). 
The analogy with modern environments relates to the occurrence of 
cabbage-shaped algal heads in the intertidal zone of Shark Bay, 
western Australia, in which the height of the domes is controlled 
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by the degree of turbulence (logan~ Rezak and Ginsburg, 1964; Hof:fma.n, 
Logan and Gebelein. 19(9). With increasing wave and current energy 
the height of the domes increases; the relief of the domes decreases 
landward towards quieter water conditions. 

At Lester Park the heads w"l.ich are circular in horizontal section 
range in diameter from one inch to three feet. many are compound 
heads. The size of the larger heads suggests that they formed in 
highly turbulent waters. 

The line of depositional strike along which the domed algal mats 
occur was probably where the waves were breaking as they came across 
the deeper ocean from the east and impinged on the shallow sbelf. 

Several petrographic observations in these rocks permit an 
analogy with modern algal mats in hypersaline pools of the Red Sea 
Coast (Friedman and others~ 1973). Mat-forming algae precipitate 
radial ooids, oncolites, and grapesteons which occur in these rocks; 
interlaminated calcite and dolomite which in part compose the stromato­
lites of the Hoyt Limestone correspond to alternating aragonite and 
high-magnesian calcite laminites which modern blue-green algae pre­
cipitate. In modern algal mats the high-magnesium calcite laminites 
contain abundant organic matter in which magnesium has been concen­
trated to form a magnesium-organic complex. Between the magnesium 
concentration of the high-magnesium calcite and that of the organic 
matter sufficient magnesium exists in modern algal laminites to form 
dolomite. Hence the observation in ancient algal mats, such as 
observed in the Hoyt Limestone, that calcite and dolomite are inter­
laminated~ with calcite probably forming at the expense of aragonite 
and dolomite forming from high-magnesium calcite. 

Trip Continued 

Miles from 
last point 

Cumulative 
Miles 

Turn around and drive back 
NY 29. 

(south) to 

1.2 62.0 Turn left (west) on NY 29 

19.1 

6. 3 87.4 City limits of Amsterdam 

1.4 88.8 Cross bridge over Mohawk River 

102. 5 Continue on NY 30; junction with NY 20 

106.6 Cross NY 7; continue on NY 30 

4.5 111.1 Schoharie 

4.7 115.8 Cross NY 145 at Middleburg; continue on NY 30 

4.1 
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Miles from Cumulative 
last point Miles 

7.0 122.8 CrOBB Schoharie Creek 

5· 9 128.7 North Blenheim 

6.5 135.2 Turn left. (east) on road to Gilboa; stop 
before bridge 

1.1 136.3 STOP 4. GILBOA FOREST 

Stop 4. Tidal Marsh Facies 

No examples of this tidal marsh facies have been found in situ. 
However giant seed ferns of the Gilboa. Forest (Goldring, 1924, 1927), 
which grew in a marsh environment, were discovered in the now inactive 
Riverside Quarry near here (Fig. 4). More than 200 stumps were taken 
from this single quarry; some of these have been placed at this site, 
others are now preserved in museums (New York State Museum, Albany; 
Geological Museum, Rensselaer Polytechnic Institute). The "trees" 
of Gilboa Forest are amoDg the world's oldest; they grew in a tidal 
marsh environment of the Catskill Deltaic Complex. The bulbous 
bases of these fossils were found in place in dark-colored shale; 
the upright trunks were encased in olive-gray, cross-bedded sand­
stone of probably tid&l origin. The age of the "trees" is latest 
Middle Devonian. 

Trip Continued 

Miles from Cumulative 
last point Miles 

1.1 137.4 Return to NY 30 

0.7 138.1 Turn left (south) on NY 30 

STOP 5. GRAND GORGE SECTION 

stop 5. Intertidal Facies: Tidal Flats and Tidal Channels 

The rocks at this exposure are medium gray, fine-grained gray­
wackes; tabular cross-beds are ubiquitous; parting lineations are 
common. The most interesting single feature at this exposure are 
the tidal channels (Fig. 5). These channels are small, about 2 to 
10 feet in cross section; they truncate the underlying strata. The 
channel fill consists mostly of a lag concentrate of transported 
spiriferid brachiopod shells. Usually the shell material is abundant 
enough to rate for the channel the name "coquinite. " Holes in the 
coquinites are molds of brachiopods. Interestingly, brachiopod 
shells are confined only to the coquinite lenses; they are not found 
in the surrounding rock. Hence the brachiopods were treated by the 
channels as pebbles that were washed in from the open marine environ­
ment. In analogous modern tidal channel s typical open sea species 
are washed into the channels by flood tides (Van straaten, 1956). 



A-l 
page 11 

Fi g. 4. Bulbous base of giant seed tree vhich grev in tidal 
marsh of Gilboa Forest. Latest Middle Devonian. 
Stop 4. 

Fig. 5. View perpendicular to strata of sandstones showing low 
angle cross-bedding (lower part of photograph) and 
lag concentrate of transported spiriferid brachiopod 
shells with abundant molds (upper part of photograph) . 
Inferred tidal channel . Early Late to latest Middle 
Devonian. Stop 5. 
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Note that the next exposure south (uphill) is composed ot 
red fluvial rocks. 

This exposure bas been described by Johnson and Friedman as 
part of their section 43 (1969. p. 471-415, especially figs. 22 and 
23). These rocks are the clastic correlatives of the Tully Lime­
stone (early Late Devonian or latest Middle Devonian). 

Trip Continued 

Miles from CUmulative 
last point Miles 

2.0 140.1 Continue south on NY 30 to Grand Junction 

8.4 148.5 Turn right (west) on NY 23 to Stamford 

17.2 165.7 Turn right (north) on NY 10 through 
Jefferson and Summit 

STOP 6. EXPOSURE ON EAST SIDE OF ROAD 

(Richmondville; 3.5 mi. north of Summit) 

Stop 6. Deposits of Tidal Deltas and Lagoons 

At this exposure lenticular sandstone bodies interfinger with 
dark-gray siltstones and shales (Fig. 6). The sandstones have a 
vertically shingled, or en echelon, configuration relative to one 
another . Even the thickest sandstone, approximately 6 feet thick , 
thins and pinches out laterally (see fig. 25, p. 478 in Johnson 
and Friedman, 1969). The sandstones contain marine fossils and 
wood fragments. In places they are crossbedded; ripple marks 
are locally present. In the siltstones and shales wood f'ragments 
are abundant. The presence of marine fossils, the absence of 
channels , and the lenticular geometric ccnfiguration of the sand­
stones within interfingering siltstones or shales suggests that 
the sandstones are probably the products of tidal deltas. If so , 
the siltstones or shales are of lagoonal origin. 

The rocks at this exposure belong to the Hamilton Group (Middle 
Devonian) and are about 600 feet below the stratigraphic level of 
the Tully clastic correlatives. 

Miles f'rom Cumulative 
last point Miles 

35.0 201.0 Continue north on NY 10 to junction with 
NY 7 (1.5 miles) and then head west on NY 7 
to Oneonta. 
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Two views perpendicular to lenticular sandstone bodiesFig . 6. 
interfingering with dark-gray siltstones and shales . 
The sandstones are inferred to be the products of 
tidal deltas; the sandstones and shales are thought 
to be of lagoonal origin. Hamilton Group (Middle 
Devonian) . Stop 6. 
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INTRODUCTION 

Within the clastic correlatives of the Tully Limestone in eastern 
New York State there occurs a remarkably complete spectrum of ancient 
sedimentary facies (Johnson and Friedman, 1969; Johnson, 1968, 1970, 
1972; 1976). These beds, which evolved during a transgressive pulse in 
the building of the great Catskill deltaic system, are part of a 3000 
meter (10900') sequence that constitutes the standard for the Devonian 
System of NOrth America (Figs . 1 and 2). They a r e exposed at the north­
eastern end of the Allegheny Synclinorium, are essentially undisturbed 
and, for the most part. very fossiliferous. Laterally transitional 
between those beds that are clearly of marine or igin and those that a r e 
clearly non-marine are sandstones and shales that have sedimentary 
structures, lithology, geometric relationships with adjacent units and 
biogenic structures that indicate that they evolved in tidal and shallow 
sub-tidal environments. 

The purpose of this field trip is to focus on one aspect of the 
evidence used to develop environmental assignments for the Tully clastic 
correlatives; namely, biogenic structures . 

LITHOFACIES 
of the 

MIDDLE AND UPPER DEVONIAN 

Three general lithofacies are recognized in the Devonian deltaic 
system of New York State (Fig. 2). The Catskill lithofacies, which 
consists of non-marine red and green-gray shales, sandstones and con­
glomerates . overlies and interfingers westward with littoral and shallow 
marine, very fossiliferous, gray sandstones and shales of the Chemung 
lithofacies. The Chemung, in turn, overlies and interfingers westward 
with deeper-water, sparsely fossiliferous, black shales of the Portage 
lithofacies. All of the exposures to be examined during this trip are 
within the eastern Chemung lithofacie s . Stops I through 5 are in the 
Schoharie Valley, around Schoharie Reservoir. Stops 6 through 10 lie 
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between the Schoharie Val ley and the Unadilla Valley to the west. 

CANADA 

New York 

Sta te 
I 
I 
I, 
I 

Figure 1 - Devonian bedrock of New York State (after 
Rickard ~ 1964) . 

CHARACTERISTICS OF EASTERNMOST CHEMUNG LITHOFACIES 

In the Schoharie Valley the Catskill and Chemung lithofacies are 
interbedded and well exposed. The foll owing represents a summary of 
the lithologic, sedimentologic and paleontologic characteristics of the 
Chemung beds in the vicinity of Gilboa Dam . 

Lithology 

Lithologies within the Chemung lithofacies are inter lensing medium 
gray (N4) to dark gray (N3), micaceous siltstone and shale and medium 
gray (NS). very fine-grained sandstone with subordinate, medium gray 
(N5 and N6) coquinite l enses (color terminology is that of Goddard. 
1951). All of the sands t ones of the lithofacies are submature and 

immature graywackes following the usage of Folk (1954~ 1965) . They 
contain sporadic accumulations of shale pebbl es as well as moderately 
common, small pyrite nodules. A few polymictic pebble conglomerates 
containing pebbles of light gray and greenish gray quart zite, medium 
gray slate, red and olive siltstone, and subordinate medium gray lime­
stone are present . Siltstones and shales of the lithofacies are dark 
gray in color due t o a high content of fine organic material. They are 
very micaceous and variably thinly cross-laminated to occasionally 
fissile. 

The coquinites , or in most examples more correctly coquinoid sand­
stones, occur as elongate lenses ranging from a few centimeters thick by 
l or 2 m long to 15 to 45 cm thick by lengths of up to some 15 me t ers. 
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Thickness within a given lens 1s variable and they rest in channelled 
contact on underlying beds. Shell material in the lenses CODslsts most­
ly of large spiriferid brachiopods, which in most fresh exposures are 
composed of calcium carbonate. Some of the lenses al.o contain pelecy­
pod fragments as well as red siltstone pebbles. No preferred orienta­
tion of valves is apparent in the lenses, although some valves suggest 
imbrication. 

Inorganic Sedimentary Structures 

Bedding thickness of sandstones ranges from medium to thick and 
very thick (terminology after Ingram, 1954). Virtually all of the 
strata in the lithofacies, with the exception of the f1s811. shales, are 
cross-bedded or cross-laminated. Even the very thick-bedded sandstones, 
which in some cases appear homogeneous, are well cross-laminated. Inter­
ference. oscillation and current ripple marks are com.on. Interference 
ripple marks are expressed as a low-amplitude unevenness on bedding sur­
faces. The current and oscillation ripple marks, which have wave lengths 
of several centimeters and amplitudes of only 2 cent~ters or less. 
provide reliable and plentiful evidence of sedimentary strike and 
direc·tion of transport. Cross-bedding is of both planar and trough 
types and in most cases the inclination of fore sets is well in excess 
of the 10 degree lower limit used by Pettijohn (1962) to denote high­
angle cross-bedding. 

Dessication cracks are well developed in the uppermost part of the 
Hamilton Group in the Schoharie Valley. Most of these occur as poly­
gonal patterns of medium gray. very fine-grained sandstone infill on 
bedding surfaces of dark gray shaly siltstone. In one instance numerous 
sandstone infills extend some 15 cm perpendicular to bedding into a 
shale ledge. 

Biogenic Structures 

Biogenic structures in the Chemung lithofacies of the Gilboa Dam 
area are of three general types - (1) brachiopod and pelecypod body 
fossils. (2) ichnofossils and (3) fossil seed-ferns. 

Brachiopods and pelecypods occur in both sandstones and shales as 
isolated specimens and as concentrations that appear to be allochthon­
ous. Those found in allochthonous arrangements were considered, for 
purposes of this study. as biological sedimentary particles occurring 
in lithified sediment not necessarily that of their life environments. 
Ichnofossils in the Chemung lithofacies of the Schoharie Valley occur 
on bedding planes of sandstone as shallow. generally circular and ovoid 
depressions. which are slightly darker in color than the enclosing lith­
ology. These occur in two sizes; those only about I em in diameter, 
and those2.5 om or more in diameter. The smaller of the two extend 
downward perpendicular to bedding a distance of up to some 15 em. At 
one locality abundant vertical burrows are 30 cm in length. A few of 
the burrows have a Y or U pattern, 
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Fossil seed-fern stumps are present at three stratigraphic levels 
in the upper Hamilton beds near Gilboa Dam. Over two hundred s tumps were 
taken from the lowest of these levels during quarrying operations just 
north of the dam (Goldring, 1924, 1927). They occur in light olive­
gray (5 GY 6/1), tabular and trough cross-bedded, fine-grained sand­
stones some of which contain vertical burrows up to 30 em long. The 
beds are thick and very thick bedded, are in part slightly calcareous 
and, at certain levels, contain abundant casts of large spiriferid 
brachiopods. 

ENVIRONMENTAL SYNTHESIS 

The spectrum of Tully interval sedimentary environments includes 
sandstone bodies of alluvial channel origin Which truncate underlying 
beds, contain basal shale-pebble lag-concentrates, are well trough cross­
bedded, texturally inmature, and display a "fining-upwards". The 
alluvial strata of overbank origin are horizontally laminated, red and 
green siltstones. Strata of the marsh facies consist of black organic 
lenses containing abundant plant remains some of which are IIcoalified." 
At the distal margin of the alluvial plain, just below the Tully inter­
val, a swamp environment is represented by three levels of abundant 
fossil seed-ferns. 

Sedimentation that resulted in strata of tidal origin within the 
Tully interval was of the Wadden-type. The tidal flat facies consists 
of gray, very finely cross-laminated muddy siltstone and very fine­
grained sandstone, which contain allochthonous brachiopods and locally 
well developed mud-cracks. Sedimentary structures of the tidal channel 
facies are essentially identical to those of the alluvial channel facie~ 
but can be distinguished by the unique character of the basal lag­
concentrate, which is coquinite or coquinoid pebble conglomerate consist­
ing largely of allochthonous brachiopod shells. 

Strata of the nearshore facies consist of thick bedded bar sand­
stone bodies interbedded with very thinly bedded and laminated, fossl1­
iferous siltstone that becomes increasingly calcareous westward and 
grades into the very argillaceous eastern extension of the Tully Lime­
stone. well developed trends of change in texture, general biologic 
character, and type and scale of sed~entary and biologic structures are 
present in both the nearshore (bar and lagoon) facies and the offshore 
facies. 

Synthesis of the environmental pattern of the Tully interval indi­
cates that (1) Tully sedimentation occurred during the transgressive 
phase of a transgressive-regressive cycle, (2) terrigenous material was 
trapped east of a submarine topographic high, thus permitting deposition 
of carbonate material in a basin that was for the most part being over­
whe~ed by clastic influx, and (3) landward migration of the strandline 
during the transgressive phase caused river mouth drowning and resulted 
in more widespread estuarine (tidal) conditions than were present 
immediately prior to and following Tully time. In addit ion, the trans­
gression raised the base level of streams that were flowing westward 
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across the deltaic plain, thus causing alluviation of fine-grained sedi­
ment in quantity greater than that deposited directly preceding and 
following Tully time. 

The distribution of the environmental facies of the Tully clastic 
correlatives is shown on Figure 3. 
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Figure 3 - Cross-section of Tully clastic correlatives. 
The section extends from East Windham on 
the northeastern front of the Catskill 
MOuntains northwest to Georgetown in the 
Otselic Valley. Two-digit stratigraphic 
section designations are those of Johnson 
(1968). Four-digit designations are those 
of Thayer (1972). 



BIOGENIC STRUCTURES 
Biogenic structures are structures produced by organisms moving or 

living in or on the sedtment. They include trace f ossils, which are 
discrete tracks, trails and burrows. In the last 25 years biogenic 
structures. particularly trace fossils, have been used as aids in inter­
preting ancient depositional environments. The application of trace 
f08si1s in paleoenvironmental analysis has been based on a theoretical 
model developed by Seilacher (1964, 1967), in which the distribution of 
trace fossl1s, representing animal behavior, is related to factors which 
change with water depth. In high energy nearshore environments food is 
suspended in the overlying water rather than deposited in the sand sub­
strate, resulting in a predominance of permanent dwelling burrows of 
suspension-feeding animals. In more quiet water offshore conditions, 
potential food particles are included in the fine-grained sedtments; 
here horizontal feeding burrows are more common. Recent workers ~ in­
cluding Rhoads (1967), Howard (1972), Frey (1975), and athers have 
emphasized that local energy and substrate conditions and environmental 
fluctuations are more important than depth in determining the distribu­
tion of trace fossils. 

The Tully clastic equivalents and related rocks contain moderately 
diverse and abundant biogenic structures. Trace fossils are found in 
siltstones. sandstones and limestones of alluvial offshore facies. 
They occur scattered throughout in low densities, concentrated along 
sandstone-shale interfaces~ and in great abundance in some beds. It is 
difficult to recognize horizon or thin bed with large numbers of trace 
fossils~ especially horizontal structures~ if the exposure is a vertical 
face. With a few exceptions. trace fossils are seen most completely on 
bedding planes; good trace localities are therefore those with large 
exposures of bedding surfaces. Of the outcrops of the Tully equivalents 
and related rocks~ the best outcrops for trace fossils are generally old 
quarries, where scraped bedding planes and quarried blocks provide large 
surface areas. Stream exposures are poor, for the few bedding planes 
exposed are commonly covered with overgrowth; likewise~ few bedding sur­
faces are exposed in road cuts. The diversity of trace fossils from a 
given facies is , therefore~ partly a function of the number of available 
quarries. In all outcrops, most of the trace fossils were collected 
from float. For this reason the locations of biogenic structures with­
in the sections are not given precisely. 

Because of sampling difficul~ies imposed by the trace fossil distri­
bution, the type of exposures. and the impossibility of defining what 
constitutes one specimen of some trace fossils, no quantitative esti­
mates of the abundances of biogenic structures in each facies have been 
made. However, although some of the biogenic structures, including the 
small type of Arenicolites, Spirophyton, ? Teichichnus and large 
vertical burrows are restricted to rocks of the tidal and alluvial or 
tidal and nearshore facies, most of the others range from alluvial or 
tidal to offshore facies or from proximal nearshore to distal offshore. 
In addition~ many of the biogenic structures are found in diverse rock 
types - siltstones, sandstones, and limestones. This indicates that in 
the Tully clastic correlatives the distribution of the trace fossils 
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is not related clearly to the inferred depositional environments. 

Descriptions of trace fossils 

Ten major types of trace £08s11s occur in the Tully clastic 
correlatives, and there are probably many more kinds of less common or 
less readily identifiable biogenic structures in the unit . In the 
descriptions below, trace fossils which have been given formal ichno­
generic names are discussed in alphabetical order, followed by the 
types which have not been given formal names. 

Arenicolites: (Plate IH, 2B, F) . Specimens of Arenicolites are 
vertically oriented U-sbaped burrows without spreiten. (A spreite is a 
layer of U-in U-shaped lame.1lae. It may have any orientation within the 
rock.) Two types of Arenicolites occur in the Tully clastic correla­
tives: 1) long, narrow burrows with fill darker than the surrounding 
rock, (Plate 2F) and 2) larger specimens with burrow fill siDdlar to 
that of the surrounding rock (Plate lH, 2B) . Arenicolites is thought 
to be produced by a polychaete worm (Hantz6chel, 1975; Janssa, 1974). 
The small type closely resembles burrows produced by spionid (poly­
chaete) worms in uppermost intertidal zones in southern Californian 
lagoons. Although generally restricted to shallow water, high energy 
environments (Crtmes, 1975), Janssa (1974). The small type closely 
resembles burrows · produced by spionid (polychaete) worms in uppermost 
intertidal zones in southern Californian lagoons . Although generally 
restricted to shallow water, high energy environments (Crimes, 1975), 
Janssa (1974) reported Arenicolites from deeper water deposits. In the 
Tully clastic correlatives, the small type of Arenicolites is restrict­
ed to sandstones of the tidal and nearshore facies . The larger type 
occurs, but is rare, in rocks deposited under tidal and offshore condi­
tions. 

Bifungites: (Plate IG) . Appearing as a dumbbell-shaped structure 
on a bedding pla~e, Bifungites is interpreted as the cross-section of a 
spreite-bearing, vertically oriented U-sbaped burrow (OsgQod, 1970). 
Commonly considered to be a shallow-water structure, in the Tully equiva­
lents it occurs in rocks of the tidal, nearshore, and offshore facies 
but is nowhere common. Like Arenicolites, it probably represents the 
dwelling burrow of a worm-like animal. 

? Phycodes: (Plate IE). Vertical sections of sandstones and silt­
stones of the nearshore and offshore facies show clusters of small (1 mm 
or less in diameter) horizontal burrows filled with lighter material 
than the surrounding rock. These are tentatively identified as Phycodes 
and probably are feeding burrows. Many modern deposit-feeding poly­
chaete worms are very long and narrow and might produce siDdlar burrows. 

Planolites: (Plate lC, D, F). Unbranched horizontally oriented 
burrows are included in the ichnogenus Planolites, if the burrow fill 
differs from the surrounding rock (see Osgood, 1970; Alpert, 1975 for 
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discussion). Many of the Tully equivalents specimens are surrounded by 
a dark burrow lining (Plate Ie). If specimens are not oriented and 
sectioned, it 1s difficult to distinguish Planolites from the molds of 
trails made as surficial grooves. Planolites is one of the most abund­
ant trace fossils in the Tully equivalents. A small type (less than 
0.5 em in diameter) is especially common (Plate IF), although the larger 
form (larger than 0.5 em in diameter) can be found at many outcrops 
(Plate Ie, D). Planolites is classified as a feeding burrow (Seilacher. 
1964); the animal is thought to have ingested sediment and ftlled its 
burrow with the undigestible remains. In the Tully clastic correlatives 
and associated rocks, Planolites ranges from the tidal to offshore 
facies. This concurs with its designation as a facies-crossing trace 
fossil (Seilacher, 1967). 

Skolithos: (Plate II, 2D). Vertical cylindrical burrows which may 
or may not be closely packed are included in the ichnogenus Skolithos. 
Two types of Skolithos occur in the Tully clastic correlatives: 1) a 
large type, greater 0.5 cm in diameter, which occurs in rocks of the 
alluvial to offshore facies, but is most common in sandstones of the 
nearshore facies (especially section 36) and 2) a smaller form, less 
than 5 mm in diameter which occurs in sandstones. and siltstones of all 
of the facies (Plate 11. 20) . The small type of Skolithos is the most 
common trace fossil in the Tully clastic correlatives. Skolithos is 
interpreted as the dwelling burrow of a suspension feeding animal 
(Alpert, 1975). It is common in sandstones deposited under high-energy 
tidal and nearshore conditions (Seilacher, 1967; Crimes, 1975). 

Spirophyton: (Plate 2A). Simpson (1970) defined Spirophyton as 
consisting of a central vertical tube around which a speite is spirally 
wound and only differing from Zoophycos in its smaller size. In the 
Tully equivalents Spirophyton occurs as circular areas (horizontal 
layers of the spreite) on bedding planes surrounding a central tube 
(Plate 2A). Seilacher (1964) designated the similar Zoophycos as indic. 
tive of middle depth deposition, but it has been found in shallower 
water deposits (Osgood and Szmuc, 1972; Kern and W&rme, 1974; Thayer, 
1974) . In the Tully equivalents, however, Spirophyton is restricted to 
siltstones of the tidal and alluvial facies; it is abundant in some 
horizons in the tidal facies. Stmpson (1970) interpreted Spirophyton 
and Zoophycos as resulting from the feeding activity of a bilaterally 
symmetrical animal. Other interpretations of the ichnogenera as plants 
(Loring and wang. 1971) or body fossils (Plicka, 1970) are not widely 
accepted. 

? Teichichnus: Generally horizontal burrows with vertically orient­
ed spre iten extending above or below the burrows are included in Teiehi~ 
hnus. Because specimens in the Tully equivalents and related rock are 
~ curved than most, they are only tentatively assigned to that iehno­
genus. Well preserved specimens of 1 Teichichnus were found in sand­
stones of the tidal facies; questionable specimens were found in sand­
stones of the offshore facies. Teichichnu8 is generally found in rocks 
deposited under more offshore conditions (Crimes, 1975) and is inter­
preted as the feeding burrow of a deposit feeding animal. 
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ZOODhvcos: (Plate IJ, 2C). Zoophycos is similar to Spirophyton 
but larger in diameter (Simpson. 1970). In the Tully equivalents, only 
the expressions of the spreiten on bedding planes have been recognized; 
these are lobate to nearly circular in outline (Plate 2C). On polished 
vertical surfaces chevron shaped lamellae within the spreiten are 
visible (Plate IJ). Zoophvcos is rarely found in place, a8 it is 
difficult to recognize on vertical weathered surfaces. Where it is 
found in place it may cover a bed a foot or more thick. Generally, how­
ever, Zoophycos is not as abundant in the Tully clastic correlatives as 
it is in the Schoharie Formation in the Hudson Valley or carlisle Center 
Formation, especially near Cherry Valley. Zoophycos occurs in silt­
stones, sandstones and limestones of the nearshore and offshore facies. 
This and other occurrences in New York State (Thayer, 1974; M8rintsch 
and Pinks, 1976; Rehmer, 1977) are additional evidence that the produc­
ers of Zoophycos were not restricted to bathyal depths. 

Arthropod produced trails and trackways; (Plate IK). A variety 
of arthropod produced lebensspurren occur - but are not abundant in ­
siltstones and sandstones of tidal to offshore facies of the Tully 
clastic correlatives and associated rocks. These are of diverse 
morphology and include resting tracks (Rusophycus), trilobite-crawling 
tracks (Cruziana), and smaller trackways (Isopodichnus) (Plate IK). 
All, however, are bilobed and show transverse markings interpre ted as 
scratch marks. Isopodichnus has been considered to be restricted to be 
restricted to nonmarine rocks (Trewin, 1976). The distinction between 
it and Cruziana is arbitrarily (Hantzschel, 1975) based on width of the 
trail. 

Large vertical burrows: (Plate 2G). Very large (greater than 
5 em in diameter) vertical burrows with or without burrow linings are 
found in the sandstones of the tidal and nearshore facies (Plate 2G). 
MOdern cerianthids (coelenterates) produce large deep vertical burrows, 
and actinians (anemones) capable of producing burrows of that size are 
infaunal inhabitants of modern nearshore sediments. These probably 
are, therefore, the dwelling burrows of suspension feeding animals. 

Large horizontal traces: Although not abundant, very large 
(greater than 2 em in diameter) horizontal burrows occur in fine sand­
stones of the nearshore and offshore facies (Plate 2E). Some of these 
may be molds of surficial trails, but several were probably produced 
intrastratally. Possible producers include burrowing trilobites or 
soft bodied deposit-feeding animals such as holothurians. 

Surface trails: (Plate lA, B). Some specimens are indistinguish­
able from Planolites on bedding surfaces are clearly molds of surficial 
trails, for on polished vertical sections laminations extend into the 
trace (Plate 18). These are common and widespread in the Tully clastic 
equivalents. occurring in siltstones and sandstones of the alluvial to 
offshore facies. 
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PLATE EXPLANATION * 

Plate 1 

A. Mold of surface trail on bedding plane. Section 1, offshore 
facies X 1. 

B. Polished vertical section of mold of surface trail shown in A. 
Note that laminations extend into trace, which appears as 
depression on underside of bed. X 1.3. 

C. Polished vertical section of Planolites (large type ) showing 
dark. fine grained burrow lining. Section 27, nearshore facies, 
xl. 

D. Planolites. Bedding plane view of specimen in C before sectioning. 
X 0.7. 

E. ? Phycodes appearing 8S small light colored burrows occurring in 
clusters. At left is section through a large specimen of Skolithos, 
showing layering of burrow lining. Section 9057, offshore facies, 
Xl. 

F. Small type of Planolites on underside of bed. Section 27, near­
shore facies, X 1. 

G. Bifungites on bedding plane. Enlarged areas at ends are cross­
sections of limbs of a U-shaped burrow connected by vertically 
oriented spreite, also shown in cross-section. Section 9094, 
offshore facies, X 1.5. 

H. Large type of Arenicolites in weathered face of sandstone of tidal 
facies; note similarity to specimen from offshore facies in 
Plate 2 B. Section 43 A, X 0.5. 

I. Small type of Skolithos in weathered vertical section. Disc is a 
quarter. Section 43, tidal facies. 

J. Vertical polished section through Zoophycos, showing dark chevrons 
(lamellae) within spreite. Gilbert Lake, offshore facies, X 1.3 . 

K. Isopodichnus on bedding plane. Section 9063. offshore facies, X 2. 

* Two-digit stratigraphic section designations are those of 
Johnson (1968). Four-digit designations are those of Thayer (197~. 
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PLATE EXPLANATION* 

Plate 2 

A. Specimens of Spirophyton on b.edding plane. Each specimen is one 
swirl of spreite around central tube, Lamellae within spreite 
swirl either to right or left. Section 47. tidal facies, X 0.5. 

B. Arenicolites (large form) in sandstone of offshore facies . 
Compare with specimen from tidal facies in Plate '1 H. 
Gilbert Lake, X 1. 

C. Zoophycos. Portion of sprelte on bedding plane. Vertical burrows 
cut lamellae. Gilbert Lake, offshore facies, X 1. 

D. Skolithos (small form) expressed &s depressions on bedding plane . 
Small horizontal burrows (Planolites) also present . Section 27, 
nearshore facies, X 1. 

E. Large horizontal traces on slab in stream bed at section 15. 
Lens cap in center for scale. Offshore facies. 

F. Arenicolites (small form) in sandstone layer at s,ection 43-A. 
Burrows are fine dark lines and are U-shaped J although bases 
of U's are difficult to see even at the outcrop. Pencil at 
upper right for scale. Tidal facies. 

G. Large vertical burrow in cross-section on bedding plane at 
section 43-A. Tidal facies. 

*Two-digit stratigraphic section designations are those of 
Johnson (1968) . Four-digit designations are tho~of Thayer (197~ 
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TRIP A-2 

Ichnofossils of the Tully Clastic 
Correlatives in Eastern New York State 

Miles 
Between 
Points 

o 

0.6 

0.3 

0.6 

1.0 

0.8 

0.1 

1.8 

1.4 

1.1 

4.2 

1.5 

6.3 

4.9 

0.2 

4.7 

Total 
Miles 

o 

0.6 

0.9 

1.5 

2.5 

3.3 

3.4 

5.2 

6.6 

8.7 

12.9 

14.4 

20.7 

25.6 

25.8 

30.5 

ROAD LOG 

Descriptions and Directions 

LEAVE SUeD Campus. Turn left on west Street. 
Proceed down hill. 

ON RIGHT - HARTWICK COLLEGE. 

Stop light . TURN LEFT onto Rts. 7 and 23 
(Chestnut Street). 

Stop light on Main Street. TURN RIGHT on 
Rts. 23 and 28. 

Cross SUSQUEHANNA RIVER. 

BEAR LEFt. Proceed east on Rt. 23. 

ON LEFT - Susquehanna River. 

ON RIGHT - Holiday Inn. 

ON LEFT - NOtice flat-topped crest of hills. 
Streams are eroding into horizontally 

bedded rocks of Catskill lithofacies. 

ON LEFT - VW dealer. 

On left - road t o WEST DAVENPORT. 

Enter DAVENPORT CENTER. 

Ente r DAVENPORT. 

BUTTS CORNERS. 

ON RIGHT - Kame and kettle topography. 

Enter VILLAGE OF STAMFORD 

Intersection Rts. 23 and 10. CONT INUE EAST 
ON RT. 23. 

Enter Delaware County. 
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Miles 
Between 
Points 

Total 
Miles DescriPtions and Directions 

2.8 33.3 Enter GRAND GORGE. 

0.5 33.8 I ntersection Rts. 
onto Rt. 30. 

23 and 30. TURN LEFT (North) 

1.0 34.8 Enter Schoharie County. 

0.5 35 .3 ON RIGHT - Top of Grand Gorge Section 43 of 
Johnson, 1968). EXposure cons i sts of alluvial 
channel sandstone resting on red overbank shale. 

PROCEED DOWN HILL 

0.4 35.7 Top of tidal channel facies. 

CONTINUE TO BOTTOM OF HILL 

0.2 35.9 PARK on right side of road. ~lk back to tidal 
channel outcrops . BE VERY CAREFUL . THIS IS A 
NARROW SPEEDWAY WITH POOR VISIBILITY . 

STOP 1 (Gilboa & Prattsville 7%' Quads.) Out­
crop is cross-bedded sandstone of tidal channel 
facies with lag-concentrates of shallow marine 
spiriferid brachiopods. 
Ichnofossils: 
2nd exposure above base (begins approximately 
50 feet above base of section): tntermediate­
sized (3-5 mm) specimens of Skolithos. large 
vertical cylindrical structures (rare, near top) 
molds of surface trails on undersides of beds, 

3rd exposure above base: same Skolithos; also 
nondescript bioturbation. but this difficult 
to determine because of poor definition of 
lamination", 

Upper section: abundant med ium and ~ll sized 
specimens Skolithos in siltstone float; Plano­
lites also common. Well preserved specimens of 
Spirophyton are rare. but incomplete specimens 
are fairly common. Much of rock is highly bio­
turbated, 
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Miles 
Between Total 
PoinU Miles Descriptions and Directions 

CONTINUE NORTH ON RT. 30 

0.1 36 . 0 ON RIGHT, in distance - Large quarry from Which 
much of stone for Gilboa Dam was taken. 
Completion of dam impounded waters of Schoharie 
Creek, forming Schoharie Reservoir; a part of 
New York City water supply system. 

0.6 36.6 TURN RIGHT on road to GILBOA. 

0.5 37.1 AHEAD - View north down Schoharie Valley. 

0.6 37.7 GILBOA. On right - display of seed-fern stumps 
taken from quarry just to southwest. Some 200 
specimens were found during the quarrying 
operation. These seed-ferns are thought to 
have grown to heights of some 60 feet in swamps 
along the seaward margin of the Catskill deltaic 
plain during late Medial Devonian time. They 
were buried during a minor oscillation of the 
marine shoreline in tidal channel or bar sand 
deposits. 
DO NOT CROSS BRIDGE. TURN LEFT (NORTH) ONTO 
STRYKER ROAD (County Rt. 13). 

PROCEED NORTH ALONG SCHOHARIE CREEK. 

1.3 39.0 PARK ON RIGHI 
STOP 2 (Gilboa 7~ Quad.)- ~edges on west bank of 
Schoharie Creek consisting of burrowed Hamilton 
Group sandstones. 
Ichnofossils: 
Lower part of section: Underneath re-entrant are 
specimens of Planolites, Isopodichnus; small 
paired burrows of Arenicolites can also be seen. 
Larger U-shaped burrows (Arenicolites) and 
Skolithos occur in overlying bed. Under a re­
entrant on the upstream side of the outcrop 1s 
? Teichlchnus; other specimens occur at about 
this layer. 

Upper bedding surfaces: 2 sizes Skolithos; 
sediment scoured from around larger burrows. 
Larger ve,r .tical burrows are corcmon; horizontal 
.burrows. (Planolites) less so. Specimens of 
Arenicolites and Isopodichnus are rare. 
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Miles 
Bet,.en 
Points 

1.3 

0.5 

0.3 

0.9 

0.1 

Total 
!ID!!. 

40.3 

40.8 

41.1 

42.0 

42.1 

DescriPtions and Directions 

TURN AROUND. RETURN TO Gn.BOA BRIDGE. 

GILBOA BRIDGE. TORN LEFT (EAST) AND CROSS 
BRIDGE. 

CLIMB HILL. STAY ON SURFACED ROAD. 

ON RIGHT - Gilboa Dam. 

ON LEFT - Gilboa Central School 

ROAD FORKS. TAKE RIGHT FORK TOWARDS 
PRATTSVn.LE. CROSS MANORKILL BRIDGE. 

PARK ON RIGHI (at Bouth end of bridge). walk 
down path to mouth of Manor Kill. 
STOP 3 (Gilboa 7%1 Quad., Section 46 of 
Johnson, 1968). 
The beds exposed in the Manor Kill Gorge are 
within the upper part of the Hamilton Group. 
Those in the lower part of the section, 
adjacent to the Schoharie Reservoir, are trough 
cross-bedded. burrowed, medium-grained sand­
stone of the Chemung lithofacies assigned to 
the tidal channel facie s . Some of these sand­
stones are rich in plant material and in a few 
places, during low water stages of the re8ervol~ 
f08sil seed-fern stumps. in growth position. 
may be seen. The remainder of the section up­
stream consists of interbedded red and green 
shales. dark gray shales and medium gray, 
shallowly cross-bedded, fine-grained sandstonej 
interpreted, respectively, as distal alluvial 
plain. tidal flat and tidal channel facies. 
Ichnofoss ils : 
Base (below s pring water level): Ripple marked 
bed covered with smal l specimens of Skolithos, 
abundant Planolites and Skolithos in float . 

(just above spring water level): Arenicolites, 
Skolithos, Planolites, Bifungites (rare) and 
Cruziana in blocks of f l oat at water level. 

TURN AROUND. RETURN TO GILBOA BRIDGE, THEN TO 
RT. 30. 



KUes 
Between Total 
Points Miles 

3.0 45.1 

0.5 45.6 

3.2 48.8 

1.0 49.8 
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Descriptions and Directions 

TURN LEFT (South) ONTO RT. 30. 

TURN LEFT ONTO IIROAD SEVENII (unsurfaced). 

Proceed south along west side of Schoharie 
Reservoir. 

ON LEFT ~ Road to Intake Building of Schoharie 
Reservoir. PARK ON RIGlIT . WALK DOWN ROAD to 
Intake Building 
STOP 4 (Gilboa 7%' Quad., Section 47 of 
Johnson, 1968). 
The lower 17' of section consists of dark gray 
siltstone and shale; above this is 114' of 
lighter gray, in part shallowly cross~bedded, 
fine-grained sandstone of tidal or very shallow 
sub-tidal origin. 
Ichnofossils : 
Base: Abundant spectmens of Spirophyton in 
ditch outcrop behind Intake Building; also 
some fine sandstone above this is highly bio­
turbated. 

About 50' above base (at level of birch post): 
Cruziana (1) on underside of sandstone bed. 

Middle: few layers with molds of surface trails 
exposed on undersides of beds up hill from toad. 

CONTINUE SOUTH ON "ROAD SEVENII . 

PARK ON LEFT BEFORE CROSSING BRIDGE. 
STOP 5 (Prattsville 7%' Quad., Section 48 of 
Johnson , 1968) - At this point Bear Kill drops 
over Hardenburg Falls and flows into Schoharie 
Reservoir. Beds here are assigned to the tidal 
channel and tidal flat facies. The tidal 
channel facies is represented by gray, cross­
bedded, fossiliferous sandstones and the tidal 
flat facies by very dark gray, very thin-bedded, 
in part conglomeratic. shales . Lag-concentrates 
in both facies are rich in shallow marine 
brachiopDd shells. 
Ichnofossils: 
Base: Rare Skolithos and Planolites; very rare 
large cylindrical burrows. 
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Miles 
Between 
Points 

0.3 

2.4 

0.5 

6.9 

1.0 

1.0 

1.9 

4.0 

Total 
HUes 

50.1 

52.5 

53.0 

59.9 

60.9 

61.9 

63.8 

67.8 

68.1 

Descriptions and Directions 

About 8' above base: Skolithos 

Above falls: thin bedded siltstone with rare 
Planolites. 

CROSS BRIDGE AND CONTINUE TO RT. 23 

TURN RIGHT (WEST) ONTO RT. 23. 

ENTER GRAND GORGE. 

JUNCTION RTS. 23 & 30. CONTINUE WEST ON RT . 23. 

ENrER VILIAGE OF STAMFORD. 

JUNCTION RTS. 23 & 10. TURN RIGKr (NORTH) 
O!ITO RT. 10. 

ON LEFT ~ Department of Environmental Conserva­
tion Regional Headquarters. 

ON LEFT - Outcrop of Catskill lithofacies, 

ENTER JEFFERSON 

STOP SIGN. TURN RIGKr AND CONTINUE NORTH ON 
RT. 10. 

TURN RIGKr ON UNSURFACED ROAD. 

ON LEFT - Small house on left just below 
prominent sandstone ledge. 
STOP 6 (Summit 7\' Quad. , Section 36 of 
Johnson, 1968) - In roadside quarry. about 
0.2 mile east of house, shales of offshore 
facies. Behind house are sandstones of 
probable bar origin. 

Ichnofossils: 
Lower quarry: Several layers with interference 
ripple marks cut by Skolithos and Planolites 
with coarser burrow fill. 



MUes 
Between 
Points 

4.3 

1.0 

0.6 

3.4 

4.5 

4.2 

4.3 

2.8 

0.5 

2.4 

0.3 

0.2 

2.1 

0.3 

0 . 9 

Total 

~ 

72.4 

73.4 

74.0 

77.4 

81.9 

86.1 

90.4 

93.2 

93.7 

96.1 

96.4 

96.6 

98.7 

99.0 

99.9 

A-2 
page 25 

DescriPtions and Directions 

Section behind house: Abundant large 
Skolithos. Note that a few burrows intersect. 
Some of the burrow walls are clearly defined, 
others not. A £ew layers contain small sinuous 
specimens of Planolites as well . A poorly 
preserved specimen of Cruziana has also been 
found here. Burrows formed in the relatively 
coarse sand would have been more likely to 
collapse than those formed in more fine grained 
sediments. 

TURN AROUND . RETURN TO RT. 10. 

TURN LEFT (SOUTH) ON RT. 10. 

IN JEFFERSON) TURN RIGHT (WEST) ONTO "MAIN 
STREET". 

Leave JEFFERSON. 

Enter NORTH HARPERSFIELD. 

TURN RIGHT (WEST) ONTO RT. 23. 

Enter DAVENPORT 

Enter DAVENPORT CENTER. 

TURN RIGHT 
D.\VENPORT. 

ONTO DELAWARE COUNTY RT. 11 TO WEST 

Stop Sign. TURN LEFT. 

Cross SUSQUEHANNA RIVER. 

Cross over Rt. 1-88. 

JUNCTION WITH RT. 7 & 28. 
EAST) ONTO RT. 7 & 28. 

TURN RIGHT (NORTH­

Enter COLLIERSVILLE. 

Rts .. 7 & 28 Separate - TURN LEFT (t«:IRTH) ON 
RT. 28 TO~S COOPERSTOWN. 

PARK. ON RIGHT SHOULDER AT Goodyear Lake Dam. 
ON LEFT EXTENSIVE OUTCROP. 
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HUee 
Between 
Points 

0.8 

2.1 

0.3 

2.0 

2.8 

1.6 

0.6 

Total 
Hiles 

100.7 

102.8 

103.1 

105.1 

107.9 

109 . 5 

110.1 

DescriPtions and Directions 

STOP 7 (Milford 7\ ' Quad., Section 22 of 
Jobnson. 1968) ­
This outcrop contains an example of the flow­
rolls which are locally common in the Chemung 
lithofacies. These occur as beds of intern­
ally disturbed structure underlain and overlain 
by horizontal) well-bedded strata. Within the 
flow-roll beds are nodule-shaped. concentric­
ally laminated masses of medium gray, very 
fine-grained sandstone e nclosed in slightly 
darker colored siltstone. The laminar struct­
ure 18 due to concentric. extremely thin, dark 
laminae composed largely of very fine plant 
fragments. The enclosing siltstone commonly 
has a diapiric relationship to adjacent pillows. 
This outcrop is at the distal edge of the near· 
shore facies. 
Ichnofossils: 
Base: Specimens of Skolithos and Planolites 
are present, but not common. They are most 
eaaily seen on shale partings. Note the 
absence of trace fossil s near the flow struct~ 
urea. 

About 10 feet above flow structures: SpectmeQs 
of Skolithos and Planolites and molds of sur· 
face trails rare to common on shale partings. 

TURN AROUND AND RETURN TO 1-88 VIA RT . 7 & 28 . 

RT. 7 & 28. TURN RIGHT (SOUTHWEST) . 

Enter EMMONS . 

Stop light near drive-in movie. TURN LEFT AND 
ALMOST IHHEOIATELY TURN RIGHT (WEST) ONTO 
RT. 1-88. 

Exit for Oneonta Colleges and State Police. 
CONTINUE WEST ON 1-88. 

Exit for Rt. 205 and MORRIS. TURN NORTH ONTO 
RT. 205 . 

JUNcrION RTS. 205 and 23 . CONTINUE ON RT. 205 
& 23. 

Caution light. Rt. 23 swings left (west). 
OONrINUE STRAIGHT AHEAD ON RT. 205 . 



Miles 
Between Total 
Poinu Miles 

4.0 114.1 

0.6 114.7 

0.2 114.9 

0.2 115.0 

0.4 115.4 

1.1 116.5 

2.4 118.9 

0.5 119.4 

2.9 122.3 
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Descriptions and Directions 

ON RIGHT - Road to Oneonta Airport. 

TURN LEIT onto road to LAURENS. 

Enter LAURENS. 

Stop Sign - TURN LEFT. 

CONrINUE THROUGH LAURENS. 

TURN RIGHI onto Gilbert Lake Road. 

• 
Pork in road. TAKE RIGHT FORK. 

ON RIGHT - Entrance to Gilbert Lake State Park. 

PARK ON RIGHT. WALK UP SERVICE ROAD TO 
ROCK QUARRY. 
STOP 8 (Morris 7\' Quad., Section 9094 of 
Thayer, 1972) - Although well above the 
Tully clastic correlatives, these f08Sili­
ferous, interbedded gray sandstones and shales 
exhibit typical characteristics of the eastern 
New York Chemung lithofacies. 
Ichnofossils: 
Near base: Abundant spectmens Zoophycos with 
diverse forms. It 1s recognizable in vertical 
section 8S a series of horizontally oriented 
chevrons. Specimens of Planolites and 
Skolithos are abundant; Cruziana, Bifungites, 
large horizontal burrows and Arenicolites are 
rare. but present. Note specimen of Arenlco­
lites on vertical surface of pfece of float 
about seven feet above quarry base. 

Upper portion of quarry: Abundant specimens of 
Planolites, Skolithos and some of Zoophycos. 
Highly bioturbated sandstone is interbedded 
with laminated sandstone, implying influxes 
of sediment. 

CONTINUE TOWARDS NEW LISBON. 

Four corners (NEW LISBON). TURN RIGtfl' (NORTH) 
ONTO OTSEGO COUNTY RT. 14. 



A-2 
page 28 

Miles 
Between 
Points 

0.9 

• 

1.0 

0.6 

3.8 

2.4 

3.7 

Total 
MUes 

123.2 

124.2 

124 . 8 

128.6 

131.0 

134.7 

Descriptions and Directions 

ON RrGlll .. URsurfaced r oad. ON LEFT .. house 
and barn. PARK ON SHOULDER AND WALK UP un.. 
surfaced road to roadside quarry. 
STOP 9 OMorris 7\' Quad., Section 15 of 
Johnson, 1968) .. Beds exposed in this un­
named tributary of Stony Creek and adjacent 
abandoned quarry are assigned to the off­
shore facies of the Tully clastic correlatives . 
Ichnofossils: 
Base: Planolites .. rare to cammon; Skolithos 
caa.on to abundant in siltstone; Bifungites 
rare . Zoophycos absent . 

In stream bed: Abundant float (fine to very 
fine sandstone) with abundant Zoophycos. Note 
divereity of shapes .. from nearly elliptical 
to strongly lobate. Specimens Planolites and 
Skolithos are also common, 8S large horizont­
al burrows. Zoophycos rarely occurs on same 
slab with other trace fossils. 

TURN AROUND. RET\lRN TO FOUR CORNERS. 

Four corners . TURN RIGHI' (WEST) ONTO OTSEGO 
COUNTY RT. 12. 

RT. 51. TURN LEFT (SOUTH) TOWARDS I«lRRIS. 

Stop light in center of t own . Bank on left 
aDd Morris Inn on right constructed of 
Chemung lithofacies flagstone. TURN RIGHl' 
ON N. BROAD ST . 

ON LEFT - quarry in Chemung lithofacies. 

ON LEFT - Small quarry directly adjacent to 
highway. PARK. ON RIGHT . 
STOP 10 (New Berlin South 7%' Quad • • Section 
9063 of Thayer, 1972). 
The ehale. beds in this quarry and in one 
directly above it are representative of the 
Dffshore facies . 
Ichnofo8sils: 
Baae: In lower quarry thinly bedded siltstone 
has abundant specimens of Skolithos and Plano­
lites, Isopodichnus is present, but rare. 
Sandstone in float is packed with specimens of 
Zoophycos. Note that central tube extends 



Mile. 
Between Total 
Poinu Milea 

5.8 140. 5 

9.1 149.6 

0.3 150.9 

0.7 151.6 

0.3 151.9 

0.4 152.3 

1.2 153.5 

0.6 154.1 
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Descriptions and Directions 

upward (or downward) from bedding plane and 
that sprelten extend laterally from this tube. 
This layer Is exposed at the intersection of 
the quarry road and main road. 

Upper quarry: Abundant Skolithos, Planolites; 
rare Bifungites, Arenicolites and possibly 
1 Teichichnus. Zoophycos common on some 
surfaces. Note abundant ripple marks. 

TURN AROUND AND RETURN TO CENTER OF MORRIS. 

Stoplight at Center of MORRIS. GO STRAIGHT 
AHEAD ON RT. 23 . 

Enter WEST ONEONTA 

Junction Rts. 23 and 205 . 

Stop light. TURN LEFT . CONTINUE ON RT. 23 . 

Junction Rts. 23 & 7. CONTINUE STRAIGHT AHEAD. 

Enter ONEONTA. 

Stoplight. TURN LEFr ONIO WEST STREET . 

CLIMB HILL. 

TURN RIGHT ONTO suca CAMPUS (Ravine Parkway), 

END ROAD LOC 
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PALEOENVIRONMENTS OF THE MARCELLUS AND LOWER SKANEATELES 
FORMATIONS OF THE OTSEGO COmITY REGION (MIDDLE DEVONIAN) 

Thomas X. Grasso, Prof. Geoscience Dept., Monroe Community 
Col l ege , Rocheste r, New York 14623 

Manfred P. Wolff. Prof . Geology Dept., Hofstra University , 
Hempstead , Long Island, New York 11550 

INTRODUCTION 

The Devonian System in New York State varies from carbonates below 
(Hel derbergian , Ulsterian and lowest Erian Series) to coarse continental 
clastics at the top (Chautauquan Seri~s) . !:!.nd represents a westward 
migr ating deltaic complex built during Middle and Late Devonian time . 

Thi s deltaic complex, the Catskill Delta, is today represented 
by a wedge of sedimentary rock that thickens and coarsens eastward . 
The cl astic wedge is pierced at several horizons by relatively thin , 
but geogr aph i cally widespread, lithologically distinct units that do 
not change fac i es as rapi dly as the rocks above or below. Serving 
as t i me planes . these key beds subdivide the clastic wedge into -a 
number of major time- stratigraphic un! ts. ',. 

Thr ee carbonate keybeds in the lover portion of the wedge 
serve to subdivide the lowest time s tratigraphic unit, the Hamil"~on 
Gr oup (Mi ddl e Devonian), into four formations. which are from oldest 
to youngest. the Marce l l us . Skaneatelus, Ludlowville and Moscow 
Formations. ;.

•,
The Middl.e Devonian Hamilton Group of New York State is str ll:9turall y 

simple and hi ghly fossili f erous, thereby l ending itself to detailed 
s tratigraphic , paleontologic, and paleoecologic s~udies . In eastern 
New Yor k it consists of approximately 1 .650 feet of shale , siltstones, 
and sandstones in the Unadill a Valley. 1950 feet in the Suaquehanoa 
Valley and 2 ,285 feet near Richmondville (Cooper 1933) . 

The Marcellus Formation i n thE" Otsego Count.y region thickens 
ca:: t.ward ["'01h ahout (ioo 1"1'('1. ill t. lll' IInarJi II~"I. VaLIl'.v. 1..0 1l"'UI'.ly 820, 
reet in the Rjclunonuville area 1n W'e:;tern ~khohari~ County. 'fhe bS;se 
of t he f«)ttvil l e Member is generally taken to b~ the top of the 
Marcel lus Formation east of the Cayuga Lake meridian. However. eas t 
of the Unadi l la Valley, the Mottville loses its identity, thereby 
making the boundary between the Upper Marcellus and Lower Skaneatel es 
almost impossible to delineate W'i t.h prccl.s Ion. Thcre forc . criteria· 
to determine the exact thickness of the Marcellus }o'ormation across 
roost of Otsego County is lacking . 

The senior author, using the Mottville Member as a datum, 
obtained a dip of approximatel y 85 f eet per mile to t he sout hwest 
tor the Lower Hamilton i n t he Unadi l la Val ley. Cooper (1933) in­
dicates steeper dips of 90-100 feet to the southwest in the Susque­
hanna Vall ey and 100-137 feet per mile to the southwest in the Schoharie 
Valley. 



A-3 
page 2 

PREVIOUS WORK 

Lardner Vanusem (1842) in his report on the third geological 
district of Nev York laid the foundation for all later work in central 
and eastern Nev York west of the Catskills. Prosser (1895. 1899) 
furthered our knowledge of Middle and Upper Devonian rocks in central 
and eastern Nev York (Chenango Ca. to' Albany Ca.). Grabau (1906) 
included some remarks on Hamilton strata in the Schoharie Valley to' 
the east of the present region of study. The stratigraphic relations 
of the Hamilton Group as now understood were first clarified by 
Cooper's classic papers (1930, "1933). Rickard and Zenger (1964) 
provided the first detailed geologic maps of the Richfield Springs and 
Cooperstown Quadrangles and Rickard (1975) sUmmarizes recent corre­
lations for the New York Devonian . 

During earlier investigations dealing with the facies and faunal 
control of the different sediment phases of the classic 11 Catskill 
Delta" , the cyclic repetition of these phases was also recognized 
(Chadwick, 1933. Rich. 1951; Rickard , 1964; Wolff. 1965). 

Through the use of faunal associations (Cooper, 1930. 1933) and 
thickening rates as well as the earlier descriptions of faunal and 
sediment features. various correlation and environmental subdivisions 
were extended. This has been particularly so for the transgressive 
units (McCave, 1968; Wolff. 1969; Johnson ~ Friedman. 1969), and for 
the growing evidence for the tectonic cdntro~ Of many deposit1onal 
phases through contemporaneous uplift or sub'sidence for various pa.rts 
of the Devonian basin in New York and Pennsylvania (Fletcher, 1963; 
Wolff, 1965, 1969 ; Sutton. et al., 1970; Walker. 1971; McCabe, 1973) 
and the recognition of the "Catskill Tleltau as a tectonic deltaic 
complex (Friedman and Johnson, 1969). 

With some modification, these phases and their inferred 
depositional environments within the Marcellus Formation in this 
area are indicated in Figure 1. 

STRATIGRAPHY 

General 

The regional and local tectonic control of the depositional 
phases was outlined by Wolff (1969) and McCave (1913) . Of signifi­
cance is the Adirondack axis. which continues t o act as a submarine 
barrier (arch) in this region during most of the period associated 
with the deposition of the Hamilton Group. The area between Rich­
mondville and Schoharie Valley separates two marine basins and acts 
as a local shoal which enables the winnowing of marine sands during 
the short transgressive intervals; McCave (1973) reports four other 
sediment highs west of this region . These shoals permit the develop­
ment of li near. en-echelon lenses of sand as "offshore bars" and 
separate the open marine platform and slope environments west of this 
area (t he stops of this field trip) with the more restricted marine . 
lagoonal . and marginal channel and sand flat environments east of 
here (Wolff , 1969) . 



DELTAIC 
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The features associated with the sediment facies of Rickard (1975) 
are described below. The modification for the Marcellus Formation is 
to divide these phases into the categories originally described by 
Rickard (1964), making the following associations: Marcellus=Clevel and. 
Portage=Chagrin . Hamilton=Big Bend, Chemung=Smetbport, The alluvial 
associations (Catskill) will not be seen on this trip and are not 
included. 

A. Marcellus Facies (Union Springs-Chittenango Members) . The 
principle feature is the thin-bedded black , fissile, calcareous shales 
with t hin bedded black micrite or micrite concretions. The sediments 
were deposited or precipitated in an anaerobic environment below wave 
base. The strata are sparsely fossiliferous, consisting of lov divers i ty 
pelagic and epipelagic types. 

B. Portage Facies (Lover Pecksport. Lover Solsville. Upper 
Bridgewater) . Here the fissile laminated shales grade into massive 
laminated mudstones and thin-bedded homogeneous siltstones (distal 
turbidites). The proportion of mdcrite decreases rapidly vertically 
through the section. The deposits are not as deep since the sparse 
fauna nov includes benthic as veIl as epipelagic and pelagic types. 

C. Hamilton Facies, Otsego . The major lithology is knobby, 
i rregular- bedded dark gray mudstone (from burrowing) with some silt­
stones or fine- grained gray sandstones (proximal turbidites). The 
sandstones become planar crossbedded and laminated higher in the 
section, and ball and pillow structures become more common . The 
sandstones exhibit scour and fill contacts and some ripples within 
the associated gray shales. This environment is now below and within 
the zone of wave base and includes a moderately diverse fauna of 
benthic and epipelagic types. 

D. Chemung Facies Upper Solsville, Upper Pecksport. MOttville, 
Delphi Station , Panther Mt. Now the lithology and contacts become more 
variable and discontinuous. Thick ~ets of gray-light gray, mediumr 
grained cro~:;beddc:d ~a.rttl~: tone:; 1\f'L' ill tcrLcdded .., i t.h hot· i 'I.ontal bedded 
siltstones and dark gray shales . 'l'hc important structures include 
low angle planar crossbedding, oscillation and current ripples and 
megaripples, scour and fill structures, burrow mottles, current 
lineation, and horizontal laminations. Coquinites are common in this 
area , but are uncommon south of Albany where pebble beds are more 
characteristic. This is a shallow marine environment near or within 
the zone of breaking waves (onshore-offshore transport) . It contains 
a hi ghly diverse fauna of brachiopods, pelecypods, worms, and plant 
f r agments . 

The sediment structure associated with the Mottville horizon 
(emphas i zed in the road log) indicate the presence of a 8andy. wel l 
agitated marine platform with low angle crossbedding and low amplitude 
ripples . The crests of the current structures trend northwest and 
southwest while current lineation and crossbedding trend west and 
northeast. This suggests a west-northwest current system with a north­
east- southwest onshore- offshore component. 
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Marcellus Formation 

Although considerably revised s ince Hall (1839) first named the 
Marcellus, this formation has long been recognized as basal Hamilton . 
Cooper (1930) was able to subdivide it into a number of members based 
on stratigraphic position and lithology . 

Due to facies changes within the Marcellus and overlying 
Skaneateles Formations it seems best to subdivide these formations 
differently between western and eastern Otsego County. The str ati ­
graphic sections in Figure 2 reveal this var i ance i n subdivision 
along with the position and thickness of exposed units for each of 
the field trip stops. 

Union Springs Member. The Union Springs Member (Cooper 1930) 
consists of 25 to 35 feet of black fissile shales and thin black 
limestones lying between the Cherry Valley Member above and the 
Onondaga Limestone below. The dominant fauna of the Union Springs 
(Plate 1) is not a diverse one , consisting primarily of planktonic or 
epiplanktonic forms of cephalopods (Tornoceras sp., Agpniatites nodiferus ), 
the pteropod Styliolina fissurella, the possibly epiplanktonic , I1Leio_ 
rhynchus l1 limitaris and the hitchhiking bivalve Lunulicardium (Nye, 
et al. 1975). The Union Springs is best exposed at Cox's Ravine 
just Northwest of Cherry Valley - Stop 8. 

Cherry Valley Member. The Cherry Valley Limestone has long been 
famous for its contained cephalopods. Originally known as the Agoniate 
Limestone (Vanuxem 1842). Clarke (1903) first applied the ~ographic 
name by which it is presently known. Sandwiched between the weak 
Chittenango Shale above and Union Springs Shale below this 5 feet of 
hard resistant limestone forms waterfalls and terraces. The type 
section is at Cox's Ravine, . 7 miles northwest of Cherry Valley 
(Stop 8). An orange-red iron stain is characteristic of the Cherry 
Valley in outcrop. 

The high diversity of cepbalopods, nearly 30 species across the 
state, has been documented f or many years (Clarke,1901 ; Flower, 1936 ; 
Rickard, 1952 l . 'fhe precise age of the Cherry Valley Limestor.e i s in 
dispute as correlations wi t h the European Eifelian-Givetian boundary 
have not been resolved (Rickard, 1975l. Agoniatites vanuxemi and 
Striacoceras typum are common cephalopods. Other forms found include 
the tabulate coral Aulopora and the trilobite ProetuB haldemani . 
(Plate 2-3) 

Chittenango Member. The Chittenango Shale (Cooper. 1930) is a 
black, fissile , nearly barren shale totaling approximately 150 feet. 
Concretions , many septarian, occur throughout the unit. Styliollna 
fissurella and small tentaculitids are the only conspicuous fossils . 
The Chittenango will not be examined on the trip . 

Bridgewater Member . This name was applied by Cooper (1930) to 
the shales between the Chittenango Member and Solsville Member . It was 
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Large bivalve mollusks and mostly pedunculate brachiopods dominate 
the assemblage. Minor constituent taxa include mobile epifaunal 
gastropods and trilobites. The problematical ichnotosail Taonurus is 
also very abundant. 

The fauna is dominated by filter feeders (73%)~ while deposit 
feeders account for 15% of the assemblage and mobile carnivores, 
scavengers, and grazers (mostly gastropods and trilobites) account for 
roughly 12%. 

The bivalves include the epibyssate Limoptera, MYtilarca, 
Cornellites. and Pseudaviculompecten, the endobyssste MOdiomorphs, 
Actinodesma (GlyPtodesma). Goniophoia, and Cimdtaria and the mobile 
infaunal suspension feeding Grammysia and Cypricardel1a. 

Camarotoechia, Mucrospirifer, Paraspirifer, Mediospirifer. and 
Tropidoleptus are the domdnant brachiopods. 

Vagrant benthonic forms include gastropods Bembexia and Paleo­
zygopleura (Loxonema), and the trilobites Greenops and Dipleura. The 
relatively high frequency of gastropods may be indirect evidence of 
abundant plant growth. 

In sUIDJll8.tion, the community is characterized by fixed and free, 
epifaunal filter feeders, and mobile and fixed, infaunal filter feeding 
bivalves. Vagrant benthonics are strikingly conspicuous . 

Lithologically the lower Delphi Station is a calcareous arenaceous 
shale and siltstone or subgraywacke. Some areas contain megaripples 
with low angle planar crossbedding 6- 8 feet long and 1-6 inches thick. 

The inferred environment of the Limoptera Community was closer to 
shore than the previously described types, probably inhabiting the 
middle delta platform. Current activity was moderate to high, normal 
marine conditions prevailed, and the substrate was probably stable and 
firm. Sufficient organic detritus was in suspension and in the sub­
strate to support the varied adaptive types described above. 

Analogs are probably represented by a blend of McGhee's (1976) 
Leptodesma-Tylothyris and Atrypa-Cypricardella Communities and the 
Bellerophon Community of Bowen, et al. (op. cit. ) 

Portions or all of the Panther Mountain and Solsville Members are 
also representative of the middle delta platform in this area. The 
weakly developed Limoptera Community in these units, if present at 
all, may be due to greater rates of sedimentation from time to time on 
the middle delta platform. Portions of these \mite, especially the 
Solsville, may represent the unstable. shifting, substrates of the 
near shore delta platform. 

-
-
-
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PLATE 1 

2a 2b 

,,
'. 

3_ 3b 

1. 

1b 

10 

UNION SPRINGS 

Fig . la-Ie "Leiorhynchus!! limitare Fig. 3a-3b Styl101ina fissurell. 
Fig. 2a-2b Lunul1cardium marcellense Fig. 4 Agoniatltes nodiferia 
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PLATE 2 

, ,, 

1 

2. 

3 2b 

CHERRY VALLEY 

Fig. 
Fig. 
Fig. 

1 
2a-2b 
3 

Aulopora sp. 
Striacocera. typum 
Proetul haldeman1 
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pLATE 4 

2. 2b 

10 Ib 

3. 4. 

3b 4b 

5b 
5. 

OTSEGO 

Figa la-lb Rhipidomel1a vanuxemi F1g. 4a-4b MUcrospirirer mucronatu8 
Fig. 2a-2b Chonetes corona tUB Fig. 5a-5b "Le iorhynchus" muitteD.tum 
Fig. 3a-3b Athyris cora 
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Pig. la-lb 
Pig. 2 
Pig. la-3b 
Pig. 4 
Fig. 5a- 5b 

Pig. la·lb 
Pig. 2 
Fig. 3a-3b 

PlATE S 

SOLSVILLE 

Protoleptoatrophia perplana 
Goalophora h ..lltonenai. 
HDdia.orpha 8ub_lta 
Actinopterla bodyl 
Cornallite. fl.bellu~ 

PlATE 6 

Solsville 

Goa.elettl. trlqueter 
G. ovlfonah 
Nephrlticer•••p. 
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PIATE 5 

3.10 Ib 

3b 

2 

5. 5b 
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pun: 6 

1. 2 

Ib 
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PLATE 7 

1. 1b 2 

3b 
3. 30 

4. 4b 40 

PECKSPORT 

Fig. la-lb Ambocoelia praeumbona Fig . 3a- 3c Chonetes Bei tula 
Fig.. 2 A. umbonata Fig. 4a- 4c "Leiorhynchus" laura 
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PlATE 8 

./
• 

l 
.I 

I 
\ 
i " ,I ' ,~' . 

f I ~ '~\ 
~, , 

'. 

, 
Ib 

1. 

2. 

Ie 2b 

PECKSPORT 

Fig . la- Ie Grammysia alveata 
Fig . 2a- 2b Cypricardel1a bellistrlata 
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PLATE 9 

2. 

10 

2b 

2e1b 

%j~ ,/f//"~ 
3.3. 

1e 

4b40 

7. 7b
5. 5b 6 

JoDTTVILLE 

Fig. la-Ie Paraspirifer acumin.tuB Fig. Sa-5b "CamarotechiaU congregata
Fig. 2a-2c MUcrospirifer mucronatu8 Fig. 6 "C. I! honford! 
Fig. 3a- 3b Alhnella (Spirifer) tul1iu8 Fig . 70-7b "C . " sappho 
Fig. 4a-4b Tropidoleptus carinatus 
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Pig. I.-Ib 
Pig. 2.-2b 
Pig. 3.-3b 
Pig. 4o-4b 

Fig. la-lb 

Pig. la- Ib 
Pig. 2 
Pig . 3 

Pig . I 
Fig. 2a-2b 

Fig . la-ld 
Fig . 2a-2b 
Fig . 3.-3b 

PLATE 10 

DELPHI STATION 

Conul.ria undulat. 
Parecycl•• lirata 
P. elliptic. 
Mediospirifer aud.culus 

PLATE II 

Actinode... (Glyptode...) erectum 

PLATE 12 

DELPHI STATION 

Llaopteria ..cropteria 
Leiopterta dekayi 
Lyriopecten orbiculatua 

PLATE 13 

DELPHI STATION 

Actinopteria decu••ata 
'aeudaviculopecten princeps 

PLATE 14 

DELPHI STATION 

Gonlophora hamiltonensia 
Mytilarca oviform!. 
Cypricardel1a belliatrlata 
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PlATE 10 

2. 2b 

3. 3b 

1. 

4. 

Ib (6X) 



A- 3 
page 28 

...... 



A- 3 
page 29 

PlATE 12 

I 

1. 
1b 

,/ 
r~ 

,. 

l 
2 



A- 3 
page 30 
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PlATE 14 

1. 

1b 

1d 
10 

3. 

2. 2b 3b 
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PLAT!! 15 

Ib ...._......
I'i"" ~ 

!
/ 

2b 

2. 
20 

DELPHI STATION 

Pig. la-lb 
Fig. 2a-2e 

Clmitarla reeurva 
Cypricardel1a tenuistriata 
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PLATE 16 

1b 

3. 

2. 

3b 

2b 
DELPHI STATION 

Fig. 1a- l b Modiomorpha sp. 
·Fig . 2a-2b Grammysia bisulcata 
Fig . 3a-3b MOdiomorpha concentric. 
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PlATE 17 

2. 

10 

2b 

, I, 
1b 

20 
DELPHI STATION 

Fig. la-lb MOdloaorpha .ytl1oidea 
Fig . 2a-2e Bembexta 8ulco.arginata 
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PlATE 18 

Ib 

DELPIIl STATION 

Dipleura debyi. 
Greeno,_ boothl 

2 
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ROAD LOG 

NOTE: Quadrangles referred to are 7 1/2 minute. Mileage from 
Oneonta to Stop 1 and that from Stop 10 back to Oneonta are approximate. 

Miles from Cumulative 
last point Miles 

0 . 0 0 .0 Oneonta-proceed West on NY 7 

2.0 2.0 Enter West End 

0.5 2.5 Jet. NY 23-proceed West on NY 23 

2.0 4.5 Jet. NY 205-proceed West on NY 23 

2.0 6.5 West Oneonta- proceed West on NY 23 

14.0 20 .5 Enter Morris 

0 . 5 21.0 .Jet. NY 51-proceed West on NY 23 

8.0 29.0 Enter Sout.h NeW' Berlin 

0. 3 29.3 Jet. NY 1-turn right (North) 

8.0 37.3 Enter Ne"" He rlin-proceed North on NY 8 

12.0 49 . 3 Jet. South Beaver Creek Road- turn left (West) 

6.0 55 . 3 Enter Village of Brookfield 

0 . 2 55 . 5 Jet. Main Street (Skaneateles Tpk . )-turn 
right (East) 

0.1 55 .6 Jet. North Beaver Creek Road-turn left (North) 

1.8 57./i STOP 1 - Road "lit on 101":11. :--: icl(' Il,,' :lVl'!' rrt~,"'k 

Road H.bout. ;> mj. N(ll'l.lI \..)1' Vi.l.la.{,,;P. 01' Urook­
field. (Brookt'ic'ld QUhJ.) 

Units Exposed : Mottville (11 - Elev. top 1500 1 ), Delphi Station 
Mbr. (45 ' l. 

Here the Mottville represents the Camarotoechia-Mucrospirifer 
Community and delta front sand environment . 

The overlying Delphi Station indicates a median delta platform 
environment. The Limoptera Community is veIl represented here . 
Fossils are extremely abundant. 
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Return South on Beaver Creek Road 

1.8 59.2 Enter Brookfield 

0.2 59.4 Jet. Main St. (Skaneateles Tpk.) turn left 
(East) 

0.5 59.9 Jet. Dugway Road turn right (South) 

1.6 61.5 Jet. Button Falls Road at Five Corners 
turn left (East) 

1.5 63.0 STOP 2 - Button Falls - Falls on Button Creek 
down from Button Falls Road on the West side 
of the Unadilla Valley about 1 1/2 mi. SW of 
Leonardsville (Brookfield Quad. ) 

Units Exposed: Solsville (8' - Elev. top 1200')~ Pecksport (90'), 
Mottville (lOt - Elev. top - 1300'), Delphi Station (1'). 

The lithology, sedimentary structures and fauna of the Upper 
Pecksport assign it to the distal (outer) platform. The slightly 
sorted sands, sinuous and linguoid ripples , and lag concentrate 
conquinites of the Mottville probably represent a period of re­
working or transgression rorming the delta front sands. Camarotoechia 
and Mucrospirifer also occur in the upper Pecksport and probably 
represents the same community as the Mottville. 

Proceed E on Button Falls Road 

0.5 Jct. NY 8 turn left (North)63 · 5 

0.2 Solsville Ss. on left and in abandoned quarry63.7 

1. 0 Enter Leonardsville64.7 

0.2 Jct. Huey Road - turn right (East)64.9 

0.2 Cross Unadilla River65.1 

0.7 Jct. otsego Co . Road 18 - turn left (North)65.8 

1. 2 Jct . Otsego Co. Rd. 21 (Skaneateles Tpk.) at67.0 
Lloydsville-turn right (East) 

Plainfield Center70.4 

0.2 Sharp curve to left (North)70.6 

0.4 STOP 3 - Plainfield Center Quarry just West71.0 
of Otsego Co. Rd. 21; .3 mi. N of Plainfield 
Center (Unadilla Forks Quad . ) 

3.4 
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Units Exposed: Solsville (la ' - Elev. top 1620'), Pecksport (80 ' ). 
Mottville (5 ' - Elev. top 1700') . 

The Pecksport is here a horizontal to irregular bedded siltstone 
exhibiting some ripples. burrowing. and croSs laminations ot the distal 
(outer) delta platform or in part delta front sands. The Mottville 
caps the quarry and contains a 5 inch basal conquinite horizon. Large 
scale, low angle. crossbeds and ripples 1-2 inches thick and trending 
N 400E as well &s SW are present . Dipolar crossbeds suggest a series 
of migrating ripples deposited during a period of winnowing and re­
working of the delta front sands on the distal (outer) delta platform. 

Proceed N on Co. Rd. 21 

0.05 71.05 Pecksport in abandoned quarry 

0.05 71.1 Solsville top on left 

0. 9 72.0 Jet. NY 51 turn left (North) 

1.6 73 .6 Enter West Winfield 

0.5 74 .1 Jct . US 20 turn right (East) 

10.3 84 .4 Enter Richfield Springs 

0.7 85 .1 Jct. NY 167 Proceed East on US 20 

0.8 85 .9 Village water ~upply reservoirs on right 

0.2 86 .1 Jct. AlIens Lake Road (Otsego Co . Rd. 26) 
turn right (South) - first right after 
Fountain View Motel. 

1.7 87.8 Allen Lake on right 

0. 5 88 . 3 .rct. . Otser.:o r.n _ Hel. :"'(, - t.nnl t- ,ight (Wt~5t_ ) 
toward Fly Crer-k 

0.3 88.6 Curve to left (South) at "Walnut Grove" sign 

2.1 90.7 Jct_ Twelve Thousand Road - turn right (West) 
(sign to "Fieldstone Farm") 

0.5 91.2 Solsville Member on right in pasture 

91.4 STOP 4 - Twelve Thousand Rd. Quarry 1.5 mi. 
NE of Twelve Thousand - (Richfiel d Springs 
Quad. ) 

Units Exposed: iJanther f.t>untain (22 1 
) or Delphi Station -

Mottville interval. 

0.2 
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About 22 ' o f dark gray shales and siltstones are exposed here. 
The lithology and fauna are very s imilar to the Delphi Station at 
STOP 1 . Tbe assemblage i s interpreted as being representative of the 
Limoptera Community with abundant sessile epifaunal and infaunal filter 
feeders~ mobile infaunal types, non- sessile epifaunal filter feeders 
and vagrant bentbonics. 

The top of the quarry 1s approximately 40' above the Solsville 
exposed in the pasture .2 mi. to the east. If this exposure is 
equivalent to the lower Delphi Station. then the Mottville must lie 
below the f'loor of the quarry and very near the top of the Solsville. 
The top of the Solsville must therefore be getting younger eastward 
from the Brookfield Valley (STOP 1). A high diversity assemblage 
everywhere occurs above the Mottville from Central New York to Otsego 
County near below. Therefore~ it would seem that the assemblage 
exposed here is indeed the lower Delphi Station. However. one cannot 
discount the possibility that a community similar to the Limoptera of 
the lower Delphi occurs somewhat earlier in time to the east. If we 
accept this interpretation , the Mottville would be at the top or just 
above the top of the quarry at this stop. The former interpretation 
is illustrated below. 

\) ~\ ~.~'h~;---'~---'''-_ 
St",i'\.Y\. 

Return east on Twelve Thousand Rd. 

0.7 92.1 Jet. Otsego Co . Rd. 26-turn left (North) 

2. 5 94.6 Jet. Alle ns Lake Road (Otsego Co. Rd. 27)­
proceed straight (East) Otsego Co. Rd. 27 

0.9 95.5 Sharp bend to the Southeast 
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1.1 96.6 Jet. NY 80 turn right. (South) and continue 
along West side of Otsego Lake 

1.7 98 . 3 Hickory Crove Inn on right 

0 .9 99 .2 Five Mile Point 

0.1 99.3 Jet. Mohican Canyon Road (Otsego Co. Rd . 
28) turn right (West) 

Exposures of otsego Shale along Mohican 
Canyon Rd. 

0.7 100.0 Pierstown - turn left (South) on Otsego 
Co. Rd. 28 

0.6 100.6 Solsville Sandstone on right 

0.5 101.1 STOP 5 - Roadcut about 1 mi. South of 
Pierstown (Richfield Springs Quad . ) 

Units Exposed: Panther Mountain (15') 

This exposure lies approximately 45' above the top of the Solsville. 
The fauna contains Paraspirifer.large Tropidoleptus, and Camarotoechia 
in coquinite lenses. This may be the MottviJle equivalent . The en­
vironment is delta platform. 

Proceed South on Otsego Co. Rd. 28 

2.2 103 .3 Jet. NY aD-turn left (North) 

0.1 103.4 STOP 6 - Leatherstocklng Falls on Leather­
stocking Creek up from NY 80 about 2 mi. North 
of Cooperstown (Cooperstown Quad. ) 

Units Exposed: Solsville (lOO I ) 

The upper portion of the transitioual Solsville oc c ur!': in the lower 
part of the falls, while the true Solsville forms the lip. Fossils are 
rare. A marine delta platform environment is represented by the upper 
Solsville. Some massive, horizontal bedded and low angle crossbedded 
sands at the very top of the exposure may represent the Mottville 
horizon, although this conclusion is very tenuous at best. 

Proceed North on 'NY 80 

1.0 104 . 4 Three Mile Point - LUNCH STOP 

Return South on NY 80 

2.8 107.2 Enter Cooperstowll 
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0.6 107.8 

0.3 108.1 

0.1 108. 2 

0.2 108.4 

0.1 108 . 5 

4.2 112.7 

Units Exposed: 

NY 80 turns to the right proceed straight on 
Lake St. 

End of Lake St. - turn right (South) on 
River St . 

Jet . Main St . - turn left (East) The Clinton­
Sullivan Campaign (1779) embarked 'from this 
point down the Susquehanna. General Clinton ' s 
troops buB t a dam at the mouth of Otsego 
Lake, which when broken cleared out the upper 
portion of the Susquehanna, thereby allowing 
easier passage of his ar~ on rafts. Clinton ' s 
army joined Sullivan ' s near Elmira to begin a 
retaliatory campai gn against the western 
Iroquois (Seneca ' s) in the Finger Lakes­
Genesee Region as a reprisal for the lroquol s ­
Tory attacks on settlements in and near the 
Mohawk Valley. 

Bend to North 

Jet . Dugway Rd. 
fork onto Dugway 

STOP 7 - Roadcut 
o f Cooperstown . 

otsego 20' 

(Cherry Valley Massacre) 

(County Rd. #31) take left 

on Dugway about 4 mi . North 
(Richfield Springs Quad.) 

This outcrop contains the massive to thin bedded dark gray shales 
and arenaceous shales typical of the Otsego. The fauna is of moderate 
to low diversity of attached and free epifaunal filter feeders. These 
are t he rock s t hat yield t "he definite fauna of Cooper (1933). The en­
vironment represented is outermost delta platform on upper prodelta 
slope. Mucrospirifer and Chonetes, unattachpd epifaunal filter feeders, 
are very abundant and were adapted to the ~oft ~ubgtrateg o f this 
environment . 

Proceed North on Dugway (County Rd. #31) 

0.5 113. 2 Bend in road to the East 

1.9 115.1 Glimmerglass State Park on l eft 

4.0 119.1 East Springfield - Jct. US 20 turn right (East) 

0 . 5 119.6 J et. Otsego Co. Rd . N5 4 - (Ol d US 20) 
Cher ry Valley - t urn right (South) 

3.3 122.9 STOP 8 - Cox ' s Ravine - . 5 mi . West of Cherry 
Valley on County Rd. #54. (East Springfield 
Quad.) 
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Units Exposed: Union Spring (21'). Cherry Valley (5 1). 
Chittenango (7') 

The Cherry Valley Limestone forms the lip of the falls and is 
divisible into a lower and upper division. The Agoniatites nodlferus 
and Werneroceras plebeiforme Zone occur i n the upper Union Springs 
about 2 feet below the Cherry Valley. 

The Cherry Valley Limestone may Dot always represent a euxinic 
basin deposit but may represent oscillations of the O-Eb surface 
sometimes above the sediment - water interface and sometimes below 
or coincident with that interface. If below the sediment water 
interface, benthonic forms could become established. (Cottrell 1972 . 
personal communication). 

Proceed east on Otsego Co. Rd. 54 

0.4 123.3 Enter Cherry Valley 

This was the site of the Cherry Valley 
Massacre. On the morning of November lIs 
1778 a band of Tories and Indians under the 
infamous Mohawk chieftain Joseph Brant and 
the Tory Captain Walter Butler attacked the 
villages resulting in the dealths of 48 or 
more residents. mostly ~omen and children. 
This and other attacks on frontier outposts 
precipitated the Clinton-Sullivan campaign 
of 1779. 

0.3 123.6 Jct. NY 166 - turn right (South) 

3.8 127.4 Enter Roseboom 

0.2 127.6 Jct. NY 165 - turn left (East) 

1.7 129. 3 Enter Pleasant Urook - proceed E on NY 165 

3.0 13~. '3 

2 .0 134.3 STOP 9 - Roadcut on NY 165 up Weaver Hill 
2 mi. East of South Valley (South Valley Quad.) 

Units Exposed: Solsville (250'), Otsego (50 ') 

A nearly complete section of Solsville is exposed here. The 
lover portions of the section represent prodelta slope and outer 
(distal) delta platform deposits. The upper part of the exposure 
represents the middle or inner (proximal) delta platform environment. 

Proceed East on NY 165 

1. 2 135 . 5 Enter Schoharie County 
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1.4 136.9 Enter Dorioo 

0.3 137.2 Jet. Schoharie Co. Rd. 33 (West Richmondville 
Road) - turn right (South) 

5.1 142.3 Enter West Richmondville, cross railroad 

0.1 142.4 Jet. NY 7 - turn left (East) 

1.9 144.3 Enter Richmondville 

0.9 145 .2 Jet. Depot St. and NY 10 - turn left (North 
on Depot St.) 

0.1 STOP 10 - Railroad c ut on Delaware and Hudson145. 3 
Railroad at old depot station. (Richmondville 
Quad. ) 

Unit Exposed: Solsville (6') 

This outcrop consists of 1-3 inch horizontal and planar cross­
bedded and laminated subgr~ackes contained within a set of large 
(1-2 ft.) ripples. The sandstones are not as sorted as those of 
other stops. Brachiopod coquinites occur in lenses near the base and 
at the top of the section. The Solsville here probably represents 
a nearshore zone of the inner (proximal) delta platform. 

0.4 Return to NY 7 - turn right ( W~st) 

33.0 177.7 Proceed on NY 7 back to Oneonta 





• 

• 
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GEDLOGlC SE'I'l'lNG OF UPPIll SUSQ1IDIANNA AND ADJACENT MOHAWK RIDlON 

OF NEW YORK STATE 

by 

Da.rld M. Hutchison 
Hartwick College 

INTRODUCTION 

The outcrops and surficial features observed on this trip have 
been selected (1) to show students the change in lower Paleozoic strati­
graphy through time (2) to illustrate several sedimentary and topo­
graphic features (3) to help students gain a better understanding of 
the geologic framework of this area. 

The trip starts at the large Upper Devonian flood plain channel 
behind the F. W. Miller Science Building on the Hartwick College campus 
in Oneonta and ends in Precambrian garnet gneiss six miles east of 
Canajoharie. Progressively older beds are exposed to the north because 
of three factor8s the gentle southerly dip of the beds, the erosion by 
the Mohawk River and the uplift, tilting and erosion of large fault 
blocks associated with normal faults in the Mohawk River Valley. 

The clastic sediments are the result of the Middle Ordovician 
Taconian Orogeny (470-435 m.y. ago) and the Middle and Late Devonian 
Acadian Orogeny (J85-355 m.y. ago) (Fisher. 1965). Both of the.e 
times of crustal unrest and uplift east of the Hudson River and in 
New England provided an influx of clays, silts and sands into the 
Ordovician and Devonian seas which occupied the area of this field 
trip. The carbonate rocks were deposited by these seas during periods 
of quiescence between orogenies. 

GEDLOGIC HISTORY OF THE AREA 

(Modified from Fisher. 1965) 

During Precambrian time a thick sequence of geosynclinal sedi­
ments was deposited. The geosyncline was folded and regionally 
metamorphosed into a mountain range during the Grenville Orogeny 
(1,100 m.y. ago). For the next 500 million years the area was 
eroded and the mountains were beveled down exposing the meta­
morphic rocks in their roots. 

By late Camb;'ian time these Precambrian metamorphic rocks were 
covered by transgressing shallow seas which deposited the Little Falls 
sandy do1ostones and do1ostones forming a nonconformity. The Pre­
cambrian gneiss and Late Cambrian dolostone arc exposed in n railroad 
cut six miles east of Canajoharie along the Mohawk River. 

, 
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Shallow seas continued to deposit dolomi tic rocks i nto Early 
Ordovician time. The Chuctanunda Creek Dolostone exposed in the 
gorge of Canajoharie Creek represents deposition at this time. 
After deposition of this dolostone the seas withdrew. 

In Middle Ordovician time shallow seas again cover ed the area 
and deposited the Kings Falls and Sugar River argillaceous limestones 
on top of the Lower Ordovician Chuctanunda Creek Dol ostone forming a 
disconformity. The thin beds of black shale in the limestones and 
the dark color of these argillaceous limestones reflect crustal un­
rest many miles to the east in the area of the present Taconic 
Mountains. This was the beginning pulse of the Taconic Orogeny. 
A thick black shale, the Canajoharie Shale, which overlies the 
limestones represents increased unrest during the Taconic Orogeny. 
These Early and Middle Ordovician sediments are well exposed in the 
gorge of Canajoharie Creek. 

During Late Middle Ordovician time there was extensive erosion 
of the mountains. The detritus was deposited to the west as a thick 
sequence of shales and sandstones which are exposed in a few scattered 
outcrops between Sharon Springs and Canajoharie. The best exposure 1s 
just north of Sharon Springs. 

Throughout most of Silurian time this area was emergent . If there 
are any Silurian rocks present, they are not exposed along the field 
trip route. 

In Early Devonian time shallow seas encroached into the area and 
deposited a thick sequence of limestones (Helderberg Group) which are 
exposed north of Cherry Valley along Route 20 east to the vicinity of 
Sharon Springs. 

Later in Early Devonian time there was uplift and erosion which re­
sulted in the deposition of the Esopus Shale and Carlisle calcareous 
siltstone. This uplift was followed by another period of submergence 
when the Onondaga Limestone was deposited. These three formations are 
exposed on Route 166 north of Cherry Valley 1/4 mile south of Route 20. 

During Middle and Late Devonian time the Acadian Orogeny was 
taking place in New England. This mountain building episode provided 
a vast supply of sediments which formed the thick sequence of sand­
stone, siltstone and shale which are exposed between Cherry Valley 
and Oneonta. These sediments were deposited as part of the extensive 
Catskill delta and flood plain deposits . 

Since Late Devonian time the area has been subjected to erosion 
and the development of the Mohawk River, the Susquehanna River and 
their tributaries. In the Pleistocene glaciers moved into the area. 
The ice enlarged the river valleys and deposited morainic waterial 
in the valleys. Some of this material was reworked by later advances 
of the ice to form drumlins or was redeposited by meltwater to form 
kame terraces along the valley walls. The area is currently being 
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drained by the Mohawk River which joins the Hudson River north or 
Albany and the Susquehanna River and its tributaries which flows 
south through Pennsylvania and enter the Atlantic Ocean in Chesa­
peake Bay. 
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STRATIGRAPHIC SEXlTION OF FORMATIONS ON TRIP 

(adapted from Rickard and Zenger, 1964 and Fisher, 1965) 

Upper Devonian (Senecan Series) 

Oneonta Formation 
Gilboa Formation 

Middle Devonian (Erian Series) 

Cooperstown Shale 
Portland Point Limestone 
Panther Mountain Formation 
Solsville Sandstone 
Otsego Shale 
Chittenango Shale 
Cherry Valley Limestone 
Union Springs Shale 
Onondaga Limestone 

Lower Devonian (Ulsterian Series) 

Rickard Hill Limestone (Scoharie) 
- ? disconformity ? -

Carlisle Center Shale 
- ? disconformlty ? -

Esopus Shale 
- ? disconformlty ? -

Oriskany Sandstone 
- unconformity ­

Lower Devonian (Helderbergian Serles) 

Kalkberg Limestone 
Coeymans Limestone 
Manlius Limestone 

(lower Thacher member) 

Upper Silurian (Cayugan Serles) 

Cobleskill Limestone 
- ? disconformity ? -

Brayman Shale 
Vernon Shale 

- unconformity ­

Thickness 

200' 
460' 

410' 
5-6 ' 
800' 
290' 
260' 
150' 

5' 
25' 

120' 

0-1' 

10-40' 

0-20' 

0-2' 

15-50' 
90-100' 

)0-40' 

10-12' 

100-200' 
0-80' 

Stop 1 
Stop 2 

Drove by (after stop 2) 
Not observed 
Not observed 
Not observed 
Not observed 
Stop 5 
stop 5 
Stop 5 
Stop ) 

? Stop ) ? 

Stop ) 

stop ) 

Not present 

Stop 6 
stop ? 

Stop 4 

Not observed 

Not observed 
Not observed 



Middle Silurian (Niagaran Series) 

Herkimer Sandstone 
Kirkland Hematite 

- 1 disconformity ? ­
Wl110wvale Shale 

- 1 disconformity ? -
Sauquoit Formation 
Oneida Conglomerate 

, - unconform1ty ­

Middle Ordovician (Hohaw-klan Series) 

Frank£ort Shale 
Canajoharie Shale 
Sugar River Limestone 
Kings Falls Limestone > 

- ~conformity ­

Lower Ordovician (Canadian Series) 

Chuctanunda Creek Dol ostone 
Tr1bes Hill Limestone 

Upper Cambrian (Croixian Series) 

Little Falls Dolostone 
- unconformity ­

Precambrian gneisses 

0-40' 
0-2' 

0- )0 ' 

0-130 ' 
0-15' 

500-800 ' 
200'(1) 

15' 

20' 
100' 

500' 

? 
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Not observed 
Not observed 

Not observed 

Not observed 
Not observed 

Just past stop 8 
stop 9 
Stop 9 

Stop 9 
Not observed 

Stop 10 

stop 10 
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ROAD LOG 

GEXlLOGIC SE'lTING OF UPPER SUSQUEHANNA AND ADJACENT MOHAWK REmON 

Miles from Cum. 
Last Point Milage 

0.0 0.0 

•2 

1.3 

Route Description 

ASSEMBLY POINT: Hunt Union Parking Lot at 
State University College at Oneonta (sueo). 

Departure: At 8 : )0 A.M. 

Proceed southwest down Ravine Parkway to 
the main entrance of suca campus at West 
Street. 

TURN LEFT ON WEST ST. until you come to the 
entrance of Hartwick College • 

~ RIGIIT INTO TIlE HARTWICK COLLEX;E CAMPUS 
at Hartwick Drive, proceed up the hill, veer 
l eft at the chapel house and continue going 
through the large parking lot to the outcrop 
behind the F.W. Miller Science Bldg. 

STOP 1 Upper Devonian Oenonta Formation 

This outcrop consists of dark grey 
shales, thinly bedded siltstones and sand­
stones. A massive sandstone which fills in 
part of a Devonian stream. channel 1s well 
exposed for about 150 feet at the left end 
of the outcrop. There 1s an erosion surface 
between the underlying shale and the over­
lying massive sandstone. This surface which 
marks the bottom of the channel rises strati ­
graphicall y to the right. Interference 
ripple marks are exposed just below the road 
level . Plant materials are abundant in some 
layers and a possible log cast was found at 
the far right end of the outcrop under the 
overhanging ledge, but much of this has 
weathered away . A few galena crystals about 
1 rom across have been found 1n the thinly 
bedded sandstone . 

Trilobites, marine pelecypods and 
brachiopods of the Gilboa Formation have 
been found in beds stratigraphically 75 feet 
below this outcrop. 
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.6 

.2 

.1 

1.2 

.4 

•6 

1.9 

2.5 

2.7 

2.8 

4.0 

4.4 

5.0 

A clean sandstone which shows extensive 
through-type cross bedding overlies this 
outcrop. Red mudstones and shales with root 
casts, worm burrows and ripple marks are ex­
posed at the top of the hill in new expo­
sures that have been uncovered by recent 
excavations for a new soccer field. 

The view down the valley 1s looking 
southeast to Mt. utsayantha in Stamford 
(about .30 miles map distanc€'). The broad 
U-shaped valley is the result of Pleist­
ocene glaciation. The Susquehanna 
River flows in from the north (out of your 
view) and through the city of Oneonta. 
The terraces on either side of the valley 
are kame terraces. Red beds are exposed 
near the top of the hills across the valley. 

LEAVE STOP 1 AND GO BACK row HARTWICK DflIVE 
TO WEST STREET • 

TURN RIGHT ON WEST STREET and continue going 
down hill. 

TURN LEFT ONTO CENTER STREET which is 

immediately past the Lutheran Church. (This 
is called "crash corner" f or obvious 
reasons. ) 

CONTINUE ON CENTER STREET FOR .6 MILE TO 
WALLING. AVE. TURN RIGHT. Walling Ave. is 
the first street to the right immediately 
after you cross Oneonta Creek at the en­
trance to the park. 

TURN LEFT AT FRIENDLY ICE CRW1 you are 
newon Main-Street and Route 7 & 28. (Stay 
on this road for 4.8 miles to Collier3ville) 

Fox Hospital on your right. 

Small kettle hole on right. This has been 
partially filled in to make a parking lot 
for Pyramid Mall. 

View to right showing kame terraces across 
valley. 

Access to 1-88 (continue going straight) • 



- - -- -

1. 2 6.2 

1.4 7.6 

8.5 

4.9 13.4 

2.5 15.9 

.8 16.7 

.3 17.0 

.2 17.2 

1.7 18.9 

2 .1 21.0 

21.9 

1.0 22 .9 

8. 7 31.6 
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On right across valley gravel pit in delta 
kame. 

TURN LEFT ONTO ROUTE 28 IN COLLIERSVILLE 
AT JuNc'i'fON OF ROUTE 28 AND 1. 

STOP £ Stop directly across from dam at 
Goodyear Lake. 

The Upper Devonian Gilboa Formation 
with horizontal sandstones and siltstones 
1s exposed here. The well developed flow­
rolls are of interest. It 1s apparent that 
these are primary structures (formed while 
the sediment was still "soft") rather than 
secondary structures (formed after lithi­
fication), but there 1s some question as 
to their origin. There are brachiopods, 
~ozoans, crinoids and pelecypods. 

Outcrop of Middle Devonian Cooperstown 
Shale at curve 1n road. Good view ahead 
of broad U-shaped valley. The Susquehanna 
River flows south from its headwaters in 
Otsego Lake (Cooperstown) in this valley. 

TURN RIGHT IN MILFORD ONTO ROUTE 166. 

Cross Susquehanna River. Clays indicate a 
glacial lake occupied this area. 

~ RIGHT ONTO OTSEX;Q COUNTY ROAD 12 aJld 
take metal bridge over Cherry Valley Creek. 

Bear left at junction. 

Meander scar of Cherry Valley Creek is 
visible to left. 

Westville Cemetery on left. 

TURN LEFT AND CROSS CHERRY VALLEY CREEl{. 
After--crossing the creek NOTE THE EXCELLENT 
hummocky morainic depos1 ts showing numerous 
kettle holes and knob and kettle topography . 

!!!l!!! RIGHT Mill GO NORTH ONTO ROUTE 166. 

Town of Roseboom. 
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4. 3 

1.3 37.7 

38.6 

. 8 39.4 

Cherry Valley - The town was settled about 
1740. On November 11, 1778 over 40 people 
were killed by Tories and Indians in the 
infamous Cherry Valley Massacre. 

STOP.1 (Pull off road to left and park i n 
Highway Department gravel and sal t storage 
area.) Topographically this spot is a 
break in the Helderberg escarpment. 
Fairchild interpreted this as a glacial 
spillway formed at a time when ice filled 
most of the Mohawk Valley. Meltwater was 
blocked from draining north and "spilled 
over" the escarpment eroding the valley 
(Fairchild, 1925)a Fleischer (personal 
communication and elsewhere in this Guide­
book) feels that the valley is the result 
of glacial scouring of a through vall ey. 

Three formations are exposed her e. 
The lowest formation (exposed about .1 
mile down the road) is the Esopus Shale. 
This is overlain by the Carlisle Center 
calcareous siltstone which contains 
numerous worm burrows Toanurus cauda- gal l i 
(Rickard and Zenger, 1964). About . l mile 
south along the road the Carlisle Center 
siltstone is overlain by the Mi ddle 
Devonian Onondaga Limestone which contains 
abundant crinoids, corals and brachiopods . 

The upper part of the Onondaga contains 
abundant chert . Jointing is very obvious 
at this outcrop. 

LEAVE STOP .:1 AND CONTINUE GOING STRAIGHT 
AHEAD AND GO UNDER ROUTE 20. 

STOP 4 The Lower Devonian ManliUS Format i on 
(lower Thacher Member) crops out on the 
right. This laminated micrite contains some 
ostracods, tentaculitids and str omatoporids. 
Some mud crack marks are present. Thi s is 
the intertidal facies of LaPorte, 1967. The 
Coeymans Formation rests on top of t he 
Manlius Formation. 

TURN AROUND AND GO SOUTH TO ROUTE 20 ~ 

GO EAST ON ROUTE 20 
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TURN RIGHT OFF OF ROUTE 20 ONTO BLACKTOP 
ROAD AND PROCEEi'i"TO THE OOrCRoP VISIBLE TO 
THE RIGHT . 

STOP 2 Three Middle Devonian formations 
are exposed here. The lower most for­
mation is the Union Springs Shale which 
1s a black fissile shale containing cal­
careous concretions. There 1s a thin 
limestone near the top of the shale. This 
1s overlain by the Cherry Valley Limestone 
which 1s about 7 feet thick and contains a 
cephalopod fauna. More than 100 feet of 
the jet-black Fissile Chittenango Shal e 
rests on top of the Cherry Valley Limestone. 
At the east end ( l eft) of the outcrop the 
Union Springs Shale has been broken up and 
sheared indicating some minor faulting. 

RETURN TO ROUTE 20 AND CONTINUE GOING EAST 

Schoharie County Line 

STOP 6 Pull off road and stop at down 
gOing-slope of hill . The Lower Devonian 
Kalkberg Limestone is exposed in a fresh 
outcrop. This 1s a medium grained. thin to 
medium bedded limestone with abundant chert. 
There are numerous brachiopods , bryozoans, 
some corals and trilobite fragments. A Z .. 
thick layer of bentonite is exposed near the 
eastern end of t he outcrop. 

.1 46 .6 §1'.Qf Z (in old quarry) The Lower 
Devonian Coeymans Formation consists of a 
coarse grained thickly bedded limestone with 
abundant brachiopods, crinoids and corals. 

LEAVE ~ QUARRY ~ PROCEED DOWN THE HILL. 

.6 STOP 8 (STOP AT PARK NEXT TO OLD BATHS) 
-­ Stop to look at springs and tufa de­
posits 1n the city park at the north end of 
the village of Sharon Springs. There is a 
strong odor of HZS from the spring water. 
This is probably caused by the water passing 
through the underlying thick black shales. 
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Upper Middle Ordovician Shales and Sand ... 
stones exposed in cliff at left. 

Two drwnlins are in vieW' to the left. 

IN CANAJOHARIE TURN RIGIIT g THE FIRST 
STOPLIGIIT ONTO MONTGCHERY STREET. 

CROSS OVlll CANAJOHARIE CREEl{ AND TURN 
RIGIIT ONTO MOYER STREET CONTINiiE ON 
MOYER STREET. 

TURN RIGIIT ONTO FLORAL AVENUE AND PROCEED 
TO THE TURN=ARoUND AT END OF ROAD. 

STOP.2. Four Lower and Middle Ordovician 
formations are exposed in Canajoharie gorge. 
The lower most formation 1s the Chuctanunda 
Creek Dolostone. This 1s Wlfossiliferous 
except for the "hippopota.:mi backs" which are 
dolomitlzed hemispherical stromat olites 
(algal mounds) (Park and Fisher. 1969) . 
Large potholes have formed in the dolostone 
(Canajohaxle is the Iroquois name for the 
"Pot that washes itself") (Park and Fisher, 
1969) • 

The Middle Ordovician Kings Falls and 
Sugar River black limestones overlay the 
dolostone forming a disconformity. These 
limestones and the thin black shal es in 
them contain abundant trilobite fragments, 
bryozoans, brachiopods and crinoids . 

The limestones are overlain by more 
than 100 feet of Middle Ordovician Canajo­
harie Shale. 

RETURN TO JUNCTION OF FLORAL AVENUE AND 
MOYER STREETS. TURN LEFT AND GO DOWN HILL. 

CROSS MONTGOMERY STREET AND GO ONTO MITCHELL 
STREET (l1lIICH IS 30 FEET LEFTAND PARALLEL 
TO CANAJOHARIE CREEK) • 

En route to the next stop note the cliffs 
of Upper Cambrian Little Falls Dolostone . 
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6.5 64.8 STOP 10 Rusty weathering Precambrian garnet 
gneisS-exposed along the Bouth side of the 
roa.d and in railroad cut. 

THE ~ m!! OF THE 
BEWARE OF 

IlAILROAD 2!IT. 

The folded Precambrian gneiss is 
overlain by the Upper Cambrian Little Falls 
Dolostone. The dolostone 1s brecciated for 
several feet above the contact with the 
gneiss. Apparently there was movement along 
the unconformity during Ordovician time when 
the normal faults in the Adirondack Mountains 
and the Mohawk Hiver Valley were formed. 

OBSERVE THE FAULT-LINE SCARP 
FAiir:f-FR<lM THE VEHICLES• 

•5 There is a good view of the fault-line scarp 
on the overpass of Route 55 over the rail­
road tracks. Note that west of the Noses 
fault-line scarp the Mohawk River Valley has 
steep cliffs of Little Falls Dolostone. 
These are caused by the down cutting of the 
Mohawk River on the upthrown western side of 
the fault. East of the fault-line scarp on 
the downthrown side of the fault-line scarp 
there are no cliffs • 

•5 END OF TRIP AT RANDALL. 
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GLACIAL MORPHOLOGY OF UPPER SUSQUEllAJlNA DRAINAGE 
P . Jay Fleisher 

SUNY , College at Oneonta 

INTRODUCTION 

The geomorpbology of east-central New York State reveals the cumulati ve 
erosional effects of multiple glacial events. but the deposits of only the 
last ice sheet are known . Evidence for pre-Wisconsin glaciation has long 
been recognized along the glacial limit in Pennsylvania and from isolated 
and widely spaced localities in New York. However, the glacieJ. chronology 
of the eastern Appalachian Plateau is confined to subdivis ions of the 
Wisconsin Glaciation as displayed in the landforms and stratigraphy. 
Those factors that influenced glacier pulses , floW' regime. and ice-
marginal activity were widely variable across New York State, resulting 
in problems of correlation and chronology . In spite o~ this, a compre­
hensive picture has been developed through the combined efforts of many 
contributors who have concentrated on specific areas~ drainages, and 
problems. 

Within tbe area of the upper Susquebanna drainage are the depos its 
•of mid-Wisconsin to late Wisconsin deglaciation . A characteristic 

assemblage of depositional landforms const i tutes the valley f l oor 
morphology and r epresents a par ticular envi r onment of deglacial processes. 
The valley wa.1.ls and divides are , for the most part, examples of the 
combined effects of erosional and depositional condit ions of a different 
glacial environment. The emphasis of thi s report will be to consider 
the glacier environments of deposition as represented by the landforms 
and their stratigraphy. 

The area under consideration lies within Otsego County. along the 
upper reaches of the Susquehanna River from Wells Bridge to Otsego Lake. 
This discussi on will include areas represented in part by the Unadilla, 
Ot ego , Franklin, Oneonta . Mt. Vision. Hartwick ~ West Davenport, Schenevus . 
Milford, Cooperstown, Westford, and Cherry Valley quadrangles, as illus­
trated in figure 1 . Beginning in Wells Bridge and moving upstream along 
the Susquehanna the main tributaries are Otego Creek from the north at 
West Oneonta . Charlotte Creek from the east at Emmons (east of Oneonta). 
Schenevus Creek from the northeast at Colliersville (also east of 
Oneonta ), Cherry Valley Creek from the northeast at Milford , and Oaks 
Creek from the northwest near Cooperstown. 

Various aspects of the Quaternary geology within this area and 
adjacent parts of the Appalachian Plateau have been investigated and 
reported by several past workers. In addition to the general overview 
treatment given by Fairchild (1925) and Rich (1935), Coates (19T4) and 
Coates and Kirkland (1974) considered the regional signi~icance of main 
drainage ways and the general distribution of ice-marginal deposits . 
Krall ' s work (1972 ) included the drumlins near Richfield Springs and 
the occurrence and correlation o f various moraines through this area. 
The work of Whipple (1969) also contributed to an understanding of the 
Quaternary geology north of Cooperstown. The Chenango drainage to the 
west has been studied by Cadwell (1972), who not only suggested a 

, 
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conceptual model for stages of deglacial events, but also provided an 
absolute age that has helped to establish a correlative chronology 
with other parts of the state. To the east is the Schoharie drainage, 
in which Le Fleur (1969) considered the unique aspects of Wisconsin 
glacial pulses into a north flowing river system and the northern 
Catskill slopes. Additional details of Catskill glacial history are 
contained in the work by Kirkland (1973) in the West Branch of the 
Delaware River of Delaware County to the south. 

The purpose of this report is to present a general overview of 
the geomorphic development of the upper Susquehanna area, with special 
attention given to the glacial landforms and deglacial events. Hope­
fully, this will serve to fill the central gap between adjacent areas. 

REGIONAL SETTING 

This portion of the Appalachian Plateau is characterized by deeply 
dissected middle to upper Devonian clastic stratigraphy. Bedrock strata 
include interfingered and discontinuous beds and lenses of sandstone, 
siltstone, shale and sparse conglomerates of the Hamilton and Genesee 
Groups. The regional dip is to the south-southwest at angles typically 
less than 10°, In general, the bedrock of the region is well expressed 
by the topography. Some divides and broad, arcuate questas are capped 
by more massive parts of the stratigraphy and the subtle structural 
configuration can be seen on a regional scale. 

The topography shows the compound influence of a nuvioglacial 
origin with the Susquehanna River as the main trunk str eam. The 
present drainage was glacially modified from an elongate and incised 
dendritic pattern to an ice-scoured system of enlarged valley troughs 
and through valleys, with associated berms. umlaufbergs. and truncated 
spurs. Ice-scoured bedrock and thin lodgement till characterizes the 
uplands, however isolated occurrences of stratified drift are knovn to 
exist also. Large scale plucking of competent rock types has produced 
scattered basins in which upland lakes and bogs have formed. 

Local relief typically reaches 600 to 700 feet. However, if one 
considers the drift that chokes the valley floors to thicknesses that 
generally range bet....een 200 t,o 300 fed (BandaH . 197:'>', Gieschen, 19,(4). 
the erosional relief is seen to be con:~iderably greater. The drj ft i s 
almost entirely sorted, even in moraines, and consists of glaciofluvial 
and glaciolacustrine gravel, sand, silt and clay. 

Two large lakes (Canadarago and Otsego) dominate the headwater 
valleys of the Susquehanna River. Both are vestiges of ice-contact 
lakes that occupied moraine dammed basins. Otsego Lake, the larger 
of the two, currently occupies a considerably deeper basin with a 
maximum depth of 166 feet compared with 44 feet in Canadarago (Weir 
and Harman, 1974). Sometime following deglaciation the spillways of 
both lakes breached their impounding moraines and the lakes receded to 
approximately their present positions. A similar geomorphic situation 
can be interpreted for other parts of the drainage that are completely 
free of lakes today. 
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DRAINAGE DEVELOPMENT 

Preglacial Geomorphology 

The Susquehanna River and others of similar antiquity in the northeast 
have been the subject of geomorphic conjecture through decades of pub­
lished literature. The age and evolutionary development of the Susquehanna 
along its fUll course through the Valley and Ridge, Piedmont and Coastal 
Plain Provinces remains a classic conundrum. However, here near its 
present head on the Appalachi an Plateau , the situation seems somewhat 
less complex. 

Althougb pre-tertiary paleogeomorphology is difficult to decipher 
and remains speculat ive at best, the tectonic history of central New 
York provides a framework upon which a geomorphic history can be 
pieced together. The earliest possible origi n for the upper Susque­
hanna drainage dates back to the last marine emergence of this region. 
With late Paleozoic erosional remnants capping undeformed Devonian 
strata of western New York and adjacent Pennsylvania , it appears as 
though r egional erosion and drainage development did not begin prior 
to late Permian or earl y Triassic time. It would have been at about 
this interval that the Hudson Valley began to take shape as the an­
cestral Hudson River flowed south along the trace of the Taconic 
thrusts and Acadian age fold structures. As this drainage and its 
tributaries developed, the Mohawk Valley was carved in similar less 
r esistant lower Paleozoic strata. It is suggested that subsequent 
headward erosion eventually captured the original Susquehanna head­
waters :from the Adirondack flank s and di verted them into the Hudson 
Valley. As a result, the Susquehanna River was beheaded and its new 
divide shifted southward in a series of hanging valleys . Further 
development of the MOhawk and its tributaries established the Schoharie 
drainage in competition with the easternmost Susquehanna. A schematic 
representation of this general development is shown in figure 2. 

Although repeated glacial erosion has modi f ied this original 
drainage system, some valleys oriented perpendicular to the general 
ice flow remained relatively unaltered and still retain vestiges of 
their pre- glacial character. This:is the case I'Llonp; that part of 
Ouleout Creek which flows northwester ly thro~h East Sidney before 
j oining the Susquehanna. Here, the valley morphology consists of 
well preserved small scale engrown meanders that are modified only 
by a shallow valley train. Even along many of the main drainageways 
subparallel or parallel to ice flow, the glacially modified sweeping 
curvatures of large meander remnants can still be recognized as part 
of the pre- glacial morphology. Several good examples of this can be 
seen along the Susquehanna near Otego and again at Milford Center, 
as well as along Schenevus Creek. When viewed in detail, the large 
scale streamlining effects and over steepening of slopes resulting 
from glacial erosion can be readily seen, however the unmistakable 
meander morphology is well preserved. 

J 



l 
l 

A·5 
page 19b 1 

1 
1 

Figure 2 

1 
"1 

"'.., ..,...... 

•.' 
(
• 

A 8 

H_~'".''' 

,• , 
I 

J c 

J 
J 
J 

.1 



v 
A-5 

page 20a 

figure • 

r : (1180 ') 

"00 

1000 

S.nd m 
Silt Ei5J 

WELLS BRIDGE 

i, 

n. 1400' LATERAL ,. 
MORAINE'" 7, / 

1300 E ,/ 
OUTWASH '/ 

. . ... , ..." .:. " : .'.. 

HEAD 

" 1200' 5256 0""'''/ 
(10911') (T122'j 55 ....... "I

"RIVER (mo') mOil ') <> '" '" 

~...0,'
, 

~n • • .'. "."~7 ' • .' , • • •• • 
234 ' ,o~. . , . " -..e '" '" ''OO'L" "'...... .. .. .7 .......... '" .. co 0 7.... I 

'. .

,', " .',
I~ .. 0 

~.O"""O ,,~""...:-
- - - !!....7~c;L ~ -­

••., 
. "/ 

../ 

.. <> 0/
'" .. c:13 ~.: '" /.. 0 0.... 

.. "'<>r
Q .. 

0",-"," 

G.81181 [0.0:1 
~ 

Sendc.:.:.J 
Sitt D 

Titl~ 
QuiCknnd l1:D]- o 

1000' 2000 ' ONEONTA (EAST) 

ru 



B 11140 '} 

1100 ' 
1106S'} p088 '1 11063'j 

17 ,. 

. .... ~?AA': .~~. '0.. ' 

1000' 

OTEGO 

•/JF iIlU •• l _. 
~ .c. 

0 

"70' 

0 W 

M'V. 
':30 ' 

• , • 

w.o. 

•uo· 

W .O 

A-5 
page 22 

Miller, N. G., 1973. 
in southwestern N 
no. 420, 102 p. 

Randall. A. D.• 1972 , 
Susquebanna River 
CaDserv., Bull. E 

Rich, J. L. t 1935. Gl 
Bull. no. 299. IE 

Sirkin, L. A., 1961. 
Long Island and E 

Quaternary PaleoE 

Weir, G. P. and W. N. 
Otsego County, N. 
Station, Cooperst 

Whipple, J. M.• 1969: 
to Richfield Sprj 
York, 130 p. 



A-5 
page 23 

-- .---~ 

ROAD 100, GLACIAL GEOMORPHOLOGY OF THH UPPER SUSQUEHANNA DRAINAGE 
P. Jay Fleisher 

SUNY, College at Oneonta 

INTRODUCTION 

The purpose of this field trip is primarily to examine the 
evidence for the glaciolacustrine environment at several different 
places along the upper Susquehanna drainage. The main stops will 
emphasize the landforms that characterize the salient aspects or a 
moraine impounded, ice-contact lake. Included will be various types 
of moraines and associated outwash, lacustrine plains, hanging deltas 
and delta-terraces, and strandlines. 

The field trip will begin in Oneonta and cover the main Susquehanna 
Valley between Wells Bridge to the west and Oneonta t o the east. The 
lower reaches of the Charlotte Creek Valley will also be considered. 
From there the route vill mainly follow the Susquehanna north to its 
headwaters at Cooperstovn, with a short diversion into Cherry Valley 
along the Va::!. From Cooperstown the route will cross a short divide 
t o the west and enter the drainage or Oaks Creek, and continue west 
and south to traverse the complete Otego Creek Valley. The road log 
index map shovs the general location of each stop. 

woo 

Mt.... . 
11 

• 

9 

c. 

7 

ROAD LOG INDEX MAP 
(numbers indicete stop localities, 
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ROAD LOG 
(Field trip log begins and ends at the 
1-88 Oneonta [Rt. 23.281 interchange) 

Miles from Cumulative 
last point Miles 

0 . 0 0.0 

4.l 4.l 

L5 

0.2 5.8 

3. 3 9.l 

l.3 lO.4 

L7 l2.l 

L2 B.3 
STOP l 

Proceed west on 1-88 from Oneonta (Rt. 23,28) 
interchange. 1-88 parallels the Susquehanna 
River for the next 2.4 miles. Much of the area 
adjacent to the highway on the right (north) 
was under water during the spring flood of 
1977 (probably a 25 year flood). 

The valley f'loor to the north and south of the 
interstate was flood to within tbree feet of 
covering the highway here during the flood. 

The highway rises above the valley floor and 
provides a good view of the modern flood plain 
and the abrupt change in valley trend that is 
a remnant of a preglacial engrown meander. 
The ridge on the horizon to tbe right (north) 
protrudes into the valley along the inside of 
the meander bend. 

The location of STOP I is on the left (south), 
but we won't atop now. Access to this area is 
possible from County Rd. 48 (locally referred 
to as the otego-Wells Bridge Rd. ) f which we 
will take on our return to the Oneonta area 
from Wells Bridge. 

Continue west on I-88 past Rt. 7 &Otego exit. 

Good view to the west of the valley plug 
formed by the Wells Bridge moraine. 

View to the right (north) across the valley 
includes the back of the Wells Bridge moraine 
and associated outwash head terrace. The 
next 1 . 2 miles provides an excellent overview 
of the moraine and the breach carved by the 
Susquehanna River. 

Exit I-88 into Rest Area. The eastern end of 
the parking lot looks over the hummocky relief 
on the down valley side of the moraine. The 
common border of the Franklin and Unadilla 
Quadrangles passes directly through the moraine. 

This moratne completely blocked the valley 
following glacier retreat permitting the damming 
of a continuous body of water. referred to as 
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1.5 

0·5 

1.2 

1.7 

1.8 

0.6 

0.4 
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Miles 

14.8 

15.3 

16· 5 

18. 2 

20.0 
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Lake otego, from Wells Bridge to Oneonta. 
Figure 3 of accompanying paper illustrates the 
topographic and subsurlace aspects of the 
va.lley in this area. The moraine is assumed 
to have been implaced about 16,000 years BP 
and breached about 14.000 years BP. We will 
consider the field evidence for an 1140 feet 
lake level at the next two stops. 

Field work in the Unadilla and Sidney areas 
indicates that the Upper Susquehanna Lake Chain 
has greater down valley extent than will be 
covered in this road log. 

Return to 1-88. 

Cross Ouleout Creek. 

Leave 1-88 at exit for N. Y. 357 t Franklin and 
Unadilla. Turn right on Rt. 357- West . 

Cross Susquehanna River and turn right on Rt. 7 ­
east. High~ parallels the river for one mile. 

Railroad overpass. Highway climbs onto out'W'ash 
terrace near mouth of Sand Hill Creek . 

High'W'~ drops into Sand Hill Creek incision of 
outwash and immediately climbs t o follo'W' the 
Wells Bridge moraine - outwash contact . 

Crest of moraine on the left, breach on the 
right. 

Village of Wells Bridge. Turn right (south), 
cross Susquehanna and turn left (east) at the 
end of the bridge on otego-Wells Bridge Rd., 
'W'hich becomes Otsego County Rd. 48. It was 
vithin the breach of this moraine that Bob Funk 
uncovered charcoal while excavating an archeo­
logical site in point bar silts that yielded 
a date of 13,000 to 14,500 years BP. This 
provides the younger limiting age of Lake 
otego . 

Road parallels river f or 0 .6 miles before 
rising onto outwash head t errace. A correlative 
terrace can be seen across the valley to the 
north at an elevation of about 1140 feet. 

Excavation for house on the right exposed fine 
sand under gravel with the contact at the base 
of the building, a few tens of feet below the 
terrace surface. 
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Miles from Cumulative 
last point M[les 

1.9 24.0 

0.7 24.7 

0.6 25.3 

0.3 25.6 

0.1 25.7 

0.2 25.9 

0.2 26.1 

0.6 26.7 

1.1 27.8 

0.2 28.0 

0.5 28.5 
S'I'OP 2 

Cross over 1-88. White house across the valley 
to the north is situated on a terrace at about 
ll20 feet. Other planar landforms can be found 
along the valley that suggest a second level for 
Lake Otego below 1140 feet. This may be an 
interesting prospect to consider as a. group. 
Entering Otegp Quadrangle. 

Access to 1-88 on lett . Continue straight 
ahead. 

Fork in road, bear left. 

Pass under 1-88. 

Intersection at end of bridge, turn right 
remaining on County Rd. 48. 

Gravel excavation on right contains deltaic 
fore set and topset beds indicating current 
direction to the west down valley. 

Similar exposure in excavation on the l eft. 

Road drops to modern flood plain, which is 
superimposed on Lake Otego lacustrine plain. 
Lacustrine plain to the left and right for 
about a mile. 

Kame on the right . Prior to construction of 
1-88 a similar but smaller feature could also 
be seen to the northeast . 

Stop 2 is situated to the right, across 1-88, 
on the lower valley wall slope marked by gullys 
and below "treeline". Proceed to 1-88 overpass 
(.5 mile). 

Park on 1,hc rjl~ht h c yond the ovorpa::~ a.mI walk 
south between 1-88 and the forested slope of 
the valley wall. (Access permission may be 
requested at the farm directly across 1-88 to 
the west.) Walk beyond the truncated spur to 
a gullied area on the left , about 300 yards 
south of overpass and upslope from the fence. 

At an elevation of approximately 1120-1140 
feet (2/3 the way up the forest-free slope) 
pebbly coarse sand, fine sand, silt and a few 
clay seams were exposed along a gully wall in 
June 1977. Fluv1a.l channel structures with 



Miles from Cumulative 
last point Miles 

1.3 29.8 

1.5 31.3 

0.5 31.8 

0.8 32.6 

0.3 32.9 

0.7 33.6 

0.3 33.9 
STOP 3 
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small scale fore set beds inclined into the slope 
and down valley rest upon finely laminated, rip­
pled and cross bedded silt and fine sand. 

A distinct topographic break in slope can be 
seen up slope producing a clearly defined 
bench along the valley wall. A teat pit to 
a depth of 2 to 3 feet revealed well sorted 
sand lacking stratification and containing 
occasional pebbles. This was noted repeatedly 
along this bench at an elevation of about 
1140 feet. Another test pit upslope a few 
tens of feet and farther onto the bench re­
vealed similar sand, lacking stratification as 
before, but no pebbles. 

These sands are interpreted to have formed 
along the strandline of Lake otego by wave 
generated currents that moved into this valley 
wall alcove. The sand above 1140 feet lacks 
pebbles and is considered to be of eolian 
origin, blown up slope from the beach. 

Continue east on County Rd. 4S. 

Road drops back down to the lacustrine plain 
at an elevation of 1060 feet. Entering Oneonta 
Quadrangle. 

Turn left on access to I-S8,cross river and 1-88, 
and proceed to Rt. 205 north. 

Go straight through traffic light at Rt . 7 
intersection. The highway traverses an outwash/ 
alluvial bench between 1100 and 1120 feet at 
the confluence of Otego Creek and the Susque­
hanna River. 

Continue straight through traffic light. 

Junction o f Rt. 23 from the right. Continue 
straight on Rt. 205-23. 

Bear left on Rt. 23 at blinking light fork. 

Turn right into gravel quarry just short of 
Otego Creek bridge in West Oneonta. The 
material exposed here bas been consistently 
similar to what can be seen here now. Massive 
foreset beds of coarse pebbly sand and washed 
gravel are inclined down valley and define to 
topographic slope to the south. Above are more 
poorly sorted topset gravels that vary in 
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Miles from 
last point 

2.3 

2.7 

0.4 

1.0 

1.0 

0.8 

CumuJ..ative 
Miles 

36.2 

38.9 

39.3 

40 .3 

41.3 

42.1 

thickness between 5 and 10 feet. The upper 
surface is planar and can be traced to the 
east~ where it becomes irregular across Rt . 205. 

The northern side of the fea.ture drops in 
elevation to join a terrace and eventually the 
flat, poorly drained valley floor. Interbedded 
and laminated silt and cl~ dominate this slQpe 
and show collapse structures. Occasional rafted 
clasts can be found within these deposits. 

By the "nature of the materia.l, its internal 
structure and topographic expression , this 
feature is referred to as the West Oneonta 
delta moraine. The topset-foreset contact is 
placed at about 1140 feet. 

Leave quarry and turn left on Rt. 23. 
Back track to Rt. 7 intersection and 1-88 
intercbange. 

Turn left on 1-88 East and proceed to next exit. 

Exit 1-88 at Oneonta Rt. 23 and 28 interchange. 
Turn right on Rt. 28 East and cross river. 
Turn left (east) at stop sign on Rt. 28 East. 

A large kame delta complex begins here on the 
right and continues for one mile. This may be 
part of a once larger delta :rooraine that 
extended farther into the valley. 

To the right beyond the Holiday Inn and at 
the base of the valley wall can be seen the 
broad crest of a partially disserted left 
lateral moraine at an elevation of 1340 feet. 
Its up valley extent can be traced for about a 
mile, where it is in association with an out­
wash terrace (probably outwash head) at 1200 
feet. 

Both the moraine and the terrace can be clearly 
seen on the right (south). Coe Hill Rd. (dirt) 
crosses both of them and offers access. On the 
left (north) side of Rt. 23 is a lacustrine 
plain at 1100 to 1120 feet. 

Highway climbs the kettled margin of the 1200 
feet terrace. Kettles suggest an ice-contact 
origin. Within the next mile the highway will 
rise again on the down valley portion of the 
West Davenport moraine. Entering West Daven­
port Quadrangle. 



Miles from Cumulative 
last point Miles 

1. 6 43.7 

2.5 46.2 

0.1 46.3 
STOP 4 

0 . 2 46.5 

0.4 46 .9 

2.2 49.1 
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Intersection with road on the left that 
traverses the moraine across the valley and 
through the Charlotte Creek breach. The 
bunnnocky surface of the moraine can be seen 
along Rt . 23 as you proceed east. 

Enter the downtown portion of Davenport Center 
and turn right (southeast) off Rt. 23 onto 
Delaware County Rd. 10 across from the general 
store. Proceed for 0.1 mile and turn l eft 
into gravel quarry within a banging delta . 

This excavation provides a look into a large 
banging delta that was graded to Lake Daven­
port at 1260 feet. The lake was dammed 
behind the dual crested West Davenport moraine 
and flood the Charlotte Valley for a number of 
miles to the east. 

The difference between the internal 
sedimentary structures of this delta and t hose 
in a delta moraine reflects the contrasting 
sedimentary environments of the two. Here 
discharge is l ess variable, less sporatic and 
less energenic. Well sorted toeset sand dis­
plays a variety of delicate cross bedding, 
ripples and draped laminations reflecting the 
progressive decrease in current velocity and 
increase in water depth. 

The best exposures can be found along the 
northern portion of the excavation. Watch 
your step when climbing on the exposure and 
try to keep the dust down. 

Return to Davenport Center and intersection 
with Rt. 23 . 

Proceed straight across Rt. 23 and the clay rich 
lacustrine plain of Lake Davenport. Cross 
Charlotte Creek via two small bridges at 46 .7 
and 46 .8 , and bear left on Pine Lake Rd. Road 
climbs off the lacustrine plain and onto the 
back side of the dual-crested West Davenport 
moraine. Pine Lake is a kettle hole pond in 
the moraine. 

Turn left at stop sign onto Delaware County 
Rd. 11. The road traverses the moraine, and 
part of the lacustrine plain for the next 3.2 
miles. 

Stop sign in West Davenport. The road to the 
left takes you back to Rt. 23, but we will pro­
ceed straight ahead on Delaware County Rd. 11. 



A-5 
page 30 

Miles from Cumulative 
last point Miles 

0.9 50.0 

0.9 50 . 9 

0.3 51.2 

0.3 51.5 

0.5 52 . 0 

1.2 53.2 

1.3 54.5 

0.8 55 .3 

1.5 56.8 

Entering Town of Oneonta . The road traverses 
part of the dissected and pitted outwash as­
sociated with the West Davenport moraine . The 
outwash surface blends with the 1180 feet 
terrace at the Susquehanna-Charlotte Creek 
confluence. 

Morningside Drive on the left leads to the 
Oneonta Land Fill~ where deltaic foreset beds 
within the 1180 feet terrace are inclined to the 
southeast indicating a current direction up the 
Charlotte Creek Valley. This is interpreted 
to mean the Charlotte was free of ice before 
the Susquehanna. 

Entering Oneonta Quadrangle. Hemlock Rd. joins 
Otsego Co. Rd. 41 from the right. Proceed 
straight ahead. There are three large gravel 
excavations eq~ly spaced north of Hemlock 
Rd. over a distance of two miles. Each reveals 
deltaic internal structure indicating current 
flow down valley and toward the valley center. 
Three distinct lobate aspects of the terrace 
here suggest coalesced lateral deltas that 
have formed a delta terrace at 1180 feet. 

Cross Susquehanna River and 1-88 interchange. 

Intersection with Rt. 7 and 28 at Emmons traffic 
light. Turn right (east). 

View across the valley to the south shows that 
the 1180 feet terrace position is nearly con­
tinuous across the valley floor. This illus­
trates the l obate nature of the terrace margins 
in this area and provides a view of the delta­
terrace. 

Entering West Davenport Quadrangle . Turn left 
at blinking traffic light (Lorenzo's Homestead 
Restaurant on the left) and follow Rt. 28 north. 

Goodyear Lake on the right. Entering Milford 
Quadrangle. 

Entering Milford Center~ where well data from 
points across the valley indicate the bedrock 
floor lies more than 336 ~eet below the present 
lake level, and is predomdnantly occupied by 
quicksand. 
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last point Miles 

1.0 57.8 

0.3 58. 1 

0.2 58.3 

0.5 58.8 

3.0 61. 8 

1.7 
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Enter Portlandville. 

Turn right at Blue Bonnet Antiques and cross the 
Susquehanna River. Proceed across the poorly 
drained, pitted outwash for 0.2 mile and cross 
railroad tracks. 

Turn left beyond tracks on otsego County Rd. 35. 
For the next 2.4 miles we will be traversing the 
outwash and ablation moraine (Portlandville 
moraine) that dammed the Susquehanna to form 
Lake Milford at 1230 :feet. This 18.k.e extended up 
valley to Hyde Park and into the mouth of the 
Cherry Creek Valley. 

Wrightman Rd. intersects County Rd. 35 at 
wbite farm bouse and leads to tbe Crumhorn Mt. 
wedge locality discussed in this field guide 
under the title Wedge-Shaped Structures in 
Bedrock and Drift. In order to reach tbis site 
from bere, take Wrightman Rd . and climb tbe 
valley wall £or 1.1 miles; turn sharply to the 
left {northeast} on Boy Scout Rd. and £ollow 
the sign toward the Crumhorn Mt. Boy Scout 
Camp. Proceed northeast for 0.5 miles to a 
smal l rock quarry situated on both sides of 
the road . Park at the fir5t exposure on the 
right. 

Although more than a dozen wedge structures 
were exposed during the progress of excavation 
only two remained clearly visible in June 1977 . 
They can be found in a south-facing exposure on 
the east side of the road. Look for the char­
acteristi c upward flexure of bedrock that occurs 
adjacent to the wedges. 

In order to continue the road log mileage, 
back track and return to Otsego County Rd. 35. 
The mileage to and from Crumhorn Mt. is not 
included in this log. 

Good view of the Lake Milford lacustrine plain 
to the left. 

Stop sign intersection . For the past couple of 
miles the road has primarily been on the lacus ­
trine plain. Turn left at stop sign. Proceed 
for 0.2 miles across Cherry Vall ey Creek and 
to i ntersection with Rt. 166. 
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Miles from Cumulative 
last point Miles 

0.2 63.7 
STOP 5 

1.5 65.2 

1.5 66.7 

1.5 68.2 

0.4 68.6 

0.7 69.3 
STOP 6 

Intersection of Rt. 166 and County Rd. 35 
Turn right and park. Exposed here on the west 
side of the highway is 33 feet of interbedded 
gray and tan clay wtder 14 feet of interbedded 
sand and coarse pebbly sand. The sand forms a 
discontinuous bench at 1230 feet and is inter­
preted as a Lake Milford strandline . 

Proceed north on Rt. 166. 

Surface of hanging delta at 1230 feet formed 
by tributary to Lake Milford. False gain by 
alluvial fan deposition gives delta a gently 
inclined up surface. 

Entering Cooperstown Quadrangle at the 
Cooperstown-Westville Airport. From here 
north 'lor about 2 miles the highway is on 
pitted outwash. 

Note morainic topography beginning to develop 
on the right. 

Turn right onto Norton Cross Rd. (unmarked) 
that crosses Cherry Valley and traverses the 
hummocky surface of a moraine near Westville. 
'1'hi~ if! 1.11(' f'.nu1.IU~I\::I.tll"n p. xten!1:ion ( lr tlll~ 

Gt1s~vIll(.'-Gooperstow(j moraine whIch is 1n the 
Susquehanna Valley to the west. 

Crose Cherry Valley Creek where it breaches the 
IOOraine. Pull off to the right just beyond 
the bridge near the top of the hill. 

At the time of implacement this moraine 
blocked the valley to an elevation of about 
1170 feet forming a dam for Lake Middlefield, 
a body of water that drowned Cherry Valley 
for nearly its entire course. The field 
evidence for Lake Middlefield is in hanging 
deltas at the lOOuths of tributary streams, a 
delta moraine at Middlefield and associated 
kame delta, and the large lacustrine plain 
across which the drainage presently meanders. 
In addition, well data indicate lacustrine 
sedimentation and the accumulation of thick 
clay deposits. 

The hummocky topography yields down valley 
to a pitted outwash that was incised by the 
drainage of Lake Middlefield to form valley 
train terraces. Up valley the IOOr&ine lOBes 
relief and joins the lacustrine plain . 



Miles f'rom 
last point 

0.2 

0.8 

0.4 

2.1 

0.2 

0.1 

0.1 

0.5 

0.3 

0.4 

1.0 

Cumulative 
Miles 

70.3 

70.7 

72.8 

73.0 

· 73.1 

73.2 

73.7 

74.0 

74.4 

75.4 

Clean exposures in this road cut have 
revealed the moraine to consist of stratified 
sand and gravel and not Wlsorted drift. 

Proceed southeast acrose Cherry Valley on 
Norton Cross Rd. . Leave Cooperstown Quad­
rangle~ enter Westford Quadrangle. 

Turn left (north) at yield sign on County Rd. 
35. Up valley extent of moraine can be eeen 
on the left for the next 0 .4 miles to where it 
finally joins the lacust rine plain . 

Road crossee a dissected hanging delta at the 
mouth of a tributary. Barn on the left is 
situated on the delta surface at about 1270 
feet. 

Good view of poorly drained lacustrine plain . 

Enter Village of Middlefield, turn left at 
stop sign and continue on County Rd. 35 to 
the northeast. 

Cross Cherry Valley Creek and lacustrine plain. 

Turn right on Moore Rd. just beyond the bridge 
and proceed north onto the f'ront of a delta 
moraine. 

Inactive quarry on right at one time revealed 
stratified sand and gravel with fluvial cross 
bedding. The road traverses the kettled back 
portion of the moraine for the next 0.5 miles. 

Intersection with Rt. 166. Turn lett and 
proceed southwest. 

The hummocky slope on the right suggests the 
extension of the delta moraine at the base of 
the valley wall. 

Dirt road on the lett leads to a delta kame 
that can be seen standing above the lacustrine 
plain to an elevation of slightly above 1280 
r,·ol. . Pr'·W·1I1. <'x'·Avld.lon rt'vl ~'d~ dJul.illct. 
gl'uv"l rC) r·,·:lt~t. I,celll 11L(·Ljrlt~d. dOWYI valley. 

Road crosses a dissected hanging delta/alluvial 
fan at a B.M. elevation of 1275 feet. 
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Miles from Cumulative 
last point Miles 

0.5 75.9 

77.3 

1.3 78.6 

0.7 79.3 

2.1 81.4 

0.3 81.7 

0.3 82.0 

0.4 82.4 

0.3 82.7 

0.4 83.1 
STOP 7 

Turn right on Otsego County Rd. 52 to Cooperstown. 
Return to Cooperstown Quadrangle. 

Road descends vaJ.ley wall. and provides a good 
View ot morainic topography downslope. Thb 
may be the upland facies ot the Caasville­
Cooperstown moraine . 

Enter Bowerstown. The road crossed morainic 
topography over much of the last mile. Turn 
lett (south) aD Beaver Meadow Rd. 

Once again the road crones what appears to 
be the upland facies ot the Cassville-Coopers­
town moraine. Hote the morainic topography 
tor the next 0.4 mile and discontinuously 
tor the next 2 miles. 

Stop sign. Intersection with County Rd. 33. 
Turn right. 

Turn le:t't on County Rd. 11 C (stonehouse and 
ba.rn 100 yards down 11e). This is the outwash 
portion ot the Cassville-Cooperstown moraine. 

Railroad crossing and bridge over Susquehanna 
River. 

Intersection with Rt. 28 at Hyde Park. Turn 
right (north). 

Enter Village of Index. 

Pull otf to the right next to St. Mary's 
Cemetary. To the northwest (across the 
high~) is the characteristic topographic 
expressive for the Cassville-Cooperstown 
moraine. It can be traced in that direction 
for 5 miles up Oaks Creek to Oaksville. How­
ever. trom here eastward across the Susquehanna 
Valley the moraine shows less relief. yet 
maintains an elevation ot about 1250 feet. 

As the ice retreated from this position a 
lake remained impounded behind the moraine and 
grew in size. It is referred to as Iak.e 
Cooperstown and reached an upper limit of 
A.bout. U''',O r,'f'f.. At. t.hi!'C ,.leV1\t.1 on It. 'Woul d 
hu.yc hi,.'ull :-hIUIt.·vh'~1. Il1rgc."'· Lhwi Lake! Utego ~ 
which maintains an elevation of 1195 teet at 
present. 
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Miles from Cumulative 
last point 

0.4 

1.4 

0.1 

0.4 

0.3 

0.1 

0.6 

1.3 

1.1 

0.7 

0.8 

1.0 
STOP 

Miles 

83.5 

84.9 

85.0 

85.4 

85.7 

85.8 

86.4 

87.7 

B8.8 

89.5 

90.3 

91.3 
8 

Well data tram the vicinity o~ Hyde Park 
indicate the bedrock valley floor is in excess 
o~ 265 teet below the modern tlood plain. The 
~ill is almost entirely quicksand. This depth 
is consietant with gravity surveys run across 
the valley between the moraine and the Village 
o~ Cooperstown. 

Continue north on Rt. 28. 

Moraine yields to outwash head and tributary 
deposits. 

Enter Village ot Cooperstown. 

Bear right across railroad on Rt. 28. 

Junction ot Rt. 28 and Rt. 80. Continue 
straight on Rt. 80 east. 

Trat~ic light at intersection o~ Rt. 80 and 
Main Street. Baseball Hall ot Fame is two 
blocks to the right. Continue through inter­
section on Rt. 80. 

Stop sign. Turn lett, 

Farmer1 s Museum on lett, golt course and otsego 
Lake on right. The 801~ course is situated on 
part o~ a small moraine and outwash surface 
that bulges slightly into the lake. 

Beginning here and for the next 0.1 miles the 
road crosses a partially dissected and incised 
hanging delta at Brookwood Point. The most 
easily recognized strandline features of Lake 
Cooperstown nrc found I\lonp, the western sid~ ot 
Lite vallp.y wlle ' I'e l.ri.hutnry drainages al'e larger. 

Three Mile Point. Large brown and yellow house 
on the left occupies the surface of a hanging 
delta at an elevation of about 1250 teet. 

Enter Richfield Springs Quadrangle. 

Road climbs onto the hanging delta at Five 
Mile Point, which also stands at about 1250 
teet. 

Pull into the small parking area on the right 
next to the eign tor the IAlteview lobtel and 
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Miles from 
last point 

Cumulative 
Miles 

0.3 91.6 

1.4 93.0 

1.7 94.7 
STOP 9 

4.2 98.9 

Cottages. Cross Nt. 60 and valk to the 
excavation at the back of the Lakeview ~te1. 

Distinct foreset-topaet structure can be 
seen in very coarse gravel. The upper surface 
was measured to be 66 feet above Otsego Lake 
and determined to have an elevation of about 
1255 feet. This being the distal end of the 
delta lobe there is probably a minimal addition 
of ralse gain. 

Directly across the lake is Hyde Bay, into 
which Shadow Brook drains. A gravity survey 
run across that valley just 0.1 miles from the 
b~ indicates a depth to bedrock of 69 feet. 
A single water vell 0.2 miles up Shadow Brook 
logged 8 feet of gravel and 62 feet of clay, 
silt and sand, witb the lover contact of the 
gravel at 1241 feet, indicating that Lake 
Cooperstown rose to at least that level. 
Furthermore. Shadov Brook flovs across bedrock 
just 0.5 miles from this vell, suggesting a 
buried channel up valley tram ayde Bay. 

Proceed north on Rt. 80 past Six Mile Point, 
vhich is also situated on a hanging delta 
graded to the level of Lake Cooperstown. 

Enter Town of Springfield. 

Rt. 80 traverses another hanging delta at 
about 1250 feet for 0.4 miles and shows a good 
example of modern incision. From here north 
the valley widens and relief diminishes. This 
is the open end of the Susquehanna through valley. 

Turn right on otsego County Rd. 53 and park. 
Walk back to intersection and clean up drainage 
ditch on southern side. Extremely fine laminated 
clay in varve-like form was exposed in June 1977. 
The elevation here is 1220 feet, which would 
have placed this area under about 30 feet of 
Lake Cooperstown vater. 

Since leaving the otsego Lake trough 2 miles 
back the terrain has become much more subdued 
and gentle. The modern sedimentary condition 
along the northern lake shore is considered to 
be a good analog of the environment in which 
these clays accumulated. 

Turn around, turn left and back track south 
on Rt. 80. 

Five Mile Point. Turn right on Otsego County 
Rd. Rt ; 28. 



fI.-, 
page 37 

Miles f rom 
last point 

0. 8 

2.0 

1.8 

1.2 

1.1 

0.6 

1.7 

0.3 

2.0 

0 .7 

0.3 

0.3 

Cumulative 
Miles 

99.7 

101. 7 

103.5 

104 .7 

105.8 

106.4 

108.1 

108.4 

110.4 

111.1 

111.4 

111.7 
STOP 10 

Stop eign. Turn lett, still on County Rd. 28. 

Turn right at white house onto Armstrong Rd. 
(unmarked). SPCA sign at intersection. 

Turn right at Tanner Hill Rd. (unmarked). 

Road ends at intersection with County Rd. 
26 (unmarked). Tum lett. Road. descende into 
the valley of Fly Creek. 

Croes Fly Creek and the lacuetrine plain of a 
small lake that vae ponded behind a moraine at 
the Village of Fly Creek 3.5 miles down valley 
(to the left). 

Bear lef't and remain on County Rd. 26. Road 
nov parallels the valley and provides a good 
overviev of the lacustrine plain on the lett . 

Enter Cooperstown Quadrangle. 

Road climbs a moraine and follows it for 2 
milee to Village of Fly Creek. This is part 
of a large moraine complex that blocked th~ 
drainage at Fly Creek and Oaksville. 

Enter Fly Creek . Stop sign at inter~ection 

vith Rt. 80 and 28. Turn right. Proceed west 
along the continuation of the moraine to 
Oaksville. This i3 the western extension of 
the Cassville-Cooperstown moraine that blocked 
Oaks Creek and dammed Lake OBksville in the 
Canadarago Valley. 

Enter Oaksville and Hartwick Quadrangle. 

Cr03s Oaks Creek. 

Pull off to the right and walk. .into t.he gravel 
quarry situated toward the back s tde of the 
moraine . Exposed are eorted and etratified 
sand and gravel, as is typical of moraines in 
the upper Susquehanna. Although the surface 
expreseion is hummocky and irregular, massive 
foreset beds characterize the internal structure 
of this part of the moraine. Possibly this 
accumulated in a delta moraine fashion as the 
ice retreated from the main moraine poBition. 
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Miles from 
last point 

0.4 

0.2 

1.9 

2.8 

0.7 

1.2 

1.1 

1.1 

2. 4 

0.9 

Cumulative 
Miles 

112.1 

112.3 

114.2 

117 .0 

117 .7 

118 .9 

120.0 

121.1 

123.5 

124.4 

The moraine reaches an average elevation of 
between 1300 and 1320 feet and controlled the 
water level in Lake Oakeville. strandline 
features at this position can be seen in a 
number of places around Canadarago Lake and at 
Richfield Springe to the north. Although 
Canadarago is much emaller and shallower than 
otsego Lake (44 feet VB. 166 feet) , well in­
formation and gravity data indicate it occupies 
a bedrock basin comparably deep. 

Proceed north on Rt. 80 and Rt. 28. 

Road descends back of moraine. Lacustrine 
plain of Lake Oaksville lies ahead. 

Turn left and remain on Rt. 80 west and Rt. 205 
south. Road climbs off the lacustrine plain 
and acroslS the divide to the drainage o'f 
otego Creek. 

Turn left on Rt. 205 south. 

Road descends onto flat floored valley. 

Two kames and an area of dead ice topography 
can be seen on the left. 

Cross otego Creek and enter Village ot Hartwick. 
Continue south on Rt. 205. 

Truncated spur on lett as road climbs large 
hummocky terrace torm. This terrace. which 
continues tor about a mile. appears to be a 
complex of dead ice terrain and tributary 
fan/delta deposits from adjacent short valleys. 

Road drops to valley floor and what appears to 
be s ' lacustrine plain. Enter Nt. Vision Quad­
rangle. 

Road climbs a bedrock controlled terrace and 
continues across a glaciofluvial terrace of 
uncertain origin. This and other similar 
features can be seen repeatedly along the 
valley. They are thought to be associated with 
static or stagnant ice condit ion that char­
acterized this drainage. 

Enter Town of Mt. Vision. Continue south on 
Rt. 205. 



Miles from Cumulative 
last point Mile:! 

1.8 126.2 

0. 3 126.5 

0.2 126.7 
STOP 11 

0.4 127.1 

2.9 130.0 

1.9 131.9 
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Turn to the right on Bl ood Mills Rd. (un­
marked). just sbort of sign for Circle S 
Farm. 

Cross Otego Creek and turn right on dirt road 
that parallels the creek. Road leads to 
otsego County gravel quarry . 

Unload at gate and walk in. At various times 
• during excavation a consistantly well defined 

deltaic internal structure has been observed. 
Massive fore set gravel and sand dip down 
valley and are covered by more poorly sorted 
topset beds, which range in thickness up to 
30 feet. This deposit is practically at the 
center of the valley and has lateral extent. 
The creek cuts through to the east, where it 
is forced against the base of a truncated spur. 
A small tributary enters the valley f'rom the 
vest and joins otego Creek slightly" to the 
north. 

This feature has the topographic expression 
of a hanging delta at an elevation of about 
1200 feet, but ~ well be part of a delta 
terrace deposit or kame del ta. 

Collapsed wedge-shaped structures have been 
found at various times in the topset beds . 
Their occurrence and possible origin are 
discussed in this guidebook under the title 
Wedge-Shaped Structures in Bedrock and Drift . 

Return to Rt . 205. 

Turn right on Rt . 205 south. The road crosses 
an extensive and continuo~ terrace level from 
here south to Laurens and beyond. The terrace 
scarp maintains an i r regular trend marked by 
several undercut banks where the creek has 
meandered against the ba~e of the terrace. 
In spite or this the terrace scarp expresses 
a lobate trend unrelated to meander scars. 
This feature is interpreted as a delt~terrace 
formed by terminal discharge in an ice-contact 
lake and not considered to be a kame terrace. 

Highway traverses a small moraine that extends 
into t he valley and deflects otego Creek west­
w.rd. 

View ot lacustr ine plai n to the right. Enter 
Oneonta Quadrangle. 
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Miles trom Cumulative 
last point Miles 

1.6 133.5 Highway crosses the lateral extendon of tbe 
West Oneonta delta moraine, wbich can be seen 
to the right. 

0.2 133. 7 Junction ot Rt. 205 with Rt. 23 at stop sign 
and blinking red light. Bear len and proceed 
south. 

1.9 135.6 Traftic light intersection with Rt . 7 and 
1-88 interchange. Proceed across Rt. T to 
I-88. 

0.3 135.9 Turn le:ft on 1-88 East. 

2.7 138.6 Exit I-88 at Oneonta (Rt. 23 and 28) inter­
change. 

END OF FIELD TRIP 
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PRELIMINARY GEDLOGICAL INVESTIGATION OF OTSEGO LAKE 

John Sales, Willard Harman, P . Jay Fleisher, Ray Breuninger1and Michael Mel ia2 
SUNY, College at Oneonta 

INTRODUCTION AND ACKNOWLEDGEMENTS 

This report is a synthesis of the contributions of several workers. 
All of the ecological aspects, underwater sampling, bathymetry as well 
as some of the geological interpretation are the r esult of an impressive 
ten- year research effort by Bill Harman and his students working at the 
sueo Biological Field Station. Use of the fiel d station research vessel 
as well as the logistics for the lake tour and the lake log are also 
Harman ' s contribution . Breuninger contributed the sedimentology and 
Melia the Paleomalacology in two short studies done in 1974. Fl eisher 
contributed material on the glacial geology and the glacial landforms 
map and accompanied Sales on an initial reconnaissance of the lake 
perimeter. Sales pulled together most of the general geology, strati­
graphy, physiography and structure and did the actual writing of the 
shore road log. leaning heavily on the interpretations of Fleisher on 
the glacial geology. While not contributing specificall y to this 
report, the bedrock mapping done by Ri ckard and Zenger (1964) provides 
a firm foundation for many of the interpretations. IP pulli ng t he 
paper together and in fitting other workers' concepts to the l ocal 
situation, Sales ~ have distorted some of the concepts of the other 
workers . Much of this contribution represents preliminary ideas that 
will require further sUbstantiation and zoodification . Parts of this 
paper were updated from Sales , et al . , 1972 . 

GENERAL DESCRIPrION OF TIlE LAKE (LOCATION AND PHYSIOGRAPHY) 

otsego Lake (Figs. 1 &2) is in northern otsego County, New York , 
57 kilomet ers (35 miles) southeast of Utica and 89 kilometers (55 mil es) 
west of Albany . The village of Cooperstown i s at i ts south end and 
the smaller towns of Springfield and Spr i ngfi eld Center lie a few 
mi l es north of the lake. It is within the northern part of the 
Appalachian (Allegheny) Plateau physiographi c province in the extreme 
northeastern part of the Susquehanna watershed . It is considered to 
be the source for the Susquehanna River although the actual drainage 
divide separating Susquehanna from Mohawk River drainage lies about 
8 kilometers (5 miles) north of the lake. The Plateau Province is 
a maturely dissected upland with local hill elevations from 550- 670 m. 
(1800- 2200 ft . ) . Valley elevations are in the 300- 430 m. (100-1400 ft.) 
range . Bedrock under the major valleys lies below 30- 90 m. (100- 300 ft . ) 
of glacial fill (Gieshen , 1974). There is a NNE-SSW topographic grain , 
possibly basement controlled, that may have been enhanced by glacial 
erosion so that the area i s dominated by over-steepened and over­
deepened troughs with intervening subparallel r idges. otsego Lake 
lies in one of these troughs , as does its s l ightl y smaller sister l ake­
Canadarago- just to the west. 

lclo H.R.Br euninger, 625 Hastings, Missoula, Montana 59801 
2Department of Geology , Michigan State University. East Lansing, Michigan 48823 
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BEDROCK GEOLOGY 

The lake is eroded in the Middle Devonian Panther Mountain 
formation and the subjacent lower members of the Hamilton Group. A 
prominent dip slope on the Lower Devonian Onondaga Limestone floors 
the valleys at the north end of the lake and dips gently SSW under 
the lake surface at a rate of about 90 !t./mile. All other formations 
in the region also take part in this regional dip (Figs. 1, 3c). 

The details of outcrop pattern and lithology are well discussed 
in Rickard and Zenge~s 1964 paper on the Cooperstown and Richfield 
Springs Quadrangles. 

GLACIAL GEOLOGY 

Glacial features associated with Otsego Lake and its surroundings 
are quite diversified and include a well developed moraine and drumlins, 
as well as hanging deltas, clays and sands representing a previously 
higher lake stand, here termed Lake Cooperstown (see Glacial contribu­
tion by Fleisher for additional detail beyond this summary and for a 
more regional perspective). 

The Cassville-Cooperstown moraine trends sQutheasterly down 
Oak Creek valley and crosses the Susquehanna valley 2 miles south of 
Cooperstown and the Otsego Lake outlet, appearing again in Cherry Valley , 
the next valley to the east. This moraine completely fills tbe 
Susquehanna valley to an elevation of 1250 feet, except for a sharply 
incised cut at Phoenix Mills, through which the present Susquehanna 
River flows. This cut provides a logical damming mechanism that could 
have held Lake Cooperstown elevations at approximately 1250 f eet prior 
to breaching. As a possible alternative,the lake may merely have been 
graded to the highest terrace level representing graded flood plain at 
that time. Large terrace remnants at 1250 feet are preserved at 
Hartwick Seminary and the County Home 2 miles below the moraine . 

Severa! of the deltas along the west (more gentle) side of the 
lake are not graded to the present lake leve~ but are strongly incised 
in their upper areas with smaller present-day deltas below them graded 
to the present lake and with a noticeable break in slope in between. 
Upper areas of these deltas (Brockway, Three Mile, Five Mile, Six 
Mile, and Allen Lake) vary considerably in smoothness and preservation, 
but seem to be graded to a level of about 1250 feet. An except ional 
exposure has been dug in the front of one of these hanging deltas 
between Five and Six Mile Points on the west side of the lake to 
accommodate the Lake View Motel and parking lot behind it . This 
clearly shows very coarse gravels and cobbles with little matrix 
fore set toward the lake below a nearly level surface at about 1255 
1't. elevation. Down the dip of the foresets, sands of similar fore set 
attitude interfinger with the cobbles . At the top of the coarse fore­
sets there is no sharp transition to horizontal topset strata. 
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Very finely and well-laminated lake clays are exposed at an 
elevation of 1240 feet at the intersection of Rt. 80 and County 
Route 53, in the ditch on the SE corner of the intersection approxi­
mately 1 mile north of the north end of the lake. These must be 
lake bottom pelagic clays deposited in quiet. protected water and 
below wave base under conditions (colder water?) that precluded 
bioturbation - all recent lake bottom clays and silts taken in cores 
from the present lake bottom are nearly non-laminated and apparently 
strongly bioturbated. 

It is common that preglacial drainage oriented transverse to ice 
flow is often partly or completely filled with till during ice advance. 
Because of i t s hanging po~· tion above the lake trough,and because of 
incision by the postg1acj~l Mohican Canyo~the till plug exposed there 
is an interesting and well exposed example . It may also be used in­
directly to gain an estimate of amount of gl acial down utting in the 
main valley. The base of the till plug and elevation of the preglacial 
(interglacial?) valley floor is at about 1320 !'t. elevation about one 
mile from the axis of the trunk valley. If we take the gradient of 
the f ormer side valley floor 8.3 amoderate 100 feet/mile the confluence 
with the trunk stream should have been at about 1200 feet elevation, 
which is very close to the present lake level. Paul Gieschen (1974) 
found an average of 250 feet of fill below the general 1200-1250 !'t. 
level of the present valley floors . Assuming that the same depths to 
bedrock prevail under Otsego Lake (except that water is substituted 
for some of the fill) there has been about 250 !'t. of glacial down­
cutting below the preglacial valley bottom. This depth is, of course, 
much greater if computed at the truncated spurs. The end of Red 
House Hill at 1600 feet has been also removed in the trunk valley to 
this same common depth o(±950 feet), giving over 600 feet of down­
cutting by ice at the interfluves. 

CAUSES OF THE REGIONAL TOPOGRAPHY 

The regional topography is the result of the interplay between: 
1) SSW dipping rock units of varying erosional competence, 2) inter-
1'ingering of hard and soft SSW plunging rock tongues, 3) SSW trending 
basement faulting seen in the Southern Adirondacks and plunging south­
ward under the area and transmitted subtly to the surface by joint 
development, 4) Cenozoic through Recent epiorogenic upli!'t of the 
entire Appalachian region that provided erosion potential, and 5) Pleis­
tocene continental glaciation which deepened south trending valleys , 
filled cross trending valleys, and partially filled valleys with a 
combination of morainal and glacial fluvial debris. The first two 
of these topics are discussed in detail below. 

Stratigraphic Control of the Topography 

The Catskill Delta of Devonian age has long been considered a 
world classic example for the progradation of a clastic apron over the 
marine deposits of a shallow sea. The net result of this geometry 
is the upward and westward shift of facies from marine through 
littoral through continental as the delta grew . The marine facies is 
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dominated by thinly bedded and fine grained shales , especially the 
Chittenango shale , which are the least resistant to erosion of the rocks 
in the Plateau. At the othe r extreme, the continental facies is domin­
ated by well indurated, coarse grained and massively bedded sandstones 
and conglomerates which by contrast are very competent and slow to 
erode. The littoral fac i es is stratigraphically, geographically and 
in terms of erosive competence, intermediate between the tvo extremes, 
being dominated by sandstones and siltstones of moderate bedding 
thickness. 

The regional southward dip i n combination with the regional 
southeastward rise in t opography cause the marine facies to outcrop 
dominantly in the north and west areas of the Plateau, the continental 
facies to outcrop dominantly to the southeast in the Catskill 
Mountains, and the litt oral facies to outcrop in between. Since, 
in an area of slow epiorogenic uplift such as the Tertiary Appalachians, 
erosion and uplift approach a steady state, elevations closely reflect 
rock resistance. In the Plateau the slow and steady rise of topography 
southeastward into the Catskills is caused by and is • reflection of 
rock resistance. 

In detail, however, the stratigraphy in the Catskill Delta is 
famous for its interfingeri ng facies tongues, reflecting a cyclic 
advance and retreat of environments within the overall westward pro­
gradation. The interfingering is locally seen in local stratigraphic 
sections as a vertical interlayering of sandstone and shale or con­
glomerate and sandstone or all three. The scale is extremely variable 
with major tongues being many tens of kilometers long and hundreds to 
tens of meters thick stratigraphically, with many minor thinner tongues. 
In general, the ends of these facies tongues should parallel the long 
axis of the Appalachian Sedimentary Basin, though in detail they must 
show the same lobate dispos ition seen in many present day low lying 
shorelines, reflecting contributions from irregular source areas into 
irregular depocenters. 

This internal geometry of the Catskill Delta in combination with 
the superimposed regional southward dip dictates several very important 
geometric relationships: 1) the intertonguing relationships must 
intersect the surface of the Plateau, 2) since dip is low a geologic 
map of the Plateau is essentially a vertically exaggerated cross 
section which, if viewed in a south to southwesterly direction at a 
low angle, is restored to an undistorted (down structure) cross 
section, 3) geometry demands that in a situation such as the top of 
the Panther Mountain tongue more competent sandstone-conglomerate 
facies,tongues wedge out westward and plunge southward to southwest­
ward. This may be responsible for the tendency for west and north 
facing valley walls built against these tongues to be slightly 
steeper, 4) geometry also demands that more incompetent shaly 
tongues of a more marine facies die out eastward. This in combina­
tion with the regional dip requires that valleys cut in these 
incompetent tongues, in a transgressive situation, when followed 
eastvard or northeastvard should rise and blend into the upland surface 
beveled on the adjacent harder unit where the softer tongues wedge to 
nothing, 5) cuestas should have the same en echelon arrangement on the 
Plateau surface that facies tongues have in the classic cross section. 
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A facies tongue cuesta should grow westward or southwestward above a 
developing soft tongue valley, turn slightly southward or southeastward 
as the tongue thins, and plunge under the next soft valley to the south. 

It is here suggested that the east walls of the valleys of 
Canadarago Lake, Fly Creek, Otsego Lake. Red Creek. and Cherry Valley 
Creek are basically facies tongue cuestas held up by resistant tongues 
in the Panther Mt. formation and straightened by ice flow. The valleys 
themselves are cut in shale tongues of the lower Hamilton Group. Valleys 
of Otego Creek, Fly Creek, and Red Creek rise and blend into the upland, 
suggesting that they are shale tongue valleys. The valleys of Canadarago 
Lake, Otsego Lake, and Cherry Valley Creek, however, have been over­
deepened by glacial erosion. They have breached the Plateau front and 
been deepened into through-going troughs. This facies tongue control has 
to have occurred quite high, at least above any glac~~l trough ~O~?utt~n~~. 

LAKE DIMENSIONS AND GEOMETRY 

The lake has a normal pool elevation of about 361 m. (1194.S ft . ) 
controlled by a small dam in the Susquehanna River just downstream 
tram the outlet. According to Palmer (1914) the lake may attain 
levels .5 feet below and 2 feet above this mean elevation. Sohacki 
(1974) made a study of discharge within the watershed and from the 
lake, finding a lake discharge of about 2,400,000 ft. 3/24 hours. It 
is about 13 km. (8 miles) long and averages about 1.5 km. (l mile) 
wide, with east-west width increasing from about 0.8 km. (O.S miles) 
near the south end of the lake to roughly 2.4 kID. (l.S miles) at 
Hyde Bay near the north end. 

Maximum depth of 50 m. (166 ft.) occurs about two thirds of the 
way toward the north end of the lake, about N4SoE (Fig. 2, Fig. 3c) 
of Five Mile Point, which is located on the west side of the lake. 

There is east-west symmetry below water level. The deepest part 
of the lake is almost perfectly centered between the east and west 
Bhores. Thi~ symmetry below water level is noteworthy because there 
is a pronounced asymmetry both in the otsego Lake trough above water 
level and in the adjacent major valleys both to the east (Red Creek 
and Cherry Valley Creek valleys) and to the west (Fly Creek and Oaks 
Creek valleys) (compare Figs. I and 2) . The regional map suggests 
that the asymmetry is a general feature of the region. In east-west 
profile the lake basin below water level has the noticeable U shape 
of glacial troughs. This contrasts with the much flatter bottoms of 
the valley trains in adjacent glacial valleys. It is not known what 
proportion of this profile is attributable to erosion and what to 
deposition. 

ORIGIN OF LONGITUDINAL BASIN GEOMETRY 

The longitudinal profile of the lake basin is asymmetrical (Fig. 2) with 
a steeper and more irregular northern or south-facing end and a more 
gentle southern end, and with the basin deep 2/3 of the way toward 
the northern end. The northern end, below a prominent shallow bench . 
is both steeper and more irregular than its southern counterpart. 
suggesting that the same type of plucking that takes place on the lee 
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sides of glaciated bedrock knobs may have been instrumental in 
removing the resistant Onondaga-Helderberg Limestones on this lee 
slope. Dovo-dip projection suggests tbat those formations should 
underlies that slope.The prominent gentle slope that floors the 
northern arm of the lake below the shallow bench is in the correct 
position to be an extension of the equally prominent dip slopes 
that occur on tbe Onondaga north of the lake. 

The configuration of the south half of the lake is characterized 
southward by the flat basin deep, a gentle but very noticeable steeper 
slope up to about 65 feet depth and then a noticeably flatter area up 
to about 40 ft . depth. which is the base of the shallow bench. 

There are two ver,y different possible interpretations of this 
south half of the lake: (1 ) it is dominantly an erosional configura­
tion caused by glacial scour of bedrock units of varying resistance~ 
with only a conforming mantle of glacial fill; (2) it .is a deposi­
tional configuration due to glacial fill above an essentially flat 
bedrock floor profile 200-300 ft. below lake level. A bedrock controlled 
configuration is supported by the fact that the mode of topographic 
expression of the bedrock units that should intersect the lake floor 
in this area correlates well with the topographic expression of the 
same units on the cuesta fronts northeast and northwest of the lake. 
Thus the basin deep would be etched in the very soft Chittenango 
shale,the same unit that has been stripped to form the Onondaga 
bench. The noticeably steeper midslope would correlate with the 
first subcuesta of the overall Panther Mt . cuesta, or the one held 
up by the relatively resistant lower Otsego shale. This unit forms 
the lower first cuesta above the Onondaga bench northwest of the north 
arm of the lake, and the same unit supports Cape Wykoff, Shanltley 
Mountain, and Piney Cobble northeast and north of the lake, re­
spectively. The higher flat on the lake bottom would correlate well 
with the line of swales in the upper otsego shale aligned with 
Allen Lake northwest of the lake and with the saddles south of Cape 
Wykoff and Piney Cobble. Arguing against a bedrock carved profile 
and for a glacial fill profile for the configuration of the southern 
half of the lake is the fact that Gieschen (1914) has graviametrically 
computed depths to bedrock through Cooperstown village that suggests 
219 feet of fill above bedrock. To honor this and still maintain a 
bedrock controlled erosional profile for the south half of the lake 
is nearly impossible. and suggests a more or lesD flRt longitudinal 
bedrock profile some 100 feet below the bottom of the basin deep, 
with control of topography caused by 8.lOOunts of glacial fill over 
this flat floor. As Gie3chen, 1974 (p.44) points out, Fairchild (1924) 
has already suggested this "drift barrior" as the cause of the lake. 

If this second (fill-dam) hypothesis holds true,it supports 
interesting speculations about the basic cause of the lake - why it 
is water rather than glacial fill: almost all wasting glacial 
tongues restricted in a confining valley debauch into a preglacial 
lake of some extent - it takes time after retreat of a glacier front 
to fill the glacial trough from its empty condition to a condition 
in which drainage is over the graded top of the accumulated valley 
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fill. If fill contribution is locally small but previously deposited 
volume of valley fill downstream is great, a 1.ong lake develops. If 
local availability of fill is more than ample to fill the area im­
mediately in front of the ice with debris up-grade of the outwash 
plain below, there is no lake at all. Thus there is a ~amic 
equilibrium at play with rapidity of retreat and build up of the 
downstream graded profile tending to increase volume of the lake, 
and sediment sUPPLY. especially downstream from the glacier and 
especially from side-entering tributaries, tending to decrease the 
volume of the lake. This concept applied to otsego Lake suggests that 
as the glacier retreated northward and freed Oak Creek and Red Creek 
successively, such a large volume of sediment was dumped into the 
trunk Susquebanna that it was filled to grade, forming a very stable 
dam at that elevation. Excess material may even have extended the 
north facing slope of t he fill northward to its present posttion. 
Contribution from the small clustered west slope streams along the 
southwest quarter of the lake between Leatherstocking Falls and 
Cooperstown may have supplied enough material to create the bump in 
lake botto~ at Brockway Point. While the ice was being cleared from 
the main part of the lake and north along the Onondaga bench,the lake 
wasn't filled because there weren't enough large tributaries (of the 
calibre of Red and Oak Creeks) to supply this volume of sediment. 
Before the volume required could accumulate break-through of a lower 
outlet along the Mohawk diverted sediment discharge. Interestingly 
it should have also drastically and immediately cut the discharge of 
the Susquehanna and shifted the equilibrium from the high level 
grade, represented by the high terrace with kettles at 1250 feet, 
toward down cutting and terrace formation which as of today has 
lowered the river some 50 feet below its previous high stand. 

DEVELOPMENT OF THE SHALLOW WATER BENCH 

One of the most noticeable features of Lake otsego bathymetry 
is the shallow water bench that rims much of the lake. The bench 
correlates in degree of development with the assumed sediment influx 
potential as reflected in the on-shore drainage area behind the 
bench (Schacki, 1974). Thus it is best developed at the north end of 
the lake where the Allen Lake, Weaver "Lake-Young Lake-Cripple Creek, 
and Hyden Creek drainages are bounded by divides as much as 9 km. 
from the lake shore. Its second best development occurs in the Hyde 
Bay where Shadow Brook also has its source several miles from the 
lake . Its development at the south end of the lake correlates well 
with the large subdrainage area provided by Glen Creek and the 
several creeks which enter the west side of the lakes between Coopers­
town and Brookwood Point. 

By contrast those areas of the lake basin which have no appreciable 
drainage area behind them and which show little postglacial dissection 
are nearly devoid of a bench. This includes the entire east side of 
the lake northward to GravellY Point and the middle west side of the 
lake between the northern limdt of the Brookwood Point Delta and the 
southern limdt of the Sunken Island Platform. As a generalization 
those areas which do not have a wave built bench of soft sediment 
offshore have a tendency to have a small wave cut terrace developed 
at lake level. 
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There is also a good correlation between development o£ the 
bench and slope of the lake floor on which it is built. The generali­
zation appears valid that wherever the slope of the floor approacbes 
the average slope of the bench face no bench is present. 

The bench appears to be best developed in areas where the shore 
behind it is both gentle and apparently constructional, being built of 
either glacial-fluvial or morainal deposits or postglacial eJ.luvial­
deltaic aprons. This raises the possibility that the bench is merely 
the sub-lake extension of the alluvial aprons developed on shore re­
garded to present wave base. The correlation of the bench lip with 
the 15 ft. contours suggests a depth control mechanism, but it is 
not sure whether this is mechanical wave base, a light, or chemical 
control of the sediment trapping aquatic p1ants,or some unknown 
mechanism. 

There are areas of special interest with regard to bench development. 
1) Sunken I sland: Sunken Island near the northern end of the lake 
represents both one of the most elevated and most 1akeward promontories 
of the shallow water bench. Depths on top of it are less than 2 m. 
and it is sometimes awash during prolonged dry spellS. Among other 
possibi1itie~ it may owe its origin to (a) an abnormal organic build­
up if the general bench is organically built; (b) a high standing 
bedrock ~ore either of roche moutonnee origin or of possible thickening 
in the underlying Cherry Valley Limestone due to Devonian reef buildup; 
(c) a lake-leveled drumlin core. Two somewhat similar features at 
Canadarago Lake--Deowongo Island and the Sunken I sland near the west 
side of the lake--may have a common origin . Morphologically both 
of these appear to have a drumlin origin. Deowongo Island has a series 
of large (up to 2 m. in long dimension) boulders off its south end, 
visible on the lake floor. These could be a concentration of large 
erratics, exposed by winnowing out of till. Tbere is some possibility, 
however, that they are large joint blocks plucked from the lee end of 
a roche moutonnee which cores that island. Thus the origin of these 
features and of Sunken Island in otsego Lake could possibly be re­
solved by coring and sampling but at present is open to multiple 
interpretation. 

The origin of the very flat area between Sunken Island and the 
shore likewise is unresolved. . If beds in the bench area are of organi c 
origin, the bench ~ merely represent favorable environment for 
carbonate secreting charophyte algae. If on the other hand it should 
be made up dominantly of clastic mat.erial, it may represent a 
IItombolo bar" mechanism with the material derived either from beveling 
of Sunken Island or from southward longshore drift of clastics 
winnowed from the Allen Lake Creek Delta tront. Harman has pointed 
out on aerial photographs a noticeable counterclockwise drift in t he 
lake. displayed in sediment plumes eroded off headlands. This is ap­
parently common to most of the Finger Lakes and is usually attributed 
to Coriolis effect. This may. however. be due to a prevailing south­
west wind bypassing the hilly western shore and creating a northward 
vector of drag along the east shore, with passive return flow south 
along the relatively sheltered west shore. There is, of course, no 
reason why the "organic" and IItombolo" mechanisms could not augment 
each other. 
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2) The Allen Lake Creek Delta: The Allen Lake Creek Delta at 
the northwest corner of the lake is unique in that the subaerial delta 
front extends all the way to the edge of the bench face in an area 
otherwise dominated by extensive bench development. This raises the 
dual possibilities that the subaerial delta (a) is merely a raised 
and perhaps non-beveled but otherwise normal portion of the more 
extensive underwater bench. (b) is later and physically overlies a 
normal and genetically different segment of the bench. Brookwood 
Point Delta seems similar. Coring on the delta might resolve this. 

3) Bench segment west of Mt. Wellington: The bench segment vest 
of Mt. Wellington on the east side of the north arm of the lake is 
interesting on several counts. It is the largest in the lake. It 
shows a noticeable inner linear depression parallel to the shore and 
an elevated outer lip. Depths in the inner depression are in the 5-1 m. 
range while those on the outer lip are in the 3-5 m. range~ with an 
area less than 3 m. deep at the north end. The inner depression is 
bounded on either end by sharp declivities which appear to be erosional 
in origin. If these are subaerially eroded canyons~ they would prove 
a previously lower water stand . If they are of submarine origin , they 
suggest effective cutting by some combination of density and/or long­
shore drift currents. There is a very sharp isolated high and an 
associated low at the outer edge of this bench segment which could 
possibly shed light on the orgin of the general feature. Tentatively 
they might be: algal buildups, large erratics, preserved kame and 
kettle topography, or bedrock outliers. Noticeably linear se~ents 
of this bench face might be joint controlled if the bench is Partially 
of bedrock origin. If the bench has a constructional origin' lthe 
mechanism should be compatible with these straight segments. Some 
segments of this bench face appear to approach verticality w~ch ~ 
enhance the possibility of exposure of the internal makeup of the bench . 

I 
SEDIMENTOLOGY 

In an attempt to define sedimentological factors in the J ake, 3 
cores have been taken: one (A-I, 1.5 m. 10nglJust north of tht bench 
face in about 11 m. (30 ft.) of water about 100 m. (300 f't.) cDut from 
the town dock in Cooperstown~ and two (A-2, 3.5 m.; A-3~ 0.97 m.) from 
the lake deep in 50 m. (166 ft.) of water off Five Mile Point~ These 
latter two cores come from the lake ' s deepest point as shown on Harman I s 
(1914) bathymetric map (Fig. 2) , and as located by sonar. 

Two of the three sediment cores obtained in October, 1974 were 
cut into sections 0.1 m. long and examined petrographically. 

Core A-I. During analysis grains larger than 1 Mm. were sieved out 
and identified with a binocular microscope. Abundant aquatic snails, 
which occur throughout the core, have been described separately under 
the heading paleomalacol ogy. 

The lower sect)on of the core, from 0.3 to 1.5 m. was gr~ish-wbite 
li~ silty cl~ with abundant gastropods and gastropod fragments. At 
0.8-0.9 m. in the cores were a few blackened twig fragments ; otherwise 
there were no grains greater than 1 Mm. in diameter. This part of the 
core represents relatively uniform biogenic sedimentation plus clays 
from suspension . 
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Sediment in the upper 0.3 m. of the core was limy gravely clay, 
with abundant snails. In the greater-than-l mm. sieve fraction, 321 
grains (excluding snails) were counted. Of these, 39% were fine 
grained sandstone and siltstone, brown to black in color; 16% were 
weakly consolidated brown silty clay clasts, 14% were twigs, seed 
hulls and other plant fragments; 8% were slag. presumably from 
railroads or the steam ferryboat which used to ply the lake; 2% 
were chert j and 1 % were quartz and metamorphic rock fragments. The 
sandstone and siltstone grains were derived from the marine Devonian 
formations which crop out in the hills on either side of the lake. 
The chert grains probably came from limestones of the Onondaga and 
Helderberg Groups exposed along the Mohawk Escarpment to the north 
of the lake. The metamorphic rock fragments rJX)st probably come (via 
glacial transport) from the Adirondack Mountains. 

Manmade slag first appeared in the core at exactly the same 
stratigraphic level as did non-manmade, natural grains such as sand­
stone, siltstone, chert, and quartz. This suggests that all, not 
just the slag, were recently introduced into the lake by man, rather 
than by completely natural sedimentary processes. (Plant remains 
such as twigs, however, occur both above and below 0.3 m. ) 

Core A-2. This core was cut inte 10 cm.-long sections which 
were examined with a binocular microscope. The entire cere censists 
'Of noncalcareous silty clay, olive black (5y 6/1) to olive gray (5y 4/1) 
in color, with less than 1% sand . The clay has a poor herizental 
parting. There are slight cbanges in sediment color and in 8JlX>unt 
of decomposed black organic material (mostly bits of wood and leaves) 
which might allow lithologic subdivision of future cores inte cerrelat­
able units. Colors cited are of rJX)ist, net dry, sediment, and follow 
the terminology of the Rock- Color Chart published by the Geological 
Society of America, New York (1963). 

PALEOMALACOLOGY OF CORE A-l 

Laboratory Procedures and Fossil Identification 

This short (1.5 m.) core contained an abundance of aquatic pulmonate 
and prosobranch snails as well as much fragmental shell material. The 
core was sectioned into lengths 'Which were placed in polypropylene vials 
and covered ....ith 50% ethanol to prevent tile sediment from drying out 
and to combat the growth of molds. 

All intact snails and clamshells recovered from the core were 
counted and identified to species. Where possible shells were extracted 
by 'Washing through a nest of sieves (2 and 1 mm.). Bet'Ween 40 and 200 
(the average being 100) shells were ceunted fer each 0.1 m. interval and 
the results were incerporated into a general rJX)llusk diagram (Fig. 4). 
toost shells smaller than 1 mm. in diameter were immature, hence the 
lower sieve si.ze in thp n£'Ht wu.:1 1 mm. 'JI'or tltf) iden1.1ficn.Lion of the 
mollusks the key by Harman and Berg (19'(1) was used. 
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Mollusk Stratigraphy 

Prosobranch species were by far the most abundant mollusks in 
the core, and generally showed an increase in relative percentage 
upwards to the top of the core. Here they accounted for 70% of the 
totaJ. mollusks present. Amnicola limosa was by far the most numerous 
of these and accounted for at least 30% of all mollusks present (see 
Fig. 4). Similar observations were noted by Watts and Bright (1968) 
in a core from Pickerel Lake, South Dakota. 

The most abundant pulmonate snail was Gyraulus parvus. This 
species, however, showed a marked decrease in relative numbers toward 
the surface from a maximum (51%) between 1.2 m. and 1.3 m. in core 
depth. Both Helisoma anceps and ~ campanulata increased in relative 
percentage towards the top of the core, as did the small clam Pisidium ~ 
No terrestrial pulmonate snails were observed in the core. The 
mollusks only reported to genus were immature specimens whose species 
could not be determined vith any degree of reliability. 

Tentative Interpretations . 

The great abundance of Amnicola limosa and Gyraulus parvus in the 
core is not surprising since they are both common species in the lit~ 
toral zone where they are 'typical of the autochthonous organic matter 
association' (Harman, 1912). However, the decrease in relative numbers 
of ~ parvus to the surface ~ reflect a recent decrease in the amount 
of bottom vegetation upon which this species lives (Harman, 1975, 
personal communication). 

The greater numbers of Q.:.. parvus in the lower part of the core 
~ reflect their greater resistance to being crushed by increased 
lithostatic load with increased depth of burial. This species is 
pseudoplanispiral and generally smaller than the other conispiral 
species in the core, therefore, a ~parvus shell vith a small surface 
area would undergo less compression and consequently less crushing 
with depth. During sieving it was observed that the larger shells 
(especially Helisoma sp. broke apart more readily than the smaller 
shells (especially ~ parvus). On the other hand, the relative 
numbers of Q.:.. parvus do decrease near bottom of the core and approach 
a percentage similar to that above 1 m. A 'Gyraulus ,maximum'. then, 
related to environmental or ecologic conditions in the lake during 
the recent past may be represented on the diagram. 

~ parvus ~ be over-represented in the core because of an 
overabundance of immature specimens of this species. 

An Amnicola lustrica maximum between 0.2 m. and 0.4 m. in core 
depth may reflect recent interspecific competition on the parts of 
~ lustrica and ~ limosa. Bottom vegetation, and hence snail popu­
lations, may have been disturbed by soft-sediment slumping or by the 
introduction of coarse sand and gravel of terrigenous origin, as noted 
in the section on sedimentology, this report. ~ lustrica is less 
dependent on vegetation than is ~ limosa, and thus would better 
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maintain its population with changes in the substrate. At this point 
no positive explanation can be given for the demise of ~ lustr!cB.; 
it is still an inhabitant of the lake today (Harman. 1972). 

Suggestions for Further Study 

Clearly more information must be gathered before any firm 
conclusions about post-glacial changes of the mollusk population in 
Otsego Lake can be drawn. From a s ingle 1.5 m. core which at best 
only spans a few centuries, a good reconstruction of the paleomala­
cology can not be gained. With more cores for correlation and perhaps 
some c-14 dates on the organic matter within the cores, a better 
picture might be perceived. 

If pollen stratigrapby of the future cores is also obtained, the 
cores may be fit into the postglacial time framework where c-14 
dates are not available. 

Geochemical data must be obtained from the pore waters of the 
sediments in the lake in order to gain insight into the paleolimnological 
conditions and the influence of lake waters on the chemical solutions 
of shells. (Most shells in the present study were heavily pitted but 
were not abraded to any appreciable extent.) 

Studies of the recent changes in the diatom populations of the lake 
should also provide paleoenvironmental information. Recent work by 
Del Prete (1972) has shown that diatom death assemblages may provide 
information about the postglacial depositional environments in lakes. 
Correlations between the diatom frequencies and geochemical analyses of 
the lake cores may also shed light on past lake conditions. Such 
a study was recently completed for Utah Lake. Utah (Bolland. 1974). 

OTSEGO LAKE , CONTEMPORARY ECOLOGY 

This contribution was written to provide background materials 
so that a better understanding of observable features noted in the 
log of the research vessel ANOOONTOIDES can be understood from a 
biological point of view. and to explain, in a simplistic way how 
the results of processes now. at work in Otsego Lake can confuse the 
characterization of ancient lakes. 

It should be obvious that a lake is more than a hole in the 
ground filled with water. Aside from its morphology, every lake has 
its characteristic color . transparency, temperature regimes, combin­
ation of chemical compounds in solution . and not the least important, 
plant and animal populations. All of these (and more) interact in 
various complex ways to make each lake a unique environmental entity. 

The distribution and abundance of living organisms drastically 
effects lake characteristics. For example; they modifY oxygen 
levels. which in turn alter water chemistry which is extremely im­
portant in the building or degredation of sediments. Another example; 
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the reduction of the molar action of waves on shorelines and the COD­

comittant trapping of silt and detritus in shallow areas for extended 
periods before it slumps into the deeper parts of the basin. Another, 
the precipitation of carbonates or silicates in the presence of various 
organisms directly forming sedimentary compounds. 

Living things are dependent on inorganic nutrients (e.g.,phospborus 
and nitrogen) in proper combinations and amounts to maintain viable 
populations. These nutrients cycle through ecosystems , often becoming 
trapped for extended periods and therefore unavailabl e for use. Thei r 
availability to organisms is affected Dot only by their presence in 
parent rocks, but by a lake's chemistry. morphology. and climate (and 
importantly in these times, populations of organisms living in the 
watershed). Therefore , we havp. come full circle. Initial action and 
resultant interaction cannot be distinguished. 

Contemporary biologists spend much time discussing the potential 
productivity (the amount of protoplasm that can be grown there) of 
lakes. They call this the lakes trophic (energy) status. Bodies of 
water that are typified by great populations of algae and rooted 
macrophytes. turbid waters, and deep anaerobic organic sediments 
are considered very productive (eutrophic). Those with few plants. 
clear waters. and rocky bottoms are not productive at all (oligo­
trophic). Natural changes over time tend to turn oligotrophic lakes 
into eutrophic lakes because nutrients leached from parent rock are 
used by organisms, and recycled again and again. while more and more 
continue to be extracted from the bedrock (organic pollution is simply 
the result of the addition of "excess" nutrients from other ecosystems 
speeding up these natural cbanges). 

However. lakes like Otsego are often called cbemically eutrophic 
and morphometrically oligotrophic. Typical lakes in this climate 
(like Canadarago just to the west) with nutrient inputs similar to 
Otsego ' s are much shallower. When vast populations of algae in 
Canadarago die they fall to the sediments and are decomposed, during 
that process all of the oxygen in the lower waters is removed forming 
anaerobic sediments that release the nutrients for reuse by more 
algae when fall overturn (the breakup of thermal stratification) occurs. 
This results in greater populations of algae the next year and chron­
ically reducing sediments. 

Otsego is much deeper with a much greater volume of hypolimnion 
to surface area than Canadarago. The same amounts of nutrients 
entering would be used by algae (if not immediately l ost into deep 
water) . The algae would die and fall to the bottom, but since the 
volume of oxygenated water is so much greater. the oxygen is not 
completely used. sediments remain aerobic. and during fall overturn 
most nutrients remain chemically bound and are not returned to the 
surface organisms. This results in the maintenance of only small 
algae populations. Therefore in Otsego the greatest part of the lake 
appears oligotrophic but shallow isolated bays have superficiall y 
eutrophic characteristics. 
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A geologist 10,000 years from now coring Otsego Lake sediments 
could be extremely confused by taking a few cores scattered randomly 
throughout the basin . He could find fine and coarse grained anaerobic 
and aerobic sediments. Areas of CaC03 precipitates, and those where 
carbonates had been dissolved away. He could find fossils of organisms 
typical of eutrophic and those typical of oligotrophic waters. In 
order to determine the actual lake' s characteristic, a knowledge of 
the distribution and abundance of those organisms present and a thorough 
knowledge of their ecological requirements (and restrictions) would be 
invaluable. Further, and I expect of more interest to geologists, the 
observations and analysis of sediments now being deposited in the 
presence of various biotic communities should be undertaken to use 
for comparison with their older counterparts. 
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BOAT LOG _ . RESEARCH VESSEL ANODONTOIDES 

Time from Time (estimated at a research vessel cruising 
last point Underway speed of approximately 2.5 miles/hour) 

Biological Field Station, Rat Cove 
(Station I). Shallow protected bay ex­
hibiting surficial sediments of decomposing 
organic matter and precipitating CaC03 
associated with Chars vulgaris and the 
root~d macrophytes. Surficial substrates 
oxidized and exposed to high (230C) summer 
temperatures. Sediments and included 
subfossils illustrate population distri­
bution of rooted plants according to their 
compensation points. Complexity of plant 
community and large standing crop is 
indicative of high potential productivity 
(eutrophy) and late stages in limnological 
succession. 

Leaving the littoral area of Rat Cove. After 
the depth has exceeded the compensation point 

of Potamogeton crispus no more aquatic 
benthic plants can exist (profundal zone). 
Sonar indicates a rapid drop into the main 
basin which is practically flat bottomed 
as is typical of overdeepened glacial valleys. 
Note possible slump feature. 

Deepest area long this transect. Must be 
underlain by 100 to 150 feet of fill above 
bedrock. 

Kingfisher Tower. Bottom appeaJs highly 
irregular as minor undulations ~e traversed 
parallel to the eastern shore. 

Wave cut terraces derived from exposed bedrock 
(Station 2 ) . No building possible because 
of sheer drop into basin. 
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0:05 
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0:40 

0:45 

0 : 50 

0 :55 

1 : 05 

1:15 

1:16 

1:30 

1 : 40 

2 : 00 

2 : 30 

3:00 

A-6 
page 19 

Wave built terraces. Stones sorted to size 
can be observed along entire terrace. 

Pathfinder camp (Station 3). Start of 
transect across deepest point in lake 
(166 feet). 

Center of basin. 

Five mile point (Station 4). Cont emporary 
delta. Angle of repose about 50°. 

Lakeview Motel (Station 5). Walk to view delta 
formed in glacial Lake Cooperstown. 

Sunken Island (South) (Station 6). Assorted 
boulders on lee of glacial advancp.. Forma­
tion may be a drumlin or a solid block of 
Cherry Valley limestone. 

Sunken Island (North (Station 7). CaC03
nodules in association vith blue-green 
algae. It I S not known whether the algae 
are affecting the precipitation or if they 
are simply living in an inorganic precipitate. 

Eel and associated "Islands". Possible 
blocks of limestone plucked from bedrock 
to the east. 
North Shore (Station 8). Eroding sand 
beach. Illustrating effects of fetch of 
8- 9 miles from the south on a substrate 
similar to Rat Covels over glacial till 
and/or coarse lacustrine deposits . 

Clarke Point (Station 9). Eroding glacial 
till from the flanks or Mt. Wellington. 
In the spring, during ice break up, ice 
has been observed pushed up the shore to 
a height of 20 feet. 

Ekman dredge sample from deepest point in 
the lake (166 feet). Essentially anaerobic 
silts covered with aerobic surficial 
sediments with tremendous amotmts of 
organic oils and trapped nutrients. 
Constant 4_6oc temperatures year around. 

Return to Rat Cove (Station 1) . 
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ROAD LOG - OTSEGO LAKE 

Road log starts from the Museum parking lot on the east side of 
Rt. 80 at entrance to Biological Field Station about 1/2 mile north of 
the Fenimore House and Farmer's Museum. It then proceeds north up the 
west side of otsego Lake on Rt. 80. General bedrock geology covered 
in Rickard and Zepger. 1964. 

Miles from Cumulative 
last point " Miles 

0.0 0.0 This entire area seems to be built on an undulating 
surface of low relief that averages 50 feet above 
lake level. Because of degree of undulation it is 
classified as moraine. There is some possibility 
that it may be a poorly developed distributive 
hanging delta into the shallow end of the lake 
from the several streams entering this general 
area of the lake. Bedrock rise across the road 
is a ledge of Solsville sandstone which is well 
exposed a few hundred feet to the south. 

0.9 0.9 Road entering from the left passes close by 
Leatherstocking Falls of James Fe~imore Cooper 
fame. A pullout 0.2 mile up this road affords 
a good view of the faUs when water is high and 
leaves are off. Tbe falls are, however, hard to 
see in summer. Leatherstocking F~lls is caused 
by the same resistant ledge of upper Solsville 
sandstone seen on the golf course 'at mileage O. 

Large open field on the right side of the road 
represents the undulating top of the Brockway 
Point hanging delta. This undulating top ~ 
possibly indicate continued growth and regrading 
during periods of water level fluctuation. 

0.1 1.0 Bench mark on bridge over Leatherstocking Creek 
at 1251 ft. elevation can be seen to be approx­
imately level with the top of the hanging delta. 

0.35 1.35 Tennis court next to the lake is on the modern 
Leatherstocking Creek delta graded to the present 
lake level. Between here and the previous stop 
the creek can be seen to be incised below the 
older delta level. 

More or less continuous exposures of the lower 
Solsville shales on the west side of the road 
for the next several hundred feet. (Fossil list 
contained in Rickard and Zenger, 1964, p. 78.) 
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Entrance to Three Mile Point. If open, this 
point affords one of the best views of the l ake. 
The over steepened eastern wall of the glacial 
trough is very apparent and,if lighting is 
righttthe consistent southward regional dip 
(approximately 100 feet/mile) can be seen in 
the foliage pattern, reflecting the ledges and 
benches and changing chemistry of the various 
rock units. The contact of the Solsville 
shales over the otsego shales is about at road 
l evel on both sides of the lake and passes 
under lake level a few hundred feet to the 
south. Kingfi sber Tower, a well known scenic 
landmark can be seen slightly to the south 
and across the lake at the water's edge. On 
the west side of the road the large house sits 
on what appears to be the top of the Three Mi l e 
Point hanging delta. Leveling up from the 
benchmark in the wall near the road suggest s 
this elevation again to be very close to 
1250 feet. 

Terrace Motel for reference. 

Exposure of bouldery till on west side of road . 
Nearly all of the large erratics are from the 
several resistant limestones which crop out 
along the Onondag&-Helderberg escarpment several 
miles to the north, with almost no contribution 
from the local bedrock which, being otsego 
shale~can only be pulverized and contribute to 
the clay matrix. 

Discontinuous outcrops of the Devonian otsego 
shale on the west side of the road. 

Wide open views of the lake but no good pull 
offs. Five Mile Point visible northward up 
west shore. Max. depth (166 feet) occurs in 
the center of the lake just off this point . 

Crossing Five Mile Point delta contributed by 
Wedderspoon Hollow Creek via Mohican Canyon. 
A new delta graded to present lake level f~rms 
the point, with older elevated delta remnants 
up at road level at about 1250 feet. The 
nl.r(~I1.m j~; si,il1 itl~ i scd int..o bedrock on the 
east side of the road so the area of the del ta 
is rather small, perhaps because it is bui l t 
on a very steep area of the glacial trough wall. 
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Miles from 
last point 

0.15 

1.0 

1.1 

0.4 

0. 4 

Cumulative 
Miles 

4.40 

5. 40 

6. 50 

6.90 

1.30 

The delta front falls off very steeply to the 
lake deep and according to Harman who has dived 
along the :front is made up of very coarse 
cobbles with abundant coarse plant debris. 

This intersection is the start of Auxiliary 
s ide trip up Mohican Canyon on County Rt. 28. 
Main log continues north on Rt. 80 - readjust 
your mileage if you take this side trip. 

Lakeview Motel. Obtain permission to drive up 
behind motel to an excellent exposure of a 
cross section of a hanging delta. This shows 
coarse cobbles (apparently similar to those 
being deposited today on the front of Five 
Mile Point delta) foreset toward the lake and 
grading and interfingering with sands deposited 
lower on the delta front. While the top of the 
delta is very level there is no sharp contact 
internally between horizontal topset cobbles 
and the inclined foreset cobbles, but rather a 
blending. Leveling up from the water suggests 
an elevation of about 1255 feet for the upper 
level surface. This is the most significant 
exposure proving the f'ormer high lake stand. 

Remains of' Sunken Island sign. From here 
Sunken Island (of James Fenimore Cooper fame 
and awash with 3-6 feet of water}is located 
nearly half way across the north arm of' the 
lake and slightly to the north of' a line to 
Clarke Point which separates the north arm 
from Hyde Bay. See Lake Log for considerable 
additional detail. 

Bridge over Allen Lake Creek. Benchmark in 
the middle of' east bridge wall (1253 feet) 
provides excellent control for leveling the 
noticeably f'lat surf'ace of the elevated delta 
just to the south of' the bridge. 

Clark Pond-Cripp.le Greek bridge. 

Well def'ined NE-SW trending drumlin on west 
side of' road upon which th~ Episcopal Conference 
Center is built. 
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Miles from Cumulative 
last point Miles 

0.5 7.80 

0.4 8.20 

LO 9.20 

0.6 9.80 

This is one of the southern most representatives 
of the well known field of east-west trending 
drumlins that sits on the Onondage bench to the 
north. It was deposited by ice moving westward 
up the Mohawk Valley. Flow lines of the drum­
lins suggests that ice flow curved smoothly 
southward into the Otsego Lake trough. 

Turn east on County Rt. 53 and stop. Lake 
clays of the former high lake stand preserved 
in drainage ditch on the southeast corner of 
the intersection. These are very well laminated 
(varved?) and are at an elevation of 1240 feet. 
At the 1250-55 ft. lake stand these should have 
been well out from shore and just below wave 
base on this very flat area of the- Onondaga 
bench. It is interesting that all modern 
sediments taken from the lake, while equally 
fine grained,are strongly bioturbated and non­
laminated. 

Excellent view south over former flat lake 
bottom, presumably underlain by the high-stand 
lake clays, south into the Otsego Lake trough. 
Mt. Wellington, the "sleeping lion" ,at two 
o ' clock rises from the Onondaga bench and is 
capped by the Solsville formation. 

Near top of pass at north end of Mt. Wellington 
(Wow! - sounds like the Canadian Rockies) stop 
and look back. Good view of the topographic 
break between the drumlin covered Onondaga 
bench to the north and the ledgy cuestas of 
the Panther Mountain-Solsville escarpment to 
the south. Rum Hill (Mt. otsego), 2100 ft. and 
the highest point on the escarpment is directly 
in line with the road. 

Intersection with Griggs Road. Overview of 
Shadow Brook valley. Piny cobble at 10 o'clock . 
If light is right several drumlins can be seen 
along and parallel to the base of the Panther 
Mtn. escarpment t.hat forms the southeast side 
of the valley. They may have been shaped from 
the underlying Chittenango shale outcrop along 
the base of that escarpment. This soft shale 
may have provided the clay rich matrix material 
for the till. Foreground flat is not true 
valley bottom, but a southerly extension of a 
well-developed dip slope cut on the upper con­
tact of the resistant Onondaga limestone as 
the Union Spring-Chittenango shales were 
stripped off. 
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Miles from Cumulative 
last point Miles 

0.2 10.00 Intersection with Continental Road. Continue 
straight across bench, around sharp curves 
and off edge of Onondaga bench. 

0.7 10.70 Bridge over Shadow Brook running on bedding 
in Onondaga. Not ice that while the very low 
dip is typic~the strike here (North 850 East) 
is atypical. since in general regional strikes 
are very consistent at about North 70OWest. 

0.3 11.00 Well at yellow house logged a thickness of 
l ake sands that may require some fUrther down 
cutting below the levels exposed in the stream. 
although the anomolous strike and dip should 
help accommodate this depth of fill. 

0.2 11.20 Turn south onto County Rt. 31 and return to 
Cooperstown via east side of lake. 

Summary of East Shore Geology (No mileage or specific stops.) The 
extreme steepness of the east side of the lake in combination with 
its very forested nature make the geology less diversified and 
harder to see. While mostly hidden in the trees, some of the 
resistant bedrock members form prominent cliffs and ledges on the 
hillside. One of these contains Natty Bumpo's cave of James Feni­
more Cooper fame. The upper Solsville (C) sandstone creates some 
high waterfalls in some of the very sharp and steep gorges draining 
this glacially over-steepened slope. The best, easily accessible 
bedrock exposure is along the first s ide road branching to the 
right as you drive north out of Cooperstown up the east side of 
the lake. A large but over grown quarry on the right several 
hl.Uldred feet up this road provides good exposures of the Panther 
MOuntain lithologies (best exposures are way to the right as you 
enter the quarry and hidden around a corner). Bedrock is well 
exposed intermittently at lake level, where a small wave cut bench 
can sometimes be seen at present lake level with prominent under­
water cliffs outward from the bench (see lake log) . Driving the 
road one gets the impression that it may be partially built on a 
similar wave cut bench related to the former high water stand, 
especially just north of Kingfisher Tower, but this may b e just a 
case of a bedrock ledge intersecting road level at this point. 
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Optional Side Trip 
Mohi~an Canyon-Wedderspoon Hollow 

Zero speedometer at intersection Rt. 80 and County Rt. 28 

Miles from Cumulative 
l ast point Miles 

0.0 0.0 Start Auxiliary Log. 

0 . 0 0.0 Continuous exposure of the upper beds of the 
otsego shale. Better and more picturesque 
exposure available at stream level, including 
a 10 t't. water fall. 

0.15 0.15 Contact of otsego shale and upper MohiCan 
Canyon till plug exposed on both sides of 
road cut at an estimated elevation of 1320 
feet. 

0 . 2 0. 35 Road and stream lower sbarply in gradient at 
approximately 1330 feet onto the floor of the 
Wedderspoon preglacial valley . All exposures 
in the walls of MOhican Canyon above this 
elevation appear to be lodgement till. Sub­
tracting this 1320 ft. elevation from the 
noticeably gentle surface at an elevation of 
±1500 feet at the top o~ Mobigan Canyon 
suggests a 180 ft. thick till plug. 

0.32 0.67 Large turn out on south side of road. Bedrock 
till plug contact exposed at stream level below 
turn out but with considerable slumping of till 
into stream. 

0. 45 1.12 Good exposure of clay-rich lodgement till with 
6 foot limestone erratic. More or less con­
tinuous exposure of till on high side of road 
for the rest of the way up the canyon . 

0.52 1.64 Cross culvert over creek . lmmediately across 
the creek is the "Piorstovn Boulder field" . 
an area of solid erratics with no matrix 
covering an area about 50 feet square. Most 
of the rocks exceed two feet and some are as 
large as 4 feet in diameter. 

About 90% of the field including the largest 
and best rounded erratics are Adirondack 
crystallines. Less than 10% are limestone 
(averaging smaller and less well rounded) 
with only a very small <5% contribution of 
smaller cobbles from the local bedrock. 
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Miles from Cumulative 
last point Miles 

0.05 1.69 

Size of the erratics suggest that this ~ 
be a natural winnowing process. It maY,how­
ever, have been dumped there in clearing the 
large flat field that defines the top of 
the till plug above the boulders. In either 
case, it is an excellent sample of erratics 
characterizing the till plug. 

Intersection of Rt. 28 and Wedderspoon Hollow 
Road at the top of' till plug exposure. 

Options from Intersection 
1.) Return directly to Rt. 80 via same r.oute . 
2. ) Small quarries"in the upper So18ville (C) 

Ledge forming sandstone are exposed 0.3, 
0.5. 1.5 miles south of this intersection 
(left turn). 

3. ) A right turn at intersection plus another 
right turn on a dirt road 0.1 miles after 
that takes you over Red House Hill and 
back down to Rt. 80 with a high scenic 
view of the north end of the lake from 
the crest of the hill. 
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INTRODUCTION 

Introduction 

For over 150 years the Ordovician rocks of the Mohawk Valley have 
been under study. Some of the leading geologista and paleontologists of 
the 19th and 20th centuries studied the limestones, shales, and f08s11. 
of the Medial Ordovician Black River and Trenton aroup. 1n the Black River. 
West Canada Creek, and Mohawk River valleys (see Kay, 1937. for histori­
cal review) . As a result, these rocks have beco.e well-known 88 part of 
the Medial Ordovician standard reference section of North Aaerlcs. 

The purposes of this field trip focusing on the limestones of the 
Black River Group of southern Herkimer "County, New' York; are to: 

1) Demonstrate the stratigraphic succession and its lateral varia '_ 
tions. 

2) Discuss and evaluate the age relationships and time correlations 
of the various formations by 
a) Examining the diverse [aunnH nnd 
b) Demonstrating the lateral continuity of Olajor Uthic and 

biologic characteristics. 
3) Examine and evaluate the criteria for determining the extent and 

significance of the dis'conformity along the Black River-Trenton 
boundary. 

4) Examine and evaluate the criteria for determining the environments 
of deposition and paleogeography. 

This field trip guide will summarize some of the previous work on 
the Black River Group in the Little Fall. and Utica 15' quarlraasl•• of 
Herkiaer County and incorporate new data support1na reinterpretationa of 
the stratigraphy in this area . The order of localities has been chosen 
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as conveniently as poss i ble for economy of travel along a southeast to 
northwest traverse. 

Geologic setting 

The Little Falls and Utica quadrangles are located along the 
southwestern margin of the Adirondack Mountains and include part of 
southern Herkimer County (Fig . 1). Good exposures of Medial Ordovician 
limestones are to be found along the Mohawk River, West Canada Creek, 
and East Canada Creek valleys and those of their tributaries (Fig. 1). 
Many small abandoned limestone quarries in both quadrangles contain 
exposures of the Black River-Trenton boundary. 

Lower Paleozoic strata dip gently to the southwest from the Pre­
Cambrian on the northeastern part of the Little Falls Quadrangle (Cushing, 
1905), and Precambrian inliers occur at Middleville and Little Falls 
(Cushing, 1905; Young, 1943; Kay, 1953). The Late Cambrian Little Falls 
Dolomite underlies the Ordovician rocks and overlies the Precambrian 
basement complex. A few northeast-southwest trending normal faults cut 
Paleozoic and Precambrian rocks, e . g . , near Little Falls and Dolgeville 
(Cushing, 1905; Kay, 1937). 

BLACK RIVER GROUP: BACKGROUND 

Rock units 

Vanuxem (1842) was the first to use the name Black River for some 
of the limestones of Medial Ordovician age. The Black River Group has 
its type area in the Black River Valley in northwestern New York State . 
Although not originally, it is now composed of four formations: Selby, 
Watertown, Lowville, and Pamelia formations (Cameron and Mangion. 1977) 
(Fig. 2). The group occurs in the Champlain Valley, Mohawk Valley and 
extends northwestward to the shores of Lake Ontario beyond Watertown. 
Jefferson County, and thence westward into Ontario. Canada. It is also 
exposed in the Ottawa Valley and St. Lawrence Lowland of Ontario and 
Quebec (Kay, 1942; Wilson, 1946). 

The Watertown and Pamelia were both thought to disappear somewhere 
south of Boonville, Lewis County; however, Cameron and Mangion (1911) 
have extended the Watertown southeastcrward to the Newport area for 
what was previously considered to be Rockland (Kay, 1953; Cameron. 1969). 
The Watertown Limestone is the Youngest unit of the Black River Group in 
the field trip area (Central Mohawk Valley) and ranges from zero to 
seven feet thick (Fig. 2). The name Watertown was used by Cameron (1968) 
and Kay (1968) to replace the original name. Chaumont Formation. which 
Kay (1929) first applied as a time- stratigraphic term. The Pamelia 
Formation is the oldest unit and averages about 150 feet thick in north­
western New York. It is a dolostone that nonconformably overlies the 
Precambrian basement complex or the Cambrian Potsdam Sandstone in north­
western New York. 

The middle formation of the group. the Lowville Limestone, which 
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Fig, 1. Partial map of New York State with index maps showing 
location of quadrangles and field trip stops (numbers). 
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Note the ambiguous and problematic portrayal of the Black River Group 
1n the southeast. 1. e., central Mohawk River Valley (From Cameron and 
Mangion, 1977, p . 489). 
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averages about sixty fee t th ick, was, prior to 1899, known as the "Birds": 
eye Limestone , " Clarke and Schubert (1899) called it the Lowville Forma­
tion for exposures in and around the town of Lowville, Lewis County, 
New York. However , they also referred to it as a stage or time-rock 
unit which has resulted in terminological confusion (Kay, 1968; Cameron. 
1969; Cameron and Mangion, 1977). The "Lowvillian" stage is ambiguous 
outside its type area . and the term "Lowville" is still the most widely 
used term for the rock-stratigraphic unit (Fisher. 1962, in press; 
Walker, 1973; Rickard, 1973; Cameron and Mangion, 1977). Walker (1973) 
proposed the House Creek Member for the Tetraduim-beartng upper Lowville 
limestones of northwestern New York. In the field trip area the 
Lowville Limestone comprises most of the relatively thin (26 to 37 feet) 
Black River Group, and it has not been formally subdivided into members. 
However, at least two informal members have been described (Kay~ 1953; 
Cameron~ 1969; Kamal, 1977): a lower buff-colored, sandy and dolomitic 
limestone and an upper dove-gray~ pure limestone. 

Correlation Problem 

Some controversy exists today as to whether the rock units of the 
Black River Group and Trenton Group in New York and Ontario are time­
stratigraphic, i. e., the same age throughout their geographic distri­
bution. This problem was summarized by Cameron and Hangion, (1977, 
p. 488) as follows: 

Walk.er (1973) and Barnes ( 1967) have reviewed three curren t hypo­
theses oC Black. River stratigraphy. The argument revolves around whether 
the formations are time-stratigraphic or facies of one another. As Walker 
(1973) has pointed out, the various viewpoints have been made from 
different spatial orientations: one follows the trend of the outcrop belt 
whereas the others show hypothetical onshore-offshore relationships. How­
ever, when the paleogeography is considered, all the hypotheses may be 
regarded as correct. That is, the outcrop belt in the Black River Valley 
more or less parallels the ancient strandline, and it is reasonable that the 
contact!; of the fonnations are more or less time lines. Furthermore, by 
following Walther's Rule. all the facies exhibited by the Black River 
Group should be laterally equivalent in a direction perpendicular to the 
paleoshoreline. Unfortunately, the outcrop belt geometry precludes show­
ing this relationship. Walker (1973) has also shown stratigraphic evidence, 
a metabentonite, that oonfinns the near synchroneity of the fonnational 
c-ont:lc-u in part of llorlhw('sll'rll New Ynrl:. 

In northwestern New York. the limestone formations of the lower 
Trenton Group are also believed to be essentially time-stratigraphic 
in nature. However, they have been shown to be time-transgressive in 
the field trip area in the central Mohawk River Valley where the paleo­
shoreline is eastward along the north-south trending Adirondack Arch 
near Canajoharie. New York (Fisher~ 19~2. in press; Kay, 1968; Cameron, 
1972, 1973; Mangion, 1972; Cameron, Mangion, and Titus, 1972; Mangion 
and Cameron. 1973; Titus, 1973, 1974; Titus and 'Cameron, 1976~ Cameron 
and Mangion, 1977). The Black River Group in this area, on ~he other 
hand, appears to be time-stratigraphic, indicating that its local 
pa1eoshoreline is northward towards the Adirondack Dome . 
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Environmental Framework 

The environmental stratigraphy and paleoecology of the Black River 
Group in northwestern New York has received much attention in recent 
years (e. g . , Textoris, 1968; Walker and Laporte. 1970; Walker. 1972, 
1973; Cameron and Mangion, 1977). "In the type area of northwestern 
New York it represents a somewhat restricted (Walker and Laporte, 1970) 
8uhmergent cycle with (1) supratidal dolomitic mud flats of the Pamella 
at the base, (2) intertidal lagoonal. and wave-baffle limestone facies 
of the Lowville in the middle, (3) level bottom, subtidal, pelletal lime­
stones of the Watertown •• • " (Cameron and Mangion, 1977, p. 495) represent­
ing relatively deeper, though still shallow, water deposits, and (4) slight­
ly deeper subtidal, more argillaceous, Selby limestones at the top. "The 
shoaling conditions in the uppermost Selby are consistent with the shoal­
ing conditions of the middle Bobcaygeon of south-central Ontario (Liberty, 
1969), the apparent diastem between the Selby and Napanee of southeastern 
Ontario and northwestern New York, and the widening bite of the Black 
River-Trenton unconformity along the western and southern Adirondack 
border (Fig. 2)" (Cameron and Mangion. 1977, p . 497). 

Black River-Trenton Unconformity 

The lower Trenton limestones of central and northwestern New York 
represent a transgressive sequence in which a late-Medial Ordovician sea 
transgressed the western Adirondack Dome from west to east according to 
the northwest-southeast outcrop belt. One result is a disconformity be­
tween the Black River Group below and the Trenton Group above in central 
New York that narrows to a diastem in northwestern New York (Fig. 2). 

Evidence for this transgression and unconformity can be found in 
the litho- and biostratigraphic relationships of the upper Black River­
lower Trenton formations. The northern basal Napanee Limestone pinches 
out southward before reaching the field trip area where the lower Trenton 
formation is the Kings Falls Limestone (Fig. 2). West of the Adirondacks 
in the Black River Valley, the Selby Limestone at the top of the Black 
River Group (Fig. 2; Cameron and Mangion. 1977) pinches out southward 
while the underlying Watertown Limestone decreases in thickness. The 
latter also pinches out still farther ·south in the Mohawk River Valley 
(Fig. 2). 

The age of the hase of the Kings ~'aUs becumcs progressively younger 
to the southeast because its basal Rocklandian-aged beds disappear (Titus 
and Cameron, 1976), indicating that the lower Kings Falls in central New 
York is Kirkfieldian in age (Fig. 2). Conglomeratic beds also sporadic­
ally occur at its base. such as at Ingbams Mills (Stop 82). In addition, 
the Kings Falls decreases in thickness eastward to disappearance east 
of Canajoharie (Park and Fisher. 1969). 

In the area of Middleville. a thin metabentonite layer (an altered 
volcanic ash) in the lower Kings Falls occur~ progressively lower 1n the 
section towards the southeast, being at nine feet at Buttermilk Creek 
(Stop #6), seven feet a quarter mile south at City Brook (Stop US), 
two feet three miles farther southeast at Stop #4 and at Stoney Creek 
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(Kay, 1953), and absent farther east. If this persis tent clay represents 
a synchronous time surface at each of these localities, then the base of 
the Kings Falls is onlapping t he top of the Black River Group and becoming 
younger eastward (Fig. 3). 

Other indications for an early Trentonian transgression come from 
paleoenvironmental evidence. For example, the lower Trenton Group repre­
sents another submergence event with progressively deeper water formations 
upwards in the section (Titus a nd Cameron. 1976; Cameron a nd Mangion, 
1977) (Fig . 2). 

BLACK RIVER GROUP: HERKIMER COUNTY 

Lithologies 

The Watertown and Lowville Limestone formations of the central 
Mohawk River Valley are composed of a complex of t en. interbedded and 
somewhat gradational lithologies, seven of which are volume t rically 
important (Fig. 3) (Kamal, 1977). The three minor lithologies are (1) a 
thin metabentonite composed of cream-colored clay reSUlting from alter­
ation of volcanic ash, (2) medium gray clay seams, and (3) thin calcareous 
s hales. 

The seven major lithologies and some of their variations are des­
cribed below: 

Lithology 1: Medium- to thick-bedded, massive, very light to light 
gray weathering, medium gray, quartzose, pelletiferous, 
dolomitic, calcarenitic limestone. This lithology 
characterizes the lower member of the Lowville Lime­
stone. 

Lithology 2: Thin- to medium bedded, ye llowish gray weathering, 
medi,um gray, wavy, mudcracked, dolomitic, extensively 
stylolitized, laminated micrite; ostracodes rare. 
A variation is a pelletiferous micrite. 

Lithology 3: Medium- to thick-bedded, light gray weathering, medium 
to dark gray, vertically burrowed, mudcracked, stylo­
litized biomicrite; ostracodes rare to common . 

Lithology 4: Thin-bedded, yel lowish gray weathering, medium gray 
intrasparite; ostracodes common. When the ostracpdes 
and other ofssils are common, the lithology is an 
intrabiospar i t e . 

Lithology 5: Thin- to medium-bedded, pale yellowish gray weathering, 
dark gray micrite. These micrites grade into biomic­
rites, micrites with a minor sparry f r action, or a 
combination of all three. This lithology is very 
mottled . The mottling is thought to be the result of 
horizontal burrow-reworking. 
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Lithology 6: Thin- to medium-bedded, yellowish gray weathering, 
medium gray, bioclastic limestone . This Tetradium 
(tabulate coral)-bearing lithology ranges from a 
biomicrite (or fossiliferous micrite) to a biosparite. 

Lithology 7: Thick ledged, cherty, lumpy and wavy bedded, thorough­
ly horizontally burrow-reworked biomicrite, pelmicrite, 
and micrite. Sparse but diverse fauna, including 
corals, stromatoporoids, and straight nautiloids. 
Typical of the ~atertown Limestone. 

Stratigraphy 

The Lowville Limestone of the central Mohawk River Valley can be 
subdivided, in ascending order, into the (1) lower sandy and dolomitic 
limestone (lithology 1), (2) middle mudcracked, vertically burrowed, 
dove-gray calcilutite (lithologies 2-5), and (3) Tetradium-bearing 
limestone (lithology 6). Above these is lithology 7 of the Water town 
Limestone (Fig. 3). 

The lower sandy and dolomitic limestone member occurs in the Newport 
and Middleville areas (Fig. 1) where it. is nearly 16 feet thick, but east 
of Middleville it disappears (Fig. 5). It disconformably overlies the 
sandy dolomites of the Late Cambrian Little Falls Dolomite (Fig. 5). 
The relief at this contact can be seen at .City Brook (Stop #5). A meta­
bentonite or prominent reentrant occurs at the top of the lower member 
at City Brook (Stop #5), Buttermilk Creek (Stop 66), and Newport (Stop 
U8) (Fig. 5). 

The middle and thickest part of the Lowville contains lithologies 
2 through 5, but it is characterized by vertically burrowed, mudcracked, 
sparsely fossiliferous, and laminated (algal? mats) calcilutites. 

The upper Lowville, or lithology 6, resembles the House Creek Member 
of northwestern New York. Walker (1973, p. 11) introduced the House 
Creek as being " ..• composed of Tetradium bioclastic limestone with a 
central zone of colonies of Tetradium in life position." This thin 
bioclastic facies is apparently discontinuous in the field trip area, 
occurring (1) in the upper 2' 4" at locality Cl05 to the north at 
Diamond Hill (Fig. 5; Cameron, 1969), (2) in the upper three to five 
inches in the south Newport-north Middleville area (localities Cl12, 
CII2A, ClOl, Cl; Stops 5, 6, & 7; see Figs. 1. 5. & 8; Cameron, 1969), 
and (3) in the upper 8 feet at Inghams Mills (locality C99; Stop 62). 
Upright Tetradium colonies are present at two localities (C99, Stop #2, 
Fig. 8 of Cameron, 1969; Cl12, Stop #7, Fig. B herein). This facies is 
apparently absent at Newport (Stop 68) and at exposures in Poland, the 
next town to the north. 

Correlation 

The nearshore carbonate lithologies of the Lowville Limestone are 
complexly interbedded. This interbedding is indicative of "yo yo oscilla­
tion" (Friedman, 1975) across the shoreline, such as in sabkhas . Such 
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interbeddlng makes correlation very difficult. Furthermore. much of the 
strata was deposited in local areas (lenses) and. as such, may not be 
directly correlative with strata of the same lithology at a geographic 
distance. Lithological similarity has remained, therefore, the major 
method of correlation, using marker beds, metabentonites and geometric 
relationships. 

Correlation of the lower strata of the formation was done through 
recognizing the lower sandy and dolomitic member (lithology 1). In 
three of the sections (Stops 5. 6. & 8). the member 1s topped by a two 
to four inch metabentonite or a reentrant whose unique position favors 
its acceptance 8S a suitable time line (Fig. 5). 

A marker zone of thin, shaly and argillaceous limestone about two 
or more feet thick near the top of the Lowville stands out physically 
with a definite lumpy weathering appearance. It is traceable among eight 
of the sections and serves as a correlatable horizon for the upper part 
of the Lowville (Fig. 5). 

The marker zone. the metabentonite and the Tetradium-bearing bio­
clastic facies appear progressively higher in the sections eastward. 
This and the fact that the Watertown Limestone above the Lowville pinch•• 
out eastward (Cameron. 1969j Cameron and Mangion. 1977) indicates that 
(1) the top of the Lowville Limestone is older eastward and (2) the 
unconformity of the Lowville Limestone with the overlying Trenton Group 
is larger eastward. Inghams Mills (Stop 12) appears to be an exceptloa 
because a nearly complete section is preserved locally (Fig. 3). 

Paleoshoreline 

A time-stratigraphic relationship is postulated in the east~est 
direction for the Lowville in the study area (Fig. 3). Because the 
transgressive sequence does not cross time-lines. the outcrop in central 
New York is postulated to have been parallel to a paleoshoreline to the 
north. Walker (1973) concludes that the Lowville Limestone in north­
western New York is time-stratigraphic in the north-south direction 
parallel to the outcrop belt. but postulates a time-transgressive rela­
tionship in an east-west direction at right angles to the outcrop belt. 
In central New York, on the other hand. such a time-transgressive model 
would be in a north-south direction. Most likely, the paleoshoreline 
was north-south along the western side of the Adirondacks and east~est 
along the southwestern side of the Adirondacks. Connecting these two 
areas suggests a paleoshoreline that may have encircled an Ordovician 
low lying landmass - Adirondackia of Kay (1937). 

Paleoenvironments 

Seven nearshore to offshore carbonate environments of depostion are 
recognized in the transgressive Black River Group as inferred from litho­
facies distributions. Although the seven lithofacies occur most often 
in pure form. they are best considered as ideal end members. Lateral 
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gradations occur between some of them and vertical gradations are common. 
The environments of depostion of these lithofacies are inferred on the 
basts of lithology, textural features, sedimentary structures and paleon­
tologic considerations (Kamal. 1976. 1977) (Fig. 4). 

Supratidal environments (lithology 2) are characterized by non­
fossiliferous, layered. mudcracked. dolomitic, pelletal diamicrites and 
dolomitic quartzose calcarenites (lithology 1). 

High intertidal environments (mostly lithologies 3 and 4 and some 2) 
are characterized by vertically burrowed, well-bedded. mudcracked. pellet­
al. laminated (algal?) biomicrites and blopelmicrites. Intrasparites are 
common. Fossil debris. mainly large leperditid ostracodes are rare to 
cOlllDon. 

Low intertidal environments (some of lithologies 3, 5, & 6) are 
characterized by sparsely fossiliferous, poorly bedded, laminated (algal?) 
micrites. This facies is readily recognized by combinations of mottling, 
vertical burrows, and pelloids. 

Shallow subtidal or lagoonal environments (mostly lithology 5) are 
characterized by sparsely to commonly fossiliferous and horizontal burrow­
reworked micrites. Fossils range from a few ostracodes to skeletal deb­
ris mainly containing snails. trilobie fragments, coral fragments and 
cryptostome ectoprocts. 

Shoal environments (lithology 6). or wave-baffles of Walker (1973). 
are composed chiefly of biomicrites and. occasionally, biosparites. The 
tabulate coral Tetradium celluloseum in life position (Pig. 8 herein; 
Cameron, 1969, Pig. 8, p. 15 16), is common in this facies (Stops 2. 
6, & 7). 

Open marine, shallow "level-bottom" environments are characterized 
by thorough horizontal burrow-reworking, obscured bedding, and diverse 
and abundant fossils. This facies is represented by the Watertown Lime­
stone. The major fossils include tabulate and rugose cup corals. normal 
salinity requiring ectoprocts, brachiopods. and echinoderms, and mollusks, 
such as nautiloids, snails. and clams. Uncommon calcareous algae, micrite 
envelopes of possible endolithic (shell-boring) algal origin, and 8lg&1(1) 
borings indicate deposition within the photic zone. while the burrow­
reworking indicates depths below wave-hase (e . ~ •• 10 meters or more). 

Deeper subtidal environments are represented by the shaly. very 
fossiliferous. Selby-like lower "Napanee" at Inghams Hills (Stop il2 ). 
This was probably deposited in still deeper water than the Watertown 
(lithology 6), but rare micrite envelopes indicate depths still within 
the photic zone. 
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Mileage Log 

This mileage log is designed to start in Richfield Springs at the 
intersection of Routes 20 and 167. Prom Oneonta, take Route 205 north to 
Route 80, drive east on Route 80 to Route 28, and then take Route 28 
north to Richfield Springs. As you intersect Route 20, from Route 28, 
turn right (east) onto Route 20. Go 0.4 mile to traffic light where a 
left (north) turn starts this road log on Route 167. A road sign at this 
intersection says "Little Falls 17 miles." 

*In Mi ••Cll Mi 
0.00 0.00 Traffic light at intersection of Routes 20 and 169 in 

Richfield Springs, New York. Go north on Route 167. 

9.9 9.9 Intersection with Route 168. Continue north on Route 167. 

5.6 15.5 "Til-intersection with Route 55. Turn right (east) onto 
Route 55 and drive uphill. 

0.8 16.3 Small vegetation covered outcrop of Trenton limestones 
(upper Kings Falls Limestone) on right side of road. 
Park on the shoulder. 

Stop 11: While watching for trsffic, cross highway 
to the small clearing and descend the bank along the 
small stream at the right (east) end of the clearing. 
(The stream is not visible until you enter the brush.) 
Cross stream and walk about 100 feet to the near end 
of the cliff where 2.5 feet of medium dove gray Lowvi.lle 
Limestone is exposed beneath the coarse, cross-laminated, 
shelly lower Kings Falls Limestone. 

0.0 16.3 While watching for traffic, carefully make a ''U"-turn 
and head west~ downhill, on Route SS. 

0.85 17.15 Intersection with Route 167 north. Turn right and head 
towards Little Falls. 

0.05 17.2 Outcrops of the late Cambrian Little Falls Dolomite on 
both sides of Route 167. This unit directly underlies 
the Black River Group in this area. 

0.25 17.45 More outcrops of the Little Falls Dolomite on the right. 

1.45 18.9 Cliffs of Little Falls Dolomite, a thick formation, 00 
the right. 

0.1 19.0 Bridge crossing Mohawk River Canal. 
> 

*10 Mi - Incremental Mileage 
**Cu Hi • Cumulative Mileage 
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0.05 19.05 Bridge crossing Mohawk River. 

0.1 19.15 Stop sign. Continue straight after checking for traffic. 

0.05 19.2 Stop sign at "T"-intersection. Turn right and stay in right 
lane. 

0.1 19.3 Stop s ign. Turn right and get into the left (turning) lane. 

0.05 19.35 "Til-intersection with Route 5, a divided highway . Turn left 
onto Route 5 and head east. 

0.45 19.8 Traffic light at intersection with Route 169. Proceed 
straight on combined Routes 5 and 167. 

0.2 20.0 Precambrian gneiss on both sides of highway. This unit 
underlies the Late Cambrian Little Falls Dolomite in this area. 

0.3 20.3 Get into left lane in preparation for a left turn. 

0.1 20.4 Blinking yellow traffic light. Turn left onto Route 167 
north. 

0.9 21.3 Turn right into scenic view parking area, 

0.1 21.4 North end of parking lot by sign explaining this historic 
part of New York. A nice view of the Mohawk River Valley to 
the east can be seen from this upthrown side of the Little 
Falls Fault (Cushing. 1905, p. 38). 

0.2 21.6 Outcrop of Little Falls Dolomite on left side of road . 

1.45 23.05 Proceed straight ahead, leaving Route 167. Pass Exxon 
Station on your left. Now on Dockey Road. 

0.15 23.2 Intersection with Bidleman Road. Proceed straight ahead. 

0.4 23.6 "Y"-intersection after small bridge. Bear left onto 
Inghams Mills Road. 

0.75 24.35 Intersection with Snells Bush Road (once East Creek Road). 
Continue straight on Inghams Mills Road . 

0.75 25.1 After driving down hill, continue straight onto dirt r oad 
(a dead end sign marks it). (Do not turn right and go onto 
the large bridge over East Canada Creek.) Note: Poor 
roadside exposures of Rocklandian and Kirkfieldian (lower 
Trentonian) limestones and shales to the left. 

If the power company (Niagara-Mohawk) does not permit 
trespassing, park and walk across the large bridge. Descend 
the left (upstream) side to the large limestone exposures 
at the inside of the meander to see all but the base and 
top of the Lowville Limestone. The 4 foot thick. burrow­
reworked. Watertown-like. subtidal facies caps the exposure. 
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0.05 25.15 

0.04 25.19 

0.02 25.21 

0.02 25.23 

0.05 25.28 

Turn right and cross small wooden bridge. 

After crossing wooden bridge, take right fork in dirt road, 

Turn left in front of building. 

Turn left back onto dirt road. 

Park on grass along right side of dirt road. 

Stop 12. Ingbams Mills (locality DC99): 

Walk to the right. through the grass, and proceed 
to the right of the tall chain-link fence, walking beneath 
the powerllne tower. At the stone wall along the edge of 
the field, bear left and walk along the fence. (CAUTION: 
Poison ivy often grows in abundance along this path.) 
Opposite the brick building, turn right and proceed very 
carefully over the boulders and across the creek towards 
the base of the outcrop. The boulders you will have to 
walk over to get to this exposure are sometimes unstable 
and move wheo stepped 00. Some are sharp and dangerous. 

Four formations of Medial Ordovician age are excellently 
exposed along with the top of the Late Cambrian Little 
Falls Dolomite{?) below the dam on East Canada Creek. 
Lithologies, unusual sedimentary structures, fossils, 
formation boundaries, and disconformities can be carefully 
examined. 

Little Falls Dolomite{?). Only 2 feet of the Late 
Cambrian Little Falls Dolomite are exposed at the base of 
the exposure. This unit is represented by relatively 
thick-bedded, light to medium brown weathering, quartz 
arenitic, pyrite-bearing dolostone with thin interbedded 
shale layers. 

Lowville Limestone. About 29.S to 30 feet of Lowville 
Limestone are excellently exposed with a thick dove gray 
shaly limestone at the hase . The lowest 2 to 3 feet exhibit 
a slump and boulder beachrock (Ftg:-;. 5-6) contalning lime­
stone blocks up to 2.5 feet in diameter, that probably 
formed as a result of instability over the irregular 
depositional surface of the Little Falls Dolomlte. This 
might be a channel margin slump, e. g., bank collapse 
deposit. 

The next 16.5 feet contain horizontally laminated 
(algal?), dove gray calcilutites with abundant vertical 
burrows (Phytopsis), a few ostracodes. and frequent stylo­
lites. Frequent mudcracks confirm an intertidal origin. 
A tidal channel (Figs. 5,7) 1s wholly exposed on the west 
side of the outcrop (old stream channel). 
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Fig. 6. Beach-rock at base of Lowville Limestone at 
Inghams Mills (locality e99; Stop #2). Hammer is scale. 

Fig. " 7. Tidal channel cutting intertidal lithologies 
in the middle Lowville Limestone at Inghams Mills 
(locality e99; Stop U2). Hammer is scale. 
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Between 16.5 and 21.5 feet an apparently subtidal, 
irregularly burrowed, essentially non-laminated, massively 
bedded, dark gray to black calcisiltite zone contains 
Foerstephyllum halli, Lambeophyllum profundum. Hormotoma, 
Loxoplocus, laotelus, cryptostome bryozoa, straight nauti­
loids. and pelmatozoan debris. This resembles the subtidal 
Watertown Limestone to the northwest. 

Immediately above these deeper water sediments, the 
intertidal facies begins to reappear . This is a vertically 
burrowed, horizontally laminated (algal?), limestone 
intraclast-bearing, fossiliferous calcilutite and calcisil­
tite zone. Fossils from this interval include Tetradium 
cellulosum, Eoleperditia fabulites, Lambeophyllum profundum, 
Isotelus, cryptostome bryozoa, and pelmatozoan fragments. 
Near the base of this zone a sediment-filled tidal meander(?) 
or channel (Cameron, 1969, see Fig. 7) up to 7 feet wide 
and 2 feet deep is excellently exposed in 2 faces of the 
outcrop. Note the structure and composition of the 
sediments filling it. 

At about 27 feet. a 9 inch thick calcilutite bed con­
tains scores of whole Tetradium cellulosum colonies in 
life position that cover 50% to 90% of the bed which con­
tains a thin veneer of limestone pebble conglomerate. One 
can readily see how the fine-grained sediment was trapped 
in and around these delicately branching tabulate corals. 
This is also equivalent to Walker's (1973) wave-baffle 
lithology and it resembles his House Creek Member of the 
Lowville Limestone in northwestern New York (Fig. 8; 
see Fig. 8 of Cameron, 1969). 

The top of the Lowville Limestone is riddled with 
burrows (dominantly vertical) partially filled with the 
black lustrous carbonaceous mineral anthraxolite. Several 
inches of irregular relief over the top of this bed may 
mark a disconformity between the Black River Group and 
the Trenton Group. 

Trenton Group. The lowest 13 feet of the Trenton(?) 
limestones can be divided into 7.5 feet of chocolate brown 
weathering interbedded calcareous shales and argillaceous 
calcisiltites at the base and 5.S feet of medium gray 
weathering interbedded thinner shales and less argillaceous 
calcisiltites above. The contact between these 2 subdiv­
isions is slightly gradational. The surfaces of the lime­
stone layers exhibit extremely well-developed loading casts. 
In addition, the lower subdivision contains an unusually 
well-developed and fully exposed intraformational fold 
similar to those described by Chenowith (1952) from the 
Sugar River Limestone in northwestern New York. Fossils 
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are common. The fauna of the lower 7.5 feet is that of 
the uppermost Black River Group. i. e., the Selby L1~­
stone of northwestern New York (Cameron and Mangion, 1977). 
while the fauna of the upper 5.5 feet resembles that of 
the lower Trentonlan Napanee Limestone, Overlying these 
limestones is the 38 foot thick Kings Falls Limestone with 
bassI conglomerates. 

0.0 25.28 Drive straight ahead on the dirt road . 

0.02 25 . 3 Turn left onto dirt road leading from power plant. 

0.05 25.35 Bear right, crossing small wooden bridge. Then, bear left. 

0.05 25.4 Intersection with Inghams Mills Road. Proceed straight. 
uphill. (Do not turn left and cross bridge.) 

0.8 26.2 Intersection with Snells Bush Road. Turn right. 

2. 15 28.35 Intersection with Route 167. Turn right onto Route 167. 
heading north. 

0 . 4 28.75 Turn left onto Bronner Road. 

0.65 29.4 Intersection with Hurphy Road. Continue straight on 
Bronner Road. 

0.6 30.0 Bear right where Bronner Road turns right (intersection 
with Davis Road). 

0.2 30.2 "Y"-intersection. Bear left, continuing on Bronner Road. 

1.25 31.45 Park on right side of road. 

Stop #3. Small quarry (locality UCI07): 

Walk into small old quarry about 100 feet into 
field from right side of road. 

The Black River-Trenton boundary is we)]-pxposed 
along the contact b/:'tween 8 fl:!et of upper Lowvilll:! Lime­
stone and 13 feet of lower Kings Falls Limes tone. The 
very shaly lowest 13 feet of Trenton(?) limestones seen 
at Stop 82 is absent and pebbles of the Lowville Limestone 
can be seen in the lowest few inches of the Kings Falls. 
There is little relief along this contact to sugges t 8 

disconformity. 

The thickest section of the Lowville occurs at the 
axis of the fold at the far end of the quarry. Shales 
are rare. Fossils are uncommon but include Isotelus, 
Eoleperditia fabulites. small ostracodes. Liospira, and 
cryptostome bryozoa. Tetradiurn cellulosum is absent. 
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0.0 31.45 

0.15 31.6 

0.1 31.7 

0.2 31.9 

0.7 32.6 

0.7 33.3 

0.45 33.75 

1.05 34.8 

0. 75 35.55 

4.6 4 ~.15 

0.6 40.75 

The very fossiliferous Kings Falls Limestone exhibits 
the somewhat typical cyclic nature of burrowed finer­
grained calcarenites and calcisiltites alternating with 
cross-laminated. coarse-grained calcarenites and coquinites. 

Proceed straight ahead (west). 

Intersection with Burrell Road. Turn left (south). 

Exposures of Shorehamian limestones (Trenton Group) on 
both sides of Burrell Road. 

Intersection with Yellow Church Road. Turn right (west) 
onto Yellow Church Road. 

Intersection with Route 170. Proceed straight ahead. 
Yellow Church Road changes name to Top Notch Road. 

Intersection with dirt road. Bear right, continuing on 
paved road, 

Intersection. Continue straight ahead. 

Intersection with Cole Road. Continue straight ahead. 
Top Notch Road changes name to Rockwell Road. 

Acute angle intersection with Route 169. Proceed north 
on Route 169. 

Crossing Stoney Creek in a relatively narrow stream valley. 

Park on right side of road by entrance to quarry uphill 
from small creek and outcrop of Little Falls Dolomite. 

Stop #4. Small quarry (locality #C168): 

Walk along dirt road into small old quarry (now a 
private dump about 100 feet into woods from right side 
of road (Route 169». 

Al thix stop, we sh1lJI (I) l!xnmine metabentonites at 
the base of the Kings "'alh; I.imcstone and (2) reexamine 
the Black River-Trenton boundary between the upper Lowville 
and lower Kings Falls limestones. The top of the Lowville 
has 1 to 2 inches of relief, possibly due to scouring 
since bedding laminae are truncated. The shaly and 
argillaceous limestone interval between 2 and 3 feet 
appears to form a marker zone that can be traced from 
here northwestward to Newport. Tetradium is absent. The 
4 .5 foot sandy lower member can be seen in the lower 
quarry. The "Lowville is about 11.5 feet thick at this 
locality. 
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The fossiliferous Kings Falls contains cream­
colored, sticky. 2 to 3 inch thick metabentonites at 12 
and 29 inches. A similar 2 inch thick clay has been 
reported at 2 feet from Stony Creek one-half aile to the 
southeast (Craig. 1941; Kay. 1943, 1953). We shall 
evaluate the significance of these clays for time­
correlation at the next stop. 

0.0 40.75 Proceed downhill (north). continuing on Route 169. 

1.05 41.8 Stop light. D~town Middleville. Proceed straight ahead 
onto Route 28 North. 

0.7 42.5 Quarry on right is in Little Falls Dolomite. 

1.1 43.6 Turn right onto paved road. Drive straight uphill (not 
a hard right turn). 

0.25 43.85 nY"-intersection. Bear left, going downhill. onto Old 
City Road. 

0.15 44.0 Park on either side of road before bridge over City Brook. 

Stop IS. City Brook (locality ICl): 

Walk onto bridge and look upstream towards the falls. 
This outcrop hss been CLOSED to trespassers, but we can 
look and talk here. 

The characteristics of the Lowville and lower Trenton 
limestones will be compared with those at previous stops. 
The Lowville Limestone lies disconformably on the quartz 
arenite-rich Late Cambrian Little Falls Dolomite below 
the bridge . The lower falls is supported by the upper 
Lowville Limestone, and the upper falls (Craig, 1941, 
Fig. 5; Kay. 1953, Fig . 11) is supported by the middle 
Kings Falls Limestone. 

Lowville Limestone. The lower 7 feet are tan weather­
ing, gr ay. quartz arenite-rich. ostracode-bear lng , impure , 
thick-bedded, medium-textured. dolomitic, argillaceous 
limestones interbedded with a few calcareous s hales up to 
3 inches thick. Vertical burrows are abundant. A 3 inch 
thick metabentonite occurs at 6 ' 9" (Kay, 1943, 1953). 
Kay (1953) correlated this with a prominant reetrant at 
the top of this lower member at Newport Quarry (Stop 18. 
Fig. 5). 

The upper 19.5 feet of the Lowville 1s composed of 
relatively pure, light gray weathering, dove gray, con­
choidally fracturing calcilutite (sublithographic) and 
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0.0 44.0 

0.05 44.05 

0.5 44.55 

0.4 44.95 

some calcisiltites. Stylolites are abundant from 11 to 
16 feet. Thin shales are frequent between 13 and 16 feet, 
at the 18th foot, and especially between 19.5 and 21.5 
feet where the limestones are very argillaceous (argilla­
ceous marker horizon). Vertical burrows (Phytopsis) are 
abundant between 11 and 16 feet and in the top foot. Mud­
cracks occur above and below the 25th foot. An intertidal 
origin seems probable for these limestones. Tetradium is 
extremely rare in the upper few feet. 

Kings Falls Limestone. Sediment from a coquinal 
calcarenite bed at the base of the Kings Falls fills some 
of the burrows in the highly burrow-reworked calcilutite 
bed at the top of the Lowville. The Kings Falls is 
characterized by coquinal calcarenites, as at previous 
localities. Cross-laminated and pararippled beds are 
frequent. 

"At 7 feet a deep reentrant marks where a metabenton­
ite is weathering out. Less than a mile north, at Butter­
milk Creek (Stop 16), this clay is 9 feet above the base 
of the Kings Falls (Kay, 1953). If this altered volcanic 
ash near the base of the Kings Falls between Stony Creek 
and Buttermilk Creek is part of a single bed~ then "it 
represents a synchronous time surface indicating that 
this formation is onlapping the Lowville eastward. There­
fore, the base of the Kings Falls becomes progressively 
younger eastward, increasing the gap in time marked by 
the Black River-Trenton boundary in that direction (Fig. 3). 

Proceed straight ahead, crossing bridge. 

(Herkimer diamonds are common in the Little Falls Dolomite 
downhill to the left.) 

Turn sharp, acute, right onto White Creek Road. 

Buttermilk Creek. Carefully park on the shoulder. Do 
not block the driveway. 

Stop 116. Buttermilk Creek (locality HC10I): 

Descend to the creek from the bridge and walk 
upstream. The Little Falls Dolomite comprises the stream­
bed at the bridge. As you walk upstream~ you will walk 
through the Lowville Limestone and eventually reach the 
Trenton limestones (Kings Falls). 

The lower sandy member (11-12 feet) of the Lowville 
can be seen roulhly between 2 broad flat areas in the 
streambed. " The 23-24 foot thick upper Lowville is fully 
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exposed 8S you walk further upstream. The argillaceous 
marker horizon (about 2 feet thick) occurs 6 feet below 
the top. From 2 to 5 inches below the top there are 
pieces of the colonial tabulate coral Tetradium. Beneath 
the Tetradium. vertically burrowed calcilutites dominate 
down to the marker horizon. The uppermost 1 to 2 inches 
contain a strophomen1d-rlcb layer resembling the top of 
the Watertown Limestone at the next stop (Stop '7). 

The Kings Falls Limestone, disconformably overlying 
the Lowville, 1s shelly, shaly, pararipp!ed, cross-lamin­
ated. and sheet-laminated. A metabentonite, reviewed at 
City Brook (Stop 15), occurs at 9 feet above the base. 
The Trenton Group at this outcrop is described 1n more 
detail by Cameron, Mangion and Titus (1972). 

0.0 44.95 Continue north on White Creek Road. 

0.3 45.25 Intersection with Elm Tree Road . Turn right. 

0.05 45.3 Barbed wire gate to IIcar graveyard." Park on shoulder 
of road. 

Stop '7. Small hillside quarry exposures (locality *Cll2A): 

Open gate, go through, CLOSE GATE, and walk uphill 
to last major exposure in field (a~ 100 feet from road). 
Return to cars by way of gate. Be sure it is closed when 
you leave. 

The Watertown burrow-reworked lithology first appears 
as about a I foot thick, but recognizable, lithology at 
this locality. It can be distinguished from the subjacent 
vertically burrowed calcilutites of the Lowville and the 
superjacent calcarenites of the Kings Falls. Large tabu­
late corals (Poerstephyllum halli) and rugose solitary 
corals are present, as in some exposures farther northwest, 
but black chert is absent here. Only the 2 inch thick 
strophomenid brachiopod-rich bed at this locality is 
represl:!nted at Buttermilk Creek less thon a half mile south • 

. Whole Tetradium cellulosum colonies can be found 
in the uppermost five inches of the Lowville whose argilla­
ceous limestone marker bed is exposed 6 feet below the 
top . Between the Tetradium and the marker zone, vertic­
ally burrowed calcilutites predominate. as at Buttermilk 
Creek (Stop 16). This upper Tetradium horizon resembles 
the upper Tetradium beds at Inghams Mills (Stop 82) and 
Walker's (1973) House Creek Member of the Lowville of 
northwestern New York. 
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Fig. 8 . Tetradium in life position 1n litho­
logy 6 (outlined) at the top of the Lowville Limestone, 
at locality Cl12 (Stop 87) in southern Newport. The 
thin Watertown Limestone is above lithology 6. Six 
inch ruler is scale. 

Fig. 9. Highly burrow~reworked, subtidal Watertown 
Limestone (lithology 7) above vertically burrowed , 
intertidal Lowville Limestone at Diamond Hill (locality 
CIOS, Fig. 5). Six inch ruler at contact is scale. 
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0.0 45.3 Continue on Elm Tree Road (uphill). 

0.1 45.4 Turn left into driveway in order to turn around and 
proceed back to White Creek Road. 

0.2 45.6 "Til-intersection with Elm Tree Road. Turn left . 

0.7 46.3 Intersection with Old City Road on left. Continue on 
White Creek Road. 

0.65 46.95 "Til-intersection with Route 28. West Canada Valley 
Central Junior-Senior High School across the road. 
Turn right (north) towards Newport. 

2.05 49.0 Flashing yellow traffic light in Newport. Turn left onto 
Bridge Street (-Old State Road). 

0.15 49.15 Crossing bridge over West Canada Creek. 

0.1 49.25 "Til-intersection with West Street <-Newport Road). 
Turn right (north). 

0.75 50.0 Turn right into gravel road leading to a large, old quarry. 
Park in front of the gate~ but do not block the entrance 
for trucks. 

Stop RS. Northwest Newport Quarry (locality NPQ): 

Walk about 150 feet along the gravel road and then 
descend the grassed slope to the upper quarry where the 
Watertown Limestone caps the quarry wall which is composed 
mostly of Lowville Limestone. The top of the quarry here 
is beginning to co1lspse, so stay well clear of the edge. 
Enter at your own risk. After examining the top of the 
Watertown, continue to descend the grassed slope (over­
grown old road) to the quarry floor. Bear left to examine 
fallen blocks of the Watertown and upper Lowville. Besr 
right all around a promentory to the southeast part of 
the quarry where the lower and middle Lowville can be 
examined safely in the quarry wall. Climb up over the 
rubble to the gravel road to return to the cars. 

The lower dolomitic and sandy member of the Lowville 
is about 15.5 feet thick. Its contact with the upper 21.5 
feet is gradational. The 2 foot thick argillaceous marker 
horizon occurs about 6 feet below the Watertown Limestone. 
Tetradium have not been found in the upper Lowville here. 
The top of the Little Falls Dolomite presumably forms the 
quarry floor. 

The Watertown Limestone is highly burrow-reworked, 
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black chert-bearing and fossiliferous. The fauna is 
diverse but hard to collect. Corals are common as well 
8S brachiopods and mollusks. 

The contact with the Kings Falls Limestone 1s 
exposed in a quarry southwest of Newport (Kay, 1953). 
but not here. 

0.0 50.0 Turn around in quarry driveway and head back to Newport. 

0.75 50.75 Turn left (west) onto Bridge Street. 

0.2 50.95 Flashing red traffic light at "Til-intersection with 
Route 28 (Main Street of Newport). Turn right (south) 
onto Route 28 South. 

2.05 53.0 Passing school on right. 

2.35 55.35 Traffic light. Downtown Middleville. Turn right and 
cross bridge over West Canada Creek, thus continuing on 
Route 28 South. 

0.2 55.55 Bear left at fork in road. continuing south on Route 28. 

8.lS 63.7 Turn right (west) onto Route 5 (Routes 5 and 28 combine 
here for a short distance). Proceed into Herkimer. 

0.7 64.4 Stop light. Intersection of Routes 28 and 5. Turn left 
(south) onto Route 28 South. 

0.2 64.6 Stop light. Turn right, continuing south on Route 28. 

0.25 64.85 Entrance to New York Thruway. Those returning to Oneonta, 
New York, continue south on Route 28 and retrace your 
way back (see beginning of road log). 

- END OF TRIP -
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PALEDNTO!.OGY OF THE LO\IER TRENTON GROUP OF CENTRAL NEW YORK STATE 

by 

Robert T1tus 
Hartwick College 

INTRODUCTION 

The lower Trenton Group contains a broad spectrum of carbonate 
environments ranging from shallow nearshore to relatively deep off­
shore facies. Well preserved, diverse and abundant fossil assemblages 
are found at all stratigraphic levels. Many good, easily accessable 
outcrops are available for field demonstrations of principles of 
fossil community analysis and marine paleoecology. These outcrops 
extend from Canajoharie to Watertown and beyond into Ontario. However 
most of the major facies can be visited within a short belt extending 
from Little Falls to Middleville. This field guide will focus on this 
area. 

GEOLOGIC SETTING 

Five formations make up the lower Trenton Group. These are, in 
ascending order, the Napanee Limestone, the Kings Falls Limestone, 
the Sugar River Limestone, the lower Denley Limestone and the Dolge­
ville Facies (Kay, 1937, 1968). These units were deposited in a 
transgressing sea associated with an inversion of topography which 
accompanied the Taconic Orogeny (Rodgers, 1971). As the seas swept 
eastward through New York State the following sequence of environ­
ments appeared at the various locations. First a nearshore lagoonal 
facies appeared represented by the calcisiltites of the Napanee and 
lower Kings Falls Limestone. This was a generally quiet water environ­
ment with normal marine salinities. Following the lagoonal facies is 
a wave swept shoal facies represented by the sparitlc coquinal calcar­
enites of the middle Kings Falls Limestone. Primary physical structures 
including pararipples, cross bedding, sheet laminations and intraclasts 
indicate very shallow, turbulent conditions (Mangion, 1972). This near­
shore lagoon to shoal sequence characterizes the lower Trenton Group 
northwest of Boonville. In this area seas were transgressing over a 
nearly horizontal landscape. As the seas approached the Adirondack Arch 
the slope of the transgressed landscape increased. As a result the 
shoal facies migrated shoreward at the expense of the lagoon facies 
which disappeared altogether. The shoal facies of the northwestern 
outcrops grades into the shallow, turbulent nearshore facies in the 
southeastern outcrops. This facies pattern matches depositional models 
described by Anderson (1971). 

Succeeding the shoal facies is the shallow offshore shelf faCies 
of the upper Kings Falls Limestone. This facies 15 distinquished from 
the underlying shoal facies by a scarcity of high energy primary 
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Fig. 1 (Above) Map of northwestern New York state showing major out­
crops of Trenton Group. 

Fig. 2 (To the right , next page) Three cross sectional news of the 
lower Trenton Group. View one (top) shows the stratigraphy of the 
lower Trenton Group. View two (middle) shows the stratigraphic 
distribution of the various facies of the lower Trenton Group. View 
three (bottom) shows the stratigraphic distribution of the various 
comnnmities . 
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structures, more micritic calcarenites and thinner bedding. Although still 
probably subject to occasional turbulence this was a deeper, farthur off­
shore, quieter and more stable environment than the shoal. 

A still deeper shelf environment 1s represented by the micritic 
calcarenites of the Sugar River Limestone . An abundance of burrow re­
worked structures, thin bedding and an absence of physical primary 
structures indicates a more quiet p~obably deeper water environment. 

Above the Sugar River Limestone a sequence of ca.lcls11tltes is 
fO\Uld lnterupted occasionally by what appear to be turbidites (Titus and 
Cameron, 1976). This unit 1s the Poland Member of the lower Denley 
Limestone. It represents a shelf "bo basin transltiona! slope. To the 
east this calcls11tlte sequence grades into a mixture of calcls11tltes 
and black shales, the Dolgeville Facies. Furthur to the east the lime­
stones pinch out and the black shales alone persist. These are the 
Canajoharie and Utica black shales . 

EARLIER WORK AND OUTCROPS 

An extensive literature exists on the stratigraphy and paleontology 
of the Trenton Group. Significant papers begin with Hall (1847) and 
include Kay (1933, 1937, 1943, 1953, and 1968); Raymond (1903); Cushing 
(1905); Hiller (1910); Prosser and Cumings (1897); Chenoweth (1952) and 
Titus and Cameron (1976). Several other field guides have been written 
which describe this vicinity. These include Fisher (1966); Cameron (1969, 
1972) and Cameron et a1. (1972). Pavers which figure and descnbe the 
faunas include Hall (1847); Raymond (1921) and Wilson (1946, 1947, 1951 
and 19.56). 

The best outcrops in the area occur along tributaries of West Canada 
Creek. These have been described in detail by Kay (1943, 1953). Good, 
thick exposures are found along stony Creek, City Brook, Buttermilk Creek, 
Shedd Brook, RathbWl Creek and elsewhere. Unfortunately over the past few 
years several of these have been posted against trespassing. These in­
City Brook, Rathbun Creek and North Creek. 

FOSSIL COMMUNITIES 

Six fossil communities have been recognized in the lower Trenton 
Group (Titus and Cameron, 1976). Each is named for a characteristic 
species. In life these commWlities occupied belts which lied progress­
ively farther offshore. Following Walther's rule they are exposed in a 
vertical sequence at each outcrop. 

Triplesia Community 

The Triplesia Community occupied the protected quiet mud bottomed 
faci es of the Napanee and lower Kings Falls limestones. The community 
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is named for the orthid brachiopod which serves as an index for the 
Rocklandian Stage (Kay, 1937; Cameron and Mang1on,1977). 

The Triplesia Community is much more heterogeneous than any of the 
others. It also has the longest faunal list (74 taxa). About a third of 
the species are brachiopods. Of these the strophomenida are most abun­
dant. Sowerbyella is the most common form making up over ~ of the 
remains. At least 7 species of Raflnesguina and 3 of Strophomena are 
present. Orthids make up most of the rest of the brachiopodS ldth 
Paucicrura and Hesperorthis being very common. 

'!he bryozoa, especially trepostomes, are loca.lly abundant. Prasopora 
and Amplexopora are the most prominent genera. Sometimes slabs are dense­
ly 1ittered with the remains of these forms . The fanlike Phyllopor1n& 1s 
sometimes cornmon. 

A number of groups are present in the Triplesia Community but uncom­
mon elsewhere. Corals are rarely found outside this community. Stepto­
lasma is the most abundant but also found are Columnaria and FoerstephYl­
~. Clams are more abundant here than elsewhere. Colpomya and Endodesma 
are locally abundant. Ostracodes are very abundant but few have yet been 
identified. 

Also common are snails, nautilo1ds, trilobites and crinoids. Gen­
erally uncommon, but present, are conularida, algae and sponges. 

The community is dominated by the low filter feeders which include 
brachiopods, bryozoa and clams. Grazers, including snails, trilobites 
and ostracodes are next most abundant. The only other significant tro­
~hic groups are the carnivores (nautiloids) and the high filter feeders 
( crinoids) • 

Generally community populations are scattered into dense localized 
clusters. Scarcity of suitable substrate 111 this muddy facies probably 
accounts for this. 

Liospira Community 

The Liospira Community occupied a wave swept shoal enviro'nment off­
shore from the Triplesia Community. In the Middleville-Little Fails 
area, however, the lagoonal facies 1s absent and the Liosp1ra Community 
occupied an onshore facies. The community is named for the pleurotomarid 
gastropod which has a range which closely parallels that of the community. 

Again the brachiopods are numerically dominant. Orthida are pa.rt1c­
ular1ly common. Pauc1crura makes up over SQ% of the remains. Other com­
mon orthids include Dinorthis, Hesperorth1s and Plectorthis. The stro­
phomenids are still common with at least seven species present. 

Gastropods are more abundant in this community than elsewhere. !!2!:­
motoma, Loxoplocus, Pbragmolltes, S1nultes and Liospira itself are found. 
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High filter feeding forms did not do well in the turbulent environ­
ment. Both the crinoids and bryozoa are r elatively l ess common in this 
environment than elsewhere. However one crinoid, Sch1zocrinus nodosus, 
did thrive in this facies and is commonly represented by large round 
columnals. 

Overall diversity of the Lios pira Community 1s very high (71 taxa). 
Curiously, however, diversities of the individual bedding surfaces are 
generally very l ow. This apparent conflict between low bedding surface 
diversities and high overall diversity 1s r esolved if the shoal facies 1s 
envisioned as being composed of many microenvironments each with a low 
diversity microcommunlty. The sum of all of these microcommunlty faunal 
lists produces the high overall d.1versity. 

Equitabl1ity figures are consistantly l ow. Paucicrura averages ~ 
of the bedding surface assemblages and sometimes makes up over ~ of 
some assemblages. The loW' diversities and equitabilities of the bedding 
surface assemblages clearly indicate that the Liospira Community was a 
physically controlled community (Sanders, 1968) . 

The community is overwhelmingly dominated by low filter feeders and 
most all of these are brachiopods. The only other significant trophic 
group is the grazers represented by gastropods and trilobites . 

Encrinurus Communi ty 

Lying offshore of the shoal facies was a shallow shelf which was 
occupied by the Encrinurus Community. The community i s named for tho 
phacopid trilobi te which is most easily identified bY its distinctive 
pygidium. 

While the brachiopods Paucicrura and SowerbYella still dominate the 
community (46% and 1.5% respectively) the importance of other groups is 
much greater than in the nearshore communities . Bryozoa in particular 
are ab\ll'ldant. Trepostomes, including Prasopora, Amplexopora and Erido­
trypa make up the most obvious non-brachiopod components of the commun­
i ty. Cryptostomes, including stictopora and Escharopora are also abun­
dant. 

Trilobites also r each their peak in diversity in this community. 
Besides Encrinurus there is fotmd Ceraurus, Flexicalymene and Hemiarges. 
Crinoids too reach a peak in diversity. Unfortunately few fully arti­
culated skeletons have been found but study of the stems and columnals 
has indicated the presence of Cupulocrinus, Dendrocrinus, Ectenocrinus, 
Glyptocr1nus and Heterocrinus. 

Conspicuously absent are the mollusks. Virtually no gastropods, 
nautiloids or pelecypods are known from this community. 

Overall diversity of this community i s high (61 taxa) but lower 
than was fO\Uld in the more nearshore communities. This is surprising 
because bedding surface diversities reach a maximum in the uppermost 
beds containing the community. This problem can again be s olved by con­
sider1ng the role that microenvironments and microcommunities play in the 
overall diversities of large communities. The shallow shelf facies must 
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have been much more monotonous than was the case for the shoal. A 
corresponding lower number of microcommunities must have existed. 
The stable nature of the shallow shelf facies promoted high di­
versities within the microcommunitles but with fewer of these micro­
communities overall diversity was depressed. 

Equitabillty figures for this community rise above the levels 
fotmd in the Llosplra Commun1ty. The most abundant form (Pauclcrura) 
makes up an average of 46% of the bedding surface assemblages. In­
creased equitabl11ty apparently reflects the greater stability of 
the offshore facies. This was largely a biologically accommodated 
community. 

There is also a more equitable distributton of the trophic groups 
in this community. The low f1lter feeders are still dominant but also 
common are the high filter feeders (crinoids and bryozoa). The grazers 
(trilobites) are also common. 

Trematis CommWlity 

Moving offshore on the shelf depths gradually increased, current 
activity decreased, condition became more stable and the substrate be­
came more muddy. This offshore shelf habitat was occupied by the 
Trematis CommWlity. The community is named for the small inarticulate 
brachiopod which occurs in abundance. Another good guide fossil for 
the community is the trilobite Cryptolithus tesselatus. 

About a quarter of the species of this community are brachiopods 
with Paucicrura once again dominating (36% of the assemblages). 
Bryozoa are numerically very important. Prasopora makes up about 20% 
of the assemblages. Also abundant are the genera Eridotr;ypa and 
Amplexopora. 

Crinoids continue to be abundant here with the small pentagonal 
columnals of Iocr1nus being diagonistic of the community. Trilobites 
are also abundant, especially Flexicalymene. 

Gastropods and nautiloids continue to be quite scarce in this 
commun1ty as in the Encrinurus Community. Apparently the Shallow 
shelf environment was not suited to these groups. A few clams do 
appear and are sometimes locally abWldant. 

Overall community faunal lists become progressively shorter in 
an offshore direction. The 74 species of the nearshore Triplesia 
Community compare with 53 in the offshore Trematis Community. Again 
this is not reflected on the individual bedding surfaces. Diversities 
of these surfaces are among the highest found in the lower Trenton 
Group . Again, as in the Encrinurus Community, the environmental 
picture suggests a quiet, stable seafloor with uniformly high diversi­
ties and a small number of microcommunities. 



A-9 
page 8 

Equ1tability figures reach a peak in this community. The most 
abundant species, Paucicrura, only makes up Ja% of the bedding surface 
assemblages. This is the lowest level of dominance found in the lower 
Trenton Group. The high diversity and low dominance figures indicate 
that the Encrlnurus Community was a biologically accommodated community. 

Low and high filter feeders continue to dominate in this com­
munity. These are represented by the brachiopods, bryozoa and cri­
noids. The only other significant trophic group 1s the grazers re­
presented by the trilobites. 

Geisonoceras Community 

The lower Denley Limestone was deposited beyond the carbonate 
shelf in a bank margin environment sloping to the east. In this facies 
the lithologies become dominated by calcisiltites as the calcarenites 
disappear. The Geisonoceras Community occupied this facies and re­
flects the mud bottomed substrate. 

Only 7 species of brachiopods are found here but Paucicrura con­
tinues to dominate (~). The bryozoa continue to thrive in the quiet 
water environment with at least 9 species present. 

The most characteristic and interesting components of the com­
munity are the nautiloids, gastropods and crinoids. The lowermost 
beds which contain the community are extremely rich in nautiloids. 
Hundreds of specimens are found 11tter1ng the bedding surfaces at 
this level. Genera include Trocho11tes, Endoceras, ttOrthoceras" 
and most abundant Geisonoceras itself. Associated with these and 
especially common at the base of the Denley is the snail Sinuites 
bilobatus corrugatus. Above the nautiloid beds are encrin1tes rich 
in the remains of the crinoid genus Merocrinus. 

Trilobites are represented only by Flexicalymene and Isotelus, 
with many whole specimens of the former commonly observed. 

The overall faunal list is still shorter in this commW11ty. 
Only 49 taxa have been found. Bedding surface diversities had reached 
a peak in the strata near the boundary of the Encrinurus and Trematis 
community zones. Above this level diversities steadily decline to 
relatively low l cvcls in the Geisolloc('xas Community zone. 

Equitability l evels decline in the Geiso'noceras Community zone. 
Paucicrura reached a low l evel of dominance in the Trematis Community 
(j8%) but then rebounded in importance in the Geisonoceras Community 
(~. Evidently this community is at least partially physically 
controlled. A physical factor which may have introduced instability 
into this deep water community was the presence of turbidity currents. 
Graded beds which appear to be turbidites are common in the lower Denley 
Limestone. The low filter feeders are the dominant group but other 
trophic groups are important there as well. The carnivores (nautiloids) 
and the high filter feeders (crinoids and bryozoa) are significant 
members. 
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Triarthrus Comm1U1i.ty 

The lower Denley Limestone apparently represents a slope de­
scending from the carbonate shelf to a relatively deep basinal en­
vironment. At these greater depths the carbonates begin to inter­
finger with black shales. This sequenee of a1ternating shale and 
limestone is known as the Dolgeville Facies and was inhabited by the 
Triarthrus Community. The community is named for the small trilobite 
which is often fOmld in great abundance. 

This is the only CODlmtmity not dominated by brachiopods. However 
several inarticulates are present and th~se include rare specimens of 
Lingula. 

The dominant Group is the ostracoda. At least six species are 
found and they comprise nearly 90% of the individuals present. These 
include the genera Aparchites, Primatia and Primatlella. 

The only other group of any significance in this community is 
the trilobita. Isotelus, Flexicalymene and Triarthrus are moderately 
abundant. 

A number of planktic forms occur with the Triarthrus communitr' 
These include graptolites, annelid worms (Spirorbis and Serpulltes 
and a brachiopod (Leptobolus). 

A number of thick beds are rich in forms that are usually only 
found in the shallow water communities. Sinuites, for example, is 
very abundant in a few beds. These are evidently transported remains, 
which probably rode turbidity currents into the deep water zones. 
Care must be taken when collecting in the Dolgeville Facies to 
recognize and avoid these beds. 

Although the overall faunal list for this community is low, the 
fossiliferous slabs which are found often have fairly diverse 
assemblages on them. Equitabl1lty figures in this commtmity are 
probably useless because many of the ostracode remains may represent 
molting during life rather than actually representing the body of 
a dead 1ndividual. 
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Table One - An abbreviated faunal list of lower Trentonian taxa. Listed 
are common visable fosslls. Omitted axe rare or microscopic forms. 

Group Conlnnmlty 
Species 

Trip . Lios. Erler. 'Dram. Geis . 1!ria. 

Brachiopods 

Anazyga recurvirostris X 
Dinorthis pectinella X 
Dol eroides pervetus X 
Hesperorthis tricenaria X X 
Leptobolus insigna X 
Li ngula curta X 
L. reclniformis X X X 
L. rect l1ateralis major X X 
Oepiklna lnquassa X X X 
Parasitrophina hemiplicata X X 
Pauclcrura rogata X X X X X X 
Platystrophia sp. X X X 
Plectorthis pllcatella X 
Protozyga exiqua X X 
Raflnesquina trentonensls X X X X X 
R. praecursor X X X 
R. prestonensis X X X X 
R. robusta X 
Rhynchotrema Bp. X 
Sowerb,yella sericea X X X X 
Strophomena fl1etextra X X 
Trematls terminalls X X 
Triplesia cuspldata X 

Bryozoa 

Amplexopora minnesotensls X X X X X 
Corynotrypa inflata X 
Eridotrypa mutabl11s X X X X X 
Escharopora recta X X 
Pachydictya acuta X X X X X 
Phyllopoctna sp. X X 
Prasopora similatrix X X X X X X 
Protocrislna exiqua I 
P . perantlqua X 
Stlctopora blackensl s I I I X I 

Gastropods 

Hormotoma gracilis I I 
H. trentonensis I XX I 
Liospira americana X X 
Loxoplocus sp. I 
Phragmol1tes compressus X I I 
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Group Community 
Species 

Trip. L10s. En=. Trem. Geis. 'Jitla. 

Sinuites cancellatus X X 
S. bilobatus corrugatus X 
Subulltes elongatus X X 

Nautiloids 

Endoceras protelforme X X X X 
Geisonoceras lineolatus X 
G. tenuitextum X X X 
G. tenuistriatum X X 
"Orthoceras tl ampllcameratum X 
Spyroceras bilineatum X 
Trocholites ammonius X 

Pelecypods 

Colpomya faba X 
Ctenodonta levata ? ? X X 
Endodesma trentonensis X 
Lyrodesma sp. X X 
Vanuxemia sp. X X 

Trilobites 

Bumastis porrectus X X X 
Calliops callicephalus X 
Ceraurus pleurexanthemus X X X 
Cryptolithus tesselatus X 
Encrinurus cybeliformis X 
Flexicalymene senaria X X X X X X 
Hemiarges pau11anus X 
Isotelus gigas X X X X X X 
Triartbrus becki X 

Miscellaneous 

XPrimatia spp. 
Primatiella unicornis X 
Schizocrinus nodosus X X 
streptolasma corniculum X X 
Conularia trentonensis X X 
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TIIEIII"TI$ TEAM'NALIS 

LINGULA AECTll4TEA ...LIS ""JOR 

'AUCICRURA ROGATio OIHOATNIS PECTlHElLA 

HESPERORTHIS TRICENAR'''' PUCTORTHIS PLICATELLA 

PlATVSTROPHIA $P. 

TRIPLE S .... CUSP ID"TA PARASTOPHINA HUIIPLICATA 

SOWERBVELtA SERICE ... 

RAFINESOUIHA TRENTONENS.S STROPHONENA SP. 
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1. SINUITES BILOB"TUS 2. HORNOTONA TRENTONENS.S 3 . SINUITE$ CANCEllATUS 

/ 
/ '-... 

• 

5. LIOSPIRA ANERICAN A o. PHRAGNOLITES CONPRESSUS 

.t. HORNOTONA GRACILIS 

1 . SUBULITES ELONGATUS 

. ,,", . , 
,r 
., 

10. STREPTOI.."SMA CORNIClUN 

8. CONUlARIA TRENTONEN$IS 

11. TROCHOLITES AMNONllIS 

I. GEISONOCERAS TENUITEXTUM 
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3. PACHYDICTYA "CUT" 

1. ESCHAFIOPORA RECTA 

2. AMPLEXOPORA M1HHESOTENSIS 

4. PHVLI.OPORINA 51'. 

I. E. PfiOTEIFOAME 

1. SHIZOCAIHUS HOOOSUS 

$. ENDOCER"S PROTEIFORME 
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2 . FLEXICALYMENE SEN A AIA 

1. ISOTELUS GIGAS 
3. CEAAUAUS PI..EUREXAHTHEMUS 

5· CIIVPTOI..ITHUS TESSELATUS 

• • TA1AATHAUS BECIO 
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MILEAGE LOG 

I
This mileage log begins at the intersection of routes 28 and .5S 

in the town of Mohawk. This intersection is near to the Herkimer exit 
of theNew York State Thruway (exit 30). This trip is within the 
Little Falls and Utica quadrangles. I 
TnMi* CumMi-.­ I 
o.o o.o Proceed east on Route .5S. 

6.2 6.2 Turn right on Route 167 I 
..0.8 7.0 Park alongside the road about 1 block short of the 

Thruway overpass. I 
STOP 1: Outcrop along the road is an exposure of 
the Dolgeville Facies and contains remains of the 
Triarthrus Community. In the summer and early· fall I 
this outcrop is likely to be well grown over but in 
the spring it is an excellent exposure. The best 
fossil collecting is on thin brown shales where 
ostracodes are very abundant. · Fissile black shales I 
often yield abundant remains of Triarthrus, other 
trilobites and brachiopods. Also present at this 
outcrop are folds in the strata produced while the I 
sediment was still soft. Above the thruway over­
pass is axi excellent e'xposure of the Dolgeville 
Facies. Unfortunately the State Troopers will throw I 
you off of this outcrop if they see you. 

' .. 

I0.8 7.8 · Turn around and proceed back· to the intersection 
with Route 5S. Turn left on Route .5S and then 
immediately turn right onto Route 167. · 

2.1 Proceed north on Route 167 heading toward Little I 
Falls. After crossing the Mohawk River turn right 
at Sam's Supe Service and then immediately turn 
left onto Route 169. . I 

1.3 11.2 ·At this point there is an intersection marked by a 
sign for the Little Falls Junior/Senior High School. 
Turn right and proceed up the road one block. To I 
the left beyond the bushes is an abandoned quarry. 

----------------:----------~~ I 
* InMi = Incremental mileage; CumMi = Cumulative mileage. 

I 
I 
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I 
Side trip A: We will not visit the quarry on this 
field trip because at this time of the year the 
quarry is badly overgrown and very difficult to 
get into. However, in the spring this is a good 

I exposure of the lower Kings Falls Limestone. The 
quarry contains abundant remains of the Liospira 
Community. 

I o.o 11.2 Continue north on 162. 

6.6 17.8 At this point we are crossing Stoney Creek. A 
large white farmhouse is on the left.I. 
Side trip B: Upstream are good exposures of the 

I, Poland Member of the Denley Limestone which con­
tain very sparce remains of the Geisonoceras 
Community in generally baren calcisiltites. 
Downstream are good exposures of the Sugar River 

I Limestone containing abundant remains of the 
Trematis Community. 

0.6 18.4 Continue north on 169. ~ large abandoned quarry 
is found on the right hand side of the road. 

Stop 2. This is a larger quarry than at first 
appearance. Around toward the back of it is a 
good exposure of the Lowville Limestone. About 
17 feet of this formation is exposed •. · Lying 
unconformably upon this unit is the Kings Falls 
Limestone. The lower beds are very shelly but 
overlying strata become finer grained. The 
lower five feet contain elements of the Triplesia 
Community ( Schizocrinus, Streptolasma and a great 
abundance of Sowerbyella). Overlying these beds 
are strata containing typical Liospira Community 
faunas. A bentonite lies a few feet above the 
base of the Kings Falls Limestone. Towards the 
back of the quarry there is the waterfall of an 
intermittant· stream. Following this stream bed 
one can see discontinuous exposure of nearly the 
whole Trenton Group.· Beds containing assembiages 
from the Encrinurus, Trematis and Geisonoceras

I communities are exposed here. 

I' 
o.o 18.4 Continue towards Middleville on Route 169 ~ Enter 

downtown Middleville. 

1.1 19.5 Turn right onto Route 29 east. 

I 20.8 Proceed uphill on Route 29. Pass an exposure of 
the upperLittle Falls Dolomite and then stop at 
a road outcrop of the Trenton Group.

I 
I 

--------------------------........ 
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stop 3: This road outcrop shows an exposure of the 
Kings Falls and Sugar River Limestones. The lower 
10 feet contain remains of the Liosplra Community. 
The next 20 feet contain assemblages from the Encrin­
urus Community and the uppermost beds contain 
Trema.tls Community fatmaso Just above the road out­
crop Maltarmer Creek crosses the road. stream out­
crops expose a complete section of the Trenton Group 
from its base to the lowermost Denley Limestone. 
This section 1s of historical interest because it 
was intensely studied by James Hall in the early 
1840 t s. Probably.50 or more species were orig1na.lJ.y 
described from this outcrop. Unfortunately while 
this land 1s not posted the owner 1s apt to throw 
people off of his property. 

0.0 20.8 Turn arO\.m.d and head ba.ck to Mid.d.1eville. 

1.) 22.1 Enter downtown MiddJ.eville and turn right onto 
Route 28. 

4.4 26.5 Enter Newport and turn left on Bridge Street. 

0.) 26.8 CrOBS the West Canada Creek and turn left onto 
Newport Road. 

1.4 28.2 Park in dirt lot on l eft side of road. Beware 
of mud. 

stop 4: This is Shedd Brook which shows an exposure 
ranging from the upper Kings Falls Limestone to the 
Denley Limestone. Strata containing assemblages from 
the Encr1nurus, Trematis and Geisonoceras communities 
are exposed. Of greatest interest are the beds just 
below the parking lot. These contain a great abWl­
dance of nautiloids most of which are of the genus 
Geisonoceras . These beds represent assemblages of 
the Geisonoceras CommWlity. Also present are 
Endoceras, and Trochol1tes in moderate abundances. 

End of trip. Retrace the road back to Newport and 
Route 28. 
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THE STRUCTURAL FRAMEIIORK AND STRATIGRAPHY OF THE 

SOUTHEASTERN ADIRONDACKS 

by 

James McLelland 
Colgate University 

INTRODUCTION 

The southeastern Adirondacks are herein defined as the topographic 
highlands (overwnelmdngly Precambrian) that lie within a compartment whose 
corners are situated at: Speculator, Gloversville, Saratoga Springs, and 
Glens Falls (see f1g. 3). The southeastern Adirondacks are part of a 
regiooal geologic framework that underlies the map area shown in fIg. 1. 
The lithology and structure of this region is shown in figs. 3 and 4. The 
purpose of this trip 18 to show a8 many examples of this area's 
representative lithology and structure as time permits. 

PREVIOUS WORK 

Early mapping within the Boutheastern Adirondacks was done by Willi.. 
~11er (1911, 1916, 1920, 1921), Cusbing and Ruedemann (1914), Bartholome 
(1956), Thompson (1959), and Hills (1965). Hall (1965) and hi. student. 
prepared detailed geologic maps along the east flank of the Palmerton 
Range. In the mid-1960's MCLelland (1969) began mapping with the Canada 
Lake area immediately west of Sacandaga Reservoir. This work was pushed 
eastward and northward in the early 1970'. (MCLelland 1974) . The contiguouB 
geology to the northwest of the southeastern Adirondacks represents the 
cumulative work of Cannon (1937). Nelson (1968), de Waard (1965), Lettney 
(1968), Geraghty (1977), and McLelland (1975, 1976). In addition to these 
contributors. a great deal of the area was reconnalssanced by Y. Isachsen 
for the 1961 edition of the N.Y. State Geological Map. 

REGIONAl STRUCTURAL GEOLOGY 

General Description 

Four definite phases of regional folding have been recognized in the 
southern Adirondacks. A fifth phase of folding may be present 8S broad, 
gentle warps. All of these fold sets have large dimensions with the two 
earliest being of unusually great extent. 

The earliest fold event is isoclinal and, overall, recumbent . It 
i8 referred to a8 Pl and is beat represented by the Canada Lake Nappe 
(fig. 4). Pl (olding is also represented by the Little MOose Mt. Syncline 
and the Wakeley Mt. Nappe. All Pi folds have approximately E-W axial 

I 
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Fig. 10 - Field trip area enlarged from fig. 4. Stop numbers are shown. 
Large X's locate major anorthositic sills intrusive into de Waard 
and Walton's (1965) supracrustal sequence. 
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THE BASEMENT CONTROVERSY 

In the early 1960's Walton and de Waard (1963) proposed an intriguing 
new hypothesis concerning Adirondack geology. They postulated that~ 
together with associated charnockitic lithologies, the anorthositic rocks 
of the Adirondacks constituted a pre-Grenvillian basement complex. Prior 
to the Grenville Orogeny (-1.1 b.y.), this basement complex had been 
folded, metamorphosed, and eroded. Sometime during the Proterozoic the 
basement was unconformably overlain by the section of rocks that begins 
with the Lower Marble Pm. and is referred to as the supracrustal sequence. 
During the Grenville Orogeny, both basement and supracrustal sequence were 
folded together and metamorphosed. Subsequent erosion has left the 
basement exposed in the cores of domes, while the supracrustal rocks are 
preserved in synclinal keels. 

The Walton-de Waard basement hypothesis was originally based upon 
the observation that the Lower Marble Fm. seems to overlie a number of 
different lithologies and appears. therefore, to be separated f rom these 
rocks by an unconformity. Presumably the unconformity was initially 
angular, but as in many other instances, the angular discordance has 
been erased by subsequent deformation . 

There are several problems inherent in the basement hypothesis. The 
first is that a number of the so-called "older paragneisses ll assigned to 
the basement complex are identical to lithologies lying above the marble. 
In this writer's opinion most of these should be included within the 
Lower Marble Fm. The fact that these units may often be discontinuous 
does not necessarily prove the existence of an erosional disconformity. 
The same affect could be produced by or iginal variations in shallow water 
sedimentation. Equally probable is that boudinagiog with the marble 
rich units would result in similar phenomena. It is widely recognized 
boudinage structures are common in this horizon (Stop 3). In places the 
marbles have been almost completely squeezed out, and the Lake Durant Fm. 
lies directly on quartzo-feldspathic gneisses of type "all, yet it is 
widely agreed that this sort of discordance is tectonic in origin . 

A second point of importance concerns the status of the anorthositic 
gneisses as candidates for a pre-Grenvillian basement. Field work in 
the southern Adirondacks has resulted in the recognition of a large 
number of anorthositic sills that intrude at stratigraphie horizons 
lying far up into the supracrustal sequence. The locations of some of 
these are shown in fig. 10. One of these bodies will be visited at 
Stop 5. The existence of these sills represents serious negative 
information with regard to the hypothesis that the anorthosites of the 
Adirondacks are part of a pre-Grenvillian basement. It is possible. of 
course, to suppose that there was more than one episode of anorthosite 
intrusion in the Adirondacks. However, even the principle bodies of 
anorthosite to the north contain inclusions of lithologies identical to 
the Lower Marble Fm. and appear to cause what may be high temperature 
contact metamorphism in the latter, e.g. garnet~nllaston1te deposits at 
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Willsboro Point.* Thus. all anorthosite bodies appear to post-date the 
Lower Marble Fm. 

If we conclude that the anorthositic gneisses of the Adirondacks 
cannot be part of a Pre-Grenvillian basement, then it is still possible 
to hypothesize that the associated quartzo-feldspathic gneisses of type 
"a" constitute such a basement. Absolute age dating does not corroborate 
this hypothesis, and these gneisses may simply represent the next layer 
down in a continuous stratigraphy (Isachsen, MCLelland and Whitney 1975). 
However. the status of the type "a" gneisses remains unresolved, and the 
identification of a pre-Grenvillian basement constitutes a major problem 
in Adirondack research. 

IMPLICATION FOR ADIRONDACKS IN GENERAL 

It is believed that the structural framework developed here for the 
southern Adirondacks may be extended to the entire mountain range . 
Figure 11 shows the manner in which fold sets Fl-F4 can account for the 
outcrop pattern of the Adirondacks. Within the Northwest Lowlands Foose 
and Carl (1976) have already demonstrated that the alaskitic gneisses 
once thought to occur in phacoliths is actually exposed in the cores of 
structural culminations lying a t the intersections of NNE and NW fold 
axes (F3 and F4 of this paper). Fishook terminations in these outcrops 
appear due to earlier fold noses. 

In Fig. 11 the Arab Mt. Anticline has been extrapolated across the 
entire northern section of the Adirondacks. This, like many other 
extrapolations in fig. 11, is speculative and based upon a synthesis of 
data from earlier reports. aeromagnetics, etc. Nonetheless, the picture 
that emerges is not unreasonable and may serve as a working model for 
further research . It does appear likely that salients and re-entrants 
in the Marcy Massif (Saranac Basin, etc.) lie at the intersections of 
F2 and F3 fold axes. Similar interpretations appear likely for structural 
basins such as that mapped by Buddington and Leonard (1962) near Sabbatis, 
New York. 

Fig. 11 suggests that the southern Adirondacks represents a large 
domical structure due principally to large F2 and F3 intersections, and 
underlain by extremely large Fl nappes (Canada Lake-Little Moose Mt. 
Syncline and Wakeley Mt. nappes). Erosion has cut a window through 
this dome providing an excellent exposure through great, recumbent flaps 
of rock deformed and metamorphosed at some 20-25 kID depth and 600-800oC 
(McLelland and Whitney 1977). Since the present Moho beneath the 
Adirondacks appears to be located near 35 km (Katz, personal communication). 
it seems likely that the Grenvillian orogeny represented by these P,T 
conditions may have been associated with events resulting in a double 
continental thickness. 

* It should be noted that Essene et al (1977) have proposed that the 
development of wollastonite may be due to lowering of the partial 
pressure of CO2 by influx of H20 in a two component vapor phase. 
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FAIJLTS 

Three main systems of faults affect the Adirondacks. All are normal 
faults and many formed during the PreCambrian and were reactivated in 
Paleozoic time. The best defined topographically is the NNE trending 
set that has been further accentuated by glacial scouring. A great many 
lakes are oriented parallel to this fault set, e.g. Indian Lake. Lake 
George. The NNE faults are important in determining the eastern and 
southeastern margins of the Adirondacks where they have "stepped-down" 
the Paleozoic section to the east. A number of grabens also exist. Such 
grabens are present at the Sacandaga Reservoir area. the Lake George 
Graben which continues southward to the northwest of Saratoga Springs, 
and at the Paleozoic inliers in the vicinity of Wells, New York. 

The NNE faults often have extensive breccias developed along them. 
An outstanding example exists at, and just south of, the junction of 
Rts. 8 and 30. Many of these faults must have substantial offset along 
them. but. thus far, mapping of the PreCambrian has failed to establish 
precise quantitative values for this displacement. The reason is that 
most of the larger NNE faults have major valleys associated with them, 
and it is difficult to extrapolate folded stratigraphy across these. A 
minimum offset is obtainable at the town of Wells where the Paleozoic 
inlier lies 1500 feet below the tops of the surrounding PreCambrian hills . 
The offset must have been at least this much with the downthrown side 
being to the east. 

Offset along the NW faults has been easier to ascertain because they 
are less affected by glacial scouring and resultant valleys. Near Canada 
Lake the offset on the western NW fault shown on fig. 3 is approximately 
2000' with the east side being down thrown. 

Slickensides, breccia, closely spaced fracturing, and stratigraphic 
discontinuities indicate that the region has been affected by an almost 
E-W set of high angle faults. Offset along these has not been measured. 
The E-W fault system shows up well on ERTS imagery and appears to extend 
into the Paleozoics. 
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0.0 West side of bridge leading from Rt. 30A into Northville, N.Y. 
Assembly point will be in boat launching area miles north 
of bridge. 

3.9 Croes the Sacandaga River. For the next 3.5 miles all exposures 
have been within the Sacandaga Pm. The l arge hills immediately 
to the south are underlain by vertically dipping paragneisses 
and metagabbros situated on the hinge line of the Canada Lake 
Nappe. Note the southerly dips of the Sacandags Pm.; these 
define the southern limb of the Piseco Anticline. 

7.4 Leaving Sacandaga Pm.; enter quartzo-feldspathic gneisses "8" 
of the Piseco Anticline. For the next 4 miles all exposures 
lie within these gneisses. 

11.4 St£P 1 - Pumpkin Hollow. Large roadcuts on the east side of 
Rt. 30 expose excellent examples of the Sacandaga Fm. At the 
northern end of the outcrop typical two pyroxene-plagioclase 
granulites can be seen. The central part of the outcrop 
contains good light colored sill1manite-garnet-mdcrocline-quartz 
gneisses (leucogneisses). Although the weathered surface of 
these rocks are often dark due to staining, fresh samples display 
the typical light color of the Sacandaga Pm. The characteristic 
excellent layering of the Sacandaga rin. is clearly developed. 
Note the strong flattening parallel to layering. 

Towards the southern end of the outcrop calc-silicates and 
marbles make their entrance into the section. At one fresh 
surface a thin layer of diopsidic marble is exposed . NO 
HAMMERING, PLEASE. Many "punky" weathering layers in the 
outcrop contain calc-silicates and carbonates. 

At the far southern end of the roadcut there exists an exposure . 
Here there is exposed the contact between the quartzo-ieldspathic 
"a" gneisses of the Piseco Anticline and the overlying Sacandaga 
Pm. The hills to the south are composed of homogeneous quartzo­
feld spathic type "a" gneisses coring the Piseco Anticline (note 
how ruggedly this massive unit weathers). The Sacandaga Fm . at 
Stop 1 has a northerly dip off the northern flank of the Piseco 
Anticline and begins its descent into the southern limb of the 
Glens Falls Syncline. 

No angular discordance or metamorphosed soil profile can be 
discerned at the base of the Sacandaga Pm. However, this does 
not preclude the prior existence of an angular discordance. 
Intense deformation often erases all traces of earlier angular 
discordance (Balk 1936). 
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Along most of the roadcut there can be found excellent examples 
of faults and associated pegmatite veins. Note that the drag 
on several of the faults gives conflicting senses of displace­
ment. The cause of this is not known to the author. Also note 
the drag folds which indicate tectonic transport towards the 
hinge line of the Piseco Anticline. 

Entrance to Sacandaga Public Campsite. On the north side of 
the road are quartzo-feldspathic gneisses and calc-silicates. 
These are probably wit hin the Lower Lake Durant Pm. Anor tho­
sttic and gabbroic rocks have intruded here and locally steep 
dips may be related to this. 

Enter town of Wells. Silver Bells Ski are to east. The 
slopes of the ski hill are composed of excellent gabbroic 
anorthosite and anorthositic gabbro. These appear to be 
intrusive into the Upper Marble Fm. These intrusives may be 
related to the Speculator Mt. anorthosite sheet and can be 
traced eastward i nto anorthositic rocks of the Tenantville 
Complex which is exposed in the region near Tenantville in the 
large saddle of the Piseco Anticline several miles to the east. 

The town of Wells in underlain by Lower Paleozoic sediments 
which have been down dropped by a set of steep N20E faults 
that result in a l ocal dome and graben complex. The mapped 
offset of PreCambrian stratigraphy across these faults indicates 
that, if the displacement vectors were vertical, the throw is 
of the order of 3500 ft. 

Junction with Gllmantown Road. Continue north on Rt. 30. We 
are now near the h inge line of the Glens Falls Syncline. 

Parking area on east side of highway. To the west are charnockitic 
gneisses assigned to the Blue Mt. Fm. Note the sou t herly dips as 
we are located here on the north flank of the Glens Falls Syncline. 

Junction of Rts . 8 and 30. Continue north on Rt. 30. Beginning 
at the intersection are good exposures of garnetiferous leuco­
gneisses of the Upper Marble Fro. Lithologically these are 
similar to the leucogneisses seen in the Sacandaga Fm. at 
Stop 1, however. they lack the good layering that character izes 
the Sacandaga. 

At the junction itself there are good exposures of fault breccia 
associated with one of the NNE faults responsible for the Paleozoic 
inlier at Wells. 

For the next mile the highway passes just above the contact of 
the metastratified sequences and anorthositic rocks of the 
Oregon Dome. These anorthosites form the large hills across 
the s tream valley to the northeast. 
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23.2 Leaving the Upper Marble Pm. On the north side of the highway 
are cuts through garnetiferous amphibolite, calc-silicates. 
marbles, and quartzites of this unit. 

24.7 Small outcrop of qtiartzo-feldspathic gneiss in the Lake Durant 
Formation. 

25.1 Stop 2. One half mile south of southern intersection of old 
Rt. 30 with new Rt . 30 . 

On the west side of the road small roadcut exposes a splendid 
example of Adirondack anorthositic gneisses that are inter­
mediate in character between the so-called Marcy type (uncrushed) 
and the Whiteface type (crushed). About 50% of the rock consists 
of partially crushed crystals of andesine plagioclase. Some of 
these crystals appear to have measured from 6-8" prior to 
cataclasis . Excellent moonstone sheen can be seen in most 
crystals. In places ophitic to subophitic texture has been 
preserved with the mafic phase being represented by orthopyroxene. 

In addition to the coarse grained anorthosite there exists a 
fine grained phase and a clearly crosscutting set of late 
orthopyroxene rich dikes. The latter may represent a late 
mafic differentiate related to cotetic liquids responsible for 
the oph1tic intracrystall ine rest magma. This would be 
consistent with the iron enrichment trend characteristic of 
Adirondack igneous differentiation. The fine grained phase 
may have intruded early in the sequence, but this is uncertain. 

Near road level there can be found several inclusions of calc­
silicate within the anorthositic rocks. These are believed to 
have been derived from the Lower Marble Pm. and are consistent 
with a non-basement status for the anorthosite. 

The upper, weathered surface of the outcrop affords the best 
vantage point for studying the textures and mineralogy of the 
anorthositic rocks . In several places there can be seen 
excellent examples of garnet coronas of the type that are common 
throughout Adirondack anorthosites . These coronas are 
characterized by garnet rims developed around iron-titanium 
oxides and pryoxenes . Recently McLelland Whitney (1977) have 
succeeded in describing the development of these coronas 
according to the following generalized reaction: 

Orthopyroxene + Plagioclase + Fe-bearing oxide + quartz -
garnet + clinopyroxene 

This reaction is similar to one proposed by de Weard (1965) but 
includes Fe-oxide and quartz as necesssry reactant phases. The 
products are typomorphic of the garnet-clinopyroxene subfacies 
of the granulite facies (de Waard 1965) . The applicat ion of 
various geothermometers to the phases present suggests that the 
P,T conditions of metamorphism were approximately 8 Kb and 
650-7000 C respectively . 
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26.2 Long roadcuts parallel to strike through the lower porition of 
the Lake Durant Pm. These are characteristically composed of 
well layered pink quartzo-feldspathic gneisses, thin amphibolites, 
and calc-silicates. The quartzo-fe1dspathic lithologies are 
dominant and become increasingly 80 proceeding up from the 
bassl units. At this locality the increase in quartzo-feldspathlc 
material is accompanied by the development of K-feldspar 
megacrysts. 

26.7 On west side of road are extensive cuts in the Upper Marble Pm. 
Quartzite, calc-silicate, and sillimanite-garnet-quartz­
feldspar leucogneisses are especially well developed here. 
Some marble and charnockite are present. The large hills to 
the southeast consist of anorthositlc gneisses in the Oregon 
Dome. The rocks exposed along the highway dip off the dome. 

27.2 Stop 3. Northern intersection of old at. 30 and new Rt. 30, 
3.3 miles east of Speculator. New York. 

The Upper Harble Pm. is exposed in roadcuts on both sides of 
the highway. These exposures show typical examples of the 
extreme ductility of the carbonate rich units. The south wall 
of the roadcut is particularly striking, for here relatively 
brittle layers of garnetiferous amphibolite have been intensely 
boudiuaged and broken. The marbles, on the other hand, have 
yielded plastically and flowed with ease during the deformation. 
As a result the marble-amphibolite relationships are similar to 
those that would be expected between magma and country rock. 
Numerous rotated, angular blocks of amphibolite are scattered 
throughout the marble in the fashion of xenoliths in igneous 
intrusions. At the eastern end of the outcrop tight isoclinal 
folds of amphibolite and metapelitic gneisses have been broken 
apart and rotated. The isolated fold noses that remain 
"floating" in the marbles have been aptly termed "tectonl'c 
fish" • 

Features such as those seen within this roadcut have led this 
writer to question the appropriateness of assigning an 
unconformity to the base of the Lower Marble Pm. Tectonic 
phenomena in rocks of high viscosity contrast can account for 
the fact that the marbles are able to come into contact with 
a variety of lithologies. 

A variety of interesting lithologies are present in this roadcut . 
The marble itself contains diopside (now serpentinized), 
tourmaline, graphite, chondrodite, phlogopite, and a variety 
of pyrites. Interesting reaction rtms, or selvages, exist 
between the marbles and quartz rich boudins . Presumably these 
selvages reflect the influence of compositional gradients 
during metamorphism. 
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MOst of the amphibolites in the outcrop are highly garneti­
ferous and some layers appear to contain 60-70% garnet. The 
garnets are almandine rich and are similar to those at Gore 
Mt. However. it 1s not known whether these amphibolites 
represent metamorphosed sedimentary or igneous rocks. Note 
that a number of the garnets are separated from surrounding 
hornblende by narrow light colored rims . These consist of 
calcic plagioclase and orthopyroxene and represent products 
of the reaction: 

Garnet + Hornblende - Orthopyroxene + Calcic Plagioclase + Water 

This reaction 1s characteristic of the granulite facies wherein 
the association garnet plus hornblende is unstable (de Waard 
1965). 

Also present in the outcrop are various layers rich in calc­
silicates. One of these contains coarse, pale diopside 
crystals several inches across. Others consist almost 
entirely of green diopside. Tremolite has also been found 
in some layers. Rusty weathering, metapelitic units are rich 
in graphite, calc-silicates, and pyrite. Grossularite, 
scapolite. and wollastonite. and sphene have been recognized 
in thin section. 

Near the west end of the outcrop a deformed layer of charnockite 
is well exposed. In other places the charnockite~arble 
interlayering occurs on the scale of one to two inches. 

Exposed at several places in the roadcut are striking, cross­
cutting veins of tourmaline and quartz displaying a symplectic 
type of intergrowth. Other veins include hornblende and sphene 
bearing pegmatites. 

Commonly included in the Upper Marble, but not exposed here. 
are quartzites, kinzigitcs; sillimanite rich, garnetiferous, 
quartz-microcline gneisses; and fine grained garnetiferous 
leucogneisses identical to those characterizing the Sacandaga 
Pm. These lithologies may be seen in roadcuts . 5 mile to the 
south. 

Almost certainly these marbles are of inorganjc origin. No 
calcium carbonate secreting organisms appear to have existed 
during the time in which these carbonates were deposited ( 1.1 
b.y. ago). Presumably the graphite represents remains of 
stromatolite-like binding algae that operated in shallow water, 
intertidal zones. If 80, the other roadcut lithologies formed 
in this environment as well. This seems reasonable enough for 
the clearly metasedimentary units such as the quartzites and 
kinzigites. The shallow water environment is much more inter­
esting when applied to the charnockitic and amphibolite layers. 
The fine scale layering. and ubiquitous conformity of these, 
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strongly suggests that they do not have an intrusive origin. 
Perhaps they represent the metamorphosed products of volcanic 
material in a shelf like environment. Such intercalation is 
now occurring in many island arc areas where shallow water 
sediments cover, and in turn are covered by, ash and lava. 
Alternatively they may represent metasediments. 

30.5 Junction of Rt. 8, 28, and 30 in village of Speculator . Head 
southwest on Rt. 8. 

44.5 

For the next 14 miles exposures are limited. For the most 
part, however , we shall be passing through the quartzo­
feldspathic gneisses "a" that cover the Piseco Anticline . 

Stop 4. Hinge line of Piseco Anticline near domical culmina­
tion at Piseco Lake. The rocks here are typical quartzo­
feldspathic gneisses lIa li such as occur in the Piseco Anticline 
and in other large anticlinal structures, e.g. Snowy Mt. Dome, 
Oregon Dome. 

The pink IIgranitic" gneisses of the Piseco Anticline do not 
exhibit marked lithologic variation. Locally grain size is 
variable and in places megacrysts of K-feldspar may be seen. 
In the present outcrop these megacrysts appear to have been 
largely granulated and only a few small remnants of cores are 
seen. The open folds at this locaity are minor folds of the 
F2 event. Their axes trend N70W and plunge 10-150 SE parallel 
to the Piseco Anticline. 

The most striking aspect of the gneisses in the Piseco Anticline 
is their well developed lineation. This is expressed by rod, 
or pencil-like structures. Often these consist of alternating 
ribbons of quartzite, quartzo-feldspathic gneiss, and biotite 
rich layers. In many instances these ribbons represent 
transposed layering on the highly attenuated limbs of PI 
minor folds. Near the northeast end of the roadcut such PI 
minor folds are highly visible because the presence of quartzites 
in the stratigraphy enhances their visibility. Slabbed and 
polished specimens from this and similar outcrops demonstrates 
that these PI folds are exceedingly common in the Piseco 
Anticline. Examination of these FI folds shows that the 
dominant foliation in the rock is axial planar t o them. 
Similarly, layer transposition is related to flattening parallel 
to the axial planes of PI folds. The intersection of Fl axial 
plane foliation and earlier compositional surfaces helps to 
define the strong lineation in the outcrop. In addition to this 
a number of rod-like lineations are probably the hinge line 
regions of FI minor folds which are difficult to recognize 
because of apparent lithologic homogeneity. Lineation in the 
outcrop is further intensified by the fact the upright and 
relatively open F2 folds are coaxial with Fl' Thus the inter­
section of the FI and F2 axial planar foliations results in a 
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lineation parallel to the two fold axes. MOreover, F2 minor 
folds are often of the crenulatlon variety and their sharp 
hinge lines define a marked lineation in the FI foliation. 

As described above, a number of parallel elements combine to 
produce an extremely strong lineation in the Piseco Anticline. 
Past observers have sometimes remarked that the lineation appears 
to be the result of stretching parallel to the long axis of 
the Piseco Dome. However, the lineation 1s probably unrelated 
to "stretching" and 1s more realistically explained as an 
intersection lineation of So, S1, and 82 elements . MOreover, 
the intensity of the lineation 1s more the result of the early 
FI recumbent folding and flattening than it 1s of the later, 
coaxial F2 Piseco Anticline. 

Junction of Rt. 8 and Rt. 10. Turn south towards Canada Lake. 

On both sides of Rt. 10 are red stained quartzo-feldspathic 
gneisses "a" that have been cataclastized by a large N20E 
fault zone. For the next 5.5 miles we shall pass through a 
number of road-curves as Rt. 10 makes its way through the core 
rocks on the south 11mb of the Piseco Anticline. 

Cross into the Sacandaga Pm. 

Parking area on east side of highway. 
quartzo-feldspathic gneisses believed 
Sacandaga Pm. 

The rocks here are 
to be part of the 

52.8 Stop 5 - Shaker Place. The northernmost roadcut consists of 
a variety of metasedimentary rocks. These lie directly above 
the Piseco Anticline and are believed to be stratigraphically 
equivalent to the Sacandaga Formation. The outcrop displays 
at least two phases of folding and their related fabric 
elements . Thsse are believed to be Pl and F2' Both axial 
plane foliations are well developed here. Several examples 
of folded Fl closures are present and Fl foliations (parallel 
to layering) can be seen being folded about upright F2 axial 
planes. 

Further to the south, and overlooking a bend in the west branch 
of the Sacandaga River, there occurs a long roadcut consis ting 
principally of pink and light green quartzo-feldspa thic gneisses. 
About half-way down this roadcut there occurs a very large and 
impressive boudin of amphibolite and iopsidic gneiss. To the 
north of this boudin the quartzo-feldspathic gneisses are 
pervasively intruded by anorthositic gabbros, gabbroic 
anorthosites, and various other related igneous varieties. 
At the north end of the cut and prior to the metasoratified 
sequences these intrusives can be seen folded by upright F2 
axes. They are crosscut by quartzo-feldspathic material. 
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Three important conclusions emerge from study of this outcrop. 
The first is that the anorthositlc Buite 1s intrusive into 
rocks at~ and above, the stratigraphic level of the Lower 
Marble or Sacandaga Pm. In the second place. while the 
anorthosltic rocks are clearly involved in F2 folding. they 
do not show. and in fact transect. Fl foliation. Thirdly, the 
quartzo-feldspathic rocks intruded by the anorthosites appear 
to have undergone substantial anatexis 1n the vicinity of the 
intrusion. This 1s suggested by the cross-cutting quartzo­
feldspatbic material and by the overall appearance of the 
gneisses along the roadcut. 

Roadcut on west side of highway showB excellent examples of 
anorthositic gabbros intrusive into layered pink and light 
green quartzo-feldspathic gneisses. The presence of pegmatites 
and cross-cutting granitic veins is attributed to anatexis of 
the quartzo-feldspathic gneisses by the anorthoeitic rocks. 

Fine grained metagabbro on west aide Rt. 10. 

Excellent roadcut in coarse anorthositic gabbro. Ophitic to 
subophitic texture well preserved. Garnets are sporadically 
developed and tend to be associated with coarse gabbroic 
pegamtites showing mineral grwoth perpendicular to contacts. 
Compositional layering may be primary. 

Small cut in megacrystic granitic gneiss on east side of 
highway. 

Begin half-mile of roadcuts exhibiting intrusion of quartzo­
feldspathic gneisses by members of the anorthositic gabbro 
suite, several phases of which appear to be present and in 
cross-cutting relationships. Source metasedimentary areas may 
be xenoliths. Pods of megacrystic gneiss may be anatectic in 
origin. 

Kennels Pond - Avery's Fishing Site 

Lake Catherine to east of highway; metasediments intruded by 
anorthositic gabbros in roadcut on west. 

Avery's Hotel on west of highway at top of hill. 

Steeply dipping kinzigites with white. anatectic layers. 

On west side of highway at sharp bend are excellent 
of anorthositic gabbros intrusive into kinzigites. 
gabbroic rock transect the principal foliation (Fl) 
folded by upright folds of the F2 event. 

examples 
The 
and are 

Extremely garnetiferous kinzigites. 
to the north due to the presence of 

Here the rocks dip gently 
a mesoscopic F2 synform. 

BigMacLion
Highlight
Should be 52.9, and all the rest should be a mile less, also
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58.5 Road sign: Canada Lake - 10 miles 

59.0 Crossing Swamp 

59.7 Crossing swamp that marks contact between the Sscandaga Fm. 
and megacrystic gneisses of the Rooster Hl11 Fm. 

60.0 
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62.9 

Megacrystic gneisses of Rooster Hill Fm. 

Megacrystic gneisses of Rooster Hill Rm. 

Kinzigite 1n Rooster Hill Pm. 

Stop 6 - North end of Stoner Lake. Type locality of Rooster 
Hill Fm. The Rooster Hill Formation is characteristic of a wide 
spread lithology throughout the Adirondacks. Its most 
characteristic feature 1s the presence of striking 1-4" 
megacrysts of K-feldspar. These are almost always falttened 
within the plane of foliation. Nonetheless. a number of these 
megacrysts preserve evidence of approximately euhedral crystal 
outline. 

Compositionally the Rooster Hill megacrystic gneisses consist 
of orthopyroxene, garnet, hornblende. biotite, perthitic 
microcline, some plagioclase (oligoclase). and quartz. An 
igneous analogue would be quartz monzonite. 

The parentage of the Rooster Hill megacrystic gneisses is 
obscure. It is not known Whether the megacrysts are phenocrysts 
or porphyroblasts. The fact these lithologies are conformable 
with the enclosing stratigraphy over broad areas is consistent 
with a metastratified origin but does not rule out intrusion 
as sills. The lack of substantial banding across units 
thousands of feet thick is lesa consistent with a metasedimentary 
origin than with an igneous one. However, the problem remains 
unresolved and requires further research. 

Regardless of parentage, the Rooster Hill Pm. appears to 
correlate with the Lake Durant. 

Crossinf; contact of Rooster Hill Fm. and kinzigites of the Peck 
Lake Pm. Near the contact the Rooster lIill megacrystic gneisses 
become equigranular. This is probably due to cataclasis . 

Kinzigites in the Peck L,ke Pm. 

63.8 Junction of Rt. 10 and Rt. 29A. Continue east on Rt. 29A-10. 

64.8 Small roadcut of kinzite. 
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65.5 Canada Lake ~tore and Post Office Ledges on north side of 
highway consist of pyroxene-quartz-plagioclase gneisses 
(enderbites) assigned to Royal Mt. member of the Green Lake 
Fm. Scarce amphibolite layers are boudinaged, and near east 
end of the outcrop amphibolite pods have been broken and 
rotated by intrusive material. This material is of the same 
pyroxene-quartz-plagioclase composition as the enderbite and 
grades into it . 

65.7 Crossing Green Lake on Rt. lO-29A. At east end of bridge and 
in woods are exposures of quartzites and leucogneisses of the 
Green Lake Fm. 

66 . 2 Cross contact into charnockites of the Canada Lake Fm. These 
form large roadcuts along the highway. 

66.8 

67.7 

68.8 

69.2 

70 . 8 

71. 7 

Stop 7. Irving Pond Fm. in the Core of the Canada Lake Nappe. 
The units to be examined occur along the east side of the road. 

The Irving Pond Pm. consists of some 2500' of quartzite and 
less abundant quartzo-feldspathic gneisses and calc-silicates. 
It has been folded back on itself in the core of the nappe, 
and its apparent thickness is therefore doubled. At this 
particular locality we will examine the Irving Pond near its 
lower contact with the Canada Lake Pm. In the outer 100-200 ' 
near this contact the Irving Pond becomes "dirty" and clean 
massive quartzites give way to garnetiferous biotite-quartz­
feldspar gneisses (kinzigites). Both of these l ithologies are 
well developed at this locality. Also present near the contact 
is an excellent set of FI minor folds showing axial plane 
foliation. These folds do not appear to fold an earlier 
tectonic foliation. Their axes parallel the Canada Lake Nappe. 

Passing Nick Stoners Inn and Golf Course. 

Passing Vroman's Hotel in town of Caroga Lake . 

Junction Rt. 29A and Rt. 10. Continue south on Rt. 29A. 

Enderbites and related gneisses of the Royal Mt. Member of the 
Green Lake Pm. The repetition of stratigraphy from the Canada 
Lake Store is due to recumbent, isoclinal folding about the 
Canada Lake Nappe. 

Stop 8 - The Peck Lake Formation. 

Roadcut of garnetiferous quartz-biotite-oligoclase gneiss wi th 
minor amphibolite and calc- silicate bands. These gneisses are 
the dominant lithology of the Peck Lake formation which is 
exposed here on the south limb of the PI fold . Needles of 
sillimanite can be seen in some specimens. White por phyroblasts 
are K-feldspars and pods of white quartzo-feldspathic material 
are probably anatectic . 
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In a little overhang near ground level there 18 an P2 udDer 
fold with an axial trend of N5OW. pluoging 15 SR. Axial plane 
cleavage and lineation cut acr08S the compositional layering 
and earlier foliation of this fold. It appears that such 
folding and cleavage are prevalent throughout outcrops of Peck 
Lake gneiss. Often these features are obscurred by poorly 
developed compositional banding. Polishing and staining reveal 
both folds and cleavage in many specimens and. therefore, 
suggest that their abundance vastly exceeds their recognition. 

/ ...... -
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I 
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The entire outcrop is 8 "large minor II fold. Note the change 
of dip from one end to the other. The accompanying equal area 
plot 1s for poles of foliation in this roadeut and in outcrops 
directly NE of the road. 

The lithologies and structures represented in this cut are 
typical of the Peck Lake formation. It is the structural 
complexities that make the Peck Lake formation difficult to 
work with and subdivide. It is, by far, the least competent 
unit in the sequence. 

72.5 Peck Lake 

End Road Log 
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MINERALOGY AND GEOLOGY OF THE NEWCOMB AND SANFORD LAKE AREA 

BY 

M. Ira Dubins 
Department of Earth Science 

State University College at Oneonta, New York 

INTRODUCTION 

For many years the titaniferous magnetite ores of the Lake Sanford 
District constituted the largest source of titanium in the world. Tb~ 
these deposits still rank among the world's greatest operative titanium 
ores. They are l ocated within the Marcy metanortho·~ite massif. Within 
the field trip area adjoining metamorphosed rocks. especially the 
Grenville marble, provide interesting and diversified contrasts in 
mineral content and pose challenging problems as to formation and origin. 

REGIONAL AND STRUCTURAL GEOLOGY 

M::>st of the region to be visited is part of the Marcy massif which 
along with the Grenville complex forms the core of the Adirondack 
Mountains. On the flanks of these precambrian rocks are gently dipping 
Paleozoic rocks mostly of sedimentary origin. No paleozoic rocks other 
than glacially transported are present in the area to be studied. 
Figure 1 shows quadrangles in the field trip area with names of authors 
of geological pUblications. 

Simmons (1964) made a detailed gravity survey of the Adirondacks 
and adjacent areas. His analysis of the data obtained is shown in 
Figure 2. He concluded that the metanorthosite massif was a slab 1200 
square miles in area increasing in thickness from a maximum of 3 km in 
the west to 4.5 in the east with two roots extending downward about 10 km. 
The metasediments in the southwestern portion of the study area are 
marbles and quartzites of the Grenville series which Isachsen and MOxham 
(1968) believe are rock roofs or roof pendants which have undergone slight 
erosion. See Figure 2. 

Primary structures such as foliation and flow lines are seen in the 
metamorphosed igneous rocks. Balk (1932) considers these features to 
have formed before solidification of the molten material. 

Folds on the scale of a few feet are seen in the Grenville marble. 
No large scale folding of the marble is evident. The contortions indicate 
that the calcium carbonate must have been in a plastic state. There is 
much conjecture as to the large-scale structure of the area as consider­
able data must still be accumulated. 

At least three faults occur in the area. The general strike is NNE. 
The most detailed study of faults was made by Heyburn (1960) in the 
McIntyre development where they are exposed much better than elsewhere in 
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the area. Data concerning them were also obtained trom drill holes. The 
dip is mostly about 65 degrees northwest. One fault had a strike of N 84 
W and a dip of 54 degree"s to the north (Heyburn, 1960). Shear zones and 
major topographic lineaments are also pre~ent. 

Balk (1932) and Heyburn (1960) agree on the trend of the joint systems. 
They located two sets, one oriented N 30° W and the other N 50° w. 

Dikes have been reported on a small scale in geological reports of 
the different parts of this area. Miller (1919) located an intrusion of 
granite 5 feet wide in metanorthosite of the Whiteface type. Its contact 
was not sharp. This is near the Blue Ridge highway 1.5 miles west of the 
Boreas river. 

AveniuB (1948) and Balk (1932) discovered diabse dikes. Heyburn 
(1960) observed not only diabase dikes but pegmatite dikes and DeMatties 
(1974) found two nori te dikes. The width of" the dikes varies from a f"ew 
inches to 10 f"eet and the length f"rom a few feet to over 50 teet. MOst 
of" the dikes strike NE-SW. DeMatties (1974) noted one that had a strike 
of" N 65° W and dip of 27° NE. 

During the pre-Paleozoic. the portion of New York state comprising the 
area to be visited was covered with sediments believed to have been of 
marine origin. While no fossils were f"ound in them, their widespread 
occurrence in adjacent areas and the presence of graphite disseminated 
throughout the Grenville marble. quartzite, and some of the gneisses 
present in the Grenville series indicates that there was some type of" 
life during that period. Graphite is not a constituent of limestone but 
the remains of" living things like blue-green algae after having undergone 
decomposition to carbon or hydrocarbon could become graphite after 
met8JIK)rphism. 

Blue.-green algae as well as other forms of" microscopic lite have 
been found in Early. Middle, and Late pre-Paleozoic. Perhaps the 
decomposed remains of" clusters of" these organisms yielded graphite under 
conditions which converted the calcareous sediment of" the ocean to the 
coarse crystalline calcite of today's Grenville marble. 

The sediments making up what is called the Grenville Series began to 
undergo uplift, deformation, and intrusion by magma about one billion 
years agp and continued to be exposed to these forces for almost a third 
of a billion years. This event is called the Grenville orogeny. Sed­
imentary rocks were completely metamorphosed to marble, schist, and gneiss. 
The degree of metamorphism was too strong to produce slate. Isotopic 
studies have provided the dates of the Grenville orogeny (Dott and Batten, 
1971), but the time during which the sediments were deposited has not as 
yet been determined because "dates obtained from such rocks (the 
met8.fOOrphic and igneous) generally record only the last readjustment of 
the isotopes during an episode of heating". (Dott and Batten, 1971) 
The conclusion is that the sediments vere deposited longer than one 
billion years ago, but how much longer as yet is unknown. 
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Intrusions of the anorthosite and granite- syenite magmas into the 
limestone, shale, and sandstone took place during the orogeny with the 
entire mass then undergoing the metamorphic events. Evidence i'or this 
is seen in the inclusions of marble in some of the formerly igneous 
bodies and in the granulation, foliation, and other features of the 
metanorthosite and its phases . 

Considerable erosion 01' the Grenville occurred since there are l arge 
areas, especially the high ones, where there is no Grenville today. In 
addition,marble is not very resistant to weathering or erosion under 
moisture conditions. 

During the Paleozoic era , seas surrounded and perhaps covered the 
Adirondacks after the area. had undergone subsidence. Remnants of the 
Potsdam sandstone, Little Falls Dolomite (1) (Miller, 1919) of the Late 
Cambrian occur south of the study area in the Schroon Lake quadrangle. 
To the east,outside of the study area in the Champlain Valley, Middle 
Ordovician rocks occur. However~ within the study area no Paleozoic rocks 
in situ have been discovered. Balk (1932) believes that Paleozoic rocks 
were rerooved from the Newcomb quadrangle by erosion. 

There is no evidence as to deposition for the remainder of the 
Paleozoic and the entire Mesozoic . However, considerable erosion occurred 
along with uplift~ faulting~ and jointing. Considerable evidence 15 
present for glacial activity during the Pleistocene such as striations , 
even on the highest peaks, erratics, moraine , till, extinct lakes extant 
during the Pleistocene, and lakes formed by damming of rivers by 
deposition of glacial drift. 

LITHOLOGY 

Figure 3 shows the rocks in the field trip area. 

Metanorthosite 

Metanorthosite is the roost abundant and most continuous bedrock in 
this region. It differs from anorthosite found in localities other than 
the Adirondacks in that it has undergone metamorphism. This nmrenclature 
was first used by Isachsen and lOOxham (1968). It has also been called 
Marcy anorthosite since it outcrops in abundance on Mount Marcy. 
Megascopically most of the rock is labradorite with grains of this plagio­
clase feldspar close to 1 inch long. Miller (1919) has reported lengths 
up to one foot on the ridge 1. mile north- northwest of Blue Ridge. (See map) 

Heyburn reports that in the Sanford Lake area to the north the Marcy­
type anorthosite i s mostly porphyritic. The laboradorite or andesine 
phenocrysts are also very coarse attaining slightly over 3 inches in 
length, with only a very few reaching 10 em. Just west of Sanford Lake 
Avenius (1948) noticed that labradorite phenocrysts were smaller with 
maximum size at 6 cm. 
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DeMatties (1974) who studied the geolpgy in the area north o-r Miller 
and south of Heyburn and Avenius found very coarse labradorite up to 15 em 
with many around 2.5 em. In his area the color varied to greenish 
gray. He observed that "a rel.iet porphyrytic texture" occurred locally 
in the metanorthosi te. 

Color varies from light to dark bluish gray. Pol:.Ysynthetic twinni.ng 
as evidenced by striations is often visible. Usually less than 10% of 
the metanorthosite consists of other minerals of two different sizes. 
The larger are hornblende and pyroxene, the smaller, biot! te, 
garnet, pyrite, pyrrhotite, ilmenite, and magnetite. 

Isachsen and tooxham (1968) state that "gabbroic or neritic meta­
northosite cOlllIOOnly (though not invariably)" occur along the borders" of 
metan9rthosite. De Wa.ard and Romey (1968) define Dorite "as a plutonic rock, 
magmatic or metamorphic~ which has the composition or a gabbro or diorite t 

and in which hypersthene is a major dark constituent ." The terms gabbroic 
anorthosite t gabbroic metanorthosite~ border phase anorthosite, and 
Whiteface-type anorthosite have all been used in the literature to describe 
the same rock. 

It is lighter in color than metanorthosite. being whitish to greenish 
gray. On Whiteface Mountain it is the predominant rock. Labradorite 
phenocrysts average a smaller size than in Marcy-type metanorite and the 
maximum size rarely exceeds .2 cm so that the texture is finer. Foliation 
is often present. DeMatties (1974) considers the range of ferromagnes ian 
minerals i~ gabbroic ~tanorthosite as between 10 an·d 22.5%. 

The Wili teface-type anorthosite which has less than 10% mafic minerals 
megascopically is very similar to the Marcy-type anorthosite. However, 
the Whiteface-type anorthosite which has more than 10% ferromagnesian 
minerals but less than 22.5% can be considered as gabbroic metanorthosite 
(DeMatties, 1974). There is a gradation from one Whiteface type into the 
other. but microscopic examination for disti.ngu1shing each is essential. . 
Microscopically both types exhibit more alteration, more crushing, more 
distortion. 

Mineralogically the Whiteface and Marcy metanorthosites are quite 
similar . As the ferrom;a.gnesian minerals increase there is a decrease 
in the labradorite and an increase in sericite or scapolite or both. 

Metanorite 

A distinct area of metanorite has been mapped and described by DeMatties 
(1914). It may- occur in other parts of the field trip area, but has not been 
mapped as an individual unit. It is mostly black, at times foliated , consist­
ing of mainly pyroxenes (32-49.6%), pl.agiocla.se feldspar (12.5-32.8%),. garnet 
(5.4-16.8%), opaque minerals (14.6-22.8%), amphibole (hornblende), chlorite, 
and apatite. The last three. generally comprise well under 10% of the meta­
norite. The pyroxenes consist of cl inopyroxene and hypersthene with the 
former usuaJ.ly the dominant of the two, the ratio of monoclinic to ortho­
rhombic being from slightly over 4 to 1 to 0.85 to 1. Microscopically 
sericite, hematite, and alkali feldspar were noted . The type of plagioclase 
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feldspar is andesine since its anorthite content varies from 35 to 56% . 
Included among the opaque minerals are magnetite, ilmenite, goethite, 
bemati te, and sulfides . 

There is a gradation from metanorite into anorthositic metanorite. 
DeMatties (1974) considers the boundary between tbe two as 35% ferromag­
nesian mineral content, under this value and over 22.5% being anorthoeitic 
metanorite and over 35% being metanorite. The decrease in ferromagnesian 
minerals is compensated by an increase in pl.agioclsee feldspar content. 

Charnockitic, granitic, and quartz syenitic gneisses 

What Miller (1919) and Balk (1932) have called the syenite-granite 
series, today appear on the New York State Geological Map as "charnockitlc, 
granitic, and quartz syenitic gneisses variably" leucocratic containing 
varying amounts of hornblende, pyroxenes, biotite; may contain inter­
layered amphibolite, metasedimentary gneiss, migmatite." 

Charnockite is defined (De Waard and Romey, 1968) lias a plutonic rock, 
magmatic or metamorphic , which has the composition of a granite and contains 
hypersthene . " Within the northern quarter of the Schroon Lake quadrangle 
Which comprises the lover part of the southeastern portion of the study 
area, Miller (1919) mapped two areas of granite. One is allOOst one mile 
southvest of Sand Pond and 1.4 miles due south of Wolf Pond to the south 
of Blue Ridge Road. The other body of granite is adjacent and to the south 
and vest of Cheney Pond (the south Cheney Pond). Both granite stocks are 
separated by a mass of gabbro . An analysis of a specimen f:rom the granite 
close to Sand Pond (Miller, 1919) revealed 62% microperthite, 30% quartz, 
6% oligoclase, 1.5% biotite, with magnetite, apatite, and zircon present 
in very minor BlOOuntS. Its color wen fresh is pinkish. gray, and weathered 
it is l .igbt brown. Granulation and foliation may be present. 

In the portion of the Newcomb quadrangle present in our area of 
study Balk (1932) found the syenite-granite series to be extremely variable 
in composition. He did not map separate regions of granite and syenite 
as Miller. It occupies parts of the southern and southwestern portion of 
the area to be visited. The color r&.nges on fresh surfaces from dark 
green to grayish white to pink depending upon whether or not much quartz 
is present. In general. the granitic members are lighter (Balk, 1932). 
Weathered surfaces present a grayish vhite at times with a slight yellowish 
tint. In the more acid phase. quartz was most abundant, followed by 
microcline, orthoclase, and a small am:)\Ult of hornblende and biotite. Just 
to the vest of Nevcomb outside our area a specimen of the more acid phase 
of the syenite-granite series yielded mostly quartz, microperthite. ortho­
clase, a little oligoclase. augite, and garnet. Also slightly outside of 
the area syenite grading into granite vas observed (Balk, 1932), No 
difference in age could be determined from the outcrops. The granite had 
mostly quartz, then microciine, microperthite, biotite, and some hornblende. 

Undivided and mixed gneisses 

On the New York State Geological map designated under undivided and 
mixed gneisses is a hybrid rock mangeritic to charnockitic gneiss with 
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xenocrysts of calcic andesine and l.ocal..ly xenocry:!lts of anorthosite. With 
increasing percentage of the anorthosite component, it passes gradationally into 
Marthosi tic rocks. In the lowest south central portion of the study area 
Miller (1919) mapped some of these rocks as the Keene gneiss. It consists 
of 75% oligoclase-labradorite~ 8% garnet~ 1% quartz, 4% monoclinic pyroxene, 
and 2% or less of each of the following: magnetite. zoisite, and apatite. 
Fresh rock has a greenish. gray color and it weathers brown. It is medium­
gained in texture and may have xenol.iths of labradorite up to an inch 
in length. Miller (1919) believes that this gneiss is transitional. between 
anorthosite and syenite-granite since its position falls between the two. 

De Waard and Romey (1968) define mangerite as "a plutonic rock, ~gmatic 
metamorphic, which has the composition of a quartz JOOnzoni te and contains 
hypersthene. II ~ga5copica1ly it may be impossible to disti,nguish hand 
specimens from members of the syenite-granite series, but microscopical.ly 
Miller claims that it is possible. 

Balk (1932) has mapped the same type of rock as the Keene gneiss and 
called it syenite- granite with labradorite crystals, or phenocrysts. 

Gabbro or Metagabbro 

In the central. part of the stud;y area occur some outcrops of gabbro 
or metagabbro. Miller (1919) found that the composition of the Cheney 
Pond (southern Cheney Pond) stock was 45% labradorite , 20% hypersthene, 
18% garnet, 6% biotite, 4% olivine, magnetite, and a very small quantity 
of pyrite. This rock could very well be termed a norite because of its 
hypersthene content. Miller believes the garnet to be of secondary 
origin. The texture of the gabbro is medium to JOOderately coarse. A 
fresh surface is dark gr~ to almost black and it weathers to a deep 
brown. In some specimens hornblende or ilmenite or both may be present. 
TYPically it is not foliated. Interestingly, the labradorite has very 
minute dark inclusions. Other facies of the gabbro occur "as the highly 
foliated border facies amphibolite. II 

Balk (1932) reported that the a,ugite, hypersthene, and olivine 
greatly diminish in quantity and ~ even disappear as the gabbros grade 
from their cores to their border into a schistose phase and amphibolites . 
There is an increase in the amphibole, garnet , and biotite as this transi­
tion progresses . Miller (1919) believes that the gabbro is younger than the 
anorthosite, whereas Balk (1932) disagrees. In the Newcomb area glacial 
deposits cover JOOst of the amphibolite. 

Grenville Marble and Quartzite 

The Grenville Marble and Quartzite are present in the western 
eighth of the study area. Large outcrops of the marble are visible alo,ng 
Route 28 starting about 2 miles east of Newcomb and one mile east of the 
Hudson River. This marble differs from the Vermont marble of West Rutland 
and Proctor in that the calcite grains are considerably larger. Indeed, the 
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could consider this calcite vith inclusions. The individual calcite 
grains ra.p.ge to 1. em in le.ngth. Graphite flakes and crystals rangi.ng 
from 2 to 5 mm. are disseminated throughout the marble. The marble is 
mostly white, but locally may be stained a light yellowish brown from 
oxides of iron. In one outcrop cl.ose to a schist and gneiss the marble 
has a black stain. 

Occasionally parts of the marble are dominated by other minerals. 
A great variety of minerals have been reported (Balk~ 1.932) from the 
marble in this area including apatite, biotite, chondrodite, diopslde, 
feldspar, garnet, graphite, m:agnetite, ph1.pgopite, pyrite, pyroxene, 
pyrrhotite, quartz, scapolite, sphene, spinel, tourmaline, tremollte, 
and zircon. Mlst of these minerals are less than 1. mm in length but 
locally may be considerably larger. Balk (1932) described a deposit of 
tourmaline, unfortunately exhausted, on the soutb shore of Harris Lake 
at Newcomb. Brown and green tourmald.:ne crystals up to 8 inches long, 
4 inches wide, and having a girth ot 12 inches occurred in the marble 
associated with albite~ blue apatite~. graphite, hema.tite~ pyrite, pyrox­
ene~ scapolite, smoky quartz, sph~ne, and zircon. 

Slightly west of the study area where the "old wagon 
the channel between Rich Lake and Harris Lake" at the dam 
containing small. blue apatite crystals and wollastonite 

road crosses 
is an outcrop 
(Balk, 1932). 

There is little quartzite exposed in the study area. Bal...k reports 
that most outcrops where the quartzite is found also have impure marble 
interbedded. The quartzite is stained yellow or brown because of iron 
oxides. Many of the minerals listed with the marble occur. In addi tioD 
the apatite and sphene are locally more abundant. 

GEOLOGY OF THE SANFORD LAKE MINERAL DEPOSITS 

History 

While hunting beaver in 1826 Louis Elija, an Indian guide, dis­
covered an outcrop of' iron ore at what is today' Lake Henderson (named 
after the son-in-law of' Archibald MacIntyre, both original developers of 
Elija's discovery). David Henderson was so impressed with the are sample 
which Louis Elija had brought him that he accompanied him on a tiring 
journey to the wild and isolated outcrop. Hyde (1974) quotes :from 
Henderson's letter to MacIntyre: 

"We tound the breadth of' the vein to be about fifty 
feet!--traced it into the woods on both sides at the river. 
On the one side went eighty feet into the wood, and digging 
down about a toot of earth, tound the pure are bed there--
and let me here remark this immense mass at are is unmixed 
with anything--in the middle of the river where the water runs 
over--the channel appears like the bottom at a smoothing iron-­
on the top ot the vein are large chunks which at tirst we 
thought stone. but lifting one up and letting it fall it 
crumpled into a thousand peices ot pure are. In short, the 
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thing was past all our conceptions--We traced the vein most 
distinctly--the s ides parallel to one another, and running 
into the earth on both sides of the stream. We had an oppor­
tunity to see the vein nearly five feet from the surface of it 
on the side or the ledge which falls perpendicular into the 
water, 'I 

Ore was mined in the early 1.830's and the first iron successfully 
produced in 1838. Ten years later titanium was discovered in the ore. 
In the 1850's mining and smelting reached a peak but became completely 
inactive with the i'inancial pwrlc of 1857. Activity resumed in 1894, but 
ceased in about 1913 because of problems including the presence of titanium 
which impaired the smelting processes then known (Gross, 1968). 

National Lead Company, now ca.lled NL Industries. Inc. purchased the 
mining area for its titanium content in 1941. Ironically.the substance 
which once was very undesirable because of the metaJ.1.urgica.1 problems it 
posed, reversed its position and exceeded the iron in value. The 
MacIntyre Development has been in continuous operation since 1941 and for 
many years vas one' of the leading producers of titanium in the world. 
It "continues to be one of the principal sources of titanium dioxide in 
the world" (MacIntyre Development N L Industries, Inc., p. 1). 

Relationship of wcal Geol~gy to Regional. Geolpgy 

Basically the only differences between the geology of the 24 square 
miles of the Sanford Lake District and the r ,egional geology are the lack 
of members of the Grenville Series and the syenite-granite series and the 
occurrence of the ore bodies. There may be ore bodies present outside of 
the Sanford Lake District in the field trip area, but as yet none have 
been discovered. DeMatties (1974) is of the opinion that they ~ occur 
to the south of the present mini,ng area. 

Ore Body Descriptions 

Figures 4, 5, and 6 show the ore deposits and the rocks in which they 
occur. 

Gross (1968) has established Ti0
2 

content for mapping purposes as 
follows: 

Classification 

anorthosite 

gabbro 

low grade protore 

medium grade ore 

high grade ore 

% Ti02 

0.0 - 5.4 

5.5 - 9.4 

9.5 -13.4 

13.5 -17.4 

17.5 plus 
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Two major types of ore bodies occur . One is found in the anorlhosi te 
and the other in the gabbro. Both types occur in the Sanford Hill Pit 
and the South Extension Pit. Mining ceased in the former in 1966 and is 
now going on in the 1atter. The ore bodies are mass! ve irregular lenses. 
A further distinction is that the anorthos i tic type of ore occurs in a 
footwall. and the gabbroi c type of ore occurs in a hanging wall. 

In the footwall type of ore there are sharp contacts with the 
metanorthosite, whereas in the hangingwall. type of ore there is a grada.­
tion into the gabbro (Heyburn, 1960) . Each type of ore body contains 
very poor and high grade material, the o re in the gabbro occurs in the 
:form of darker layers or bands to a content of 11".5% Ti0

2
. Generally, 

when this SlOOunt is exceeded, the. gangue am:>unta to less than 30% and 
the re are no ore layers. The layers of ore in the gabbro ~ according 
to Gross (1968) range from microscopic to tens o f feet . Stephenson (1945) 
mentioned one l ocality where almost 200 feet of solid ore were found. 

Gross , who has been associated with the mining of the ti taniferous 
magnetite for IIDre than 30 years~ has obser ved (1968) that "all bodies 
of this or e are associated with gabbro masses . .. The one factor governing 
the location and form of the ore bodies is the presence and now struc­
ture attitudes of the gabbro bodies." 

The fOliowing are examples iliustrating the content of ores and 
gangue: (Heyburn, 1960) . 

*(1) (2) (3) (4 ) (5) (6) (7) (8) (9) (10) (11) (12) 

sulfides 1. 5 1.6 1.1 1.7 2.8 1.8 4.0 8.1 3.5 7.4 8.6 4.5 

pyroxenes 6.6 3.0 7.7 4.7 6. 3 9.817 .1 15.2 24.8 20.8 19.4 23.9 

amphiboles 2.3 3.2 3.1 1.5 3.0 1.7 5.9 16.2 9.9 6.7 9.1 4.2 

biotite 0.8 1.0 1.2 1.1 0.5 1.0 2.0 4.3 3.9 5.0 1.4 2.6 

garnet 8.1 3.0 4.0 3.4 4.7 5.7 21 .1 15.0 13.1 14.8 14 .4 13.7 

feldspar 19.2 8.2 13.810.315.221.049.941.244.845.347.1 51.1 

black opaques 
ilmenite 35 .936.2 38 .6 36 . 5 37 .222.2 

magnetite 25 .7 43.8 30.5 40.8 30.3 36.8 

rorAL 100.1 100 100 100 100 100 100 100 100 100 100 100 

Ti02 18.9 19.'2 38.6 18.8 19.5 20 .6 

Fe 32.3 45.5 30 .5 46.2 35 .4 31.2 
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*(1)(2) 
(3)(4) 
(5)(6) 
(7)(9) 
(8)(10) 
(11)(12) 

North End H8:f1gi.ngwall Ore 
South End Footwall Ore 
Sanford Ore Body Extension 
Gangue MineraJ.s in Hapgingwall. ore samples calculated from (1)(2) 
Gangue Minerals in Footwall. ore sampl.es calculated from (3)(4) 
Gangue Minerals in Sanford Body Extension ca1culated hom (5){6) 

stephenson (1945) has worked out the mineral paragenesis of the 
Sanford Lake District as follows: 

plagioclase feldspar( earliest) 

apatite 

hypersthene 

augite 

hornblende 

garnet 

ilmenite-~etlte(latest) 

Biotite is both primary and secondary. Gross (1968) states that as 
a primary mineral it forms after the garnet. As a secondary mineral. it 
forms from hornblende. other alteration minerals are chlorite, carbonates, 
and scapoli te, which are post ore. The sulfides of iron-pyrrhotite and 
pyrite according to Gross (1968) are formed just after the ilmenite-mag­
netite. 

Theories of Ore Formation 

Stephenson (1945) assigns the origin of the ores to magmatic segre­
gations in gabbro and magmatic inject'ions in the anorthosite, both pro­
cesses being related. He noticed that ore lenses in gabbro "are associ­
ated with all of the ore bodies." "The ore residuum of gabbro supplied 
the ore constituents which form large masses in the anorthosite." He 
believed that where the anorthosite had solidified it was replaced b.Y 
the ore residuum. 

Kays (1965) disagrees with Stephenson since he found (1) that the 
transition from anorthosite to gabbroic anorthosite to gabbro was grada­
tional. (2) no evidence that there was intrusion by gabbro. (3) magnetite 
those to ilmenite ratios in anorthosite ores differed from in gabbros, 
thereby precluding differentiation of the gabbro to produce anorthositic 
ore. and (4) relations "between plagioclase compos! tion and the 8lOOlmt 
of ferromagnesian silicates plus garnet." 

Gillson (1956).believes that the anorthosite was solid before the ore 
was formed, and that the ore bodies were formed by pneumatolytic replace­
ment. His supporting evidence includes (1) localization of ores which 
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indicated that deposition was not widespread, (2) parallelism of the rock 
zones and faulting influenced ore deposition, (3) garnet and scapolite 
cannot have been formed by filter-pressing, (4) paragenesis indicated 
that the ore minerals formed after the plagioclase feldspar and garnet, 
whereas if there had been magmatic segregation, the ore minerals 
according to Bowen's studies would have formed prior to the other 
minerals, (5) the presence of veins containing plagioclase feldspar 
richer in Na than the labradorite illustrates the mechanism whereby 
"much of the original feldspar was replaced by andesine. This process 
be calls andesinization. " Gillson states that the final step in the 
formation of the ores was by deposition from solutions whose access 
was structurally controlled. 

Kays (1965) objects to parts of Gillson's conclusions in that 
(1 ) labradorite can b€' converted to andesine without the intervention of 
solutions rich in sodium. The formation of andesine lIoccurred when the 
initial plagioclase was granulated by the pervasive shearing that is 
associated with the localization of ore." (2) iron~ magnesium. and 
titatinium were already present in the rocks and not introduced by 
solutions from outside these rocks . 

In Kays' own words. "the Sanford Hill deposit is the result of 
two main events. The first, presumably magmatic event l determined 
the geochemistry of the area and the gross structure of the anorthosite; 
the second retrograde matamorphic event determined the mineralogical 
and structural details of the ore deposit." He advocated a re·distribu­
tion of the iron, magnesium, and titanium with reactions producing the 
ferromagnesium minerals and resulting in a concentration of the magne­
tite and ilmenite. 

Heyburn (l960).because of the close association between ore and 
gabbro which he noted.is of the opinion that they are either contempor- . 
anious or practically contemporaneous . He states, "The iron and ti tan-
ium probably were intruded with the gabbro and segregated with the aid 
of volatiles to form the ore bodies." The ore in the anorthosite is 
younger and formed by replacement. Evidence of volatile activity according 
to Heyburn is "the occurrence of garnet along the contact between are and 
anorthosite and also by the presence of secondary bio:tite." 

DeMatties (1974) made a detailed petrographic, mineralogical, and 
quantitative chemical analysis of samples gathered from the region just 
south of the mining area. and found that there was an increase in concen­
tration of titanium dioxide and iron to a maximum in tbe vicinity of the 
center of the metanorite and that tbere was no structural control 
involved. This observation constitutes part of his reasoning for class­
ifying the are deposit as late magmatic. He states, "Field relationships 
indicate that these bodies form both segre~tions as well as injections 
within metagabbro and metanorthosi te respectively." 

It is mast informative to consider the views of Stanford O. Gross, 
chi ef geologist of NL Industries. He has studied the ore deposits for 
a much more extensive period than any other geologist. Gross (1968) states: 
"After many observations, it is clearly evident that many theories can 
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be proved if' only a portion of the conditions are, or can be, taken 
into consideration. After a number of years working at the operation, 
the question of ore genesis becomes more and more complex. No one theory 
can explain satisfactorily all of the rock and mineral relationships now 
in evidence." 

MINERALOGY 

In the followi.ng discussion, G refers to occurrence in the Grenville 
marble, S in the Lake Sanford district, and 0 in the :field trip area 
other than Grenville and Lake Sanford. 

Apatite Hexagonal. Dipyramidal 

Apatite generally occurs as blue crystals 1 mm and smaller 
(Balk, 1932)". "On the south shore of Harris Lake at Newcomb 
was a f8JlX)us tourma.l.ine l ocality now exhausted, also found at 
this spot were blue apatite, sphene, zircon, muscovite, smoky 

G quartz, scapolite, albite, graphite, hematite, pyroxene, and 
pyrite. Tourmaline crystals were brown and green 8 inches 
long and 4 inches wide." Outside and to the west of the 
field trip area occurs wollastonite and small crystals of blue 
apatite in "the ledge at the dam vbere the old wagon road crosses 
the channel between Rich Lake and Harris Lake." 

Gross (1968) noted that apatite occurred in all rocks of 
the Sanford Lake area as anhedral grains associated with 

S labradorite and andesine usually present to the extent of less 
than 1 per cent. but at times increasing to 10% by volume in 
gabbro having a high ore content. 

Biotite, muscovite, phlogopite 

G Each occurs in very small amounts predominantly less than 
1 mm in diameter. 

The only mica observed was biotite. It was found in 
S gabbro both devoid of ore and rich in ore as a primary mineral 

and alteration product of hornblende. It rarely exceeds a 
few percent. 

South of the Lake Sanford Ore deposits DeMattiee (1974) 
o observed up to 4% biotite in Whiteface metanorthosite. 

Biotite easily visible to the unaided eye forms a large part of 
the amphibolite. 

Calcite Hexagonal Rhombohedral Trigonal Pyramidal 

By far the most abundant mineral in the Grenville marble . 
In samples studied in this area so far, it ranges from 51 to 85% 
by weight. Crystals have not been observed, but it is certain 
that they are present. Balk (1932) reported some calcite 

G crystals several miles south of' the field trip area in the 
southern part of the Newcomb quadrangle. The calcite is a 
creamf white. Occasionally there are yellow-brown stains due to 
staining by goethite. 
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It occurs 85 a secondary- mineral along faults and joints . 

Chlori te M:moclinic Prismatic 

s 

G 

Garnet 

It occurs 85 a secondary mineral along faults and joints. 

tocInoclinic Prismatic 

Occurs 8S yellow-brown grains, usually 1 mm or less. 

A group of silicates most of which also contain Al. 
Those having Al also have either J-fg, Mn, Fe, or Ca. Those 
not having Al have Cs and either Fe or Cr. The Mn and Cr 
t ypes of garnet have not been reported from the field trip 
area. . 

Isometric Hexoctahedral Class 

G Disseminated as anhedral. red, orange, and orange-red 
grains 1 mm. and less. 

Present in all Lake Sanford area rocks mostly microscopic 
S but can constitute up to 8.1% where rich in ore (Heyburn, 1960). 

Composition is mixed grossula.ri te-andradi te-alma.ndi te (Gross, 
1968) . 

Some of the outcrops along the Blue Ridge road contain 
o megascopic garnet but not in crystals. Grains are up to 5 mm 

in l ength. 

Graphite Hexagpnal Dihexagonal Dipyramidal 

It 1s scattered throughout the Grenville marble, offering 
a striking contrast with its silvery metallic luster and 
perfect basal. cleavage . When size greater than 10 mm, often 
its l uster is dull bl ack and sooty. but in the smaller flake 

G form always metallic. Since the graphite is so soft (hardness 
ranging from 1 to 2) . its crystal shape is easily distorted. 
However. by dissolving away in dilute Hel (one part acid to 
six parts water by vol ume) the surrounding calc! te, usually 
fine hexagonal crystals of graphite can be obtained. 

The crystals are very thin . tabular. and have (0001) as 
the prominent face. Most of the flakes are smaller than 
2 1/2 inches in diameter . 

Amphiboles 

The only amphibole other than hornblende reported in the 
S Lake Sanford area was altered beyond recognition except for 

its cleavage (Stephenson, 1945). 

Hornblende loDnoc1inic Prismatic 

Has been reported from all rocks of the Lake Sanford area 
S being most abundant in the gangue associated with the are 
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minerals. Its color is green and brown. It i s a primary 
S mineral and a secondary , the latter as an alteration product 

o£ pyroxene. The brovn color i s more abundant in the lD'Jre 
basic rocks. 

It is also present in the charnockitic, granitic, and 
o quartz syenitic gneisses as vell as the amphibolite f'acies of' 

the gabbro. 
Tremolite MOnoclinic Prismatic 

G Has been reported in the Grenville marble. 

Hexagonal Rhombohedral Scalenohedral 

DeMatties (1974) reported hematite as a secondary mineral 
f'rom the oxidation of ~gneti te. It ~ occur al.one as a 

S pseudomorph, or associated with magnetite forming rims around 
magnetite grains. It is a minor mineral, but locally may be 
present to the extent of 4.1%. 

Pyroxenes 

S The followi.ng pyroxenes have been found: augite, clino-
pyroxene, diopside, hypersthene, orthopyroxene, and pyroxene. 

ClinoEYToxene Monoclinic Prismatic 
Present in all rocks o~ Lake San~ord area being up to 

S 30% by volume o~ the gabbro and diminishing t o less than 5% 
o~ the anorthosite (Gross~ 1968). 
OrthOpYroxene Orthorhombic Dipyramidal 

S }.bst abundant in gabbros rich in ore. 
o f.tlst abundant in metanorit§! (DeMatties ~ 1974). 

Diopside M::lnoclinic Prismatic 
Parts o~ the Grenville marble have abundant diopside, 

but in the field trip area crystals and gem variety diopside 
G have not been found. The Grenville marble containing the 

crystals o~ gem variety diopside is located about 66 miles to 
the northwest near DeKalb. The diopside in the field trip 
area is dispersed as grains up to 2 rom in diameter. 

Magnetite Fe
3
04 Isometric Hexoctahedral 

Magnetite intergrown with ilmenite and ulvospinel occurs 
in sizes ranging from microscopic to larger than 50 feet on 

S edge. It can be easily separated from ilmenite, but not 
:from ul vospinel . Crystals are unknown in the Tahawus and Blue 
Ridge a r ea. 

G It occurs in quartz in grains generally l ess than 1 mm in 
maximum dimension and is never ~gascopic. 

Rocks such as gabbro and gneisses occuring along the Blue ° Ridge road have ve'ry small quantities of' magnetite present 
lOOStly disseminated as grains, but occasionally massive enough 
to support a small bar magnet. Crystals have not been observed. 
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Maghemite Fe
2

0
3 

Isometric Hexoctahedral 

s 

o 

This is a secondary mineral formed from m:agnetite. It 
has not been reported as yet. Slightly softer than magnetite , 
brown. brown streak. ferromagnetic. Palache. Frondel, and 
Berman (1944) state "the brown alteration product of many m;ag­
net i t es, especially on specimens found near the surface, is 
apparently maghemi te. " Ramdohr (1969) states that the col or 
~ "even be bluish-black. II When heated, the maghemite alters 
rapidly to hematite. There is reason to believe that this 
mineral is present especially since Ramdohr (1969) notes, 
"impurities such as V and Ti appear to favor the formation of 
maghemite from magnetite and make the magbemite IOOre stabl e ." 

Hexagonal 'ffilombahedral 

Ilmenite is weakly magnetic. It occurs almost entirely 
i ntergrown with magnetite and ulvospinel. According to Gross 
(1968),its grains are smaller than magnetite's and it can be 
recognized megascopically only "in coarse-grained anorthosi tic 
are by its high luster and conchoidal fracture compared to the 
dull luster and parting planes of magnetite." In addition, a 
tiny bar magnet held against the bottom part of a mass of 
ilmenite will not be supported and fall when the ilmenite 1s 
almost as large as the magnet, whereas if there are both i l menite 
and magnetite of equal. grain Size, the magnet will be supporte d . 
Indeed, if the ore is f'ine.-grained, it is not possible t o 
disti nguish the ilmenite and magnetite megascopically. The 
easiest method of finding the il.meni te is to use a small bar 
magnet about 1" x 0.2" x 0.2" and apply it to the specimen . A 
most generous supply of ore specimens is provided by N L Indus­
tries at the visitors overlook. However, since I!I8Ily are too 
large to carry, it is advisable to bring along a sledge hammer , 
chisel, and safety glasses. The specimens containing ilmeni te 
in this size are scarce, but with patience the collector will 
be rewarded. 

Isometric Hexoctahedral 

Ulvospinel is a mineral which was first known syntheti cally , 
later suspected being present in some magnetites, and finally 
found in Swedish magnetite ores. Its occurrence has been reported 
in over 25 localities such as Africa, Australia, China. and the 
moon. However. special techniques employing oil immersion, 
magnification in the order of 1000 times. and meticulously 
polished surfaces are essential for its identification. 

Ramdohr (1953) was the first to find ulvospinel at Tahawus. 
It has about the same magnetic intensity as magnetite so cannot 
be separated by this property. There may be MgO • .Al20

3
, and V20

3 present in very minute anrJunts in the ulvospinel. It occurs i n 
magnetite to the south of Lake Sanford area in very minute vein­
lets (DeMatties~ 1974), anhedral grains, exso1ution lamellae, 



A- ll 
page 16 

and exsol ution nets. Ramdohr (1953) states that at times magneti te 
has been found to contain lias much as 30% of extremely fine grained 
ulvospinel. 1T 

Pyrite Isometric Diploidal 

Where exposed on the surface of the Grenville marble pyrite 
bas been oxidized to goethite often staini.ng the white calcite a 

G rust color. Where embedded in the calcite so that it has been pro­
tected from chemical weathering, it often occurs as crystals cube, 
pyritohedron, modified cubes and pyritohedrons, metallic luster, brassy 
yellow ranging from microscopic to megascopic. 

Gross (1968) states that pyrite and pyrrhotite "are most frequently 
associated with minera.ls of the reaction zone between ore and anart he-

S site. Pyrite occurs as very thin late veinlets that cut ore and 
gabbr o" IOOstly thinner than 0.6 inch. The sulfide minerals are 
widely disseminated in many o f the Lake Sanford rocks, but rarely 
exceeds one per cent. 

Pyr rhoti te Hexagpnal Dihexagpnal Dipyramidal 

Metallic luster, dark brown on tarnished surface and pale bronze-
G yellow, almst silver on fresh sur:face; massive, in grains lo.nger 

than wide, but mostly under 1 mm; :ferro~gnetic; may appear to be 
magnetite to the unwary, but color considerably l .igllter and much softer. 

Quartz Hexagpnal Trigpnal-Trapezohedral 

S 

G 

o 

A very minor mineral 
Occurs as grains disseminated in the Grenville marble. Most 

abundant in the quartzite member of the Grenville Series. 
Present in the charnockitic, granitic, and quartz syenitic gneisses . 

Scapolite 

A series o:f minerals ranging in composition from calcium aluminum 
silicate with chlorine, carbonate, and sul:fate to sodium aluminum 
s i licat e with chlorine, carbonate, and sulfate. The last three can 
completely substitute :for one another. 

Tetragonal Dipyramidal 

G Reported as being present. 

S Stephenson (1945) fOWld scapolite as an alteration product of 
plagioclase feldspar with the scapolite "occurring as scaly aggregates 
along the borders of the grains." It is also common in the "reaction 
zones between the ore and anorthosite. n 

Sphene CaTiSiO
S 

Monoclinic Prismatic 

G Wedge-shaped brown to very light brown crystals IOOstly smaller 
than 0.5 mm in diameter. Very difficult to see crystal faces. Largest 
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The crystals 
observed. 

Plagioclase ~eldspar 

Andesine 50-70% albite 30-50% anorthite 
Present to a small extent in the metanorthosite making up some 

of the smaller and medi~sized grains especia1ly in the groundmass; 
S more abundant than labradorite in the metanorite (DeMattles, 1974), 

and in the diorite (Avenius. 1948). Heyburn (1960) found andes! te of 
a brownish pink color in tvo pegmatite dikes. 
Labradorite 30-50% albite 50-70% anorthite 

This is the mat abundant feldspar in the field trip area. It 
constitutes the major mineral in the ore-barren metanorthos!te. It 
is also present in the ore as phenocrysts. The author has seen and 

S collected magnificent specimens containing phenocrysts of labradorite 
exhibiting Polysyntbetic twinni,ng embedded in titanlferous magnetite. 
Some of tbe plagioclase feldspar inclusions attain lengths of 
6 inches. The color varies from blue to dark gray t s.lmost black. 

Specimens of labradorite may be collected in outcrops on the 
o eastern half of the Blue Ridge road.. They are also available in 

rounded pebbles, cobbles, and boul.ders in the gravel pits just east 
of Newcomb. 

Potash Feldspar 

s 

G 

o 

Microcline K(AlSi OS) Triclinic Pinacoidal 
Avenius (194S)3reported this feldspar as being present in what 

he called diorite and others gabbro near northern Cheney Pond. 
Stephenson (1945) determined that microcline constituted about 1/4 
of the syenitic phase of th~ gabbroic anorthosite. DeMatties (1974) 
noted that it is present in the Whiteface metanorthosite facies. 
Potasb feldspar bas been found in all of the rocks of the Sanford 
Lake area, but only in a few places as mentioned above has it been 
identified as microcline . 

Balk (1932) found microcline "medium-grained, in a well-foliated 
lime-silicate rock" visible only microscopically in a scapolite rock 
wbere "the main highway on the west shore of the Hudson crosses the 
1500 foot contour line." 
Orthoclase K(AlSi

3
0A) Monoclinic Prismatic 

Miller (1919. p. [(1) reported orthoclase in granite intruding 
anorthosite 1 mile south of Sand Pond. 

Spinel 

A group of Isometric Hexoctahedral oxides usually containi,ng 
at least two of the following: Al, Cr, Fe, Mg, MD., and Zn. Minor 
amounts of a green spinel which Stephenson (1945) identified as her-

S cynite FeAl
2

0
4 

vitb MgO bounds some of ore minerals, but vidth of 
grains is less than 0 . 5 mm.. "Lamellar inte,rgrowths of spinel 
parallel to the cube direction in magnetite may occur«' (Stephenson, 
1945). Undoubtedly this is ulvospinel that Ramdohr identified. 
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Pleon8.ste 
An iron spinel and at times almost transparent. Also accW"s 

S in minute quanti ties in tbe Lake Sanf'ord area ores. Ra.mdohr has 
identified it 8.8 being present. (Ramdohr, 1953) 

Very minor amounts of spinel occur in the Grenville marble . 
G The author has seen minute pink octahedrons (much smaller than 0.1 mm) 

in the Grenville marble between Whitehill and Ticonderoga, but they 
are very rare. 

Wollanstonite CaSi0
3 

Triclinic Pinacoidal 

G Has been reported in the Grenville marble. 

Zircon zrSi04 Tetragonal Ditetragonal Dipyramidal 

G Has been reported in the Grenville marble. 

Among the very minor minerals reported from the Lake Sanford 
area are barite, chalcopyrite, epidote, l eucoxene. molybdenite, 
orthoclase, prehnite, quartz, scapol lte, and sphalerite. 
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Mile.age 

Point to point 

o 

73 

99 

3.1 

3.0 

8.3 

4.4 

6.7 

0.6 

7.3 

0.1 

Cumul.atlve 

73 

172 

175.1 

178.1 

186.4 

190.8 

197.5 

198.1 

205.4 

205.5 

ROAD LOG 
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Directions & Descriptions 

LEAVE College, east on 1-88, east on 
N.Y. 7 to Duanesburg right on U.S. 
20 until 1-87. 

Left on 1-87 (Norlhwa;y). Leave at 
exit 29. Second sign reads Newcomb. 
Turn left under Northway going west. 

Bruce's Blue Ridge Store (only one 
f"or miles) on right. 

Small bridge. On left Sign "Trail 
to Hof"fman Road 8.5 miles, Big 
Marsh Pond 3.5 miles. II 

Sign oIt left reads "Trail to Irish 
Town via Minerva stream and Lester 
Dam 11 miles. II Parking area on left. 

Triangle tormed by road intersections; 
stop sign; turn right to Tahawus. 
There are no side paved roads. stay 
on paved road. 

Left is to trails to Mt. Marcy and 
high peaks. 

NL Industries Mineral Collecting Area. 
Continue past this point to parking 
area near of"tice building . 
STOP 1 
The trip f"rom Oneonta will take about 
4 hours and 15 minutes. We will meet 
at the mine at 11:00 a.m. Our leader 
for this part of" the field trip will be 
Stanf"ord O. Gross at NL Industries, 
res ident Geologist and Mining Engineer. 
We will be here until 1:00 p.m. You 
will have an opportunity to collect at 
the Mineral Collecting Area until about 
1:30 p.m. 

Road south to t riangle . Turn right to 
Newcomb. 

Railroad crossing. 
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Mileage 

Point to point Cumulative 

3.0 208.5 

1. 5 2J.0.0 

1.1 

1.1 

1.5 

1.8 

0.3 

0.5 

0.1 

0.4 

0. 3 

0.8 

0.1 

1.6 

211.1 

2J.2.2 

213.7 

215.5 

2J.5.8 

216.3 

216.4 

216.8 

217.1 

217 . 9 

218.0 

219.6 

Directions • Descriptions 

On lett Finch Pruyn Co. 

Crossing the Hudson River 

Turn lett and park. in Newcomb Central. 
School parking area. 
STOP 2 
Marble outcrops on east side of parking 
lot. massive, grayish-white calcitic; 
portions stained a l ,lght yell.ow-brown; 
Present are, graphite, calcite, and In 
small grains pyrrhotIte. garnet. and 
sphene. 

Turn right on hiSlnm¥ (Boute 281) 
going east . 

Hudson River croeei,ng. 

On right is Finch Pruyn Co. 

On lett Is road to Tahawus . 

On left Is another road to Tahawus . 

Enter gravel pit . 
STOP 3 
Well rounded boulders. cobbles. and 
pebbles of metanorthoelte., gneisses, 
and other rocks in the area occur in 
this fiuvioglacial deposit along with 
sand . 

Turn right after leaving gravel pit. 

Turn right . 

Triangle', 

Crossi.ng railroad tracks . 

Keep right to Northway (1-81). but do 
not take left which is back to Tahawus . 

STOP 4 
Clo both sides of the higbva,y are large 
outcrops or amphibolite weathered a deep 
brow.. A :fresh surtace is medium­
grained gr~sh-brovn with nodules ot 
hornblende scattered thro,ugbout the 



Point to point Cumulative 

2.9 222.5 

0.2 222.7 

0.6 223.3 

2.1 225.4 

1.7 227.1 

6.2 233.3 

Directions & Descriptions 
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medium-grained material. Some of the 
amphibolite has a pinkish tint when 
there is more garnet present. Also 
present are biotite, garnet, plagioclase 
feldspar, and quartz. Some of the 
amphibolite nodules have been elongated 
producing a gneissic appearance. Some 
of the amphibolite has been intruded by 
numerous dolomite veins less than 2mm 
wide. 

STOP 5 
Parking area on right. Sign reads 
Trail to Irishtown via Minerva Stream 
and Lester Dam. On both sides of road 
extensive outcrops of garnetiferous 
gneiss. Occasional magnetite present 
with some hornblende and pyroxene. 
Some gabbro is also present in which 
magnetite and ilmenite are abundant. 

STOP 6 
On left is garnet!feroUB gneiss with 
some magnet! te. 

STOP 7 
On left gabbro wit h garnet, pyroxene, 
very small amounts of magnetite and 
ilmenite with plagioclase feldspar as 
metacrysts. Gabbro is lighter than 
stop 5 occurrence. 

STOP 8 
Metanorthosite outcrops, weathered and 
fresh medium-grained; weathered 
metanorthosite is white and fresh 
surface is dark gray. 

STOP 9 
On left outcrop of coarse-grained 
metanorthosite. Phenocrysts are much 
larger than in previous outcrop. 

On left Brucels General Store,Blue 
Ridge, N.Y. 
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Mileage 

Point to point 

2.4 

0.1 

Cumulative 

235.7 

235.8 

Directions & Descriptions 

On right is sign reading Northwa;y (I-87B) 
Entrance . 

STOP 10 
Across the street to the len about 50 
feet east ot the sign stating speed 40 
mph is Stop 10. Diabase dike intruding 
metanorthosi te. About half' way up the 
hill the contacts between the diabase 
and metanorthosite are readily visible 
with the width of the diabase about 3 
teet. There appears to be another dike 
several feet to the west which is 
broader, but there are no contacts 
visible. The first dike strikes al..m:>st 
due north . 

Turn right to go south on 1-87 toward 
Albany. If' you wish to go Dorth~ 
continue east to entran"ce to 1-87 
North. 

Field Trip is concluded. 







KARST GEOMORPHOLOGY OF THE COBLESKILL AREA, 

SCHOHARIE COUNTY, N.Y. 

John E. Mylroie, Murray State University, Murray, Ky. 

Arthur N. Palmer, State University College, Oneonta, N. Y. 

INTRODUCTION 

The term "karst" refers to a landscape that has evolved primarily 
by the solutional weathering of bedrock. Karst landscapes, dominated 
by features such as sinkholes, caves, and cave springs, are most com­
monly found where calcareous rocks, particularly limestone, comprise 
a large percentage of the surface. 

The Cobleskill area of east-central New York State (Figure 1) is 
a portion of the Helderberg Plateau, the very nortbeastern tip of the 
Appalachian Plateaus geomorphic province. This area contains lime­
stones of Helderbergian (Lower Devonian) age, dipping 1-2 degrees 
to the south-southwest. Northeast of the village of Cobleskill 
(Figure 2). tributaries of the north-flowing Schoharie Creek have 
entrenched through the limestones, providing paths for ground water 
flow suffiecint for caves and other karst features to have developed · 
to an extent seen nowhere else in the Northeast. Recent works by 
Kasteing (1975), Baker (1976), M. V. Palmer (1976) and My1roie (1977) 
have provided a detailed geomorphic and hydrologic examination of 
the karst in this area. To the layman. the area is known chiefly 
as the location of Howe Caverns, which is part of the largest under­
ground drainage system in the state. 

The stratigraphy of the region is shown in Table 1. A thick 
sequence of Ordovician clastic rocks are overlain by a thin Upper 
Silurian section consisting of the Brayman Shale, Cobleskill Lime­
stone, and the lover beds of the Rondout Dolomite. The Silurian­
Devonian boundary is transitional within the Rondout Dolomite in this 
locality (Rickard, 1915). The Helderberg Group ot early Devonian age 
consists of the upper beds at the Rondout Dolomite and the Manlius, 
Coeymans. Kalkberg. New Scotland and Becrs:f't; Limestones. All the 
limestones except the New Scotland nrc- rather pure, with the Coeymans, 
KAlkberg and Becraft being exceptionally good scarp and bench formers. 
Overlying the Helderberg Group is the Tristates Group, a section of 
Lower Devonian clastic rocks grading upward to the Middle Devonian 
Ononanga Limestone. The Onondaga is a cherty. resistant limestone 
that also forms benches and scarps. It is overlain by the Middle 
Devonian Hamilton Group, composed primarily of clastic rocks which 
include the youngest bedrock units of the Cobleskill area. 

Karst features are well developed on the Helderberg limestones, 
particularly the Manlius. Coeymans. and Becraft. Although karst 
features are common in the Onondaga Limestone farther east, this 
rock unit is not exposed over a broad enough surface in the field­
trip area to possess significant karst features. 
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A variety of Pleistocene glacial sediments overlie the bedrock in 
discontinuous and irregular patches, primarily in the form of till sheets 
and druml.ins. Glacio-alluvial sands and gravel!! are common in the 
valleys, as are lacustrine clays related to glacial Lake Schoharie 

. (LaFleur, 1969). Holocene sediments consist mostly of reworked glacial 
material and colluvial material derived from the Paleozoic rocks . 

• 

FIELD TRIP AREA D 
• ALBANY 

• ONEONTA 

NEW YORK 

··0 
o 100 NILES 
'------~ 

Figure 1 - Location map of the Cobleskill area, Schoharie County, 
New York. 



System ,Gr oup Rock Unit 

alluvium 

Quaternary 
sand and gravel (outwash) 
lacustrine sediments 
till and tillite 

Hamilton mainly sandstones and shales 

Onondaga La. 

Schoharie Fm.(limy 55.) 

Tristates 
Carlisle Center Sb. 
Esopus Sh. 
Oriskany Sandstone 

Devonian 
Alsen LB . 
Becraft La. 
New Scotland Fm. (sbaly 1 • . ) 

Helderberg Kalkberg LB . 
Coeymans La . 
Manlius LB . 

----- ------ Rondout Dol. --------
Cobleskill La. 

Silurian Salina Bra.yman Sh. 

Indian Ladder Fm. 
(sandstone and shal es) 

Ordovician 
Schenectady FIn. 
(sandstone. graywackes, 
and sbales) 
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Thi ckness 
at Howe Cave 

(reet) 

20 +/-
0- 20 
0-100 
0-100+ 

340 

100 

8 
40 
50 
6 

8 
20 
-
104 
54 
36 

- 37 ---
9 

40 

100 

1800-
2000 

Data compiled from Gregg (1973) , Kastning (1975), Rickard (1975), 
Baker (1976) and Mylroie (1977). 

Table 1 - Stratigraphic section in the Cobleskill area. 
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A karst landscape consists of two environments~ the surficial and 
the subsurface . Karst features of each environment can be classified 
according to their geomorphic relationships and hydrologic functions 
(Mylroie, 1977). This classification is outlined below, both to serve 
as a description of typical karst features to be found in the Cobleskill 
area, and to provide a convenient terminology for use in the remainder 
of the text. Details of this outline are explained in the paragrapbs 
that follow. 

I. Surficial Karst Features 
A. Exposed bedrock surfaces 
B. Mantled bedrock surfaces 

II . Interface Features (connections between surface and subsurface 
environments) 

A. Insurgences (zones of groundwater recharge) 
1. Diffuse 
2. Confluent 

B. Resurgences (ground vater emerges at the surface) 
1. gravity spring 
2. artesian spring 
3. overflow spring 

C. Intersection features (fortuitous intersection of sub­
surface features by unrelated 
surface processes) 

1. Vertical 
2. Lateral 

III. Subsurface Features 
A. Active cave passages (contain perennial streams) 

1. Tributary passage 
2. Master cave passage 
3. Diversion passage 
4. Tapoff passage 
5. Abduction passage 

B. Abandoned cave passage (no longer contains perennial flow) 

Surficial karst features form by the solutional etching of bedrock 
surfaces~ both exposed and mantled with soil or sediment. These features 
form entirely within the surficial environment, without regard to the 
ultimate destination of the water that forms them. Such karst features 
as solution rills and solution pockets in the bedrock surface are examples 
of surficial karst features. 

Interface features are the genetic connections between the surficial 
and subsurface environments. These include funnel- shaped depressions 
known as sinkholes, pits formed by ground vater descending along fractures, 
sinking streams, and springs. Interface features can be divided into 
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three main types depending on their hydrologic function: insurgences, 
or point of water input into the subsurface environment; resurgences or 
points of water output from the subsurface environment; and intersection 
features, or points of contact between the surficial and subsurface en­
vironments caused by predondnantly non-solutionsl processes (such as 
collapse and scarp retreat) without substantial water exchange between 
the two environments . 

Insurgences are basically of two types. diffuse and confluent. 
A diffUse input is the flow of water into the subsurface more or less 
uniformly over a large area. via primary porosity or fractures in bed­
rock. A confluent insurgence is the point wher e water enters the 
subsurface environment as perennial or intermittent streams. 

Resurgences have three basic morphologies in terms of their 
hydrologic character: gravity springs, where water l eaves the sub­
surface environment under free-surface flow; artesian springs, where 
water exits under hydrostatic pressure. and overflow springs, which 
can be either artesian or gravity springs, but which flow only in 
flood times , when the normal resurgences for a cave system cannot 
handle the entire groundwater discharge. 

Intersection features comprise two basic categories; vertical 
intersection features, such as those formed by mechanical collapse 
of the roof of a solutional chamber, producing a collapse s i nkhol e; 
and lateral intersection features. where a retreating scarp or hill­
side breaches a pre-existing cave . 

The subsurface environment forms the underground link between 
insurgences and resurgences . Solutional conduits, or caves. are 
classified by the hydrologic function they perform in completing this 
link. A "cave system" consists of those interface and subsurface 
features that are hydrologically integrated. Active cave passages 
are solution conduits that presently carry vater, either perenniall y 
or seasonally. Abandoned cave passages no longer carry water, except 
perhaps during large floods, but they are preserved within the lime­
stone as evidence of former paths of groundwater flow. Cave passage s 
can be further subdivided as follows: tributary passages collect 
vater from insurgences and carry it to the master cave passage, which 
is the main route connecting the insurgences to the resurgence(s) . 
Diversion passages carry water a r ound obstructions i n the master cave . 
Tapof! passages convey water from master cave passages to rel atively 
new springs as a result of local adjustments in base level, or other 
changes in the surface environment . Abduction passages represent 
connecting links between competing cave systems, wher e water flows 
from one cave system to another, as with surface stream priacy . 

KARST OF THE COBLESKILL PLATEAU 

The field trip described in this paper is limited to the area 
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designated here, tor convenience, as the "Cobleskill Plateau", It 
is bounded on the east by Schoharie Creek, on the south by Cobleskill 
Creek, on the north by the truncated up-dip edge of the Helderbergian 
limestones, and on the west by the line of disappearance of these 
limestones beneath the clastic Tristates Group (see Figure 2). This 
area is somewhat unique among the karst areas of the United States. 
The karst is highly developed, especially in the subsurface, and cave 
systems of several miles in length are known. However, because the 
area has been heavily glaciated, the impact of continental glaciation 
on karst topography and hydrology can be determined . Unlike the 
glaciated karst in alpine terranes, the Cobleskill Plateau is almost 
undeformed structurally. The lack of structural deformation allows 
a clear understanding of the effects of glaciation. 

Pleistocene glaciation had a great effect on the surficial and 
interface karst features but a relatively minor effect on subsurface 
karst features. Glacial ice crushed, buried or quarried many of the 
surficial and interface features. Most surficial karst seen in the 
area today is post-glacial in origin. Tbe greatest impact of glaciation 
bas been in the deposition of till of varied thickness atop the pre­
glacial topography. Where glacial till is thick (roughly more than 
5 feet) it forms an impervious layer that allows surface runoff to 
collect and sink as large, confluent insurgences where the streams 
encounter exposed limestone. In areas where till is thin or absent, 
water tends to enter the limestone in a diffuse manner through solu­
tionally enlarged joints. East of the Cobleskill Plateau, on Barton 
Hill (Figure 2), glacial till is generail.y tbin or absent, and confluent 
insurgences are rare (Mylroie, 1911). In the vicinity of Cobleskill, 
however, till thicknesses vary greatly, and numerous drumlins are 
present. The greater abundance of till results in many confluent 
insurgences on the Cobleskill Plateau. The amount of glacial sedi-
ment thickens considerably toward the west on the plateau, having 
completely buried a northern pre-glacial tributary valley of Cobles­
kill Creek (Figure 2). Many of the largest closed depressions in this 
area are caused at least in part by glacial deposits. These depres­
sions, instead of forming lakes, as in non-carbonate terranes, are 
kept fairly dry by the drainage of incoming water through solution 
conduits in the limestone exposed in their floors or walls. Although 
of glacial origin, these large depressions owe their continued topo­
graphic expression to solutional processes. 

The valley of Cobleskill Creek has been filled with glacial 
drift to thicknesses as great as 100 feet, displacing the present 
stream from its original bed onto the limestone benches that once 
formed its south bank. The resistant limestone benches have pre­
vented rapid downcutting of the creek into the less resistant glacial 
material.. The glacially buried north bank. of the valley contains a 
large artesian spring, known as Doc Shaul's Spring (Figure 3), which 
was originally a gravity spring in the valley wall during pre-glacial 
times. Piping by ground water under pressure has created a conduit 
from the bedrock upward through the overlying glacial sediment to the 
surface, forming an artesian karst spring. 
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Numerous sinkholes exist on the Cobleskill Plateau, rormed by the 
subsidence of glacial material into Bolutional voids beneath. Many of 
these sinkholes feed vertical pits that extend through the Coeymans 
Limestone to caves in the underlying limestone. In this area, the 
size of a sinkhole tends to be proportional to the thickness of the 
glacial overburden and the capacity of the underlying Bolutlonal 
cavity to receive tbis material. Most sinkholes overlie active cave 
passages whose streams are able to remove material that Bubsides into 
them. 

Glacial erosion and deposition has deranged much of the surface 
drainage on the plateau. resulting in the abandonment of some insur­
gences and the reactivation of others. In addition, many resurgences 
have been partly or completely occluded by glacial sediment. Despite 
these surficial changes, the subsurface conduits have not been signif­
icantly altered by glaciation. Many abandoned cave passages were 
filled with fine-grained silts and clays because of stagnant water 
conditions beneath the ice sheets. However, active cave passages 
flushed themselves clean of the finer eediments during and after ice 
withdrawal, with much of the coarser material remaining behind as 
lag deposits. 

The major cave systems of the Cobleskill Plateau are apparently of 
pre-glacial origin, so their morphology and orientation have been de­
termined by factors other than glaciation. The most important f'actor 
influencing the orientation and flow direction of the major cave systems 
in the Cobleskill Plateay and other nearby areas is the relationship 
between the regional dip and the altitudes of the master surface 
streams of the area (Fox, Schoharie, and Cobleskill Creeks). Ground­
water in the limestones generally flows concordant to the strata, 
down the dip along favorable beds and bedding-plane partings, until it 
reaches the irregular and discontinuous top of the phreatic zone, 
roughly at the elevation of the local base level, where the water 
flows nearly parallel to the strike to the nearest avaUable surf'ace 
outlet. 

The pattern of the major subsurface flow paths in the Fox, 
Schoharie, and Cobleskill valleys has been interpreted from cave 
exploration and from dye tracing of ground water. This pattern is 
shown diagrammatically in Figure 3. 

In addition to the strike and dip of the beds and the interaction 
of the regional master surface streams with this structural geometry, 
there are several other geologic f'eatures of importance to the origin 
of caves in the Cobleskill Plateau. Joints, f'aults, and lithologic 
vatiations are of local importance in a cave system, even though the 
overall cave orientation 1s controlled by more regional factors. The 
main joint trends are sub-parallel to the dip and strike at roughly 
N200E and N850W respectively. The joints are theref'ore oriented 
parallel to the favorable flow paths and are often utilized by ground­
water flow. which enlarges them solutionally into fissure-like passages. 
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Their influence is greatest upon interf ace features and t ribut ary pas sages, 
which convey water underground f r om the surface . and whi ch therefor e 
must cut acros s the str ata. Joints , because of their dis cordance t o 

o 2 Miles 

I •• II s Hole -..... 
Coverns Hill 

Doc Shaul', -~§~2~:;~ Spring 

=.." 
COIDlesKl1i Creek 

Schoharie Creek t-
1- 2" 

--. Mojor groundwater f low path and resurgence 
~ Major surface stream 

___ Truncated edge of Helderbergian Limelton" 
... .. Abandoned cove pollUg' 
__ _ Glacially buried surfoce vollty 

N 

1 

Figur e 3 - Maj or paths of karst groundwater flow in the Cobl eskill area. 
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the beds~ are ideal for this function. Some single joints and joint 
swarms form cave passages that are almost perfectly linear tor dis­
tances as great as 2000 feet. Joints seem to have less influence 
upon the low-gradient strike-oriented passages. Faults are occasion­
ally utilized by ground water, in one case for nearly 2000 feet of 
cave passage. Faults are utilized as paths of groundwater flow for 
great distances only where they are oriented sub-parallel with other­
wise favorable flow directions such as the dip or strike. Bedding-
plane partings between contrasting rock types or textures are particularly 
favorable for groundwater flow and commonly form the initial zone of 
development of a cave passage. The contact between the massive Coeymans 
Limestone and the thin-bedded ManliuB Limestone is of particular impor­
tance in this regard. 

Lithologic variations between formations are important in contro11ins 
karst development. For instance, surface exposure of the nearly im­
permeable New Scotland Formation determines where water can sink into 
the underlying limestones and therefore helps to control the pattern 
of cave passages. The stratigraphic position of the various rock 
units is also of considerable importance. For instance, the impure, 
shaly Rondout Dolomite, which would otherwise be a poor cave former, 
contains extensive cave passages because of its position near the base 
of the pure limestones that are so favorable to cave development. 
Ground water in the pure limestones commonly forms entrenched canyons 
or tapoff passages in the underlying Rondout. 

The features and processes described briefly in the preceding 
paragraphs are examined in greater detail, with specific examples, in 
the description of field trip stops. 

DESCRIPrION OF STOPS ON KARST FIELD TRIP 

Introduction 

As with any geologic field trip, many of the features to be viewed 
are on private lands. It is important, therefore, to follow instructions 
exactly and to exercise a high degree of consideration and conservation 
at each locality. Detailed instructions are given here and in the road 
log as to where to go and where not to go at each stop; please obey 
them. The road log appears at the end of this report. See also Figure 4 •. 

STOP I Physiography of the Cobleskill area. 

From this location, the general physiography of the Cobleskill 
Plateau can be seen. Cobleskill Creek. the major surface stream of 
the area, flows eastward immediately below (north of) Stop 1. Further 
to the north lies the gently rolling Cobleskill Plateau, comprised 
mainly of Helderbergian limestones, its landscape morphology controlled 
both by glacial and by karst processes. The regional dip is 1-2 degrees 
SSW. South of Stop 1, the limestones disappear beneath Middle Devonian 
rocks, mainly of clastic lithology. To the northwest is a prominent fiat­
topped hill. Barrack Zourie. which is an outlier of the Middle Devonian 
rocks. North of the Cobleskill Plateau lies the Mohawk lowland, developed 
on pre-Silurian rocks. Looking eastward along Route 7, three major 
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plan of karst field trip (from Cobleskill 7~-minute topo­
graphic quadrangle). 
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structural benches can be seen on the right (south). These benches 
are formed on resistant l imestones and are not erosional terraces. 
The lowest one is formed on the Coeymans Limestone l the middle one 
on the Becraft Limestone, and the upper one on the Onondaga Limestone. 
The corresponding benches to the north of Route 7. across Cobleskill 
Creek I are for the most part obscured by thick deposits of glacial 
drift. 

STOP 2 -- Cobleskil1 Creek 

Cobleskill Creek, seen here, is the master surface stream of the 
area. Glacial deposits of Wisconsinan (and possibly earli er) age have 
displaced the creek from its pre-glacially entrenched-valley onto the -
bedrock benches that form the south bank of the buried bedrock valley. 
Glacial till nov forms the north bank. and attains thicknesses of lOOre 
than 100 feet in the pre-glacial valley. Looking downstream, the 
post-glacial superposition of Cobleskill Creek on the Helderbergian 
limestones can be seeD. The south-southwesterly dip of the beds may 
have counteracted the t endency of the creek to shift back into its 
original sediment-filled valley. Part of the now of Cobleskill Creek 
sinks into solutional openings in the south bank, at the point where 
the Cobleskill Creek first crosses onto the limestones, just west of 
the bridge. The water res urges 6000 feet downstream where the creek 
swings north and leaves the limestones. During low flow, this underground 
diversion route is capable of accept ing the entire flow of the creek, 
so that the channel is lef't dry for the next 6000 feet. This subsurface 
diversion of a surface river is one of the longest in the Northeastern 
United States. 

STOP 3 -- Doc Shaul's Spring 

To the south of the intersection is Doc Shaul's Spring, a large 
artesian karst spring (Figure 5). This spring is located directly 
above the glacially buried northern bedrock bank of the pre-glacial 
Cobleskill valley and drains solution conduits in the Rondout, Manlius, 
and Coeymans Formations. When the bedrock valley was filled with 
glacial sediment. a resurgence located in the valley wall at this 
locality was buried . In response, the underground water piped a 
conduit upward through the glacial sediment to the surface following 
the retreat of the east glacial ice sheet. This artesian spring. with 
a peak discharge of more than 40 cfs. is one of the largest karst 
springs in the Northeast. It drains several square miles of the 
Cobleskill Plateau to the north, including the areas seen at stops 
4 and 5 (see Figure 4). The elongate hill south of the spring is a 
drumlin lying along the axis of the buried pre-glacial valley of 
Cobleskill Creek. To the north of the spring is a steep hillside 
formed by the till-covered Becraft and Onondaga structural benches. 
No bedrock outcrop is known within a radius of more than 1500 feet 
in any direction from the spring . 

STOP 4 -- Limestone pavements. 

Along the east and west side of the road at this location are 
exposed bedrock surfaces developed along bedding planes in the Becraft 
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Figure 5 - Doc Shaul's Spring (Stop 3) . Artesian conditions have 
resulted from the blockage of subsurface drainage by 
glacial deposits. 
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Figure 6 - MCFail ' s Hole (Stop 
in the Kalkberg and 

5) , a joint- controlled 
Coeymans Li mestones. 

solutional pit 
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Limestone. Bare surfaces of this tYIle are called limestone pavements. 
In jointed limestones, such as those seen here, the joints become 
solutionally enlarged by infiltrating water to form fissures called 
grikes. Where the grikes intersect to form a checkerboard pattern, the 
blocks of limestone bounded by the grikes are called clints (Sweeting, 
1973). In thick-bedded rocks such as these, the Joints (and therefore 
the grikes) tend to be widely spaced (about 3 to 30 feet apart) I and 
the resulting clints are large and are stable with respect to mechanical 
weathering. In a thin-bedded limestone, such 8S the Manlius, the 
joints and grikes are very closely spaced (about 3 incbes to 3 feet 
apart), resulting in small, unstable clints that are easily rotated 
by mechaniceJ. weathering to form a chaotic, unstable surface. Rain­
fall on a large area of limestone pavement insurges in a diffuse 
manner along the grikes, so that no surface streams can form. Also 
note the relative resistance of the Becraft fossils to weathering. 

STOP 5 -- McFail's Hole area: groundwater insurgences, sinkholes, pits. 

FolloW' the field road from the highva;y do'W'D and around the farmer's 
field and folloW' the path into the woodlot below. The features seen 
here are confluent groundwater insurgences that contribute water to 
Doc Shaul's Spring (Stop 3). !>bst of them are vertical shafts tormed 
by the solutional enlargement of joints in the upper formations of 
the Helderberg Group (Figure 6). They are named for some of the ori­
ginal explorers who descended the pits in search of caves. 

A large number of insurgences are closely clustered in this area. 
This clustering is caused by two phenomena: 

a) The area is a windoW' ot limestone in the surrounding clastic 
and .glacial cover. Limestone is exposed to solutiona.l processes from 
water draining off the surrounding impermeable uplands. The streams 
fiow radially into the area and sink in a number of separate insUrgences 
that all unite in the subsurface along a single drainage path. 

b) The large amount of recharge available from the impermeable 
catchment area, plus the large sediment load carried in tram that area, 
has blocked many of the insurgences, causing the formation of overflow 
routes to secondary insurgences, which further increases the complexity 
of the insurgence pattern. 

Note: Permission to enter this property must be obtained from the 
National Speleological Society. 1 Cave Avenue. Huntsville. Alabama 35810. 
Visitors must be accompanied by a local member of the N.S.S. 

Referring to Figure 7. locate and examine each of the features 
discussed below. 

1. Wick's Hole - a large, occluded insurgence receiving the combined 
flow of three intermittent streams that unite here. The bedrock exposed 
in the walls of the sinkhole is the Kalkberg Limestone. Note the washed­
in vegetal matter and sediment. and the overflow route to the south. 

2. McFail's Hole - a large pit insurgence formed by solutionally 
enlarged joints (Figure 6). It overlies directly the cave passage that 
drains this area. Formerly 90 feet deep, its lower 30 feet has become 
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Figure 7 - Map of confluent insurgence points in the McFall's Hole 
area (Stop 5). 
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blocked in recent years by collapse material . The upper lip of the 
pit is in the Kalkberg Limestone , and the main part of the shaft is 
in the Coeymans Limestone. 

3. Ack's Shatt - a pit insurgence 80 feet deep. It is narrower than 
nearby McFa.il's Hole, although it receives about the same noW' of 
water . The water that utilizes this pit enters a small insurgence 
200 feet to the northwest and flows to Ack I s Shack through a shallow 
solution conduit about 10 feet below the surface. The water enters 
the wall of the pit near the top and descends to a narrow cave pas­
sage below. The top of the pit is an intersection feature, caused by 
the collapse of the 10 feet of rock directly over the pit. The upper 
part of the pit is formed in the Kalkberg Limestone, the lower part 
in the Coeymans and upper Manlius Limestones. 

4. Cave Disappointment - a pit insurgence similar 
fed by a perennial s urface stream. This pit leads 
adjacent shafts , fissures, and l ow cave passages. 
by way of these tributary routes to nearby Hanor's 
formed in the Kalkberg and Coeymans Lime5to~es. 

to McFall's Hole, 
to a series of 
The pit connects 
Cave . The pit is 

5. Hanor's Cave -
from Wick's Hole. 

an overflow pit insurgence for floodwater overflowing 
Hanor's Cave transmits this water to Cave Disappoint-
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ment. 
fills 

The cave, developed in the Kalkberg and Coeymans Limestones, 
to the ceiling with water during floods. 

6. Walking north up the stream bed that feeds Hanor's Cave, note the 
solutional enlargement of jointa in the exposed bedrock. Continue north 
to Wick's Hole, then follow the path around the field to the vehicles. 

STOP 6 -- Howe Cave Quarry. 

stop along the road at the northeastern edge of the quarry. The 
Coeymans Limestone is exposed in the ditch on the west side of the 
road. Glacial striae can be seen on the rock surface, presently under­
going destruction by solution. Solutionsl denudation rates as much 
as a foot per 1000 years are conunon in karst areas (Sweeting, 1973). 
CrOBS the ditch (to the west) and climb to the top of the dirt ridge 
but .£2. farther, and look down into the quarry. The quarry floor is 
located within the lower Manlius Limestone, and the quarry walls are 
formed by the middle and upper Manlius Limestone and the Coeymans 
Limestone. Note the thin bedding of the Manlius, compared to the thick 
bedding of the overl.ying Coeymans. On the far west wall of the quarry 
is a low-angle reverse fault (dipping 14 degrees south, striking N75OW) 
with approximately l~ feet of displacement (Figure 8). It is sub­
sidiary to a larger bedding-plane thrust located below the quarry 
floors, best see~ within the natural- cement mdne located beneath the 
quarry, which contains large gash veins of strontium and barium minerals 
(40 feet long, 3 feet wide, and 8 feet high) associated with the faulting. 

Many of the joints near the top of the quarry wall are solut!onally 
enlarged but become narrower with depth . The Howe Caverns master cave 
once crossed the area now occupied by the quarry, from west-northwest to 
east-southeast, but has been truncated by the quarrying operations. 
The western section of the cave extends through the salient of limestone 
that juts into the quarry from the west wall. The actual cave opening, 
located along the northeast wall of this salient, is obscured by quarry 
debris, as is the corresponding opening in the eastern wall of the quarry. 
A drainage tunnel has been dug into the cave from the south side of the 
salient, draining the cave water across the quarry floor to an artificial 
shaft in the middle of the quarry, which carries the water into the 
cement mine below. 

STOP 7 Gravity springs and openings to cement mine. 

Park just west of the small bridge over the stream. At the bridge, 
look upstream at two grated openings, one rectangular and the other 
rounded in cross section . (Do not attempt to enter any of the features 
described in this stop; view from shoulder of road only . ) This is the 
resurgence point for the water in Howe Caverns that was seen to flow 
across the quarry floor at Stop 6. These openings apparently repre­
sent the original, natural solutional resurgence for Howe Caverns, now 
altered by mining. The bedrock ledges exposed are the Rondout Dolomite, 
which has been mined as a "natural cement" (Cook, 1906). The Rondout 
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Figure 8 - West wall of the Howe Cave Quarry (Stop 6), show~ng thln-
bedded Manlius Limestone in the lower third, overlain by 
thicker bedded Coeymans Li mestone. A low-angle thrust 
fault can be seen dipping to the left (south-southwest), 
with a displacement of slightly more than a foot . 

Figure 9 - Nameless Spring, a partly dammed gravity spring in the 
northern wall of the Cobleskill valley (Stop 7). 

Figure 10- Typical cave passage (non- commercial variety) in the 
Howe Caverns area, developed within the thin- bedded 
Manlius Limestone . This is a typical canyon passage 
formed by a free- surface cave stream that has incised 
below the original solution conduit. 
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contains the Silurian-Devonian boundary in this part ot New York State 
(Rickard, 1975). Proceding downhill (west), two more rectangular 
openings are seen. These also are openings to a cement mine in the 
Rondout. Farther downhill, the small ledge of thick-bedded rock is 
the type section of the Cobleskill Limestone. About 9 teet of Cobles­
kill Limestone occurs here, overlain by the Rondout Dolomite and under­
lain by the Br~ Shale. 

Farther down the road on the north side is a small resurgence, 
Nameless Spring, a gravity spring in the Cobleskill Limestone (Figure 9). 
This spring has been dammed as a water supply. The small erosional 
re-entrant in the valley wall where the spring emerges is called a 
spring alcove. Immediately west ot Nameless Spring is Nameless Spring 
Cave, an overfiov spring :for Nameless Spring. This cave 1s developed 
at the Rondout/Cobleskill contact and carries water only in flood times . 
Because of the larger spring alcove at the cave, it is possible that 
Nameless Spring is a fairly recent tapoff from Nameless Spring Cave. 

STOP 8 -- Howe Caverns. 

Park at the Hove Caverns parking lot and enter the lodge as a 
group. If the party is sufficiently large, it is possible to be admitted 
to the cave at the half-price group rate. (Advance notice must be given 
in order to receive group rates.) 

In the following discussion, refer to Figure 11 for locations and 
place names in Howe Caverns. The elevators into Hove Caverns occupy an 
artificial shatt to the cave. The original entrance is located immedi­
ately southeast of the quarry seen at Stop 6. The elevators descend 
roughly 160 feet to the cave. Hove Caverns consists of a large master 
cave passage flowing southeast nearly parallel to the regional strike, 
with vater contributed Qy dip-oriented tributary passages that enter 
from the north. Leaving the elevator, an abandoned passage (the 
West Passage) is seen to the lett through the concrete portal. 
Although it once drained much of the Cobleskill Plateau farther west, 
it no longer carries a stream. It is terminated after a few hundred 
feet by collapse where it approaches the vaJ.1 of a surface valley . 
This passage apparently formed prior to the incision of the valley that 
nov truncates it. Straight ahead from the elevators is a natural 
chamber with an artificial tunnel heading north from it . This tunnel 
connects to the rear of the Winding W~ and was constructed to provide 
a loop passage tor smoother flow of tourist traffic. The tour follows 
the natural cave passage to a major junction. To the left, in the 
floor, a stream enters and tollows the main cave to the southeast. 
Ahead and to the left is the entrance to a long tributary passage, the 
Winding Way, vhich will be discussed in detail later. The tour tallows 
the main passage to the right. This passage is a large conduit composed 

.ot tvo basic parts: 8. large oval tube, 20 to 30 teet wide and 15 
to 20 teet high, with a deep canyon cut in its floor, 6 to 12 teet 
wide and 10 to 15 teet deep I tormed by entrenchment ot the cave stream 
beneath the tube level (see Figure 10). The solutional ceiling is 
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located at the Coeymans/Manlius contact, and the cave passage is located 
in the Manlius Limestone. The ceiling rises above the Coeymans/Manlius 
contact only in areas where ceiling collapse has occurred. Note the 
dirference between the smoothly sculptured solutional ceilings and 
the rough. planar ceilings produced by collapse. The cave continues 
downstream over a bridge and past a large collapse area to the largest 
chamber in the cave. known as Titan's Temple. In t!lls chamber, evidence 
for each stage of the cave's origin can be seen. Tbe paB~age originated 
8S a solution conduit along the Coeymans/M8nllu& contact and was 
eventually enlarged by solution lnuo the large tube wi'tb elliptic&! 
cross section now seen as the upper balf of the main passage. At some 
point in the past. probably in response to a drop in the level of 
Cobleskill Creek, the cave stream cut downward to a lower level, formdng 
a new passage that eli verged from the upper tubular level., The upper 
level is terminated by sediment fill a short distance to the east of 
Titan I sTemple. Upstream !'rom the eli vergence point, the cave stream 
entrenched the deep canyon in the floor of the tube. At the point of 
divergence between the two levels, a reverse fault cuts through the 
cave having a dip of 14 degrees to the south-southwest. This is the 
same fault observed in the quarry wall at Stop 6. The cave water 
followed the dip of the fault , plane to the south in its divergence 
from the upper leve1. The fault appears to have no further impact 
on the cave (Gregg, 1974). 

Downstream !'rom Titan's Temple in the lower, active level, the cave 
passage is generally rectangular or arched in cross-section. The 
rectangular areas occur where the thin-bedded and highly jointed Manlius 
Limestone has collapsed along bedding planes, destroying the curvilinear 
shape of the passage. Joints contribute small amounts of infiltrating 
water through the ceiling in this part of the passage, forming many 
stalactites aligned in rows along the joints. 

A few small side passages enter this section ot the cave. They are 
of two basic types: abandoned upper levels or loops of the main 
passage, and abandoned or active tributary passages. Nearly all the 
tributaries enter !'rom the north, feeding water to the 'master cave from 
insurgence areas located in the up-dip direction. 

The cave stream is ponded midway in the main passage, forming the 
"Lake of Venus" and causing alluviation of the bedrock 'floor. The 
boat ride on the lake demonstrates some of the explorational difficulties 
found in caves that are partially flooded. The Lake ot Venus has been 
artificially deepened by the construction of a small dam at the end of 
the tourist route. 

Returning along the main passage, the tour then enters the Winding 
Way. Although it is normally dry, water pours out', ot this passage into 
the main stream during floods. The Winding W~ is a classic example ot 
what is called a canyon passage, high and narrow with raany twists and 
turns. As the passage is followed up-dip. the ceiling gradually ascends. 
The upper part meanders back and forth over the lower level of the can-
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yon. The ceiling of the Winding Way cuts discordantly downward across 
the strata to merge in a graded manner with the solutionsl ceiling of 
the master cave. The discordant ceiling results from the transmission 
of water to the master conduit from stratigraphically higher insurgences. 

The artificial tunnel branching from the Winding Way leads the 
tour back to the elevators. Notice the obvious difference between the 
solutional walls of the Winding Way and the blasted walls of the tunnel. 
Near its southern end 9 the tunnel intersects a large natural chamber. 
Along the east (lett) wall of this room are some interesting calcite 
deposita (informally called "1ilypads"). They mark the former water 
surface of a stagnant pool of water that was supersaturated with re­
spect to calcite. Several different pool levels can be discerned, and 
some dogtooth spar is visible in places below the levels of the former 
water surfaces. JUso along the east wall of this room is a solutiona.l.ly 
enlarged fissure, 40 feet high, that extends nearly to the surface. 
This fissure is a source for the mud, water, collapse material, and 
glacial debris seen at this location. Cross the bridge, enter the 
elevator, and return to the surface. 
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ROAD LOG FOR KARST FIELD TRIP 

Miles from Cumulative 
last point 

0.0 

0.7 

0.6 

1.0 

0.6 

0.2 

0.6 

0.6 

0.5 

0.6 

0.2 

0.6 

0.4 

Miles 

0 . 0 

0.7 

1.3 

2 . 3 

2.9 

3.1 

3.7 

4.3 

4.8 

6.2 

6.6 

STOP 1 - intersection of Routes 7. 145 and Mineral 
Springs Road; view of Cobleskill Plateau. 
From here, head west on Route 7 to 

Barnerville Road; turn right on Barnerville 
Road. Note drumlins to the west, resis­
tant limestone benches to the east. 
Continue on Barnerville road past 
Cobleskill Creek on the lett (north) to 

STOP 2 - Barnerville Methodist Church; view 
of Cobleskill Creek valley. From here. 
cross over Cobleskill Creek. heading north . 
Bear left at intersection immediately 
beyond Cobleskill Creek, and continue to 

Railroad tracks. 
to left). 

(Notice drumlins ahead and 
Cross tracks and continue to 

Intersection with Meyers road, which enters 
from the right (east). Bear left, 
continue to 

STOP 3 - Doc Shaul's Spring (at road intersection). 
Observe spring from the south side of the 
road, but don't leave the road. From here. 
follow side road north (uphill) to 

Intersection. Turn right (east) and continue to 

Intersection. Bear left, following main road; 
continue to 

STOP 4 - Bare limestone pavements on either 
side of road. Do not 8tr~ too far into 
the fields. From here continue north 

Pass road on left; continue northeast. 

Pass Runkle Cave (its resurgence can be seen 
across the field to the left (west), 
continue northeast. 

Pass dirt road on left, turn left onto paved 
road at next intersection. Continue north to 

STOP 5 - McFail's 
surgences). 

Hole area (confluent 1n­
Park cars along road, follow 
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Miles from Cumulative 
last point · "_--"Mi=l"e"s_ 

0.4 

0.3 

1.3 

0.2 

0.5 

0.9 

0.2 

0.3 

0.1 

0.4 

0.7 

0.1 

0.4 

0.4 

7.0 

7.3 

8.6 

8.8 

9.3 

10.2 

10.4 

10.7 

10.8 

11.2 

11.9 

12.0 

12. 4 

12.8 

the field road on foot from the paved 
road down and around the farmer's field. 
and follow tbe path into the wood lot 
beyond. Note: permission to enter this 
property must be obtained from the National 
Speleological Society, 1 Cave Avenue, 
Huntsville, Alabama 35810. Visitors 
must be accompanied by a local member 
of the N .S.S. 

T-intersection. Bear left (east), continue 
east to 

Intersection. Bear right (south). continue to 

Myers Road on right; continue past this road to 

Lawton Road on the left; continue past this 
road to 

Crossroads (Sagendorf Corners). Continue straight 
through this intersection to the south, to 

Robinson Road on the left. Continue past this 
road to 

STOP 6 - Howe Cave Quarry on right (vest). 
On foot, cross ditch to west and climb to 
top ot dirt ridge to view quarry, but no 
farther. Return to C8XS 9 continue so~ to 

Crossroads. Proceed straight (south) to 

Railroad tracks. Cross tracks and turn sharp 
right to the vest, past tbe small town ot 
Hoves Cave to 

STOP 1 - (Gravity springs and cement mine) at 
"Fallen Rockl! sign and small bridge over 
stream, just past large building on the 
north side of the road. From here con­
tinue ~est on road to 

Bridge over Cobleskill Creek. Continue to 

T-intersection . Turn right (north), fallowing 
the Howe Caverns signs. 

Re-cross Cobleskill Creek. Continue to 

T-intersection. Turn right (north), and 
continue to 



Miles from Cumulative 
last point Miles 

0.1 12.9 

0.2 0.2 

1.0 1.2 

0.7 1.9 
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Railroad overpass. Make an immediate right 
turn beyond the overpass onto the Howe 
Caverns Estate, 
STOP 8 - Take tour of Howe Caverns. Because 
of the large parking area. mileages back and 
forth along the Howe Caverns driveway will 
vary. Return mileages are calculated from 
the end of the Howe Caverns driveway at 
the railroad overpass. Return under the 
railroad overpass to the southwest and on to 

Intersection. Bear right (southwest). and 
continue to 

Intersection with Barnerville Road. Turn left 
{south} onto Barnerville Road, re-cross 
Cobleskill Creek. and continue on to 

Route 7. From here parties may return to 
Oneonta by taking Route 7 southwest (to 
the right). or may go their own way. 
Albany is to the left (northeast). 
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SEDIMENTOLOGY AND PALEONTOLOGY OF PORTIONS OF THE 

HAMILTON GROUP IN CENTRAL NEW YORK 

by 

Bruce Selleck and Richard Hall* 
Colgate University 

INTRODUCTION 

The richly fossiliferous marine sedimentary rocks of the Middle 
Devonian Hamilton Group of Central and Western New York (flg. 1) have 
been the object of paleontologic, sedimentologic and stratigraphic 
studies for nearly 150 years. The purpose of this field trip is to 
introduce participants to various lithofacies and faunal assemblages 
which characterize the upper portion of the Hamilton Group in the area 
of its type section. We further hope that observation and discussion of 
sedimentary structures, lithologies and fossil occurrences in field 
exposures will illustrate the excitement and frustration inherent in 
paleoenvironmental interpretation. 

~ CIt.o.UI .. 1JOW,N SlIII S 

~. Sf N!C "'''' SU IU 

arm H_llTON CROU' I UI~ SUIHI 
, 
, MltU " o 

Fig. 1 - Distribution of Middle and Upper Devonian 
terrigenous clastic sedimentary rocks in New 
York State. Arrow indicates study area. 
(after Rickard 1975) 

* Present Address: Department of Geology, University of North Carolina, 
Chapel HU1 
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PREVIOUS WORK 

A list of early workers in Middle Devonian stratigraphy and 
paleontology of New York 1s graced by such eminent names as Hall, Clark, 
Prosser, Grabeau, and Cleland. These investigators recognized the major 
lithostratigraphic sequences of the Devonian and described the fauna, 
setting the stage for subsequent work. The studies of these men in the 
1800's and early 1900's were carried out along strike of the major units. 
It was soon recognized that the faunal zones and prominent mappable 
strata that were eas i ly recognizable in the western and central portions 
of the state were lost in less differentiable rocks to the east. 

The work of G. Arthur Cooper in the late 1920's and early 1930's 
culminated in the definition of four formations which have since served 
as the basis for study of the Hamilton Group. Cooper (1930, 1933) based 
his subdivisions on three thin, but persistent l~estone units which 
interrupted the terrigenous clastic sequence. Cooper further noted the 
existance of four major facies within the Hamilton Group: A "Marcellus" 
facies, consisting of dark shales with small , thin-shelled brachiopods 
and bivalves: a ''Moscow'' facies, consisting of blue-grey calcareous shales 
with an abundant and diverse marine fauna; a "Hamilton" facies, charac­
terized by silty shales, siltstones and sandstones, bearing large 
brachiopods and bivalves; and a "Catskill" facies, consisting of red 
and green shales, siltstones and sandstones, often bearing non-marine 
plant fossils. Cooper, and earlier workers, recognized that these facies 
represented respectively the deep marine, shallower marine, transitional 
and non-marine portions of a deltaic complex. Further study of Middle 
and Upper Devonian sedimentary rocks in the Appalachian Basin revealed 
that these facies are time transgressive east to west, thus representing 
a large regressiona1 sequence. The classic "facies" papers of Chadwick, 
Caster and Cooper in the 1920's firmly established the pattern of 
progressive east to west infilling of the Catskill depositional basin 
from Middle to Late Devonian time. 

Subsequent work has shown that the faunal assemblages which 
characterize these major facies, and subdivisions thereof, are explicable 
in terms of varying water depth, turbidity, salinity, wave and current 
energy and substrate rheology in the original depositional environment. 
The works of Grasso (1970, 1973), Harrington (1970), Sutton, Bowen and 
MCAlester (1970), Thayer (1973) are but a few examples of recent studies 
concerning the paleoecology of Mid-Upper Devonian deltaic sediments in 
New York. 

TECTONIC SETTING 

The paleotectonic regime of Mid-Upper Devonian time suggests that 
in the New York State region clastic sediments were shed from the 
rejuvenated Taconian mountains, uplifted during "Phase II" of the Acadian 
orogenic event. The miogeosynclinal basin which received these sediments 
was a rapidly subsiding downwarp on the edge of the continental crust. 
It is most probable that this basin formed as a result of isostatic 
adjustment to uplift to the east, in present-day New England. The 
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Catskill basin would therefore have formed via a "sea floor i nversion 11 

-- a process directly analogous to that described by Bird and Dewey 
(1970) for the Mid-Upper Ordovician of New York, resulting from the 
Taconian Orogenic event. 

Devonian sedimentary rocks were deformed by the 
in southeastern New York and adjacent Pennsylvania. 
only minor effect on the rocks of central New York. 
of tectonic disturbance is a regional dip of 60-100 
on Skaneateles-Ludlowville contact) and a series of 
origin. 

STRATIGRAPHY IN THE STUDY AREA 

Alleghenian event 
This orogeny had 
The only evidence 

feet per mile (based 
joints of unknown 

The Hamilton Group sediments in the Chenango Valley outcrop along 
the glaciated valley walls and in stream sections perpendicular to the 
north-south major valleys. MOre resis tant sandstones and sandy limestones 
form caprocks of waterfalls in tributary streams. Excellent exposures 
of most of the units are also available in quarries and burrow pits 
excavated for road fill. 

In all of New York State. the basal Hamilton Group sediments of the 
Marcellus Formation overly the Onondaga Limestone, apparently in a 
conformable fashion. In the study area the Marcellus formation consists 
of a basal black shale (Union Springs Member), succeeded by a black, 
cephalopod-bearing limestone (Cherry Valley Member), sandy shales 
(Bridgewater Member), sandy shales and siltstones (Solsville Member), 
and sandy shales, siltstones and sandstones (Pecksport Member). 

The Skaneateles formation is made up of a basal thin shaley limestone 
(Mottville - Stafford Member to west) overlain by sandy shales and 
sandstone (Delphi Member). black shales and sandy mudstones (Pompey 
Member), dark sandy shales (Berwyn Member), a fine grained sandstone 
with blue-gray sandy shales (Chenango Member - Colgate sandstone of 
Cooper (1930», and a capping thin, discontinuous crinoidal limestone 
(Stone Hill Member, probably equivalent to the Centerfield Limestone 
further to the west). 

The Ludlowville of the study area was undifferentiated by Cooper, 
consisting in general of grey shales and sandy shales with one thick 
(15-20') sandstone unit. The stratigraphy of the Ludlowville in the 
Chenango Valley is presently under s tudy by the authors. 

The Moscow formation consis ts of a thin basal calcareous sandstone 
(Portland Point Member) overlain by a thick unit of dark grey sandy 
shales and siltstones (Windom Member). A summary stratigraphic column 
for the Chenango Valley is shown in fig. 2. 

The overlying Tully Limestone marks the Middle-Upper Devonian 
boundary in this r egion. In the Chenango Valley, the Tully is characterized 
by thin beds of limestone with interbedded silty and sandy shales. This 
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TULLY formation 22' 

WINDOM member 260' 

PORTLANO POINT member 5' 

LUDLOWVILLE undivided 260' 

STONE MILL member 1~' - 3' 
CHENANGO member 60' 

BUTTERNUT member 220 - 235' 

POMPEY member 74' 

OELPHI STATION member 80' 

MOTTVILLE member 45 - 50' 
PECKSPORT member 100 - 153' 

SOLSVILLE member 45 - 50' 

BRIOGEWATER member 195' 

CHITTENANGO member 90' 

CHERRY VALLEY member 3' 
UNION SPRINGS member 25' 

Adapted from G. 

Fig. 2 - Stratigraphy 
of the Hamil ton 
Group in the 
Chenango Va 11 ey 

A. Cooper (1930) 
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unit thickens into clastic correlatives to the east (Johnson and 
Friedman 1969), but thins and disappears into an erosional interval 
to the west (Rickard 1975). 

SEDIMENTOLOGICAL FEATURES 

To the casual observer, the shales, silstones, and fine-grained 
sandstones of the Hamilton Group in Central New York are a rather 
monotonous series of rocks. The more spectacular primary structures 
characteristic of shallow water limestone and coarse-grained sandstones 
are generally absent, and the fine-grained texture of most lithologies 
precludes simple thin-section examination. However, a number of useful 
primary and penecontemporaneous features can be discerned upon careful 
observation. These structures may often then be used "for paleoenvironmenta l 
interpretation. A list of common features of interest to the sedimentologist 
follows. 

Primary Structures 

(1) Crossbedding - Many of the fine-grained sandstones of the 
Hamilton Group contain trough crossbedding and ripple laminations. These 
features indicate wave or current transport of the sediment and paleocurrent 
dir~ctions. 

(2) Scour and Fill - Truncation of earlier bedding and subsequent 
filling of depressions with sediment indicates current activity. 

(3) Graded Bedding - Single thin siltstone or sandstone beds often 
contain size gradation from coarse to fine upward. Such grading is 
usually caused by a single depositional event, related to storm surges 
or perhaps turbidity currents. 

(4) Ripple Marks - These structures indicate wave or current activity 
on the substrate. 

(5) Biogenic Structures - Tracks and trails left by burrowing 
organisms are common in many lithologies in the Hamilton Group. In 
general, intense bioturbation of sediment results in 10B8 of primary 
stratification snd indicates conditions suitable for infaunal benthos 
(sufficient oxygen, stable substrate). Single vertical burrows often 
indicate that animals lived below the sediment for protection from waves 
and currents, whereas horizontal trails may indicate quieter water 
conditions where grazing was possible. The paleoenvironmental requirements 
of the organism responsible for the common "rooster-taU" structure called 
Taonorus will be discussed in the field. 

(6) Slumping, Load Casting. Ball and Pillow Structures - These 
features indicate post-depositional instability in sediments. Usually 
differences in density of various sediment layers promote the plastic 
f l ow of water-rich sediment following deposition. Large-scale soft­
sediment deformation may indicate deposition on an initial slope or might 
be caused by outside disturbances such as storms or earthquakes. 
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(7) Parting Lineation - In the Hamilton Group~ this feature 1s found 
only in the sandstones. These faint parallel structures on bedding 
surfaces are caused by unidirectional current flow over the substrate. 

(8) Intraclasts, Mud Chips - Clasts of partially indurated sediment 
may be ripped-up from the substrate. transported and redeposited. These 
clasts are usually chips of grey or green shale in the Hamilton Group. 
and are confined to the coarser (sandstone) lithologies. 

(9) Groove Casts and Tool Mark Casts - Sole markings indicating 
current activity and paleocurrent direction. 

THE FAUNA 

Paleoenvironmental reconstructions based only on the physical and 
chemical characteristics of sedimentary rocks are. of course, incomplete. 
The use of fossil assemblages as representative paleocommunities is an 
integral psrt of interpretation of sedimentary environments. However, 
the significance of paleocommunity data is dependent to a great degree 
on the knowledge of life habits and thus environmental requirements of 
groups of organisms. This knowledge stems 1n part from study of analogous 
living organisms, coupled with detailed morphological study of fossil 
groups. Care must be taken in paleocommunity studies, especially in 
assuring that samples are representative of a fossil assemblage, not 
simply specimens selected by a biased collector searching for large or 
impressive fossils. 

With some degree of certainty, major faunal elements in the Hamilton 
can be assigned to certain habitat/feeding groups. Each group has certain 
habitat requirements which may then be used to infer characteristics of 
the depositional environment. The following feeding types are recognized 
for the purposes of this study. 

(1) Vagrant Herbivores and Carnivores - These organisms were capable 
of directed motion 00 the sea floor. Some may have been swimmers 
(nektooic). They may have been herbivores, carnivores or detritus 
feeders, and their ooly common environmental requirement is oxygenated 
water and a food source. Because of a lack of more specific habitat 
requirements, these organisms are not highly diagnostic of any particular 
set of original environmental conditions. For many elements in this group. 
preservational happenstance appears to be the most important control over 
presence or absence. This group includes the following Hamilton genera: 

Gastropods: Paleozygopleura. Bembexia. Ptomatis, Praematuratropis. 

Trilobites: 
Cephalopods: 
Asterozoa: 

Ruedemannia 
Greenops. Phacops, Trimerus 
Orthoceras. Spyroceras, Tornoceras 
Devonaster 

(2) Epifaunal Filter Feeders - Attached to the substrate. or lying 
sessile upon it, this group was dependent on constant wave or current 
action to supply micro-organisms and organic matter. which they subsequently 
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filtered from the water . In general, the presence of members of this 
group indicates oxygenated bottom waters and sufficient water movement 
to provide food. However, large influxes of sediment, or extremely 
active current/wave conditions might have prevented colonization. This 
group is represented in the Hamilton by large articulate brachiopods 
such 8S Spinocyrtia, Mucrospirifer, Tropidoleptus and Devouochonetes; 
the smaller articulate brachiopods Ambocoelia and Chonetesi and the 
epibyssate bivalves Lelopteria, Pterinopecten, and Pseudaviculopecten. 

(3) Infaunal Filter Feeders - Members of this group lived buried or 
partially buried below the substrate and filtered food from the overlying 
bottom waters. Bivalves such as CyPricardella, Leptodesma, Actinopteria, 
Goniophora and MOdiomorpha were probably attached to the sediment by 
byssus (endobyssate habit, Stanley 1968). Other members of this group, 
such as the bivalves Orthonota and C~taria were likely capable of _ 
burrowing, as was the inarticulate brachiopod Lingula. In general, this 
group had environmental requirements similar to the epifaunal filter 
feeders, although the infauna1 group was undoubtedly more tolerant to 
fluctuations in turbidity, temperature and salinity. 

(4) Infaunal Deposit Feeders - This group consists of those organisms 
which fed on organiC material contained in the sediment. As such they 
are often found in fine-grained shales deposited under rather quiet 
water conditions, because fine muds generally contain high concentrations 
of organic material. The palp-feeding bivalves Nuculites, Nuculoidea and 
Paleonei10 characterize this group. 

(5) Turbidity-Intolerant Filter Feeders - This group, although not 
functionally separable from the epifaunal filter feeders, are sufficiently 
different (by analogy with modern groups) in turbidity tolerance to 
warrant attention. The organisms in this group required clear, well­
oxygenated water, and were highly susceptible to sediment-clogging of 
their filter-feeding mechanisms. They are thus indicative of rather low 
rates of sediment influx and agitated water conditions . Examples from 
the Hamilton of the study area include the corals M!crocycluB and Favosites. 
the bryozoans Sulcoretepora and Taeniopora and various crinoids. 

Substrate Requirements 

The lack of, or limitations of, attachment mechanisms in various 
sessile benthonic organisms may restrict certain groups to specific 
substrate types . For instance, the larger peduculate articulates such 
8S MUcrospirifer and Mediospirifer were likely limited to firm substrates 
or those where shell material was available for attachment. In contrast, 
the spinose chonetids were well-adapted to a soft mud substrate, living 
sno~shoe-like on the soft bottom. The spparent lack of attachment 
mechanisms in the chonetids would preclude their existance in wave- or 
current-churned environments. 
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Species Density and Diversity 

The density of a given species (number/unit volume of rock) is a 
rough indicator of the suitability of a given environment for that 
organism. However~ one must use caution in interpreting such data. 
because preservational bias may selectively concentrate individuals of 
a given species. 

Diversity refers to the numbers of different species found . Low 
diversity often indicates rigorous conditions which prevented the growth 
of all but a few species. High diversity generally indicates more 
suitable or less variable environmental conditions. Again. preservational 
bias may drastically change the original species diversity. 

Fossil Occurrence 

Fossils in all lithofacies of the Hamilton are found in two different 
types of occurrences.; coquinite and non-coquinite assemblages. Coquinite 
assemblages occur within shell-rich lenses or stringers, whereas non­
coquinite assemblages are characterized by single fossils more or less 
surrounded by sediment. Sutton, Bowen and MCAlester (1970) speculated 
that the coquinite lenses of the Upper Devonian Sonyea Group of south­
western New York were formed by the winnowing of finer sediment from 
peeviously deposited material, leaving a lag concentrate of shell material. 
Such winnowing of the substrate would have taken place during storm. 
spring tide or flood season situations. 

Coquinite assemblages of the Hamilton Group appear to be of two types. 
One is similar to those described by Sutton, Bowen and McAlester (1970). 
These coquinites are seen at the base of large scours or channels and 
contain numerous disarticulated and broken shells. A second type of 
coquinite is commonly found in the dark silty shales of the Ludlowville 
and MOscow Formations . This type is characterized by concentrations of 
Whole and articulated shells, with abundant small phosphate nodules. We 
theorize that this second type of coquinite represents a period of little 
or no clastic influx and a substrate inhabited by a dense benthic shelly 
fauna, with the phosphate nodules forming penecontemporaneously during the 
depositional hiatus. This second type of coquinite often contains small 
specimens of the colonial coral Favosites perhaps indicating low rates of 
clastic influx. 

Faunal Lists 

The faunal lists which follow are included to assist the collector 
in identification of specimens from the four major collecting stops. They 
are partial and generally include only the more common species at each 
locality. MOre detailed discussions of faunal distribution and abundances 
are included in the stop descriptions contained in the road log. 

Faunal Distribution 

Faunal counts to date are included in the description of each stop in 
the road log. Hopefully, their inclusion will provide a basis for substantive 
discussion in the field. 
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PARTIAL FAUNAL LIST - BRIGGS ROAD 

Brachiopods 

Ambocoelia umbonata 
MUcrospirifer mucronatus 
Sp1nocyrtia granulosa 
Devonochonetes coronatuB 
Chonetes scitula 
Tr0a1doleptus carinatus 
Athyris sp. 

Molluscs 
Bivalves 

Paleoneilo muta 
P. emargmata 
P. plana 
P. maxima 
Nuculoidea lirata 
N. be11istr1ata 
N. varicosa 
Cimitaria recurva 
C. corrugata 
Cypricsrdella bellistriatu8 
Nuculites triqueter 

Rhipidomella penelope 
Schucherte11a peruersa 
Eltts fambriata 
Puatulatia pustulos8 
Protoleptoatrophia perplana 
Stropheodonta demissa 
Camarotoechia congressta 

GrammyBia arguata 
G. alueata 
Grammys1a sp. 
Leiopter1a desksy! 
Leiopteria sp. 
Actinopteria deCU8sata 
Sansuinolites solenoides 
Limoptera macroptera 
Goniophora rugosa 
Pterinopecten vertumnus 
Parallelodon hamiltonae 

Gastropods 

Bembexia 8p. 
Ptomatue patulus 

Spyroceraa crotalum 
Tornoceraa ep. 

Greenope boothi 
Phacops !'..!!!!!. 

Feneetella Bp.· 
Taeniopora exigua 

Pelmatozoan debris 

Paleozygopleura hami1tonena1s 

Cephalopoda 

"Orthocerae l1 sp. 

Arthropods 

Trimer!s deby! 

Bryozoa 

Sulcoretopora ap. 

Miscellaneous 
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PARTIAL FAUNAL LIST - GEER ROAD 

Brachiopods 

Spinocyrtia granulosa 
MUcrospirifer mucronatus 
M. consohrlnus 
Mediospirifer audaculus 
Ambocoelis umbonata 
Athyris subt111ta 
Athyris ap. 
Tropidoleptus carinatus 

Grammysia sectmda 
G. areusts 
MOdiomorpha concentric. 
M. regular is 
Cyprlcardel1a ap. 
Myttlarca gibbosa 
Par.excIse elliptic. 

Molluscs 
Bivalves 

Schuchertella cf. perversa 
Chonetes Bettuls 
Chonetes ap. 
Rhlpidomella penelope 
.!. oblata 
Protoleptostrophla perplana 
Leptaens sp. 
Stropheodonta ap. 

Nuculoldea corbullformis 
!. l1rata 
!.. varicos. 
Paleonell0 ma:ldma 
Lelopteria conradi 
Pholade11a radiata 
Paralle1odon haml1tonae 

Gastropods 

Ruedemannia trilex 
Ptomatis leds 

Spyroceras crot.lum 

Greenops booth! 

Favosites ap. 

Fenestella ap. 

Loxonema de1phlcola 

Cephalopods 

"Orthoceras II 8p. 

Arthropoda 

Coelenterates 

Aulopora tubaeformis 

Bryozoa 
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PARTIAL FAUNAL LIST - PIERCEVILLE QUARRY 

LUDLOWVILLE FORMATION. HAMIL TON GROUP 

Coelenterata 

Aulopora el1erl Favosltes sp . 

Bryozoa 

Sulcoretepora incisurat. 

Brachiopods 

Petrocrania hamilton!a. 
Lingula punctata 
Lindstroeme11a aspidium 
MUcrospirifer mucronatus 
Spinocyrtia granulosa 
Mediospirifer audaculu8 
Ambocoelia umbonata 
Athyris spiriferoides 
Tropidoleptus carinatus 

Molluscs 
Bivalves 

Solemys vetusts 
Orthonota undulata 
Grammysia bisuleat. 
G. arcuate 
G. cuneate 
Q.. globose 
Nuculoide. corbuliform1s 
!!.. opima 
N. lirata 
Nuculites oblongata 
N. trigueter 
Palseoneilo constricts 
P. emarinats 
P. fecunda 
P. muta 
P. i?i8ila 

Rhlpidomella penelope 
Protoleptostrophia perplana 
Devonochonetes coronatuB 
Lonal.pins mucronatus 
Devonchonetes ayrtalis 
Chonetes viCinU8 
Spinulicosta spinulicosta 
Cyrtina hamiltonensls 
Elita fimbriata 

Parallelodon bamiltoniae 
Ptychopteria (Actinoptera) deCU8sata 
!.. boydi 
Ptychopteria (P . ) flabellum 
Leptodesma (Leiopteria) ~ 
:h. rafinesquii 
Pseudaviculopecten fasciculatus 
Lyriopecten macrodontus 
Pterinopecten undo sus 
MOdiomorpha cencentrica 
!:!.. mytiloides 
Pboladella radiata 
CyPricardella tenuistriata 
Cimitaria recurva 
Gonipbora hamiltonensis 

Gastropoda 

Ptomatis rudis 
Naticonema lineata 
Palaeozygopleura ham1ltoniae 

Ruedemannia tril1x 
Platyceras sp . 
Dictyotomaria capillaria 
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PIERCEVILLE QUARRY (continued) 

Tornoceras discoid .. 
"Orthoceras" ap . 

Hyolithes neapolis 

Styliolina ap . 

Greenops booth! 
Phacops !!!!!. 
Dipleura deby! 

Tsouurus 

Protolepidodendron .p. 

Cephalopoda 

Spyroceraa crotalum 

Hyol1thicla 

Tentaculitida 

Arthropoda 

Annolida 

Plants 

Echinocaria punctata 
Rhinocarb columbina 
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PARTIAL FAUNAL LIST - DEEP SPRING ROAD 

Brachiopods 

Mucrospirifer mucronatu8 
M. consobrinu8 
Chonetes 8citula 
Athyris subtilita 
Athyris ~ 
Athyris ap. 
Devonochonetea Syrtali8 
Protoleptostrophia perplaaa 

Nuculoide. l1rata 
N. beilistriata 
!. randall! 
N. corbuliformis 
PaleoneUo muta 
P. constricta 

11011....,. 
Bivalve. 

P. emarginata 
CyPrlcardella bellietriata 
Prothyris lanceolata 
Nuculites oblonsatu8 
Pholadella radiata 

Ambocoells umbonata 
Mediospirifer audaculus 
Spinocyrtla granulosa 
Tropidoleptus carinatus 
Rhlpidomella penelope 
ea..rotoeehia sp. 
Ren •• elandi. ap. 

Leiopterla dekaY1 
Actlnopteria ap . 
Parallelodon sp . 
Tellinopaia 8ubemar81nata 
Pterinopecten vertuanua 
MDdiomorpha mytiloldes 
Ortbonata carinata 
Aetinodeama erectum 
Modiel!. pYgmaea 
Gonlophora hamiltonensis 

ea.tropod. 

Ptomatis leda 
Praematuratropis Dv.tua 
Ruedemannia trllex 
Dlctyomaria capillaria 

Platyceras ear1natum 
Lo~ema hydraulicum 
Loxonema cf. laev!u8culum 
Loxonema sp. 

MOnoplacophoran8 

Cyrtonella pileolua 

Cephalopod. 

Spyroceras crotalua "Orthoceras ll sp. 

Arthropoda 

Greenops booth! 

Bryozoa 

Taen1opora exisua 
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DEEP SPRING ROAD (continued) 

Hyolithes aclis 

Incertae SecUs 
Hyol1thid •• 

Coleol1dae 

Coleolus tenuicinctum 
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Cumulative 
Mileage 

0 . 0 

0.20 

0.55 

0.80 

1.10 

1.10 

1.95 

2.50 

Mileage from 
last stop 

0.0 

0.20 

0.35 

0.25 

0.30 

0.0 

0.85 

0.55 

ROAD LOG 

Location 

Entrance to village of Hamilton, NYS Route 12B, 
heading north. 

College Street entrance to Colgate University 
campus, turn right (east). 

Intersection by Administration Building; 
turn right (south). Proceed up hill. 

Second right; turn right (southwest). 

Circular drive, park on grass. Walk east up 
entrance road to Colgate University quarry 
(approx. 450 yards). 

Stop #1. Colgate Quarry - Chenango Sandstone 
(Upper Skaneateles Formation), 

Remarka: Most of the buildings of Colgate 
University are constructed of the thin- to 
medium-bedded, fine grained Chenango sandstone 
(- Colgate sandstone of Cooper, 1930) exposed 
here. A series of nearly perpendicular 
vertical joints made quarrying a rather simple 
process. 

Noteworthy feature, here are the large 
slump structures in the lower portion of the 
exposure. The fatma is largely dominated by 
'Il:.opidQleptus, Muc~osp1rifer and numerous 
epifaunal and semi-infaunal bivalves. The 
8sterozoan Devon4ster has been reported, but 
is quite rare. 

Return to Cars. 

Return to NYS Route l2B. 

Intersection with NYS Route l2B - cross NYS 
Route 128, proceed west on College Street . 

Intersection with Lebanon Street (becomes 
Hamilton Road). Turn left (south). 

Note: Field trip begins at southern village limits, Hamilton, New York, 
on NYS Route 128, heading north. Mileage to nearest 0.05 odometer 
miles. 



4.15 1.65 

4.40 0.25 

4.90 0.50 

6.45 1.55 

6.45 0.00 

7.00 0.55 

7.70 0.70 

8.05 0.35 

8.50 0.45 

9.15 0.65 

10.10 0.95 

10.90 0.80 
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Hamlet of Randallsville - bear right (west) 
at intersection. Continue west on Hamilton 
Road. 

Intersection with River Ro~d - turn left 
(south) • 

Intersection with Briggs Road - turn right 
(west). 

Stop 12. Briggs Road Quarry - upper portion 
of Ludlowville Formation. 

(Description on following page.) 

Continue SW on Briggs Road. 

Intersection with Lebanon Center Road - turn 
right (west). 

Intersection with Bastian Road - turn right 
(north). 

Intersection with Reservoir Road - continue 
north (bear right). 

Intersection with Lebanon Hill Road - continue 
north (bear left) . 

Intersection with Geer Road - turn left (west). 

Quarry entrance - small d~rt road on right. 
Park on shoulder, walk north approximately 
150 yards. 

Stop #3. Geer Road Quarry - upper portion of 
Ludlowville Formation . 

(Description on following page.) 

Remarks: This quarry provides an opportunity 
to observe and contrast the two types of 
coquinites which are characteristic of the 
Hamilton in this region. Approximately 2.1 feet 
from the base of the s ection a phosphate nodule­
bearing coquinite is exposed. A similar bed is 
present at 14.2 feet. Other (storm lag 1) 
coquinites are scattered throughout the section. 
especially from 15.5 to 20 feet in the section. 

Intersection with Bradley Brook Road - turn 
right (north). 
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16 . 1' 

11. 7' 

. -
- -­" •.•. , .! . 
.~.~ ::"? 
- - -
~ . :':"';:,::. 

-- - - . --

BASE 

STOP #2 BRIGGS ROAD QUARRY 

LITHOLOGY 

Green-gray micaceous 
laminated siltstone 
with interbeds of gray 
calcareous shale. 

Gray silty shale with 
1_3" thick beds of lam­
in.ted and rippled 
siltstone. 

Gray micaceous siltstone 

OOI!INANT GENERA 

FAIlNA 

- 7B% Epifaunal F. F. 
Infaonal F. F. 
Infaunal D. F. 
Vagrant H.+C. 
Turbid-Int . F.F.-

Epifaunal F. F. 
Infaunal F. F. 
Infaunal D. F. 

3% 
- 15% 

2% 
2% 

77% 
2% 

- 12% 
4% 
5% 

Vagrant H.+C . 
Turbid-Int . F.F.-

Epifaunal F. F. 
rnfaunal F. F. 
Infaunal D. P. 
Vagrant R.+C . 
Turbid-Int . F.P . -

94% 
2% 
3% 
1% 
0% 

Upper siltstone: Ambocoelia - 20% 
51!:inocI!tia - 17% 
Elita - 15% 
Nuculo1dea - 12% 

Middle shale: Ambocoelia - 25% 
Chonetes - 20% 
S)?:inocrrtia - 17% 
Nuculoidea B% 

Lower siltstone: Chonetes - 37% 
Devonochonetes - 19% 
Trol:!1dolel!tuB - 16% 
Mucrospirifer 9% 



23.0'''---''' - ----- - --
f= -­
F.: -::.:c-_-/ 
- - . -
- -= - ---
- :-.'-= 

17.0' t-_____ =:"1 

12.4' 

1. 9' 

. . 

--- -
- ---- - - -

-~ .... - ,- - -
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STOP'3 -- GEER ROAD QUARRY 

LITHOLOGY FAUNA 

Crumbly to f18sile 
gray ahale. 

Chonetes and Ambocoelia 
dominant 

Sray silty shale 
~th light brown 
laminated and rippled 
thin bed. of aUtstone 

Dark gray f1.811e ailty 
shale grading upward 
1~t~ crumbly dark gray 
shale. 

Dark brown ailty 
calcareous shale. 

Chonetes and Ambocoel14 
abundant 

Bivalves abundant 

, 
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11.80 

11.90 

11.90 

12.00 

14.75 

18.50 

20.30 

21.10 

0.90 

0.10 

0. 0 

0.10 

2.75 

3. 75 

1.80 

0.80 

Intersection with Soule Road - turn left 
(west) • 

Quarry entrance on left. Park on shoulder. 

Sto~ 14. Pierceville Quarry - Ludlowville 
Formation. 

(Description on following page.) 

Remarks: Three major lithofacies/biofacies 
are exposed at this stop. A Chonetes-bearing 
dark shale, a Spinocyrtia-bearing grey shale 
and 8 bivalve-bearing siltstone. The patchy 
distribution of the Chonetes in the lower 
section of the quarry was described by Linsley, 
et al. (1972). Strips and patches of Chonetes 
on bedding Burfaces were ascribed to areas of 
grass-covered and grass-free sediment. 
Coqu1nites with broken and abraded shells 
were thought to be storm lag deposita. The 
uppermost portion of the quarry 1s a siltstone 
with abundant bivalves. Apparently higher 
rates of deposition and shifting substrates 
precluded the domination of the sessile epi­
faunal articulate brachiopods. 

Return to Bradley Brook Road. 

Intersection with Bradley Brook Road - Turn 
right (south). 

Intersection with Lebanon Road - turn right 
(west) • 

Intersection with NYS Route 26 - turn left 
(south) • 

Georgetown Village - intersection with East 
Hill Road - turn left (east). 

Outcrop on right - park on shoulder. 

Stop Is. East Hill Road - Georgetown. Hoscow­
Tully Contact. 

Remarks: The silty shales and siltstones of 
the uppermost Moscow Formation are seen here 
overlain by the Upper Devonian Tully Formation. 
The Moscow here is dominated by large articulate 
brachiopods and bivalves, with numerous, well­
preserved trilobites, particularly Phacops . 



STOP 14 - PIERCEVILLE QUARRY 

27.5' 

_ . ...,; ~ -
~4· .. 'i:'-~~~ 

----
==~ .. . 

--I... 
15.0'~A~':::;:: ~n.~ 

Bas. 

LITHOLOGY 

Dark gray to brown 
ahaley siltstone. 
Occassional rippled 
siltstone beds. 

Gray calcareous shale 

Crumbly to fissile 
dark gray shale 

_ v 
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FAUNA 

Various infaunal and 
epifaunal bivalves. 

Spinocyrtia dominant 

Chonetes dominant . 
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21.10 

24 . 75 

26.35 

28.00 

29.20 

29.20 

30.40 

0. 0 

3.65 

1.60 

1.65 

1.20 

0.0 

1.2 

The contact 1s placed at the base of the 
first thin blue-grey limestone. Several thin 
(2-6") beda of limestone, separated by 
calcareous siltstone, characterize the Tully 
here. The Tully at this location is rather 
sparsely fossiliferous, with a few solitary 
argose corals and the colonial Favositea 
most prevalent . HyPOthyridina, the diagnostic 
Upper Devonian Rhynconellid, has been reported 
in the Tully here, but 1s quite uncommon. 

Continue east on East Hill Road (becomes 
South Lebanon Road). 

Hamlet of South Lebanon - intersection with 
Campbell Road - turn left (north). 

Hamlet of Lebanon - intersection with Lebanon 
Road - turn right (east). 

Intersection with Deep Spring Road - turn 
right (Booth). 

Quarry entrance on right - park on shoulder. 

Stop #6. Deep Spring Road Quarry - Moscow 
Formation. 

(Description on following page.) 

Turn around - return to Lebanon Road. 

Intersection with Lebanon Road - end of trip . 
(To return to NYS Route l2B. turn righ t (east) 
on Lebanon Road. Continue east approximately 
4 . 5 ailes to HYS Route l2B.) 

&>d Road Log 
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STOP 16 DEEP SPRING ROAD QUARRY 

38.0' ,......---, LITHOLOGY 

23.0' 

- - - - -

- ---
-=- ----- - -- -

I- -=--__ . 

-=- - =-- - - -- --

BASE 

Flssile dark gray 
silty shale. OcC8S­
sional thin siltstone 
beds. Prominent 
coquinite at 27' 

Brown siltstone with 
ripple laminations 
and groove casta. 

Dark gray to light 
gray fissile slightly 
silty calcareous shale. 
Phosphate-bearing coquinite 
near base. 

Upper shale: 

DOIlINANT GENERA 

Chonetes - 65% 
SItinOCyrtia - 14% 

Middle Siltstone: 

Lower shale: 

Chonetes - 52% 
Mucrospirifer- 20% 
Paleonello - 8% 

Chonetes 
Nuculoidea 
Mucrospirifer 
Paleoneilo 

-36% 
-20% 
-11% 
- 8% 

FAUNA 

Epifaunal F.F. 
Infaunal F. F. 
Infaunal D.F. 
Vagrant H.+C. 
Turbid-Int . F.F. 

- 92% 
- 0% 

6% 
- 2% 

0% 

- 77% Epifaunal F. F. 
Infaunal F.F. 
Infaunal D.P. 
Vagrant H.+C . 
Turbid-Int. P.F. -

- 6% 
8% 
9% 
o 

Epifaunal F.F. 54% 
lnfauna! F.F. 10% 
Infaunal D.F. - 28% 
Vagrant H.+C . - 8% 
Turbid.-lnt. F.F.- 0% 
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PHYSICAL AND BIO-STRATIGRAPHY OF THE 
ONONDAGA LIMESTONE IN OTSEGO COUNTY. NEIl YORK 

by Richard Lindemann. Dept. of Geology, R.P.I. and Skidmore, and 
Robert T. SiIrmxmds, Earth Science Dept., sue. Oneonta 

PURPOSE 

The purpose of this article 1s to eummarize the work wbich has 
been done on tbe Onondaga Limestone so as to provide a brief intro­
duction, and a fairly comprehensive set of references for those who 
are curious about the formation. No stratling new discoveries will be 
revealed. The Onondaga formation has been the subject of study by 
numerous of the immortals of New York State geology, by three doctoral 
students and at least five students at tbe master's level. These 
studies have provided a wealth of information on the formation which 
has not previously been compiled into a comprehensive summary other 
than those which are so concise as to provide nearly no inrormation 
at all. At present numerous aspects of the rormation are being studies 
at the industrial, governmental, and academic levels. We know of 
several studies in the academic sector alone which are so near co~ 
pletion as to necessitate the modification of this summary almost 
before it becomes available. "So it goes." Kurt Vohnegut. Jr. (1970B) 

INTRODUCTION 

The Onondaga Limestone has long been recognized in New York and 
is one of the state's most extensively exposed and prominent rormations. 
Its outcrop and characteristic escarpments extend for over 550 km from 
Buffalo to the Helderbergs and thence southward through Kingstone to 
Port Jervis (Fig. 1). This outcrop is dotted with hundreds of active 
and inactive quarries which have produced vast quantities or building 
stone and aggregate material. Since 1967, when the first large, sub­
surtaoe, gas.-bearing Onondaga "reet" was located. interest in the 
formation has waxed somewhat. Despite its prominence and economic 
import there is yet much to be learned about this formation, particularly 
in its more academic aspects. 

\---~'-.----~."-'~ 

, , 
NUn 

Fig. 1 - Outcrop ot the Onondaga Limestone. 
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The Onondaga Formation 1s a coarse-to-fine-grained limestone t which 
ranges in thickness from 21.5 m (70') in central New York to in excess 
of 49 m (160 ' ) in the eastern and western parts of the state (Table 1). 
A variety of forms and colors of chert are common throughout. The 
formation was deposited during Eifielian time (lower Middle Devonian) 
(Rickard, 1975) just prior to and during the first clastic influx from 
the Acadian Orogeny. The Onondaga represents the last exteosi ve car­
bonate and reef building phase in the region. 

HISTORY OF GEOLOGIC STUDY 

The Onondaga Formation figures prominantly in the history of 
New York State geology and it has a long and diverse history all its 
own. The first illustration of a fossil :from the New York Devonian 
strata was a gyroconic nautiloid from the Onondaga. It was published 
in 1807 (Wells, 1963). Prior to the establishment of the New York State 
Geologic Survey in 1836, mention of those strata now known as the 
Onondaga Limestone consisted mainly of descriptions of its escarpments, 
fossils, and resistance to the efforts of the Erie Canal builders. One 
notable exception is found in the work of Eaton (Wells, 1963) who 
in his pioneer stratigraphi c studies placed the long persistent name 
of "Cornitiferous Limerock" on the formation and recognized two sub­
divisions. In 1839, Vanuxum, working in central New York, divided 
the formation into four subdiviaions, which roughly correspond to the 
present day members. The uppermost of Vanuxum's subdivisions received 
the name "Seneca Limestone" a label which persists today. In 1841 
Hall (p. 156-158) recognized a three-fold division of the formation 
and introduced the term "Onondaga Limestone" for those beds now known 
as the Edgecliff Member. Following the time of these early studies 
the stratigraphy of the formation was in a state of flux for over a 
century. Oliver (1954. 1956), in a detailed state-vide study of the 
formation. established the type sections. descriptions. and extents 
of the Onondaga Formation and four members within it. Ozol (1963), 
working in western New York, established the presence of a fifth 
member and brought the stratigraphy of the formation to ita present 
state . 

STRATIGRAPHIC UNITS (Fig. 2) 

Edgecliff Member 

The type locality of the Edgecliff Member is Edgec1iff Park, 
southwest of Syracuse (Oliver, 1954). The Edgec1iff is a light-grey, 
coarse-grained. crinoidal limestone, with beds ranging in thickness 
from 15cm-lm. Crinoid co1umnals with diameters of 2 cm or more are 
diagnostic of this unit. The Edgec1iff is characterized b,y a rich 
and abundant fauna of rugose corals and tabulates. Brachiopods, 
ectoprocts, gastropods, and trilobites are present though not usually 
CODllIOn. The typical Edgecliff fauna and lithology can be traced from 
Buffalo to the Helderbergs. South of the Helderbergs, in the areas of 
Leeds and Kingston, the Edgecliff swells from its normal thickness 
of about 9 m to a maximum thickness of 11 m and becomes finer-grained. 
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LOCATIONS 

Richfield Cherry Cobles- Helder- Catskil l -
.... 1.U. ... ~v ~.v .... J ......... ~<;; Uto .. .l.uac .......... ~<:; lI..J...LJ.. UC""' ~ l..If;eu.tI 

12.3m + 9.2m 7.8m 2.1m 2.1m - - -
40' + 30 ' 25.5 ' 7' 7' - - -

17m 17m 7m 22.9m 22 . 9m 21. 3m 21. 3m 11. 3m + 

55' 55' 23' 75' 75' 70 ' 70' 37 ' + 

uncer- luncer- 4 . 3m 3.7m 3.7m 4m 4 . 6m 13.1m 
tain tain 14' 12' 12' 13' 15' 43' 

13.8m 13.8m - - - - - -
45' 45' - - - - .- -

3.1m 3.1m 6.1m 6.1m 7m 9 .1m 9.1m 10 . 7m 

10' 10' 20 ' 20' 23' 30' 30' 35' 

45 . 7m + 42.7m 25m 34.7m 35.7m 34.4m 35m 35m 

150' + 140' 82' 1141 117' 113' 115' 115' 

Table 1. Average Thicknesses of the Onondaga Limestone throU8hout N.Y.S. 
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darker, and less fossiliferous. Further south the member thins to 
about 4 m at Wawarsing, and, bearing a sparse fauna, can be recognized 
only by the presence of crinoid columnals. 

The Edgecliff bas been divided into three faunal zones the 
elements of which can be found in Oliver (1954, 1956), The zones are 
described as fol l ows: Zone A is the basal unit at many localities west 
of Richfield Springs, where the Onondaga ceases to be transitional with 
the subjacent Schoharie Formation. Zone A is a brachiopod dominated 
unit with quartz sand and silt scattered about in the limestone. The 
abundance of quartz grains decreases upwards with the lowermost bed 
occasionally containing sufficient quartz to be a sandstone. The 
zone ranges in thickness from less than 2 em to 1.2 m. Zone B is a 
discontinuous, coral cominated, limestone which is found only in 
western New York and Ontario. Tbis zone has been found to represent 
erosional remnants of the Early Devonian Bois Blanc Formation and has 
been removed from the Onondaga Formation (Ol iver, 1966, 1967). Zone C 
is the predominant and typical Edgecliff faunal zone. Tbis zone is 
dominated by rugose corals and tabulates and is the "coral biostrome" 
of Oliver (1954, p. 635) as well as the "great coral-bearing limestone" 
of Hal.l (1879, p. 140). The coral fauna and coarse-grained texture 
of this zone can be traced from Buffalo to Leeds, a distance of about 
490 km. (300 mi . ). East of West Winfiel d Quadrangle two subzones, 
designated Cl and C2 • can be recognized. Cl , the lower of the two, 
is a medium grey, fine-grained, limestone with a non prolific coral 
(dominant) and brachiopod fauna. Subzone C2 is the typical and pre­
dominant coarse-grained, light-grey, coraliferous Edgecli ff Member. 

Nedrow Member 

The Nedrow Member is typically a thin-bedded, very fine-grained, 
argillaceous limestone. At its type locality, Indian Reservation Quarry 
south of Nedrow, N.Y., the unit measures 4.6 m (15') with an abrupt 
base and a gradational upper contact (Oliver, 1954). The member main­
tains its typical thickness over most of its recognizable range except 
in the vicinity of Leeds and Saugerties where it is 13 m (43') and 
10.5 m (34') respectively. In eastern and western New York the 
Nedrow is difficult to recognize due to the absence or scarcity of 
argillaceous sediment. In westernmost New York Nedrow equivalent 
beds lie above the Clarence Member rather than the Edgecliff which 
it normally succeeds (Rickard, 1975). In the eastern part of the 
state the Nedrow is lithologically very similar to the Edgecliff 
Member and is recognizable only by its fauna and thin bedding. 

The Nedrow bears a distinctive fauna by which it can frequently 
be identified despite its lithologic variability. The base of the 
member often consists of a 0.6 m - 1.5 m zone of very thinly bedded 
argillaceous limestone containing two species of rugose coral Helio­
phYllum hall! and Amplexiphyllum ham11tonae, as well as a diversity 
of platycerid gastropods and brachiopods. This unit, designated 
Zone D by Oliver (1954). bears very few corals other than those 
mentioned above and is quite widespread throughout the state. Zone 
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E, which succeeds the latter, 1s thicker bedded, less argillaceous, 
and bears a low diversity, high density brachiopod fauna to the 
exclusion of most other taxa. 

Clarence Member 

Ozol (1963) designated that portion of the formation in western 
New York which overlies the Edgecliff Member and is 40-75% chert as 
the Clarence Member. The Clarence roughly corresponds to the corni­
tiferous limestone of Hall (1841) and the Nedrow black chert facies 
of Oliver (1954). The member is a medium to dark grey, non-argillaceous t 
fine-grained. limestone with such an abundance of chert that the 
limestone is often round only as stnall "islands" floating in the chert. 
Fossils are usually absent or very rare though occasionally the lower 
beds bear a fauna similar to that of the underlying Edgecliff Member. 
The Clarence is approximately 13.8 m (45 1 ) thick over most of its 
extent and can be traced from Buffalo, through its type locality in 
Clarence, New York to Avon, New York. East of Avon it apparently 
pinches out. 

Moorehouse Member 

The type locality of the Moorehouse is the Onondaga County Prison 
Quarry at Jamesville. New York (Oliver, 1954). Here the unit is a 
medium-grey. very fine-grained limestone with numerous shaly partings 
forming beds of 0.6-1.5 m in thickness. Chert is found throughout 
but is most abundant in the upper half of the member. The Moorehouse 
increases in thickness both westward and eastward from central New 
York where it is 6.3-7.7 m. In western New York it is about 20 m 
(65') thick. and near Saugerties over 31 m (100'). 

In central New York two faunal zones can be recognized in the 
Moorehouse (Oliver, 1954). Zone F is a sparsely fossiliferous unit 
with a low diversity. brachiopod dominated fauna. Zone G, which is 
gradational with the subjacent zone F, has the richest fauna of any 
unit in the formation. A diversity of brachiopods, gast ropods, 
cephalopods, and trilobites is present and often quite abundant. 
Several mollusc species are characteristic of this zone. 

Neither the typical Moorehouse lithology nor the two faunal zones 
are continuous across the state. West of Geneva the faunal zones are 
indistinguishable and are replaced by a fairly evenly distributed 
brachiopod fauna. Gastropods are nearly absent. In westernmost 
New York the "brachiopod facies" gives way to a "coral facies" which 
is coarser grained and contains several species of solitary rugose 
corals in addition to a well developed brachiopod fauna. In eastern 
New York the Moorehouse has an Edgecliff-1ike lithology with a diverse 
brachiopod, gastropod, cephalopod. trilobite, and coral fauna. Ceph­
alopod species characteristic of central New York are absent. Several 
of the coral species are characteristic of Edgec1iff faunas (Oliver, 
1963). Between the Helderbergs and Kingston to the south, the Moore­
house is divisible into a lower non-cherty unit, a middle with dark 
grey to black chert, and an upper non-cherty unit (Oliver, 1956). To 
date the complex variations in fauna and 1ith~10gy contained within 
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the Moorehouse Member have not been documented in sufficient detail 
to display any pattern. 

Seneca Member 

The Seneca was first described by Vanuxum (1839) f'rom several 
exposures in Seneca County. Oliver (1954) established the type section 
at Union Springs, in Cayuga County, where the member 1s tully exposed 
and measures 7 . 8 m (25.5') • . It is a tine-grained limestone which 
becomes darker and less fossiliferous upwards &s it grades from a 
Moorehouse-like lithology below to a shale above. The Seneca and 
Moorehouse Members are separated by the Tioga Bentonite. 

Oliver (1954, 1956) identified five zones within the Seneca 
Member. Zone H is believed to have resulted f'rom a volcanic ash f'a.ll.. 
Though there are several bentonites within the Onondaga (Rickard, 1976) 
this particular one can be traced across the state with a good degree 
of certainty. Zone I is a medium-dark grey limestone with a lithology 
similar to that of the upper Moorehouse Member but characterized by 
an abundance of Chonetes lineatus. Zone J, also call.ed the "Pink. 
Chonetes zone", is a very thinly bedded limestone. It is packed with 
Chonetes many of which are pink. in color. Zone K is a dark grey 
limestone which rapidJ.y darkens upward . It is characterized by 
Chonostrophia reversa with other species being rare and all fossils 
becoming scarcer toward the top. At its type area, the base of this 
zone is marked by a concentration of Heterophrentis . Zone L is a 
very dark grey limestone which is interbedded and intergraded with 
the overlying Marcellus Shale. This uppermost zone of the formation 
bears a low density, low diversity brachiopod fauna. 

Despite rather poor and intermittent exposure the Seneca Member 
can be seen to exist in a gradational facies relationship with the 
overlying Marcellus Shale. The Seneca thins from over 12.3 m (40') 
at Buffalo to 2 .1 m (7') at Cherry Valley. The eastward thinning is 
matched 30.5 cm for 30.5 cm (foot for foot) by the eastward thickening 
shale (Oliver, 1956). As the Seneca thins eastward from its type 
section in central New York, the upper zones are progressively lost. 
At Stockbridge Falls Zone L is absent and at Cherry Valley only the 
bentonite and Zone I are present. The member does not exist east of 
Cherry Valley and presumably the bentonite is enclosed within the 
Marcellus Shale. Though no exposures of this shale-bentonite re­
lationship are reported from New York, a shale enclosed bentonite 
believed to be equivalent to the Tioga of central New York is known 
from eastern Pennsylvania (W.D. Sevon, pers. com.). 

FORMATIONAL CONTACTS 

Basal Contact 

A slightly diachronous relationship is indicated b.y the contact 
of the Onondaga Limestone and its subjacent formations. Throughout 
eastern and southeastern New York a gradational contact exists between 
the Onondaga Formation and the calcareous mudstones of the Schoharie 
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Formation. Between Sharon Springs and Richfield Springs the grada­
tional contact is marked by phosphorite nodules and glauconite, in­
dicating a slight unconformity. Westward from Richfiel d Springs the 
Onondaga rests unconformably on successively older formations. Often 
the contact is unmistakably erosional and the lower beds of the Onondaga 
contain quartz sand and lithiclasts reworked from the underlying forma­
tions. 

At many localities in western New York the Onondaga rests un­
conformably on the Silurian Akron Dolostone. In some places, however, 
it rests on erosional remnants of the Early Devonian Bois Blanc 
Formation. At sites where the latter is the case the contact is marked 
by occasionally cross bedded quartz sand and is abrupt and undulatory, 
Sand concentrations are greatest in troughs or the contact indicating 
that its morphology is erosional in origin and not the result or post­
depositional warping. The Bois Blanc Formation is the western New 
York equivalent of the Schoharie Formation (Oliver, 1967). Therefore, 
erosion of much of the Bois Blanc prior to Onondaga deposition indicates 
that the base of the latter is somewhat younger in western New York 
~han in the east. Deposition in a transgressive ~ea is indicated. 

Upper Contact 

Throughout its entire range the Onondaga Formation is overlain 
by shales of the Marcellus Formation. Wherever exposures permit ob­
servation~ the contact between the limestone and the shale can be 
seen to be gradational. When viewed on a statewide scale, the contact 
reveals a facies relationship between the upper two members of the 
Onondaga Formation and the Bakoven, Union Springs, and Oatka Creek 
members of the Marcellus Formation. Using the Tioga Bentonite and 
the base of the Cherry Valley Limestone as time planes it can be 
readily seen that limestone deposition was terminated as clastic mud 
prograded westward (Rickard, 1975). This diachronaity is so pronounced 
that limestone deposition had ceased in easternmost New York even 
before the first beds of the Seneca Member had been deposited in the 
more central and western parts of the state. 

LITHOLOGY AND LITHOFACIES 

The Onondaga Limestone lacks diverse allochems and is nearly 
devoid of sedimentary structures. As a result the carbonate petrology 
of the formation tends to be relatively monotonous in comparison with 
many other formations. Throughout most of the Onondaga, fossils, whole 
and fragmental, are the sale al10chem constituents of any quantitative 
consequence and are usually the only ones present . The vast majority 
of particles recognizable in thin-section or polished-slab are crinoids, 
brachiopods, ectoprocts, trilobites, and corals. Microfossils, such 
as radiolarians~ achritarchs, and sponge spicules are conspicuously 
absent in tbe limestone itself but can commonly be found in the chert 
(Ozol, 1963; Wicander and Schopf, 1974; Pfirman and Sel leck, 1977). 
Other allochems such as pellets, ooids, and intraclasts are common 
at very few localities and only in the lowermost beds of the Edge­
cliff Member. 



Taken as a whole the formation is volumetrica1ly dominated by 
silt- size carbonate particles having a mean grain-size at between 
five and fifteen mdcrons (Lindholm, 1967, 1969&). These silt-size 
particles are tound to be lacking or absent only in the eastern part 
of the state and in the Edgeclitf Member throughout. Moting that the 
carbonate silt particles are poorly-sorted, ot variable shape, and 
frequently associated with terrigeneous silt, Lindholm (1969&) con-
cluded that they are of detrital origin rather than the result ot the 
neolJX)rphic alteration of micrite to microspar (Folk. 1962). Lindholm 
further concluded that the calcisiltite was produced by the mechanical 
and organic breakdown of invertebrate shell material. Although tbe 
breakdown ot shells is known to produce large quantities ot 1.ime mud 
(Matthews. 1.966). the 1.ack of positive identitication ot the calcisiltitets 
origin leaves the door open for other possible sources such as the pro­
duction of lime mud by algae (Stockman, et !:b.., 1961). 

Lindholm (1967) reported the presence ot several. terrigeneoUB 
detrital minerals which occur in varying abundances throughout the 
formation. The clay minerals "illite" and chlorite are most ab\.Uldant 
in central New York. where they can comprise up to 20% ot the rock. 
Biotite. which never makes up IJX)re than 1% ot the rock, is ne~ly 
ubiquitous. Quartz s ilt is found in many samples . Doloa1te can otten 
be found as euhedral to subhedral overgrowths on orig1nal.ly round to 
subround si1.t-size detrital do1.omite grains . Noting strong correla­
tions in both size and frequency distributions between dolomite and 
quartz, Lindholm (1967 , 1.969b) concluded that both are detrital in 
origin. He further concluded that, with the exception ot the pronounced 
influx of terrigeneous mud which caused the deposition ot the Kedrov and 
1.ower Mborehouse members in central New York, most terrigeneoua compon­
ents of the Onondaga are the result of aeolian transport. 

Lindholm (1967) recognized four basic limestone types vi thin the 
formation. They are identified on the basia ot relative proportions 
of fossil allochems, calcisiltite, and sparry calcite. The lithologies 
(distribution shown in Fig. 3) are described as 
1. Fossiliferous Calcisiltite - Composed ot 1-10% fOBSil material 

in a ca1cisiltite matrix . Dominant fossil types inc1.ude crinoids, 
brachiopods, and trilobites. The latter attain their peak 
abundance vi thin this lithology. Terrigeneous clays can comprise 
up to 20% of the rock volume and anhedral. quartz silt less than 7%. 

2. Sparse Bioclacisi1.tite - Composed of 10-50% fossil material in a 
calcisi1tite matrix. Fossil constituents commonly include crinoids, 
brachiopods, and trilobites. Quartz silt, dolomite, biotite, and 
clays are common though not abundant. 

3. Packed Biocalcisiltite - Composed of fossil material in excess of 
50% with a calcisiltite matrix. Fossil content is dominated by 
crinoids, bryozoans, and corals. Terrigeneoua materials are scarce 
or absent. 

4. Biosparite - Composed of fossil material with sparry caJ.cite. 
Calcisiltite is absent. Fossil content is dominated by crinoids, 
bryozoans, and corals. Terrigeneous components are uB_ually absent. 
In eastern New York and the Edgecliff Member throughout, biosparite 
is interbedded with packed bioca1cisiltite. 
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FACIES I II III 

Fossil content less than 10 less: than 10 10 to 50 
per cent per cent per cent 

Dominant fossils brachiopods brachiopods b rachiopods 
trilobites trilobites trilobites 
crinoids crinoids crinoids 

Dolomdte content 10- 20 per cent 5-10 per cent less than 5 
per cent 

(in western 
area up to 
20 per cent) 

Cl ay content 5-25 per cent 2-5 per cent 2-5 per cent 

Biotite present Done none 

Burrowing distinct distinct to distinct to 
vague mottled 

Relationship to includes Nedrow Nedrow and lover Upper Moorehouse 
members and lover MOore- Moorehouse of and Seneca of 

house of' central. western area. central and 
area. western areas. 

Table 2. Composition of Lindholm's lithofacies. From Lindholm 1967. 
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Lindholm (1961) divided the formation into four lithofacies based 
on lithologic texture. compos! tiOD. and mineralogy as yell as spatial 
relationships. The compositions of the lithofacies are summarized in 
table 2. 

Figure 2 compares and contrasts the distributions of Lindholm's 
lithofacies and Oliverls stratigraphic units. Lindholm (1967) suggests 
that discrepancies in spatial distributions between lithofacies and 
members are due the different observational scales used in the studies. 
Stratigraphic units were identified using macrofossils and overall 
lithologic character while lithofacies were identified using thin­
sections. Lindholm further suggests that macrofossils were deposited 
at or very near their life sites while fine grained fossil debris 
Wlderwent extensive transport. In reaching this conclusion Lindholm 
further supports his contention that the calcisiltite is indeed o~ 
detrital origin. 

CHERT 

Cherts occur commonly in many of the state's limestone ~ormations. 
However. the cherts of the Onondage Formation are unusual in their 
occurrence and abundance. Though the chert content of any given interval 
or member is highly inconsistent between localities, there is a general 
tendency for increasing percentages to the west (Fig. 4). In general 
the Edgecliff Member contains ~3% chert. the Neerow 0-2%, the Clarence 
40-75%. the Moorehouse 3-15%, and the Seneca ~5% (Ozol, 1963). These 
percentages must be applied with caution due to rapid changes in form 
and abundance which the cherts undergo both vertically and laterally. 
Chert is unevenly distributed. tending to be concentrated in specific 
beds or intervals leaving others only sparsely chertified. 

J.k>rphologically. chert occurs as nodules, lenses, anastamosing 
networks, and beds. The nodules and lenses are usually scattered 
about within beds or in speci~ic layers and are :frequently elongate 
parallel to bedding. Nodules vary in shape from smooth and rounded 
to highly irregular with protruberences which transgress bedding. 
Irregular shaped nodules often coalesce with one another. Extens! ve 
nodular coalescence leads to the development of anastomosing networks 
which can result in intervals of massive chert enclosing small "islands" 
of limestone (Ozol. 1963). Discrete chert beds are not common in the 
formation. Those which do occur range in thickness from 5-25 cm and 
can be traced the full extent of the outcrop, but not between locali­
ties. Though no universally reliable association has been found between 
chert morphology and the texture or composition of the enclosing lime­
stone, the more massive cherts are best developed in massively-
bedded, homogeneous , fine-grained limestones (Ozol. 1963). This 
association appears to be confirmed by the recent work of Pfirman and 
SeUeck (1977). 

Chert in the Onondaga is primarily composed of microcrystalline 
quartz. Lesser SJmunts of chalcedony. CryJltocrystalline quartz. 
megaquartz. and isotropic silica are also present (Ozol. 1963). Ozol 
has also noted that microcrystalline quartz usually occupies the former 
positions of sOli.d parts of fossils while other silica minerals 
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occupy the intersticies. Therefore the relative abundance of the 
various silica minerals within a given chert body m8lf possibly be 
related to the original texture and composition of the limestone 
(or sediment). 

In addition to silica minerals the cherts contain varying 
quantities of calcite, dolomite, limestone, minute vacuoles. and several 
minor accessory minerals. The former two minerals are often found as 
euhedral crystals up to 2 mm in size concentrated near the periphery 
of nodules. Among the minor accessory minerals found to be concentrated 
in the chert with respect to the enclosing limestone are Fe20

3 
and Ti02" 

Chert in the Onondaga Formation originated by the post depositional 
silicification of carbonate sediments and the post 11thificational 
silicification of limestone. Numerous items of evidence can be seen 
in the rock which support the replacement origin of the chert. Among 
others they include: 

1 . Partial silicification of the internal structures of corals and 
tabulates. 

2. Fossils which are half enclosed in chert and half in limestone. 
3. Fossils preserved as ghosts or partially silicified remnants within 

chert . 
4. Isolated patches of limestone within chert nodules. 
5. Preservation of original limestone bedding within chert. 
6. "Incipient chert ll (Ozol~ 1963~ p. 141) found as highly calcareous 

rims on nodules and nodular shaped patches of calcareous chert 
within the limestone. These zones of impure chert are believed 
to represent initial stages of silicification because they pre­
serve original limestone textures more faithfully than the chert 
proper. When found as rims on nodules these zones often contain 
euhedral dolomite far in excess of that found either within the 
limestone or the chert. 

7. In proximity to many chert nodules limestone laminae can frequently 
be seen to flare so as to pass above and below the nodule. The 
surfaces of some nodules bear slickensides-like lineations. 
These phenomena would occur only if the chert were a hard entity 
within a loose or semilithified sediment. They also support the 
contention of Shinn and others (1977) that carbonate sediments do 
indeed undergo compaction prior to cementation. 

S. In a few instances styolites have been observed within chert 
bodies (Lindholm, 1967). Because styolites form within lime­
stone and not within loose sediment, it is believed that some 
Onondaga cherts inherited these structures through the replace­
ment of solid limestone. 

BIOHERMS 

Background and Description 

Bioherms have been known to exist within the Onondaga Limestone 
since the mid lSOO's when Hall (1859) described the present day Edge­
cliff Member as being composed of coral reefs. Hall and other early 
investigators who referred to reefs within the formation were prob-

, , 
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ably impressed by the great abundance of coral in the Edgecliff Member 
and applied the term reef indiscriminately. Grabau (1903. 1906) 
provides the earliest mention of individual reefs complete with 
descriptions and locations. The first reef to be described was 
characterized as a domal mound with flanking beds dipping away at 
about 10°, This reef was located in the Fogelsanger Quarr,r in 
Williamsville, just east of Buffalo on Rt. 5. Quarry operations had 
ceased shortly after exposing this reef over its full extent. Un­
fortunately construction of the Youngman Expres8~ went directly 
through the reef and placed most of it, 8S fill. into a nearby swamp. 
The remaining exposures consist of only a small portion of the flanking 
beds. off-reef Edgecliff. and the overlying Clarence Member. A point 
of interest which may be worth noting is that this quarry was, for 
quite some time, a popular fossil collecting site for scientific 
supply houses, museums, and rock hounds alike. As a consequence, 
there are many fossils about bearing the citation "Onondaga Limestone, 
Williamsville, N. Y. " . These are to be treasured as their point of 
origin no longer exists. 

Between the time of Grabau ' s original work and the mid 1950s 
over 21 bioherms were found along the format i on ' s outcrop. Oliver 
(1956) reported that all reefs with the exception of the one in 
Williamsville were located in eastern New York. Subsequent field work 
(Oliver, pers. com.) revealed nearly a dozen additional reefs in western 
New York and adjacent Ontario. Furthermore it appears that bioherms 
also exist in the central part of the state. Subsurface studies since 
1967 have revealed the presence of several additional reefs in south­
western New York (Warters, 1972) and adjacent Pennsylvania (Piotrowski, 
1976) . 

The bioherms, seen in outcrop, are generally round or ovoid in 
map view and domal or lensoid in cross section. They range trom quite 
small to in excess of 370 meters (1200') in length and 22 meters (70') 
in thickness (Oliver, 1956). Oliver (1954, p. 636) reported ' finding 
several "micro-reefs" in western New York. These are less than 0.6 m 
(2 ' ) in height and 3 m (10') in diameter. They are individual coral 
colonies or thickets (Squires, 1964) which trapped lime mud and there­
fore appear quite different from the enclosing normal Edgeclitf 
lithology. All size gradations exist between the "micro-reefs" and 
the full fledged bioherms which contain several coral species which 
are found nowhere else in the formation (Ol iver, 1956). Flanking beds 
dipping away from the bioherms at 10_150 are well developed only on 
the larger bioherms. The fauna of these flanking beds grades 1'rom 
highly coraliferous near the mounds to a normal Edgecliff fauna at a 
distance. OliVer (1956) indicated that biohermal growth was, for the 
JOOst part, therminated by the influx of terrigeneous mud which ended 
Edgecliff deposition and initiated the Nedrow Member. 

The subsurface reefs of southwestern New York and adjacent 
Pennsylvania are quite different from those in outcrop . Despite 
their apparently s~milar faunas these reets often exceed 55 m (180') 
in height (Piotrowski, 1976). They attain this height in areas where 
the entire formational thickness does not exceed 15 m (50') and there-
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fore must project far above tbe remainder of the formation. Due to 
their inaccessibility little is yet known about the paleoecology of 
these subsurface reefs, however. it appears that they developed along 
a hinge line between a relatively stable epicontinental shelf to the 
north and a sUbsiding basin to the south (Warters, 1972). 

Four Onondaga bioherms have been studied in detail to deterDdne 
successional patterns, facies relationships, and paleoenvironments 
(Mecarini, 1964; Bamford, 1966; Poore, 1969; Williams, 1977) . Each 
of these four investigators approached the problem with somewhat 
different view points, methods, and intentions. Despite this, their 
findings, though not identical, reveal quite similar successions of 
biofacies, or fauna-sediment associations. within the bioherms' 
throughout the state. Poore (1969. p. 56) compiled the results of 
the first three above cited studies to develop a "typical" bioherm 
IOOdel which could be used in future studies. Tbough necessarily 
general in content, the "typical" Edgecliff bioherm appears to 
accurately depict the development of bioherms other than those which 
were used in its synthesis. A diagram of the model is shown in Fig. 5 
and an annotated summary of the four basic facies is presented below. 

1. Acinopbyllum Facies. This, the lowermost unit of the bioherm, is 
dominated by the delicate compound rugose coral AcinoPby"llum. This 
branching coral baffled currents and trapped lime mud thus 
stabilizing the substrate and building upwards. Tbis facies. which 
is the pioneer community of the bioherm, corresponds to the "basal 
stabilization zone" of Wa.lk.er and Alberstadt (19.15, p. 238). · 

2. Core Facies. This unit overlies the Acinophyllum facies and makes 
up the main body of the bioherm. The matrix material of this facies 
is predominantly lime mud however spar content increases upwards . 
The unit can frequently be divided into two subfacies. The lover 
subfacies has a low faunal diversity which is dominated by 
branching rugose corals or tabulates such as Cylindropbyllum or 
Coenites which trapped lime mud and continued building of the mound. 
This subfacies corresponds to the "overlying colonization zone" of 
Walker and Alberstadt (1915). 

The lower core sub facies grades into the upper core subfacies 
which, in addition to the branching rugose corals and tabulates, 
supports a well developed fauna of laminate to hemispheric tabu­
lates of the Emmonsia and Favosites genera. This facies supports 
the highest faunal diversity of any on the reef. It corresponds 
to the diversification zone of Walker and Alberstadt (1915). 

3. Flank-Cap Facies. This unit consists of those beds which both 
flank the bioherm , grading distally into the normal Edgecliff lithology, 
and override it. The bioherm cap contains sand and gravel size 
sediments with virtually no lime mud. Terrigeneous mud is also 
absent from this facies dispelling the contention that a terri­
geneous influx killed off the corals, 

4. Energy Shadow Facies. This unit is found on the "platform" side 
of the core facies. The Acinophyllum and Core facies of several 
bioherms contain corals which are strongly oriented in a direction 
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interpreted as representing prevailing waves or currents. Oppo­
site this direction is located the energy shodow facies which 
contains greater quanti ties of lime mud tban "the core facies but 
less than the Acinophyllum facies" (Poore, 1969, p. 56). The 
fauna of this facies is interpreted as consisting of organisms 
tolerant of fluctuating and occasionally high turbidity levels. 

Reefs or Bioherms? 

It is the general consensus of those who bave studied Onondaga 
bioherms that they contain discrete successional stages and result in 
the erection of a wave resistant topographic feature. Noting an upward 
increase in spar and corresponding decrease in lime mud. successional 
stages of bioherm development have been attributed to growth into 
successively higher energy waters. Walker and Alberstadt (l975)~ who 
developed the fourfold classification of reef successional stages to 
which the Onondaga bioherms correspond rather well t have stated the 
belief that faunal succession in those stages prior to the "domina­
tion zone" are principally biologically controlled . None of the 
previously cited Onondaga reef studies have described a stage of 
development which can be assigned to the "domination zone". This is 
the physically controlled zone initiated when reef growth enters the 
zone of strong wave activity. Therefore it must be concluded that 
Onondaga bioherms lacked a fauna capable of building and maintaining 
a true wave resistant structure. This conclusion appears to be sup­
ported by the recent work of Williams (1977) who was also unable to 
find a well developed "domination zone" in the Thompson Lake reef. 

The above stated conclusion that Onondaga bioherms did not build 
into the zone of strong wave activity is almost a foregone conclusion. 
Ever since Wells (1957) reported that Paleozoic corals were unable to 
expand the basal attachment area. they have generally considered to 
have lived "below wave base". The question remains as to the degree 
of wave agitation Paleozoic reefs were capable of withstanding. The 
reef core facies contain quantities of lime mud comparable to those 
found in sediments on and immediately adjacent to Florida patch reefs 
which are subjected to hurricanes and frequent squalls (Lindemann. 
unpublished work). Part of the solution to the agitation Question ~ 
lie in a current investigation, by the senior author, i;ntCt the stability and 
wave resistance potential imparted to branching rugose corals by the 
entrapment of lime mud. To date, Onondaga bioherms appear to be more 
accurately described as bioherms (Cloud, 1952) rather than true reefs 
(Heckel, 1974). 

The Mount Tom Biohe rm 

Oliver (1956, p. 20-22) described a group of seven bioherms in the 
vicinity of Rich:field Springs. The one he designated as "Mount Tom No. 
I reef" is 215 m (700') long , 155 m (500 ') wide~ and 22 m (70') high. 
This bioherm was the subject of Mecarini's 1964 study. The facies 
identified by Mecanini are summarized in Table 3, and are briefly 
described below. The spatial relations of the facies are shown in 
Fig. 6. 
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Basal Core Facies Inter-Facies - Facies Flank-Ca~ Facies reef 
Acinopbyllum Tabulate Subfacies Typical Typical Facies Subfacies ......... 
Subf'acles Ciacopore EmmOnsia Cap Flank 

Unit Unit 

Spar 6 2 9 18 24 8 2 

Micrite 45 47 27 11 7 8 32 

quartz - - - - - - 2 

Acinophyllum 1 40 5 - - - -
Solitary Rugose - - 5 13 - -corals -

Emmonsia - - - 14 - 11 -
Auloporids - - 2 2 1 - 1 

Other 16 6 3 - -- -Favositids 

Crinoids 36 6 30 35 42 68 36 

Ectoprocts 5 2 4 6 5 2 1 

Table 3. Average percents of selected components as seen in thin-sections 
from Mt. Tom Reef from Mecarin, 1964. 

Basal Facies . Consists of a tan and gray shale and limestone which 
grades upward into a crinoidal biomicrudite. The lower portion 
bears a fauna of platycerid gastr opods and brachiopods, solitary 
rugose corals , trilobites, ostracods, and fsvositids. The 
maximum thickness of this facies is 3 m (9 1 ). 

Core Facies . Forms the reef itself and is divided into two subtacies. 
Acinopbyllum Subfacies - described as an Acinopbyllum biomicrudite, 
this subfacies is dominated by Aci nophyllum with a sparse fauna 
of crinoids and ectoprocts. It attains a thickness or about 
4m(12'). 

Tabulate Subfacies - Subdivided into two units. 
Cladopora Unit. Ranges from a packed biomicrudite to a poorly 
washed, small tabulate biosparite . The percentage of spar in­
creases upwards. In addit ion to Cladopora this unit contains a 
fauna of Emmonsis , Thamnopora, Auloc1stia, and Syrinsopora. It 
attains a maximum thi ckness of 12 m 40 1 ). 

Emmonsia Unit. This unit is a highly porous. coarsely crystalline, 
poorly to well washed, rich Emmonsis, crinoidal blosparudlte. It 
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bears a fauna of Emmonsia, Cladopora, Aulocystis, Syringopors, 
various ectoprocts, brachiopods, and particularly in its upper 
parts, Hellopbyllum. It approaches 6 m (20') in thickness. 

Flank Cap Facies. This facies overlies the core facies and is an 
extension of the flank deposits which dip away trom the bioherm 
at 15°. The lithology ranges :from an extremely coarse, crinoidal 
and solitary coral, biosparudite above the core to a poorly 
wasbed, gray, crinoida.l biosparud1te on the f"1anks. The fauna 
is dominated by Heliophyllum and CystiphYl1um. 

PALEOENVIRONMENTS 

The Onondaga Limestone vas deposited in an initially shallow but 
subsiding epicontinental sea, within about 30° 4if the equator. A 
westward transgression of the sea across New York State is indicated 
by the base of the formation. Tbe transgression resulted in the 
deposition of the Edgecliff Member in sahl1ow, wave-affected waters 
(Laporte, 1971). This is evidenced by the lithologic character and 
corals reefs of the member. Variations in turbidity and vater agita­
tion are indicated as major allogenic environmental controls on faunal 
character and distribution throughout the eastern half of the Edge­
cliff (Lindemann, 1914). Continued subsidence carried the sea bottom 
below the effects of waves and set the stage for deposition of the 
other trembers (Laporte, 1971). Deposition of the Nedrow Member took 
place during an influx of clastic mud which moved through a topographic 
depression or trough which then existed in central New York (Oliver, 
1956; Lindholm, 1967). The source of the mud appears to have been 
quite SOtre distance to the north, or possibly the south east , as in­
dicated by clastic free deposition to the east and vest, a rapidly 
subsiding basin to the south, and a general absence of nearb,r land 
(Wicander and Schopf, 1974). The MOorehouse Member marks a return 
to relatively nonturbid conditions. Unlike the Edgecliff the MOore­
house was deposited in quiet water. The Seneca Member was deposited 
during the westward progradation of the Marcellus shale. The grada­
tional and interbedded relationship between the Seneca Limestone and 
the Marcellus Shale indicate that turbidity levels waves and vaned 
for a time prior to the eventual inundation of the sea by clastic 
mud and termination of litre stone deposition. 
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Leave the Oneonta State campus and proceed 
to Rich~ield Springs via West Street 9 Rt. 7, 
Rt. 205, and Rt. 28. In Richfield Springs 
remain on Rt. 28 until just north of Rt. 20. 
We will reassemble in the Flea Market parking 
lot on the east side o~ Rt. 28 just north of 
the intersection. Mileage will begin here. 

Continue north on Rt. 28 to rock exposure on 
east side of road just north of Schuyler Corners. 

STOP 1. This exposure contains the uppermost 
Edgecliff and lowermost Nedrow Members. Though 
the contact cannot be seen, the pronounced dif­
ferences in fauna and lithology are evident. 
Note the color and nature ot the chert tor 
future reference. The outcrop is typical of 
hundreds of other Onondaga exposures in extent 
and weathering characteristics. 

Return to Rt. 20 and turn left (east) at the 
blinking 11 ght . 

Remain on Rt. 20 until its intersection with 
Rt. 80 at Springfield Four Corners, turn left 
(north) onto Rt. 80. 

Take the first left which is a winding, gravel­
paved quarry entrance, and park on the first 
broad level area. 

STOP 2. Park in abandoned quarry entrance on 
left and walk up into quarry. In this quarry 
57 ' of the formation are exposed; 19.5' 
Edgeclift, 12.5' Nedrow, 25 ' Moorehouse. The 
gradational beds between the Schoharie and 
Edgecliff can be seen in the road as you walk 
up into the quarry and in the pinnacle of 
rock to your left just as the road begins to 
level off on top. Tbese beds grade from dark 
and glauconitic below into clean, coarse­
grained, coraliferous Edgecliff above. The 
floor of the northern quarry section is in 
the transitional beds. 

Tbe western quarry section which we will visit 
has exposed the upper Edgecliff, the entire 
Nedrow, and the lower Moorehouse. The main 
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floor of the quarry l.iea on the upper Edge­
clift which can be recognized by its corals, 
large crinoid columnals, and pyrite. The 
water filled pit and ramp are entirely in the 
Edgeclift". The main quarry valls contain the 
dark t shaley Nedrow in their lover parts and 
the cherty Moorehouse above. 

Leave the quarry headed north on Rt. 80 and 
take the second left onto Koenig Road. 

Continue along Koenig Road to its juncture with 
Mt. Tom Road just beyond the large vhf te house 
at the hill crest. Stop at house (Mr. Lamb) tor 
permission to examine outcrops. 

STOP 3. The stop is the near (East) face of 
the knob directly ahead. lobunt Tom Reef No. 1-
This is the reef shown in Fig. 6 of the text. 
Study the reef zonation in the text before 
proceeding onto the reef. Exercise caution 
as much of the rock wall is unstable and 
footing can be tricky. The obvious character­
istics of thiss and all other bioherms in the 
Onondaga, are its massively unbedded nature and 
lack of chert. With patience and close e~ 
ination you will be able to spot the different 
corals which comprise the framework of the reet. 
Examination reveals that the clear cut zonation 
shown in Fig. 6 is not nearly so clear cut in 
the reef itself. The matrix material between 
the corals consists mostly of lime mud, with 
the coarse crinoidal material typical of many 
Onondaga bioherms lacking. 

Proceed \lest along Mt. Tom Rd. and stop just 
before reaching the long low hill which crosses 
the road from north to south. 

STOP 4. Another reef is exposed in the southern 
end of this hill. The exposure appears to be 
the "Core Facies" of a reef, but its actual 
position within the reef is uncertain due to 
lack of exposure. The reef' seems to extend a 
considerable distance on the basis of the 
topographic expression. 

Continue straight along this road until it 
terminates on Chyle Road and turn left. 
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Take the right off of Chyle Rd. onto 
Merry Hill Road. 

Go down Merry Hill Road and stop. 
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STOP 5. The hill on the east side of the road 
is Mt. Tom Reef No.7. Though it has been 
referred to as a bioherm. this hill is composed 
of bedded. cherty limestone: characteristics 
not found in biobermal structures. The fauna 
here is not typical of other bioherms or the 
I1normal" Edgecliff. The fauna is dominated 
by small broken twigs of the branching tabu­
late Coenites and doesn't contain anything 
which could be considered a framework. At 
present the significance of these beds is 
uncertain. 

Return to Chyle Rd. and turn right (west). 

Take a left (south) onto Little Lakes Road at 
the first intersection. 

Turn left (east) on Rt. 20 in Warren. 

St~ on Rt. 20 until reaching the Parking 
Area just east of the Cherry Valley ex! t. 
Enter Parking Area. 

STOP 6. This exposure and its twin across the 
valley are two of the most continuous and com­
plete exposures of the Onond88a Formation. Here 
the formation is exposed from its phosphoritic 
based trans! tional beds. through the shaley 
Nedrow t and into and including most of the 
cherty Moorehouse. For the thicknesses. fauna. 
and lithologies of the members refer to Figure 
and to the text . Figure 7 is provided to show 
member thicknesses here and at STOP 7 as well 
as the characteristics and continuity (or lack 
thereof) of chert bodies within the formation. 

Continue east on Rt. 20. 

smp 7. In many respects this set of exposures 
is quite similar to STOP 6. It is however sig­
nificant in its continuity with STOP 6 and the 
differences between the two with respect to 
chert. This stop is further significant 
because it's the easternmost exposure of the 
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Nedrow Member as defined in central N.Y., 
the Tioga bentonite, and the Seneca Member. 
The latter two are exposed a half mile east 
of the rest area and can be seen to lie on 
about two meters of nearly chert-free MOore­
house. East of the uppermost member of the 
Onondaga is the Moorehouse. 

End of field trip. Return to Oneonta via 
Cherry Valley and Rt. 166 to Milford; thence 
southwest on Rtes. 28 and 1. 
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TIlE PAlmIER IIlJIITAIH CIRalLAR S'llUJe'ruJtE: 
A POSSIBUl BIIlIED MI!'l1!ORITE CRATER 

Yngvar W. Isacbsen, St.eplMa P. Wright, Fr&k A. • .wvetta,I 
""" IIcbert J. DiDeen 

IN111OWCTI<JI 

We were led to a study of the Panther Mountain circular feature in 
the central Catskill Mountains. afur discovering its striking appearance 
OIl satellite iaagery. Our smsequea.t investigation to date does not 
perait us to explain the feature with any certainty. but it does enable 
us to narrow the range of posSible explaatims. 

'Dlis article is a progress report which describes. in historical 
sequence, our investigatiCilI to date. Our work. proceeded in the following, 
.~ti.,s overlapping, stage.: photogeology, gravity and _gnetic .easure­
"U, COI1venticoal field study. ad shallClf seisaic refraction profiling. 
A study of cuttings froa a drill bole located inside the urgin of the' structure 
study is just beginning. 

The structural geology of the regim in which the feature occurs is 
not weil known; the bedrock geology of the Phoenicia quadrangle, in which 
the Panther Motmtain circular feature is located, has not ' been _pped in 
DY detail. Chadwick (1936) showl a ''prelmnary .. p" of the Phoenicia 
""" _terskill quadrangles at very s.all scale (1:3S0.000). and t .he 
Geologic Map of New York by Pisher and others (1971) shows the geology only 
by projection. The foraatims shown on the State map, all continental 
clastic rocks of Upper Devooian age, are as follows: walton Fomation 
(shale, sandstone, conglOMrate), which tD\derlies the valley floor and 
mst of Panther MotD\tain; the SliOO NolDltain Foraation (sandstone, shale, 
ccagla.erate) which lDiderlies the s...tt area, and the Honesdale Foraatim 
(aandstcne, shale) which foms the su..i~ itself. 111e colors of these 
rock. are red, green, and gray. The glacial geology of the regim has 
b_ upped and described by J.L. Rich (1934). . 

RIOTOGEOlDGY 

The physiographic and drainage features of the Catskill Mountain 
resion are re..rkably well displayed on Landsat iaagery (Pig. 1). The 
regional IIOrphology ' reflects aajor geologic and tectonic provinces. as 
well as providing insights into the history of brittle deforaation in 
the region (Isachsen 1973, 1974; lsachsen and others 1974). . 

The Allegany Plateau, with the Catskill Mo\Dltains foraing its eastern 
projection~ comprises all but the eastern portion of Figure 1. For the 
.,st part, the Plateau is aarked by dendritic drainage, with aajor con­
sequent stream flowing southwestward down the gentle (10_20 ) regional dip 
of Devonian cmtinental and aariAe strata. ' 

1State tillversity College at Potscta.; other authors fr:c. Geological Survey 
_ York State Muse.... ' '.. . 

*Ptj)lished by peraissim of the Director, State Science Service, New York 
State MuSeua, ' Journal Series No. 236. 
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Figure 1. Landsat 1 (ERTS) infrared image of Catskill Motmtain region (portion of Image 
No, 1079-15124-.7). ~ote how the circular form of Esopus Creek near Phoenicia contrasts 
with the Q'Emera! dendritic pattern of the re{(ion. 
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Esopus Creek, however, which drains into the Ashokan Reservoir, departs 
markedly from this dendritic pattern (Fig. 1, 2). Together with its uppermost 
tributary. Woodland Creek (Fig. 3), it forms an anomalous circular drainage 
feature 10 'ltm in diameter. This drainage encircles Panther Motmtain (el. 
858 m, 2680 ft.), and is herein referred to as the Panther MOlDltain circular 
structure. Surrounding this structure is a series of interrupted arcuate 
ridges which together form an enclosing circular rampart of about twice 
the diameter of the Panther MOlDltain structure, and offset to the north. 
This circular alignment of ridges is open to the east. It can be discerned 
on Figure 1, but the ridge crest is better defined on a good drainage map 
(e.g. Isachsen, in press) where it shows up as a divide of gross circular 
dimensions. This outer circular feature has not been studied and will not 
be referred to further. Other arcuate features may be seen in the imagery, 
but these are much less striking, and may be fortuitous. 

Another set of morphological features deserve mention, namely, the 
set of closely spaced NNE linear features which cross the prominent EW 
ridges of the Catskills at right angles. These may be zones of closely 
spaced joints produced as a result of reactivated basement faults (Isachsen 
and others, 1974). Be that as it may, we wish to point out for later 
reference that they occur both north and south of the Panther Mountain 
structure but, with one possible exception, do not pass through it. 

The morphological details of the Panther Mountain structure can be 
seen in Figure 2, which is a high-altitude (U2) infrared photograph. For 
geographic orientation, see the topographic map at the same scale on the 
facing page (Fig. 3). At this scale, many irregularities can be seen in 
the circular rim valley. the most noteable being the right-angle bend of 
Woodland Valley in its upper reaches. Close examination of the photograph 
shows that Blch of the rim valley is actually made up of such north-south 
and east-west segments. Similarly, Figure 1 shows numerous examples in 
the general region of north-south and east-west tributary valleys which 
feed the major southwest-flCMing streams. The north-south set appears to 
be longer (up to 15 km) and thus more prominent; their trends actually 
range from north-south to north-northeast. We will refer to these linear 
features later. 

PREVIOUS RECOGNITION OF THE PANTHER MOUNTAIN STRUCTURE 

Sometime after our photogeological "discovery" of the Panther MO\D1tain 
feature, L.V. Rickard called our attention to an entertaining article by 
Chadwick (1950). written for the layman, in which he referred to the Panther 
MC)lUltain mass as "a great rosette," and interpreted it as a "low dome." 
Chadwick referred to this "dome" in four unpublished consulting reports 
written in 1943, 1944, 1948 and 1951. We were unable to evaluate this docu­
mentation for his interpretation because maps were missing from each of 
the reports available to us. Another unpublished consulting report on the 
Panther Mountain feature, written by Ralph Digman in 1948, also lacked a 
reference map which incorporated both Chadwick's and Digman's strike-dip 
data. Digman was less certain of the validity of strike-dip measurements 
in the continental Catskill facies but concluded that '~e domicat strueture 
for the area of the Panther Mountain massif is considered a strong possibility." 
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Figure 2. High altitude (U-2) infrared photograph of the Panther 
Mountain circular feature . Note the lack of lateral continuity of 
the continental clastic rocks which make up this region. For geo­
graphic orientation, see topographic map at same scale on opposite 
page. Ignore darkroom blemishes near center of photograph. 
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Figure 3. Reduced copy of joint work map of the Panther Mountain 
structure (7 1/2 minute topographic base from Shandaken and Phoenicia 
quadrangles), Triangles show locations of NS and EW gravity and magnetic 
stations, and squares with numbers indicate field trip stops. Sites of 
seismic refraction profiles are, in clockwise direction, Bedell Street, 
Golf Course Road. St. Vincent De Sales Cemetery, and Woodland Creek flood­
plain. 
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Several years after the submission of these consulting reports the 
Herdman well was drilled in Fox Hollow, near the northern edge of the 
Panther Mountain mass, to test for gas. The hole penetrated the Paleozoic 
section down to the Shawangunk Conglomerate in which it bottomed at 6400 
feet. Selected cuttings from this well will be studied during the next 
phase of our investigation. 

GRAVITY AND MAGNETIC STUDIES 

Introduction 

The above observations were made before any field visits to the area. 
Our first thoughts were that field study would show the structure to be 
either a very lew-amplitude dome or basin. This led to the question: If 
it is a dome or basin, what might be the underlying cause? We decided that 
the best approach to this question would be to run two perpendicular gravity 
and magnetic surveys across the circular feature, and to extend them about 
one diameter beyond. A prior examination of the simple Bouguer gravity 
anomaly map at 1:250,000 of the region by Diment and others (1973) showed 
only that the circular feature was located on an elongate gravity gradient 
sloping 1 milligal/km to the southeast, without any associated perturbations. 

Measurements 

Gravity and magnetic measurements were made across the Panther Mountain 
circular feature at some 70 stations with a station spacing of approximately 
1 km. Each traverse was about 30 km long, suffi cient to extend across the 
10 km diameter of the Panther Mountain mass and 6- 10 km beyond in each 
direction. Figure 3 shows station locations within the area of the map. 

The gravity measurements were made using a Worden Gravity Meter. For 
the measurements, a base station was established at Phoenicia which is tied 
to the U.S. Geological Survey network. Two readings were taken at each 
station to minimize errors due to drift and misreading the meter. Meter 
drift between readings was assumed to be linear , and corrected readings were 
determined from a drift curve plotted at the end of each day's work. Station 
elevations were determined by altimeter which was corrected for changes in 
temperature and barometric pressure. Four corrections were applied to the 
gravity measurements: free air, latitude, Bouguer, and terrain (32 stations). 

The magnetic survey was made using an MSO magnetometer made by Varian 
Analytical Instrument Division . 

Observations 

Results of the gravity and magnetic surveys are sUJJUll3rized in Figure 4, 
with topographic profiles added for purposes of location and comparison. 

It may be noted at the outset that the magnetic profile does not show 
any clearly anomalous characteristics over the Panther Mountain massif, 
nor over the rim valley. This indicates that if the Panther Mountain cir­
cular anomaly is controlled by some buried feature, that feature has 



WEST 

B-10 
page 7 

EAST 

l~----_______________ ~~ ___ ~--~t 

! , 

MAGNETIC PROFILE 

• 
0 

-. 
-~ 

-" 
-M 

COMPLETE BOUGUER RESIDUAL GRAVITY PROFILE 

f 
TOPOGRAPHIC PROFILE 

SOUTH 

MAGNETIC PROFILE 

• 

_ML-_______________________________ . _ ______________________________ --L 

COMPLETE BOUGUER RESIOUAL GRAVITY PROFILE 

Pan' h ., loI aun 'o;n ." 
~$-~r."c. __ ~_------. ~-__ L-' - __ --____ -" 

....J___ ~ f 
TOPOGRAPHIC PROFILE 

figure 4. West-east and north-south topographic, gravity, and 
magnetic profiles across the Panther Mountain circular structure. 
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essentially the same magnetic susceptibility as the surrounding area . We 
will refer again to this point later in the text. 

The gravity profiles are more exciting in that they show a proo.olDlced 
(18 mgal) negative anomaly over the feature. However, there are differences 
in the shapes of the west-east and north-south gravity anomalies, so they 
will be discussed separately. 

The west-east profile shows a highly symmetrical negative gravity 
anomaly. It has a very steep gradient on the east and a 1IOcierately steep 
one on the west. These lead to an interior ''bench'' and then to a deeper 
depression in the center. The gravity relief from the rims to the bench 
is 12 mgal, and the total relief is 18 mgal. The remainder of the profile 
outside the Panther Mountain area is not particularly anomalous except 
near its western end where a steep gradient with 7 mgal relief occurs. 
This may be due to measurements which were not terrain-corrected. 

The north-south profile is a pronounced, asymmetrical gravity low 
with a loog, steep gradient on the north side and a relief of 18 lIgal. 
A relatively small (9 mgal) low occurs north of the main anomaly but the 
remainder of the gravity profile is relatively featureless. It is important 
to note that the diameter of the gravity depression is the same as that of 
Panther Mountain, although the depression is shifted slightly south with 
respect to the Panther Mountain mass. In the topographic profile, this 
mass is bounded by Esopus Creek to the north and a col to the south. The 
rims of the gravity depressions on both sections are bOlUl.ded by small peaks. 
The significance of these is still uncertain. 

Interpretations 

It appears clear from the gravity data (pending additional gravity 
traverses across the feature) that a high-magnitude gravity low coincides 
closely with the Panther Mountain circular feature. In addition, whatever 
the underlying "source," it has the same magnetic susceptibility as the 
surrounding rock, and hence must have about the same ferromagnesian mineral 
content. 

There are several ways to explain the gravity anoaaly. All call for 
a drastically less-dense mass underlying Panther Mountain, and the occur­
rence of this mass at a shallow level (1 km). in order to account for the 
steep gravity gradients. The first possibility, an intrusive salt diapir, 
might fulfill these requirements inasmuch as the specific gravity of salt 
is 2.16 vs an estima~ed value of about 2.7 for the Paleozoic section. 
However, the eastern edge of the Salina salt basin is known from drill 
hole information to be some 70 km west of the Panther MoWltain area 
(Rickard 1969). 

Two other categories of explanation were considered: 1) intrusion 
of forei~ . rocks of relatively low density, such as granite or rhyolite, 
into the aleozoic section, and 2) severe brecciation of existing rocks, 
due to hypervelocity impact into the Paleozoic stratigraPhic section and 
underlying basement rocks which would reduce their density. These "tWo 
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were modeled in many configurations, and four of the better fits are shown 
in Figure 5. Profiles A "and B show two of numerous shapes and dimensi(lls 
of granitic plutons that were modeled. A density contrast of 0.10 gm/cc 
was used, based on an average value for granite (2.65 gm/cc) vs an estill8.ted 
value of 2.75 gm/cc for the Paleozoic section and underlying Proterozoic 
rocks. Density figures were taken from Clark (1966). The poor corres­
pondence between measured and calculated gravity values is obvious. The 
0.1 gm/cc density contrast thought representative of a felsic pluton is 
not "great enough to produce the steep gradients in the measured gravity 
profile, even' when the intrusive is modeled as a cylinder of 10 km diameter, 
placed close to the surface. 

For the model of in situ brecciation we chose a buried meteorite 
crater, or astrObleme,lti~ts associated breccia lens, and modeled it 
as a series of cylinders of decreasing diameter stacked to represent the 
shape of a breccia lens. We chose an empirical density contrast, using 
the 0.2 gm/cc value found in drilled breccias of Canadian astroblemes 
(e.g. Innes, 1961). The resulting fit between measured and calculated 
values shown in Figure 5C is very good. Analogous modeling of the 
asymmetrical north-south profile produced a rather good fit using the 
arrangement of cylinders shown in Figure 50. 

Thus the best computational DDdels of the gravity of the Panther 
MOWltain circular structure permit the interpretation that it is caused 
by an asymmetrical lens of brecciated rock such as might have been pro­
duced by the impact of a meteorite entering the area from the south, with 
a low angle of trajectory . 

Although the above interpretation fits the gravity data. perhaps 
nothing short of a drill hole near the center of the structure or a seismic 
profile across it would adequately test the idea - unless study of the 
Herdman well cuttings shows clear evidence of shock metamorphism. 

We will return to a consideration of the buried-astrobleme model 
after describing and analyzing our field structural and seismic refracticn 
studies. 

STRUC1URAL GEOLOGY 

A fundamental question we had hoped to resolve by field study was 
whether the Panther Mountain structure is slightly domical, basinal, or 
unwarped. That question remains unanswered due to the fluvial depositional 
fabric of the sedimentary rocks in the region. They consist largely of 
alternating ccntinental sandstones and pebble conglomerates characterized 
by large-scale cross-stratification and erosional scour marks at the base 
of lDlits. Overbank deposits of red silty shale make up the :remainder of 
the section, but these units are generally obscured except at the base of 
some sandstone cliffs. When exposed, they are commonly scoured and channeled 
by the overlying sandstone lDlits. Sub~horizontal bedding surfaces are very 
rare due to pervasive cross-bedding of sandstones and scouring of shale 
Wlits. The few surfaces we were able to measure gave inconsistent results 
concerning possible flexing of the structure. We were probably measuring 
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scoured surfaces of shale. Thus, we were unable to support or refute 
the previously mentioned conclusions of Chadwick that the Panther Mountain 
structure is a low dome. 

Pield studies, nevertheless, did provide a considerable amount of data 
relating to brittle deformation - specifically jointing. Some 500 individual 
joints or joint sets were measured at a total of 236 stations in an effort 
to determine whether the joints located within the circular valley differ 
in any way from those located aJriay from the valley. Features exaained 
included orientation, spacing, degree of curvature, surface irregularity, 
and host lithology. Two main features which characterize the majority of 
joints seen in individual outcrops are: 1) general lack, with sa.e 
notable exceptions, of any single, dominant, through-going set against 
which other joints abut, thus making the systematic versus non-systeaatie 
classification inapplicable, and 2) the comparative rarity of ttanar as 
opposed to curved joint surfaces. Such curvatures occur in bo the 
horizontal and vertical dimension. Even joints of the same set in a sin,le 
outcrop or nearby outcrops differ markedly in their expression. 

Where extensive joint faces are exposed, such as in the many old 
flagstone ('fbluestme") quarries of the regim, the degree of planarity 
can be seen to vary considerably over distances of a meter to a few meters. 
The character of these surfaces ranges from planar to broad, regular, 
cylindrical rolls through irregular, non-cylindrical curves, to local bUllpS 
and depressions. From such giant exposures one gains the impressim that 
all, or nearly all, joints in the area are probably curved, and that "planar 
joints" are really only planar segments along larger, hidden, irregular 
surfaces. 

Surprisingly, we could find no visible relationship between the 
curvature of joint surfaces and either the attitude of cross-lamination 
or the coarseness of grain size in host sandstoo.es and congla.erates . 
Similarly, rare, extremely planar joints (or segments of curved joints?) 
cut through highly cross-bedded rocks without deflection •. we speculate 
that the joint-surface irregularities may be related to variations in 
cementation, but have not studied this question; the local control of 
joint curvature remains an enigma. 

The considerable variation in strike and dip of joints in the 
region made the recording of strike-dip data more complicated than usual. 
Joint surfaces which curved in the horizontal plan were recorded as bavina 
a range in strike, the limits of which were usually at either end of the 
exposure. Dips were similarly recorded as a range of values. As always 
in joint studies, difficult decisions had to be made where outcrops were 
small, as to which surfaces should be classified as joints and which as 
irregular fractures. 

The recorded data on joint orientations were plotted on a joint work 
map, which is reproduced as Figure 3. The joint azimuths, without reSard 
for dips, were plotted on rose diagrams. Strikes were lumped into 10 
sectors to show azimuth frequency. Curved joints were given proportional 
representation in each sector covered by its range in strike. Thus, 
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for example, a curved joint with a strike range of NIO-lOW was tabulated as 
1/2 joint in the NIO-20W sector and 1/2 joint in the N20-lOW sector. 

The joint measurements were plotted in five categories as shown in 
Figure 6: 

A. Joints of variable s trike (llcurved joints"): range S° 
B. Joints of constant strike (llplanar joints"): range S0 
C. Joints located in or near high-density joint zones 
D. Joints located away from high-density joint zones 
E. Total of all joints measured. 

A comparison of rose diagrams 6A and 68 shows the fOllowing relation­
ships: 

1. The number of joints with constant strike equals those with 
variable strike. 

2. The population of "curved joints" shows stronger maxima 
and less scatter than that of ''planar joints." (Recall 
that these terms refer only to strike, not dip). 

3. The "planar joints" form an orthogonal system, or ''pairset'' 
(Gay 1973) ,trending essentially NS and EW. The curved joints 
form a pairset trending NNE and WNW. Considering the great 
variabilities in curvature of individual joints described 
earlier, this apparent shift 100 clockwise may not be real, 
despite the clean appearance of the diagrams. 

Rose diagrams 6C and 6D were constructed to compare the frequency 
distribution of joints in the center of the anomalous rim valley with 
those elsewhere in the area . Diagram 6C suggests that the rim joints are 
localized in a strong, equally developed, NS-EW pairset which shows very 
little dispersion. However, it must be acknowledged that the mmber of . 
measurements made in the rim valley is relatively small. This is because 
exposures in the valley floor are restricted to the upper reaches of Esopus 
and WOodland Creeks (Pig. 3). 

The non-rim joints shown in diagram 6D constitute essentially the 
same pairset, although with less sharp maxima, more prominent developMllt 
of the EW set, and an apparent 100 clockwise rotation. 

Comparing all five rose diagrams of Figure 6, it seems safe to con­
clude that one prominent pairset, ranging from N to NNE and W to WNW, 
characterizes the main-brittle deformation of the region. 

These joint sets correspond extremely well with orientations of the 
numerous. earlier-mentioned. linear stream courses within the Panther Mountain 
structure, as well as with the short N-S and E-W segments of the Esopus 
valley and the larger rectangular corner of Woodl and Valley (Figures 2 IIld 3). 
Thus it is clear that the major joint sets control much of the topography of 
the area. This is not to overlook the modifications produced by Pleistocene 
glaciation, of which an especially prominent example is the cirque at the 
head of Panther Kill. 
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It seems likely that the N to NNE and W to WNW linear tributary valleys 
in the greater Catskill region referred to earlier (Fig. 1) are also con­
trolled in some way by the same orthogonal joint system. This has been 
discussed at greater length elsewhere (Isachsen and others, 1974). 

It is nCM pertinent to ask if the circular rim valley is controlled 
by joint orientatims. If so, it is not obvious in the frequency distri­
bution of rinl joints (diagram 6C). Cbservation of the joint work map 
(Fig . 3), however. does show jointing parallel to the stream course in 
nearly all exposures found in the rim valley or valley walls. However, 
the limited amount of outcrop in the center of the rim valley makes it 
difficult to determine whether joint orientation alone might control the 
circular valley. This is especially true in view of the N-S and E-W 
segmented nature of the valley in many places. 

It is noteworthy that these segments are extremely short as compared 
to similar joint-controlled drainage within the structure and elsewhere in 
the region. This suggested that some factor other than joint orientation 
was responsible for the circular valley development, and that. quite likely, 
the cause was an increase in joint density due to an intensification of 
jointing along directions of the regional pairset. 

Our field measurements of joint spacing coo firmed this prediction. 
Aside from the center of the rim valley. joint spacing throughout the 
area consistently falls in the range 1.5-10 m. and commonly exceeds 2 m. 
This includes valley floors as well as slopes and summits. An example 
of this regional spacing is shown in Figure 7A, where joints are about 3 • 
apart in the massive sandstone unit above the excavated shale. 

The opportunity to examine joint frequency in the center of the rim 
valley is, unfortunately, restricted to the heads of Esopus and Woodland 
Creeks where gradients are relatively high. Elsewhere in the valley the 
bedrock floor lies beneath a floodplain ranging in width from tens to 
hundreds of meters (Figures 2 and 3). Where outcrops are found, the spacing 
between joints is commonly 1 m or less. and, over short distances. ~ low 
as 2-5 cm. Figure 7B is a view of Stop 3 located in the upper reaches of 
Esopus Creek. The joints sh<Mn strike about N5E, and the spacing ranges 
from 5 to 50 em. Note that these closely spaced joints or joint zones do 
not continue into the overlying beds. This is typical. These joint zenes 
are restricted to the center of the rim valley but are localized within it 
both vertically (as shown here) and horizontally. 

Figures 7C and 70 are photographs taken at Stop 4 of a joint zone 
in which a nearly orthogonal system is developed. The general spacing is 
20-30 cm, with local zones havin§ joints spaced only 2-4 em apart. Dips of 
the joints range from S2 0 W to 60 E, suggesting that many could be classified 
as conjugate joints. Here, again. the joint ;one can be see in the 
field to be limited in both horizontal and vertical extent. 

For the sake of completeness, it should be added that bedding plane 
separations or "bedding plane joints" are conunon. However, they are inter­
preted as a response to erosional unloading, and were not recorded. 



Figure 7. Photographs of joint exposures at: A. "Indian Cave Quarry" (at Roadlog mileage 7.8) 
showing joints with average regional spacing of 3 m; B. Stop 3 in center of rim valley, looking 
SSW at joint set with .4-.5 m spacing; C and D, Stop 4 in center of rim valley, looking SSE at 
pairset with .3-.4 m spacing. 
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SEISMIC REFRACTIOO SruDY 

As is well known to field geologists, attempts to ascertain the 
relationship of valley development to bedrock structure are commonly 
thwarted by alluvial sediments which obscure bedrock at critical localities. 
Esopus Creek provides another fine example of this dileDlZla. as can be seen 
by the restriction of bedrock exposures to small portion of the valley 
rim (Fig. 3). 

To obtain bedrock structural data beneath the extensive, alluvia!­
filled parts of the valley, we ran several shallQli seismic rofractim 
profiles across it. The goal was to search for a low-velocity zone in 
bedrock which would delimit a possible zone of intense jointing or other 
fracturing. 

The seismic refraction data were gathered with a Huntec FS.3 single­
channel seismograph, using a hammer-and-plate sound source. The h8lllllll!lr 
was a standard twelve-pound sledge, impacting on a ten-pound steel plate 
measuring 12 inches on a side and 1 1/2 inches in thickness. See Huntec, 
Ltd. (1970) for a description of the instrument and accessories. 

The geophone position was held stationary and readings were taken of 
hammer blows spaced at ten-foot intervals. Traverses were reversed in 
order to eliminate the effect of interface slopes and inhomogeneous seisllic 
layers. 

The seismic refraction profiles were interpreted using the time­
intercept and critical-distance methods, as described by Ewing (1960) and 
Mooney (1973). A Texas Instruments SR·56 programmable calculator was used 
to calculate the thickness, station offset, and true velocities of the 
seismic layers. The time-intercept method gave more consistent results 
than the critical-distance method in this area. 

Four profiles were made across portions of the rim-valley flood plain. 
Their locations are shown in Figure 3. The sites were selected on the 
basis of ease of access. flat terrane. and avoidance of power line inter­
ference. 

The seismic velocities of bedrock in two of the profiles (St. Vincent 
De Sales Cemetery and the floodplain of Woodland Valley) were found to be 
between 13.000 fps and 14.900 fps. values which fall in the noma! range 
for sandstone and shale. These lines, therefore, define segaents of the 
rim valley which are not abnormally fractured, and thus place spatial con­
straints on where a rim fracture zone might be. 

The Bedell Street profile (Figure 8), on the other hand. shows an 
abrupt decrease in bedrock velocity from a normal sandstone-shale value of 
14,500 fps on the east to 11,000 fps on the west. This low bedrock velocity 
is compatible with a zone of sandstone and/or shale having an abnoraally 
high fracture density. Unfortunately this line is too short to show the 
full width of the low-velocity zone, but the zone appears to be at least 
18 m (60 ft.) wide. 
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The profile along Golf Course Road yielded somewhat ambiguous results 
due to a "phantom" third-layer velocity in the data; analysis of the data 
using the critical-distance method yielded normal bedrock velocities. The 
time-intercept method, however, gave low values suggestive of abnormal­
fracture density . The latter results are favored because the time-intercept 
method in this area produced the more consistent results. 

"PlinING IT ALL TOGE'niERII 

The interpretations given in each of the foregoing sections are here 
incorporated into a model which might satisfactorily explain the anoaalous 
Panther M01.mtain circular feature. We believe tha t the model accommodat~ 
the observed morphology, the gravitational and magnetic f i elds associated 
with the feature, and the structural geology and s e i s mic refraction profiles 
derived from our field work. 

Figure 9 is a scaled cross-section of the hypothetical buried meteorite 
crater deemed most probable from the gravity modeling previously mentioned. 
The stratigraphic section down to the base of the Silurian is derived fro. 
the Herdman well located in the northern portion of the Panther Mountain 
mass. The remainder of the Paleozoic section is based on projectim fro. 
deep well data to the west (Rickard 1973). The shape and dimensions of the 
modeled breccia lens were based on a comination of our gravity data and 
information from Canadian crater studies (e.g. Innes 1961). The partially 
eroded crater and rim are shown infilled with Devonian continental deposits. 
Subsequent differential compaction of these sediments produces a zone of 
high tensional stress directly over the rim of the crater, as indicated by 
arrows. We visualize this as having two structural effe cts on the over­
lying sedimentary rocks: 1) extension occurs via Slight openings along 
pre-existing joints in the thicker sandstone units of the section, and 2) 
in the thinner beds, an intensification of jointing occurs parallel to the 
regional joint sets, and perltaps to some degree, along new directions. 
These effects, together, would produce a zone of erosi onal weakness con­
gruent with the buried crater rim. This is one possible explanation of the 
anomalous, circular rim valley. 

To date, no evidence exists for repeti tion of units, or other major 
stratigraphic disruption, in either lithologic or electrical logs of the 
Herdman well (L.V. Rickard, oral coJtlllllD1.ication). Ylhether or not rock units 
within the section have been tilted is not known be cause no dip meter 
survey was made in the hole. The lack of a magnet ic low over the structure 
is not surprising, because although brecciation would disrupt the paleo­
magnetic alignment of ferromagnesian minerals, such minerals are 
either absent, or present in very minute amount~ in the Paleozoic section. 

The time of meteorite impact according to the above model would be 
Upper Devonian. The steep gravity gradient and large mass-deficiency 
beneath the structure require that the ICM-density source be located within 
I km of the present surface. thus further refining the stratigraphic control 
on time of impact. In addition, the model dictates that the crater itself 
must have been relatively young. with still well-developed crater rims, 
when entoroed beneath Devonian sediments. It may thus be a remarkably well­
preserved fossil crater . 
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As to possible associated flexing, we anticipate that, if it exists. 
it may exist as downwarping over the crater depressioo caused by differential 
compaction, rather than as doming. We would also predict that differential 
compaction might lead to the formation of a low-amplitude rim anticline 
located over the present rim valley. 

In the section on jilotogeology. we noted the numerous tfiE linear 
valleys which cross the prominent EW mountain ranges north of Panther 
Mountain. We referred to the suggestion by Isachsen and others (1974) 
that they might be zones where joints were intensified due to reactivated 
dip slip movement on pre-existing basement faults . Without reiterating the 
reasons for this interpretation, we wish to note here that these linear 
valleys , with me possible exception, do not pass through the Panther 
MotDltain structure. This is cmsistent with the interpretation of a large 
breccia lens lDlderlying Panther MOlDltain because such a lens would probably 
re-orient and/or absorb any such upward-propagated stresses. 

ECON~IC IMPLICATIONS 

At the outset of this study, we thought that the Panther MOlDltain 
circular anomaly might be a domical surface expression of an underlying 
felsic pluton, similar to the Upper Devonian Peekskill granite body located 
80 kll to the southeast. 

Such a pluton would produce sufficient heat through radioactive decay 
of uranium, thorium, and potassium to exist as a vast reservoir of themal 
energy if the overlying rocks possessed sufficient insulating qualities to 
raise locally the geothermal gradient. If the resulting thermal gradient 
were sufficiently elevated, the area would have potential as a source of 
dry hot-rock geothermal energy. As shown by our modeling experiments 
(Fig. 5), however, a felsic pluton does not have a sufficiently low density 
to account for the enorudty of the negative gravity anomaly. 

Another possible energy source can be considered, however, with respect 
to the astrobleme model. The large brecciated lens associated with the 
astrobleme would provide a large reservoir for gas, and black shale source 
beds exist in the stratigraphic section. Subsurface astroblemes have been 
inferred in the Williston Basin, where they are either producing fields or 
potential hydrocarbon reservoirs (Swatsky 1975). 

Only a limited quantity of gas was found in the Herdman well which 
is located at the northern edge of the 10 km structure, but this single 
well, located as it is near the rim of the structure, may not provide an 
adequate test for gas reserves beneath the Panther Mountain mass. 
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Big Indian is located between Kingston and 
Oneonta on N.Y. Rte. 28. Mileage starts at 
intersection of Rte. 28 and County Road 47 
leading to Oliverea. Start trip by heading 
east on Rte. 28. 

Golf Course Road. Edge of Gulf Course Road 
between Rte. 28 and creek was the site of 
shallow seismic traverse (Fig. 3). The seismic 
refraction data closest to the creek 
suggests a possible fracture zone in under­
lying bedrock. See text. 

Large road cut and small quarry on south side 
of road at first R.R. crossing on Rte. 28 since 
Big Indian. Many examples of joints typical of 
the Panther Mountain area can be seen. 

Bridge on Rte. 28 crosses Esopus Creek just 
east of above outcrop. 

Junction Rte. 28 and Rte. 42 at Shandaken, 
crossing point for N-S gravity and magnetic 
traverse. Traverse continued north along 
Rte. 42, and south via Fox Hollow and trail 
across the Panther Mo\D1tain structure and to 
the south (Fig. 3). 

St. Vincent De Sales Cemetery. Gravel pit 
behind cemetery is site of another shallow­
seismic refraction survey. lbis seisne line 
essentially paralleled the valley. Interpre­
tation shCMed bedrock to be tmfractured. 

STOP 1. Access to field trip stop is via a small, 
steep gravel road seen on the left as the highway 
takes a sharp left curve around a protruding taM. 
This rough access road switches back several ties 
and passes a currently open gravel pit before 
reaching a large abandoned quarry. Total walking 
distance is slightly over one-fourth llile. This 
stop is included to display a series of well­
developed joint faces in a large, fresh, aan-aade 
outcrop. These joints can be ,seen to be widely 
spaced, generally pervasive through this thick 
sandstone bed, and rouahly planar in nature. 
Note the large amOlDlt of slll8ll-scale irregularities 
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on even the largest and best developed joint 
faces. This is one of the many flagstone 
(''bluestone tl ) quarries of 'the Catskill regioo 
which were operated in the early part "of this 
century before bema superseded by Portland 
Cement . It was quarries such as this which 
provided the old "sidewalks of New York . II 

"Indian Cave Quarry," Visible high on the slope 
through opening in trees on north side of road 
just opposite the jtDlctim of Rte . 28 and the 
Woodland Valley Road (see photo, Pig. 7A) . 
The quarry was nlmed locally for the cave- like 
nature of the holes created by the removal of 
red silty shale fro. beneath the overlying sand­
stone. We were ilot able to ascertain why the 
shale was mined, but its re~val has allowed 
some shifting of the overlyi..ng sandstone blocks 
along joint planes. This allows easy observation 
of typical regional joint spacing (here about 3 II) 
in an outcrop near to, but not directly in, the 
rim valley . 

Intersection Rte . 28 and Rte. 214. Turn left to 
enter Phoenicia. Rte. 28 continues to Kingston . 
At this point return to Big Indian for second leg 
of field trip along Big Indian Hollow. 

Big Indian . 

SECOOD LEG OF FIELD TRIP - BIG INDIAN HOLLOW 

0 . 0 

2 .85 

0 . 1 

0.8 

Bi g Indian . Secred part of field trip starts 
he r e. Turn south fro. Rte . 28 onto small road 
(CO\Dlty 147) and proceed south up Big Indian 
Hollow towards Oliverea. 

Oliverea Shell Station and .. neral store. 

Small road to right crossing bridee over the 
Esopus Creek and heading up McKenley Hollow . 
The stream channel and broad alluvial flood-
plain are visible to the right. DownstreaJI fro. 
this point , the streu aeanders and braids across 
t he valley. Nowhere in this area or further down­
stream is bedrock exposed in the stream channel. 

Slide Mountain Inn. Located where small road 
branches west up the B~k.ill Creek valley. The 
stream valley here is still deeply filled 
with alluvial sediJlents. Outcrop is limited to 
the very edee of the valley, where hillsides meet 
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the valley floor. This intersection is also a 
station point 00 the E-W gravity and D8gnetic 
traverse of the Panther Mountain structure. 
Gravity stations are often located at road inter­
sections or other well defined and surveyed 
locations to minimize error when correcting the 
gravity data. 

The Slide Mountain ]nn is typical of many 
Catskill summer resorts in the area, a number 
of which have catered to the sUlIIIler tourist for 
over ooe hundred years. Access to the area was 
formerly via the railroad line from Kingston to 
Oneonta which was abandoned early in 1977. 
Passengers left the train at Phoenicia or Big 
Indian and were met by carriages from the 
particular resorts at which they planned to 
stay. 

STOP 2. Stop at large pull-off on right side 
of road, often used by the county to store road 
stooe and gTavel. Walk ,as mile to small hollow 
where road crosses tributary of the Esopus Creek. 
Just beyond the stream, take a small t.mmarked 
trail to the right which leads immediately to 
the tributary. 

In this lovely little glen the small feeder 
stream plunges down to Esopus Creek via a 
series of cataracts and spill pool. The jointing 
here is typical of jointing observed at most 
localities an or near the Panther Mountain 
structure even though this outcrop is located 
within SO m of the Esopus Creek rim valley (which 
at this point is bottomed in alluvial gravels). 
Many joint surfaces can be seen, with strikes 
ranging between N63W and N78-83E . Note the lack 
of any dominant joint set traceable throughout 
the outcrop. Most joints are non-through-going, 
generally abutting other j oint surfaces in either 
horizontal or vertical directions or both. Note 
also the characteristic lack of any consistent 
relationship between cross-bedding and the curva­
ture of joint surfaces. The stream has greatly 
modified joint surfaces in its channel. Note 
also that this steep-walled stream channel has 
undergone a considerable amount of erosional 
unloading without any increase in joint density 
or other observable brittle deformation in the 
channel. Similar observations have also been 
made in the larger nm-rim valleys of the area. 
In short, erosional unloading of valley floors 



B-IO 
page 26 

6.8 

6.9 

9.5 

.50 

.3 

2.6 

has not, in itself, been fOood to cause an 
increase in joint density. 

Proceed to Stop 3. 

STOP 3. Look for an old brown house cIo.se to 
the left side of the road, and park where possible 
along the road margin. Exactly opposite this house, 
bushwack directly down to the streaa (about so a) 
and the outcrop shown in Figure 7B should 
be visible on the opposite (SSW) stre8lll bank. Here, . 
two sets of very closely spaced joints can be seen 
at stream level, one striking N2-9E and dipping 
630 _SOOW and the other striking N30-34E and 
dipping 45 0 -5605E. Joints in these sets are 
spaced froa SO CII apart to as little as 2 CII apart 
in a narrow (SO CD. wide) zone in the outcrop. This 
outcrop of closely spaced jointing is very restricted 
in space. The jointing is not present in the thicker 
overlying sandstone nor in outcrops immediately up 
or down stream. Although joint spacing of about I • 
characterizes exposures present in the center of the 
rill valley. this outcrop and several others furth-er 
downstream are the oo.ly CIles observed ·in the entire 
Panther Mountain area which display this extre~ly 
dense jointing. Although outcrop control is lillited, 
high-density fracturing appears to be the structural 
control on the arcuate pattern of Big Indian Hollow. 

WRN AROUND HERE. Bus or car turnaro\.Uld. Sull 
reDllant of logging road on right just beyond 
culvert. Turn around and go back down the valley 

. towards Big Indian. 

STOP 4. A small field opens to the left. Walk 
dOwn lara path which runs along the far edge of 
this field until the stream is reached, at about 

. 200 m. 111e outcrop itself is a broad, flat exposure 
located on the opposite stream bank. In sone 
seasans it may be necessary to wade the stream, 
although a less detailed view can be had fro. the 
opposite bank. 

Two closely spaced, planar, nearly orthogonal 
joint sets are exposed here (Fig. 7C, OJ. The 
N60-70E set is systematic (generally through-goinaJ 
in a strike direction and trends per.pendicular to 
.the stream course. Dips are mainly 680 -80DNw, 
but several are seen to dip 78o_BOoSE. The NIO-
30W set is non-syste.tic. It trends parallel to 
the stream course and displays a range of dips 
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suggestive of conjugate pairs. These dips 
generally have values of 60o_67~ and SZO-76oSW 
though some are vertical. Joint spacing in both 
sets is consistently 30-50 em and locally as little 
as 2 em. Although we have fO\Dld a general inverse 
relationship between bedding thickness and joint 
spacing, nowhere, regardless of bed thickness, have 
we seen such a display of closely spaced joints 
over this large an area. 

This joint zone is limited in both horizoo.tal 
and vertical extent. In the beds upstream. 
joint spacing increases to 1 m just above the 
waterfall. Similarly, joint spacing is 1 m or 
greater in the outcrop 20 m downstream and also 
in a large, thick-bedded outcrop located in woods 
IS m southwest of the main exposure. At low water, 
joints in the N60-70E set can be seen to be only 
variably continuous into the underlying beds. 
This is another example where high-density joint 
zones seem to be restricted to certain beds in 
limited lateral positions along the rim. The 
significant fact is their restrictlion to the 
rim and, thus, their apparent con'tf0l on streHl 
development. 

At the downstream end of this outdrop, jointing 
is extremely intensified in a narrpw zone 40-50 em 
wide, where the spacing is only 3-6 em. This 
occurs within the N70-60e set. Note the resulting 
differential erosion between this zone and the 
remaining outcrop. Perhaps this illustrates, in 
microcosm. the way in which closely spaced joints 
control the circular rim valley that defines the 
Panther Mountain mass. 

Continue driving down valley to Stop S. 

Green Bridge crosses the stream flowing in 
Little Peck Hollow. 

Oliverea Bridge - on road to left over Esopus 
Creek. 

STOP 5; BEDELL STREET. Small path crosses per­
pendicularly nearly the entire width of the 
valley. At this location and seve,ral others like 
it where the Esopus Valley is deeply filled with 
alluvial depoSits. the shallOW seismic refraction 
technique was used to search for zones of abnormal 
bedrock velocity. This is the site of our most 
definitive traverse. The near-level field provided 
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an ideal test site where few corrections were 
needed, and the ease of access to the entire 
valley width was excellent. Interpretation of 
this traverse has identified a bedrock zone of 
low seismic velocity, which we interpret to be 
a continuatim of the abnonaally dense jointing 
mapped upstrea. (Fig . 8). The seismic refrac­
tion method will be de-anstrated here . 

END OF TRIP. 
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GEOLOGICAL CctlTEXTS OF AROIEOLQGICAL SITES 
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INntQDUCnctl 

Prior to the present decade, prehistoric archeological research in 
New York State had a long history going back over SO years. focussing 
on aajor drainage systems (Parker 1922; Ritchie 1938b, 1944, 1951, 1965 , 
1969). Yet over this period relatively little attention was paid to the 
Upper Susquehanna Valley. including its major tributaries in the State . 
This neglect is surprising in view of the high archeological potential of 
the region. reflected in numerous recorded sites and surface collections , 
and a geographic position conducive to the study of many problems in 
cultural distribution and adaptation. 

The first major attempt at professional exploration occurred in the 
1920 t s, when a canoe flotilla carrying archeologists and laborers began 
at Cooperstown and surveyed for archeological sites well down into 
Pennsylvania (Moorehead 1938). Later, surveys were conducted by William 
A. Ritchie, who also excavated some sites of the late prehistoric <Masco 
culture (Ritchie 1934, 1938a, 1939, 1944:59-11, 1969:xxiv-xxvi). 
Sporadic work was carried out in the late 1960's by the New York State 
Museum and the State University at Binghamton, partly in connection with 
the State highway salvage archeology program (Wilcox n.d.a, n.d.b: 
Elliott and Lipe 1970; Funk and Hoagland 1972a, 1972b; Hesse 1968, 1971). 
A major interdisciplinary program of investigations into regional pre­
history was initiated by the writer in 1971. Field work is expected 
to conclude with the 1977 field season and a final report will eventually 
be published. The project has involved personnel from several institu­
tions, including the New York State Museum, the State University of New 
York at Albany, and the State lkliversity College at Oneonta. Preliminary 
reports have appeared (Funk, Rippeteau, and Houck 1973, 1974; Kirkland, 
et al 1976; Funk and Rippeteau 1977). 

The fundamental objective of this project is to delineate the 
history of human adaptations to the postglacial Upper Susquehanna 
environment. This requires the acquisition of data on the sequence of 
prehistoric Indian cultures, their distribution in time and space, their 
subsistence and settlement patterns, and the various components of 
environmental change . To accomplish these goals, our methodological 

PUblished by permission of the Director, New York State Science Service, 
Journal Series No. 235. 
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emphasis has been on stratified flood plain sites, where the discrete 
occupation surfaces are separated by the accumulation of overbank sedi­
ments. In such contexts, the mixture of debris fro. different periods 
of habitation is minimal or absent; the patterning of artifacts, hearths, 
pits, or refuse on each floor is undisturbed; and radiocarbon dates on 
organic materials from these floors can be attributed to the individual 
occupations with a great deal of assurance. Thus it is possible to con­
struct a well-dated stratigraphically based regional sequence of artifact 
styles and cultural complexes, to study within-site patterning. and to 
make valid between-site comparisons. 

Palynological data used to sketch a picture of floristic environments 
are acquired from bogs, occupation zones on archeological sites, or pre­
cuI tural levels in our excavations. Other paleoenv"ironmental data are 
contributed through studies of changing postglacial landforws. especially 
with regard to the flood plain. 'fthen all the data are analyzed, we should 
be able to present a synthesis of prehistoric culture change in relatioo. 
to environmental change within the Upper Susquehanna drainage. 

ACKNOWLEDGEMENTS 
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geology of several sites; to Beth wellman for her assistance in preparing 
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and to Franklin J. Hesse by whose efforts many of the sites were located 
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1lIE AROIEOLClGICAL SEQUENCE 

An important result of our investigations has been the construction 
of a detailed framework for prehistoric Native American cultures in the 
valley. This framework consists of a sequence of cultures, identified 
and contrasted by means of distinctive artifact styles, which are 
solidly placed in relative time by recurrent stratigraphic associations 
and in absolute time by over 70 14C determinations. 

The earliest known human groups. the Paleo-Indians. entered New 
York State from the south and west following the recession of WoodfOrdian 
ice. Radiocarbon dates from several sites indicate this event took place 
ca. 9000 B.C. and probably somewhat earlier. Generally believed to have 
subsisted largely on big game animals, some of which are now extinct, 
these people are identified chiefly by their "fluted" lanceolate pro­
jectile points chipped from high-grade flint. Although fluted points 
have occasionally been fotmd on plowed fie Ids in the Upper Susquehanna 
drainage, no habitation sites with in ~ remains have so far been 
discovered there. 

Throughout the eastern United States. the Paleo-Indian cultures 
apparently evolved into the Archaic cultures which represented adapta­
tions to changing early postglacial environ.ental conditions. Exploiting 
the diverse resources of these surTOWldings. Archaic groups developed a 
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considerable variety of subsistence patterns and artifact styles. This 
period lasted from approximately 8000 to 1500 B.C. For reasons yet 
obscure, few traces of the earlier Archaic occupations from 8000-4000 B.C. 
are known in the Northeast. One possible explanation is that the pre­
dominantly coniferous forests of 8000-6000 B.C. were relatively poor in 
food resources available to populations at a hunting-gathering stage of 
culture. We have located and excavated two sites of that age at Wells 
Bridge. These are the oldest Archaic sites on record in New York or New 
England north of the coastal region. 

Middle Archaic developments from 6000-4000 B.C. are still relatively 
obscure, even though the pollen data suggest an improved environaental 
situation . By the time essentially modern ecological conditions prevailed 
the oak-chestnut-deer-turkey biome of Ritchie (1969: 32) -- the first 
important Late Archaic traces are referred to as Early Laurentian and 14C 
dated ca. 4000-3000 B.C. Later groups are knam in the study area in more 
detail, including the successive Lamoka, Vestal, Snook Kill, and Frost 
Island phases (Ritchie 1969; Ritchie and Funk 1973; Funk, Rippeteau and 
Houck 1974). Each complex is distinguished on the basis of diagnostic 
traits, usually projectile point types. There appears to have been a 
population surge during this period of ca. 2500-1200 B.C. By Frost Island 
times (ca. 1500-1200 B.C.) soapstone pots, a horizon marker across the 
Northeast, had been introduced, followed by the first true pottery. 

We have little data on the succeeding Early Woodland and Middle 
Woodland manifestations. which elsewhere in the Northeast denote a time 
of ceramic innovation, and burial ceremonialism attained a high degree 
of elaboration. There may have been a decline in population throughout 
the Upper Susquehanna Valley between 1200 B.C. and A.D. 400. 

A continuous development is indicated from the Middle Woodland 
cultures into the next major stage, the Late WOodland. By A.D. 1100 
there is clear evidence that northeastern Indians were growing corn, 
beans, and squash (domesticated long before in Mexico). This revolution 
in subsistence brought with it changes in the social order, an accelerated 
population growth, and an increase in village size. These first New York 
agriculturists were the Owasco people (ca. A.D. 1100-1300) who in turn 
gave rise to the Iroquoian cultures whose historic representatives, the 
Five Nations IroqUOis, played an important role in colonial history. 
Strangely, while Owasco sites are common in the Susquehanna Valley north 
of Pennsylvania, Iroquois sites are rare and of small size. 

GEOLOGICAL CONSIDERATIONS 

Of primary relevance to this field trip, our investisations on 
flood plain sites have enabled us to develop a detailed I C chronology 
for generally structure less overbank sediments at several sites between 
Oneonta and Wells Bridge. Not only have the occupation levels been 
dated, but in some cases underlying sands and silts rich in organics 
have also been dated . 
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The sedimentological picture is reconstructed as follows. With the 
retreat of Woodfordian ice, the Upper Susquehanna basin was the scene of 
numerous small lakes formed below successive ice marginal positions. 
These lakes were impoWlded on their southern borders by morainal dams. 
Wells Bridge was the site of one such "valley plug" creating a lake some 
10 miles (16 km) in length. This lake was subsequently filled by over 
400 £eet (122 m) of lacustrine silts and clays (Fig. I, data from Randall 
1972). Lenses of gravel occur in the lake sediments at the junction of 
maj or tributaries. Their pOSitions high in the lacustrine sequence indi­
cate a very rapid lake infilling if these gravels are related to late 
stage ice melting in tributary basins, or they might possibly be contem­
poraneous with some climatic change or fluctuation. If there was a long 
period of infilling it was not accompanied by any recognized shoreline 
features. 

A series of kame deltas at 1140 feet (347 m) indicate the former 
lake level during ice retreat. lhese kame deltas occur discontinuously 
along the sides of the river between Wells Bridge and Oneonta. 

With the disappearance of the lake as a result of breaching of the 
morainal "plug," the Susquehanna River occupied the surface of the lacus­
trine deposits (at least by 12,000 B. C.) and began a period of considerable 
lateral movement. Some point-bar deposits were laid down during this 
period (one volume dated 11,910 B.C . at the Russ site at Wells Bridge) . 
These deposits survive on the valley margins or below overbank accumula­
tions. 

At several of the sites examined between Oneonta and Wells Bridge 
(Camelot No. I and No.2, Kuhr No. I, Russ, End) lower sands and gravels 
appear to represent lateral accretion deposits whereas the upper silts 
are overbank deposits. At the Fortin site the overbank sediments directly 
overlie gravels which may be reworked glacial outwash . At Camelot No.2, 
Kuhr No, I, Kuhr No.2, and Enck there are a series of terraces or 
meander scars; each successive one of these features away from. the river 
is presumed to be older than those closer to the river . Local relief 
between these terraces is generally only on the order of a meter. In 
general, archeological sites are located in the terrace closest to the 
river or near the surface en the second terrace . Any occupation zones 
in higher terraces were obscured in the plow zone (upper 30 cm). Sedi­
mentation rates for overbank silt deposits were determined for six sites 
(Fig. 2). In each case sedimentation rates were very rapid initially, 
becoming slower with time. These curves are similar in form to a curve 
hypothesized for Brandywine Creek, Pennsylvania, by Wolman and Leopold 
(1957). They based their curve on the average number of days per year 
on which a given flood stage is equalled or exceeded and a constant 
increment of sediment deposited each time the bank is overtopped by flood 
waters. 

As sediment accumulation due to flooding is most rapid next to the 
ri ver and decreases towards and up en to the adj acent terrace, Ii ving 
floors also trend up away from the river. These levels (time equivalent 
surfaces) are compressed away from the river. eventually becoming obscured 
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in the plow zone. No occupation levels occur below about 5000 y.a. on 
the first terrace at most of the sites. Older occupation zenas are un­
likely to occur on this terrace since they would have been close .to the 
water table and therefore Wlcomfortably wet and subjected to .are frequent 
flooding. Time rate accumulation curves for some of the sites are shown 
in Fig. 2. The fOTID of these curves support Wolman and Leopold's concept 
of overbank sediment accUJlJJlation. The close proxillity of the sites to 
the river suggests the lack of lateral migration by the Susquehanna River 
for several thousands of years in the immediate past. Further confiTliatiOll 
of this river stability can be seen when the configuration of the river 
from 1915 topographic mapping is compared with that froa 1968 aerial 
PtotogTaphy (Fig. 3). In addition the proximity of the dated organics 
from lateral accretion deposits suggests an even older stability of the 
river approaching 7000 to 9000 years . Although DIlch evidence for past 
meandering of the Susquehanna River is evident from scroll pattems 
(Fig. 4), we believe that the majority of these are the result of migra­
tions that took place some 7000 to 9000 years ago and that few if any 
maj or changes have occurred in the river geometry in the past 5000 years. 

The latter statement is supported by the data frOil the Russ and 
Gordope SU.S, ..... til"" .. tilly oontainod very .arly Anho1 ... ..,...U .. 
levels oldor than 5000 y.a. Probably they displayed a different pattern 
because they lie astride the Wells Bridge moraine. Here the river channel 
was largely confined by the drift, into which it incised itself soon after 
the local ice lobe receded from the vicinity. Following initial deposi­
tion of point-bar silts and sands ca. 12,000 B.C. at the Russ site, the 
river seems to have shifted slightly to the south, co..encing deposition 
of overbank silts which attained a thickness of ca. I • beginning ca. 
6300 B.C. and cmtinuing to the present. In this southward swing it 
eroded away part of the Gardepe site where Indian occupancy began ca. 
9300 y.a. 

Incidentally, our study of scroll patterns may aid in the discovery 
of additional early occupational remains on the older terraces of sites 
similar to Xuhr No. 2 and Camelot No.2. 

CONCWSIONS 

A sequence of prehistoric Indian occupations extending to at least 
9300 B.P. has been delineated by our investigations. Possibly due in 
part to unfavorable environmental conditions, little evidence exists of 
Archaic groups who lived between 10,000 and 6000 B.P.; much lIOre infor­
mation is available for Laurentian, Lamoka, Frost Island and other huntinl­
gathering cultures of 2500-1200 B.C., who collectively see. to represent 
a moderate population increase. After another poorly known period fra. 
1200 B.C. to A.D . 400, the archeological record again seems more complete, 
and is Wlderstood in some detail through DDst of the Late Woodland (viUaea 
agricultural) epoch. Most of our data on the pre-agricultural groups ·was 
obtained from stratified flood plain sites, which have also provided 
material for over 70 radiocarbon dates. 
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In light of the evidence presented herein we propose the following 
postglacial history for the Susquehanna River between Oneonta and Wells 
Bridge. 

1. Initial deposition of lake sediments into a lake dammed by the 
We 115 Bridge ''valley plug" moraine . 

2. Entrenchment of the dam allowing the river to flow on top of the 
lake sediments . At this time the river probably migrated readily across 
the whole flood plain. Period begins ca . 14,000 y.a. 

3. Slow entrenchment of the river into the lake sediments. Each 
successive position of the river created its awn overbank depositional 
terrace. 

4. Migration and entrenchment of the river into its present con­
figuration with a stabilized meander configuration due to the entrench­
ment and buildup of flood silts along the banks . This ccnfiguration 
essentially complete by 7000 to 9000 y.a. 

The diagrammatic sketch (Fig . 5) shows a cross section of the 
Susquehanna River Valley detailing an idealized series of successive 
terraces. As can be seen, each successive terrace is at a lower level 
making migration of the river back into a previously occupied configura­
tion improbable . 

LATERAL 
CCRETION 

DEPS . 

OVERBANK 

RIVER DE ...,,:r,A ..... ~;-1 
• 0 • 

• 

FLOOD D~. KAME 

o· • 
. ~i ... ~.~.·~ .. ~ .. ~ .. ii~§~~ ~.::-' " .° 0 °: : .... :.'.r... 00 

• 0 • • 0 

Figure 5. 

• 
0 

0 
0 

0 
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0 0 0 • 0 

• • 0 

• 0 • 0 

• 

Idealized cross-section or Susquehanna 
flood deposit terraces . 

o 0 

River showing 
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Figure 6a. East profile of section W50S10 at the Fortin site, Locus 1. 
Stratigraphic zones numbered with tages. Zone I, plow zone (mixed 
occupation debris including modern trash). Zone 2, yellow-brown 
silt (Frost Island phase, 1330 B.C. ± 90 years , 1-7097). Zone 3, 
living floor demarcated by fire-c r acked r ock. charcoal. thermally 
reddened silt (Late Archaic occupations dated between 1870 B.C. 
± 95 years, Dic-207. and 1660 B.C. ± 95 years , 1-6368) . Zone 4, 
yellow-brown sandy silt (Late Archaic Lamoka phase. 1890 B.C. 
± 100 years, 1-6567, and 1800 B.C. ± 95 years, 1-6369). Zone 5 
is absent from this part of grid . Zone 6, gravel containing rar e 
artifacts. Zone 7. interbedded sands and silts (Lamoka phase, 
2235 B.C. ± 120 years, 1-7098, and 2020 B.C. ± 100 years. 1- 6568). 
Tip of r ange pole rests on heavy gravel (outwash?). 

~1gure ab. North and east profiles of section W20N10 at the Kuhr 
No. 1 site. Below the plow zone (top 30 em) are easily visible 
dark bands representing pr ehistor ic occupation zones within a 
matrix of yellow-brown silt . The oldest zones within a matrix 
~f yellow- brown silt. The ol dest occupation is dated 2570 B.C. 
- 165 years (Dic-116) and the youngest just below plow zone is 
dated 380 B. C. t 85 years (1-7093) . Oldest (deepest) occupation 
level is dark band just one foo t above tip of range pole. 
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Cumulative 
Miles 

o 

5.0 

Point to 
Point Mileage 

o 

5.0 

ROAD WG 

Description 

Depart from Hunt Union. 

Turn left from Union parking lot; go to 
East St., turn right , follow East to Center, 
right m Center, go to Maple . fum left on 
Maple , continue to 1-88, enter northbound 
lane. Take 1-88 to terminus at EIIIDons-West 
Davenport Road. Turn right, cross iron 
bridge to F & F Airpark entrance on other 
side. Drive in to parking area 00. Fortin 
site next to hangars. 

STOP #1: Fortin site, Locus 1 and Locus 2: 

Located at the j1.Ulction of the Susquehanna 
River and Charlotte Creek near Oneonta, the 
Fortin site loci yielded one of the IIOst 
complete cultural sequences of any of the 
si tes examined. At Locus 1 eight occupation 
zones and a plow zone were contained wi thin 
1.83 meters of stratified sands, silts, and 
small gravels . These deposits rested on 
compact gravels which appear to be of ice­
contact derivation, perhaps reworked by the 
river. The deepest occupation level (Late 
Archaic, Lamoka phase) dates to 4185 + 120 
years B. P. (1-7098) and the youngest revol 
just below plow zone (Early Woodland, Meado­
wood phase) is dated 3180 B.P. ~ 95 (1-6740) . 

At Locus 2, there were five occupation floors 
in 1.83 meters of unstructured silt, again 
resting on heavy gravels . In this case 
however the deepest zone only dates to about 
A.D. 200. The cultural cOllpOnents range 
from early Middle Woodland to Late WOodland 
in affiliation. 

At both loci, occupations tended to con­
centrate on low rises which existed from 
the begimling (initially point bars'll and 
maintained themselves as perceptible topo­
graphic forms to the present. 

Return to 1-88, pro ceed south to Ote go 
exit. Turn right, go to Route 7, turn 
right again, drive into Oteao. Turn 
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right at Church St.. proceed to railroad 
tracks. Turn right and drive on raised 
path along tracks. Turn left at first 
crossing. follow tractor path through 
field, turn right alang river to Kuhr No. 1 
site near creek . 

STOP #2: Kuhr No.1 site: 

Located iIi Otego village at the jlD1ction 
of Flax Island Creek and the river, this 
site displayed a highly sensitive archeo­
logical stratigraphy . At least 11 living 
floors were present, separated by culturally 
sterile silt where the overbank deposits 
were thickest (3-4 m) close to the river. 
The oldest identified occupation, of the 
Lamoka culture. was dated at 4520 + 165 
years (Dic-116). The field in whiCh the 
site is located consists of four terrace­
like lang, low rises sub-parallel to the 
river. They Occur in a south to north 
succession. with the highest being farthest 
from the river . The terrace presently 
adjoining the river is the youngest and 
presumably they increase in age away from 
the river, indicating successive positions 
of the river . The occupation levels occur 
mostly in the second terrace, and reach an 
average depth of 1. 8 m. They trend ulMard 
onto the third terrace where they are com­
pressed into the top .60 m of deposit, 
eventually feathering into the plow zone 
(upper 25 em.). 

A backhoe trench excavated to a depth of 
4 m in the third terrace exposed 2.5 m 
of sterile silt below the deepest occu­
pation level. At its base was the water 
tab Ie. In tum this deposit rested on a 
coarse blue-gray sand at least 30 em thick 
containing wood fragments, leaves, acorns~ 
and pine cones. A wood sample yielded 
dates of 8970 + 110 and 9020 + 8S years 
B.P. (Dic-113,--120) . Test pits into sands 
and gravels 4 m below surface on the fourth 
terrace failed to yield organic remains. 

Return to Route 7, turn left, proceed 
south and west on Route 7 to Wells Bridge. 
At first hill on west edge of Wells Bridge 
village, turn left on gravel road, go 



page 16 

25.6 5.4 

across railroad tracks. Park alongside 
road on left side next to trees. Russ 
site is in field behind trees. 

STOP '3: Russ site: 

The archeological levels at this site over­
lie the Wells Bridge lOOraine on the north 
side of the river where it swings southward 
in the first leg of a crescentic bend. 
Here in some places .7 m of late-glacial 
lacustrine deposit overlie the moraine; 
in other parts of the field what appear 
to be river deposited sands rest atop the 
moraine. On the northeastern edge of the 
field 1.3 m of silts overlie the lake sedi~nt 

and tmderlie a horizon dated 13,860 ~ ~~ B. P. 

(Dic-7S0). These old silts may represent 
a very early stage of point-bar deposition, 
as they slope away to the south and west 
where yotmger silts have filled in followine 
a slight southward shift of the river. This 
shift occurred at least 10,500 y . a. as indi­
cated by a dated humic zone which caps the 
older sediment. 

The more recent silts may be of overbank 
orl.gl.n. By at least 8300 B.P. the first 
Archaic Indians occupied the site; the 
deepest living floors occurred at ca . 1 •• 
A terminus ante dbm for the sub-plow zme 
silts is provide y dates on several hearths 
which extend below plow line from occupation 
surfaces destroyed by cultivation. These 
dates average about 4000 B.P. The plow 
zone itself contains artifact types rangine 
in age from 6000 y.8. to the present, so 
the silts immediately underlying the plow 
zone probably date to at least 6000 y.a. 

Return to Route 7, turn right and proceed 
ca. 400 feet to bridge approach. Tum 
right, go across river , keep to right, 
proceed on road to gravel tum-off on 
right side next to drainage ditch. Drive 
in, park in field adjoining Firemen's 
Association pavilion. Gardepe site is 
across drainage ditch. 
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This site is located on the south side of 
the river near the middle of the bend. 
Since the river has moved slightly south­
ward in postglacial time, it has added to 
the deposits on the north side, but has cut 
into the banks on the south side. An 
undetermined portion of an archeological 
site has been destroyed in this way. 

The major locus of occupation closely 
parallels the river near its bank. Behind 
this locus and also paralleling the bank 
is a 1(7,11 rise. Farther froll the river are 
other features associated with the .craine, 
including a fair-sized kettle hole bog 
only 100 m from the river. This bog, 7 • 
deep, was sampled by Michael Melia and the 
data incorporated in his Master's thesis. 

Occupational remains occurred within six 
definable strata near the river bank. 
The upper two zones relate to .adem 
cultivation and contain much mixed Indian 
material. Zone 3 was partly disturbed by 
plowing; below it the various levels were 
undisturbed. The artifacts and radiocarom 
dates from Zene 1 through 5 suggest Indian 
occupations ranging in age frOll ca. 4000 
y.a. to A.D. 1100. The &Ode of foraation 
of Zones 4 and 5 is a mystery; flood 
deposition may have played a part but 
downslope wash from the adjoining rise 
also seems to be a factor. Zone 6, a fix. 
olive-brown silt, was ca. 3 • thick, restinl 
on bluish clays of possible lacustrine 
origin, which in tum covered the JIOrainal 
deposit. Zone 6 seems cmtinuous with old 
sil ts which overlie the lIQraine everywhere 
on the site, including the edges of the 
bog. Presumably therefore it is of fluvial 
origin but the precise mechanism is not 
fully understood . A bifurcated-base 
projectile point was recovered, apparently 
in place, about 40 em below the top of the 
zone. Three m from the point a hearth 
within the zone produced charcoal dated 
9380 B.P. + 100 years (Dic-261). The 
point is or a type dated ca. 8000 years 
old in the Southeast. Together with the 
dated hearth it suggests occupation by 
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41.0 14.3 
(approx. ) 

Early Archaic Indians concurrently with 
the late stages of fomation of Zme 6. 

Return to Hlmt lbion. 
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WEDGE-SHAPED STRUCTURES IN BEDROCK AND DRIFT, CENTRAL NEW YORK STATE 
P. Jay Fleisher 

SUNY, College at Oneonta 

INTRODUCTION 

'Wedge-shaped structures resembling ice-wedge casts and fossil ice 
veins have been found in both bedrock and drift hosts on the eastern 
Appalachian Plateau of central New York. These features are exposed 
in the walls of four separate borrow pits at three different localities 
within the upper Susquehanna River drainage, south of the Mohawk Valley 
and northwest of the Catskill Mountains. All three localities are 
within otsego County and can be found on the Milford, Richfield Springs 
and Mt. Vision quadiangles. The index map of figure 1 illustrates the 
location of each site as well as their general topographic setting. 
Based on their respective locations they are referred to as the Crum­
horn Mountain, Fitch-Metcalf, and Laurens-Nt. Vision sites. 

The purpose of this paper is to review the physical characteris­
tics and occurrences of these wedge structures and consider what, if 
&ny, paleoclimatic significance they hold. A review of the literature 
indicates that previous authors have reported many features in various 
parts of the northeast as being related to periglacial processes. The 
main question under consideration is whether the structures discussed 
here are in any way related to permafrost processes. 

A variety of permafrost and frost related features have been 
reported for the New Fngland area by Denny (1951), Kaye (1960), and 
Keteff (1961). The work of Denny (1936), Smith (1949, 1953), and 
Wolfe (1953) suggest the significance of periglacial processes that 
once occurred in Pennsylvania and New Jersey. Clark (1968) documented 
the occurrence of sorted patterned ground associated with quartzite 
ridges from Pennsylvania to Virginia and West Virginia. Small scale 
bedrock deformation (up-warps) flanking vertically tapered till wedges 
in cent::-al :re"'- !ori:. has been reported by Cadwell (1973), and similar 
features in the same general area were initially interpreted to be of 
potential periglac:l.al significance by Fleisher and Sales (1971)_ 
Late Wisconsin ice-wedge polygons have been reported in south western 
Ontario by Morgan (1972). More recently, Walters (1975) suggested 
polygonal patterns associated with vertically tapered ground wedges 
in outwash of central New Jersey to be possible ice-wedge casts. 
While the suggested effects of alpine glaciers and associated climatic 
conditions as far south as western North Carolina have been subject to 
contested debate since first presented by Berkland and Raymond (1973), 
it seems clear that a growing body of field evidence from the north­
east suggests that this region ~ have been subjected to periglacial 
paleoclimate conditions of variable intensity at some time during the 
late glacial chronology. 
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WIDGE-SHAPED STRUCTURES 

The terminology of the periglacial phenomena has developed over 
a period of decades and draws upon the nomenclature of several languages. 
In some cases purely descriptive terms are used, whereas others carry 
genetic implications. Some terms refer to only part ot a three dimen­
sional structure that has both vertical expression and a horizontal 
pattern, whereas others imply the entire feature. The lack ot widely 
accepted terms with clear meaning and definite criteria for field 
recognition bas led to confusion and independent usages. Black (1976) 
provided a much needed summary of terms and proceues related to ice 
and soil wedges that will hopefully reduce problema in the tuture. 
In an ettort to avoid the problem of usage and meaning, the following 
brief' descriptions of wedge-shaped structures described by others is 
given. Since many of' these suggest an origin through periglacial 
processes, it might be vise to begin at the beginoing. 

• 
As suggested by Black (1966). the term periglacial is used to 

mean an area or region, commonly peripheral to a glacier margin. in 
which the climatic conditions favor intense frost action as a dominant 
process. While the potential for permafrost exists. it is not neces­
sarily present. In this sense the term implies the potential for a 
very broad spectrum of frost related phenomena. 

Ice-wedge cast 

The most widely accepted term for the post-periglacial remnant 
of an ice-wedge (commonly considered part of a polygonal ice-wedge 
surface pattern) is an ice-wedge cast (Black, 196" in Dylik 1966). 
Ice-wedge casts occur in association with a vide variety of host 
materials and represent various stages of past ice-wedge growth. 
Leffingwell (1919) proposed a two phase cycle of ice-wedge develop­
ment controlled by the formation of frost-generated contraction cracks, 
in which spring meltwater carrying fine mineral. IBtter vou1d freeze. 
Summer warming resu1ted in the expansion of tt.e host against the 
newly formed vein of ice causing lateral compression. Repeated 
cycles contributed to wedge growth and lateral detoraation of the host. 
Climatic amelioration ultimately causes the ice-wedges tQ melt. with 
resulting collapse of overburden to fill the void and torm a cast of 
the former ice wedge. Their size, shape, spacing. aasoeiated contact 
deformation, texture, composition, and fabric are all a function of 
the many parameters of ice-wedge growth and decay. Al.tbough strict 
criteria cannot be applied for unquestionable identification of ice­
wedge casts in all possible occurrences, several authors give some 
characteristics which typically can be used to distinguish true ice­
wedge caste from similar features that may have tormed by a totally 
unrelated process. 

Ice-wedge casts are generally 1 to 3 m wide at their tops 
and taper downward to depths of 3 to 4 m. ,Black (1976) points out 
that a polygon 10 to 40 meters in diameter can be anticipated, with 
wedges of non-uniform size ultimately forming saal1 subdivisions . 



page 3 

They are cOl!lIllOnly found in fine-textured stratified drift, but have 
also been reported in gravel, till and even bedrock. Stratification 
in the adjacent host is commonly deformed upward (Pissart, 1910a in 
Washburn, 1913) by lateral forces generated during ice_wedge growth 
or slumped downward as the result of collapse following melting 
(Washburn, 1913) . Most often, the cast consists of a mineralogy and 
texture simil&r to the overlying material which has slumped into the 
void produced by melting. Portions of the adjacent host material 
may be incorporated and a distinctive collapse foliation may be found 
in poorly sorted casts (Black, 1965, 1969) . The accurate interpre­
tation of a true ice-wedge cast requires the recognition of collapse 
and filling from above (Johnson, 1959). In addition, Black (1976) 
advocates the need f'or supplemental "eupportive evidence of' perma­
f'rost", and :further stresses the importance of' establishing favorable 
meteorological conditions (limited snow, wet and cool summers ) f'or 
ground ice development. 

Sand-wedge 

The term s~nd-wedge proposed by Pews (1959), refers to a 
vertically or.i:ented wedge of' sand, _approximstely 1 meter wide and 3 
meters deep·, that -is parl of a polygonal surface pattern of shallow 
f'urrows. As vi th ice-wedge casts, upward marginal deformation of 
the host can be observed which causes them t o look very similar to 
ice-wedge casts. However, there are several very important aspects 
that differ • . IT1 addition to being somewhat thinner, the filling of 
a sand-wedge displays much stronger vertical foliation and generally 
consists of much finer-grained material (Washburn, 1973). Sand­
wedges require a similar thermal regime as ice-wedges but form under 
the restricted mo::_sture supply of arid polar conditions. Whereas 
ice-wedges grow through an annual accretion of hoar-f'rost and summer 
meltwater along thermal contraction cracks, sand-wedges grow by the 
addition of sand grains that sift down the narrow contraction crack 
to form vertically oriented layers that constitute a distinct f'olia­
tion (Black, 1969)., No subsequent collapse occurs because no ·massive 
ice is present. A f'ossil sand-wedge is a true relict of a permafrost 
structure. The distinction between fossil sand-wedges and ice_wedge 
casts filled vith .sand or loess can be difficult and the two easily 
confUsed. (Black, 1965). 

Washburn (1913) has used the term soil-wedge interchangeably 
with sand-wedge, which mBlf lead to f'urther confusion . While the 
purely descriptive n~ture of' the term may at f'irst seem appealing, 
it reduces the significance of the climatic implications, an important 
original consideration, and adds to the possible confusion with the 
term soil-tc·ngue (Yehle, 1954), a feature of no periglacial signifi­
cance. One possible solution would be to adopt the t erm ground-wedge, 
as suggested by Dylike (1966). This would permit the retention of the 
climate's significance but reduce confusion in the case of tt.ose 
wedges which are filled by something other than sand. 
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Composite wedge 

An additional type of wedge, known as a composite wedge, is 
intermediate in form between an ice-wedge and sand-wedge, and consists 
of a mixture of ice and sand (Black and Berg, 19(4). No known fossil 
forms have been reported to date, although some preY10ualy described 
ice-wedge casts and fossil sand-wedges may be ot tbis type. Pre­
sumably the fill material would consist of' a vell ~ollated. tine­
grained lover wedge and a somewhat more coarse-grained, collapsed 
upper portion. This configuration would depict &Il initial dry polar 
climate which ultimately yielded to more moist conditione. The 
reverse of this would result in the slump destruction ot a IDOre 
recent dry-climate sand-wedge 8S the deeper ice-wedge ultimately 
melted. 

Soil tongue 

An additional feature that is slmi1ar in fona. and may be confused 
with wedges of periglacial significance is vbat Yehle (1954) referred 
to as soil tongues. In cross-sectional view they resemble ice-wedge 
casts. However. inspite of their general appearance. several character­
istics have been observed that serve to distinguish tbea trom frost­
related wedge forms. The outwash gravels in which they are found 
consist of a high percentage (65%) of carbonate lithologies (limestone 
and doloDdte). whereas the vertically penetrating soil tongues have 
been leached of carbonates. In addition, stratification ot the ad­
jacent host may be traced through the tongue as an unbroken sag. 
Iron oxide along the tongue margins indicates the significance of 
chemical weathering during their formation. These characteristics 
and the lack of an associated horizontally continuous ground pattern 
suggest differential leaching and mild subsidence prodUced these 
features. 

Pop-up 

This rather graphic term has had limited application since first 
used by Cushing, et aL (1910) to describe a local form of bedrock 
deformation in the Thousand Islands region. A pop-up consists of 
fractured and tilted bedrock slabs that simulate a chevron sty:le of 
buckling, broken at the crest and presumably ot limited dOVllvard 
extent. Sbar and Sykes (1973) give a brief s~ ot known pop-up 
localities in New York State as related mainly through peraonal and 
written communication rather than published reports. Ca.plete field 
descriptions are lacking except for those cases in whicb pop-ups 
have been observed to have formed in active bedrock quarries. Coates 
(1964) reported a case of buckling and upheaval ot l1aest9ne that 
occurred suddenly along the floor of a quarry in Ontario. It appears 
8S though such features can persist along trends several tens of 
meters long and rise in local relief several meters above the sur­
rotmding surface. The entire flexure may extend 10 to 12 m outward 
ava;y f'rom the crack. Of particular interest 1s the fact that the 
disturbed sandstone slabs that form the pop-up reported D,y Cushing 
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show glacial striae and polish~ which attests to their post-glacial 
origin. Considering the association of recent pop-ups with active 
quarrying, it seems reasonable to assume that they form in response 
to lithostatic unloading and may be expected to occur elsewhere as 
a result of glacial unloading. 

Tension Cracks ("Tension Wedges") 

Still another wedge form~ similar in cross section to those reported 
and illustrated by many authors as ice-wedge casts, is considered by 
Black (1976) to be of nonthermal origin. These features have a limited 
width of about .5 m at their tops and thin downward to terminate at 
depths of 1 to 2 meters. Found in gravely outwash, they are inter­
preted by BLack to be tecsion fractures in which collapse has occurred. 
A resulting vertical alignment of loose fill and downward deflection of 
adjacent beds provides the structural configuration that makes these 
wedge features conspicuous on quarry walls. Their isolated occurrence 
and lack of polygonal form aXe damaging characteristics to a possible 
periglacial interpretation. 

Other alternatives 

In addition to the features discussed, similar ground forms may 
result from a variety of processes unrelated to a periglacial regime. 
Various authors recognize the lateral expansion and contraction 
mechanism as a common result of alternate wetting and drying of ex­
pandable clays in soils. Seasonal frost action unrelated to permafrost 
areas is another process with the same mechanism. The most reasonable 
explanation for the formation of the wedge-shaped structures in 
Otsego County may involve one or a combination of the processes 
discussed. The determdning factors should be the observable char­
acteristics of each site and a consideration of other paleoclimatic 
indicators. 

DESCRIPTION OF WEDGE STRUCTURES 

Crumhorn Mountain Site (Milford Quadrangle) 

Crumhorn Mountain forms the divide between the Susquehanna River 
and Schenevus Creek from their confluence and up valley for several 
miles. It has a general southwesterly trend, with glacially steepened 
flanks and a bread lov-relief summit. Elevations along the summit 
generally range between 1780' and 1880' at its southern end and in­
crease to 1900' on isolated knolls to the north. The wedge structures 
are located in a shallow borrow pit from which siltstone of the Oneonta 
formatieD (?) is occasionally ·taken by the town of Milford. The quarry 
includes exposures on both sides of Boy Scout Road at an elevation of 
approximately 1810',1.2 miles south of Crumhorn Lake~ which is situ­
ated along the mountain summit (see :figure 1). A total of 14 wedge 
structures were well exposed along bedrock joint faces of the quarry 
walls at various times during normal excavation since 1970. Although 
several were consumed by quarry operations, several are currently vell 
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exposed., while others have been partially buried by colluvium. All 
wedges are oriented parallel to persistant joints seta, and it is 
assumed that all occur along one or the other or two dominant joint 
directions. The wedges are spaced at distances ot approximately 6 
to 1U m apart and intersect in the quarry walls to rorm a pattern 
that may be rectangular or polygonal. but cannot be seen thrcugb 
the shallow lodgement till that mantles the bedrock. 

The wedges range from 30 em to 1.5 m in width near tbe surface 
and taper downward to depths of 2 to 3 m where tbey thin to just 
seams. The enclosing siltstone host is sharply upturned adjacent to 
the wedges in a zone of marginal deformation which ~n18he8 with 
depth. Slicken-sides within the deformed siltstone along bedding 
planes indicates displacement perpendicular to aa.e wedge trends. 
The magnitude of deformation appears to be directly proportionai to 
the thickness of the wedge and, in at least one caee. involves over­
turned beds near the surface. In most cases tbe siltstone appears 
warped and smoothly flexured, while others are abruptly broken into 
tilted slabs. Most fiexed beds are highly fractured. resulting in 
literally hundreds of small breaks which formed perpendicular to 
the bedding, extending its length and giving the rock within the 
zone of deformation the false appearance of being longer than it 
actually was prior to deformation. In all c&ses the detormation fades 
laterally vithin a few meters of yhe wedge. 

The wedges themselves consist of a tightly ca.pact clastic filling 
of tabular rock fragments in a clay and sand matrix. The lithologies 
represented by the larger fragments are similar to the adjacent bed­
rock and appear to be locally derived. The finer size traction con­
sists of sand and granual size erratic lithologies and minerals which 
were derived from the overlying lodgement till. These include 
frosted sand grains and lithic fragments of crystalline rocks. Each 
wedge displays a general vertical sorting with fioer particles near 
the bottom and larger clasts at the top, and 10 many caaes grain size 
decreases toward the wedge center. A few clearly show a thin seam 
of silt and flne sand down the center of t~e wedge When viewed in 
cross sections. 

Two primary structures, foliation and collapse featurea, are 
clearly developed and may be significantly related to the origin of 
the wedges. Each is well developed but the foliation is moat con­
spicuous. It consists of a strong alignment of platy clasts in an 
orientation parallel to wedge walls. Many of these clasts appear 
to have been derived from the adjacent bedrock b06t . All clasts are 
firmly held in the co~pact wedge matrix. 1~ collapse structure is 
confined to the upper portions of the wedges aDd generally involves 
down-dropped masses of overlyint: till. In SOllIe wedges -.11 semi­
c.oheslve por"bions ·.o:r the fractured ho!1t ~k appears to have subsided 
during collapse. Generally ~ the foliated and collapsed segments of 
a wedge reveal contrasting colors. An olive-gr~ color (2.5 y 4/2) 
typiries the foliated lower segment, whereas a yellowish-brown color 
(5YR 4/4) indicates the collapsed segment. Sketches and a photo 
depicting the characteri·st1cs of several well developed .. wedges is 
shown in figures 2 and 3. . 
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This locality is situated on the broad undulating · divide between 
Five Mile Point on Otsego Lake to the east and the flat valley floor 
of Fly Creek on the west, approximately midway between ~ooperstown and 
Richfield Springs. Elevations on this portion of the divide range 
between l'roo' and 2000'. with isolated summits reaching 2,100' (see 
figure 1). As with the Crumhorn Mountain locality, the wedges are 
exposed along the walls and floor of a small, inactive rock quarry 
from which highl.y fissile siltstone and shale of the Panther lobuntain 
formation were quarried. A think veneer at till mantles the bedrock. 
~~e excavation is located at the western end of a dirt road that connects 
Fitch Hill and Metcalf Hill. It consists of tvo adjacent but separate 
quarries both on the north side o~ the dirt road at an elevation of 
1920 1

• The western section o~ the excavation contains two weil 
developed wedges along a south-facing bedrock wall. Six smaLler wedge 
remnants were also observed along the low valls and floor of the 
eastern section during the summer of 1913. 

The orientation o~ all wedges seems to be strongly controlled 
by the dominant bedrock joints, which are nearly vertically inclined 
and trend NNE and WNW. The +.hree major wedges are spaced 10 - 15 m 
apart and do not intersect. Because no surface expression could be 
foood in the overlying till it is assumed that the plan view pattern 
would probably display the rectangular orientatiqn of bedrock joints. 

The two major wedges are similar in appearance and overall 
character to those previously described for the Crumborn Mountain 
Site. They exist within the interbedded sandstone and siltstone of 
the Panther Mountain formatien, which is flexed and broken along the 
same style and scale as those previously described. In addition, 
the fillings consist of a coarse clast.ic assemblage of local bedrock 
:fragments in a tight matrix similar to the matrix of the overlying 
till. Figure 4 illustrates the upper portion of one of the larger 
wedges found at this site. Based on the similarity of these wedges 
with those on Crumhorn Mountain, it is assumed that the same mechanism 
of formation was ~tive in both 10calit1es and probably at the same 
time. 

Laurens-Mt. Vision Sites (Mt . Vision Quadrangle) 

Otego CreeK flows through a broad valley in a south-southwesterly 
direction as the maJor drainage ~ on the Mt. Vision quadrangle. 
Valley walls are oversteepened in places as the result of glacial 
modification and are mantled by a veneer of lodgement till that is 
generally fairly thin. The broad ~lood plain of the valley is lined 
by semi-continuous paired terraces with an elevation of 1160' at the 
village of Laurens. Otego ereek meAnders across ~ flood plain of 
variable width, undercutting terrace scarps of stratified drift in 
some places. Well logs (Randall 1912) indicate a subsurface strati­
graphy or terrace sand and gravel overlying clay in lateral valley 
positions, and a dominance of clays and silts along the medial segment 
of the valley. Total thickness of drift 1s not accurately known !'rom 
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borings, but gravity data and projected cross-valley profiles 
(Gieschen, 1974) suggest bedrock to lie at depths on the order of 
100 to 150 feet below present stream level. 

It is within these deposits that two separate gravel pits have 
been semi-continuously worked between the villages of Laurens and 
Nt. Vision. The excavation of both localities has exposed an additional 
type of wedge-shaped structure at what is referred to as the Laurens­
Mt. Vision site . 

The Laurens site is situated between Route 205 and Otego Creek, 
.9 mdle~ northeast of Laurens along a tlat-crested linear 
land form 1/4 mile southwest of a prominent kettle. The excavation 
1s within moderate1y to poorly sorted topaet beds of a "delta ter­
race" at an elevation of I1bO feet. The nost material consists of 
interbedded coarse eand~ pebbly sand~ and sandy gravel :3 to 4 m 
thick. Fluvial sedimentary structures include cut and. till. channel 
deposits, cross bedding and graded bedding. Foreset' beds of better 
sorted but similar material lie below and a thin veneer of reddish­
brown silt lies above. Seven separate wedge structures were observed 
at various stages or excavation at this site. Tbey extended to depths 
of 1 to 2 m in a vertical to steep orientation. Tbey taper downward 
from widths of 5 to 15 cm at their tops. A downward deflection of 
bedding at their margins indicates collapse occurred. This is further 
shown by the subsidence of surficial silt, which appears to have been 
illuviated downward giving the wedge a brownish color in contrast to 
the gray host. The pebbles and cobbles ot the wedge fillings show a 
distinct fabric that parallels the overall structure. Bifurcation 
into compound wedges was aJ.so ohserved. The ' sketch in figure 5 
characterizes the salient aspects of these wedges. 

No surface expression could be seen and~ as far as could be 
determined by excavation ~ the wedges were not pert of a polygonal 
pattern. Their plan view orientation vas in a general northerly 
trend. 

The Mt. Vision sjte is located on the western side of Otego 
Creek one mile south of the village of Nt. Vision. It. is situated 
within a segment of a deltaic feature that protrudes eastward across 
the flood plain~ constricting the valley floor. For this reason it 
may be interpreted as a delta moraine~ but associated hummocky ter­
rain is lacking. Possibl:r, delta-kame would be a reasonable alterna­
tive. Its broad upper surface lies at an elevation between 1160 and 
1180 feet. At various stages of excavation strongly developed. 
moderately sorted, foreset beds and less well sorted topset beds 6 
to 8 m thick were exposed. 

Eight wedge structures have been exposed in the upper wall 01" 
this grav~l quarry over the past several years. However, in almost 
all cases the exposures were short-lived and consumed by further 
excavation. In many respects the wedges here are ot the same size~ 
scale, description, orientation, and general occurrence as those 
previously discussed at the Laurens site. One notable exception 
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was a single wedge structure of consid~rably greater size than all 
others. Its uppermost width was 1.5 m and exposed depth was 3 m, 
where it was covered by colluvium. Projecting its downward taper 
yielded an estimated concealed depth of 6 m. It too revealed 
collapse features, including the downward deflection and thinning of 
host stratification along its margins and a tongue of overlying silt 
that protruded downward into the upper wedge, as well as a distinct 
internal fabric ·. 

, INTERPRETATION 

Salient Characteristics 

From the foregoing discussion it is clear that the general 
characteristics of' _ thes.e . features are in part similar to other wedge­
shaped &tructures found in various geologic settings. Although super­
ficially they may resemble any one of several poss! ble structures with 
a variety of possible origins, a comparison of specific salient char­
acteristics helps to eliminate some alternatives and isolate the most 
logically related feature(s). Such a comparison is made in table 1. . . 
Crumhorn Mount~in and ~tcal~-Fitch Hill Site~ 

Of the various structures listed, only those of the Crumhorn M::lun­
tain and Metcalf-Fitch Hill sites and pop-up~ are ~pecifically confined 
to a bedrock host. However, ice-wedge casts do occur in bedrock on 
occasion (Davies, . 1961) and may be confined to existing joints (Black, 
1976). Host deformaticn, size, and filling represent additional 
similarities between the wedges of these sites and ice-wedge casts. 
Unfortunately, pop-ups have not been exposed in cross sectional view 
and a comparison of these characteristics is not possible. Since 
pop-ups are thought to r esult from litho static unloading, man-made 
and through deglacial release of stress, it seems reasonable to 
assume that they ·would be fairly common features in glaciated regions. 
Perhaps their subtle exPression has for the most part simply gone 
unnoticed. On the basis of the physical characteristics displayed 
by the Crumhorn MOuntain and Metcalf-Fitch Hill wedges, an a~~ociation 
with ice-wedge cast's and pop-ups remains equally strong. 

One means bt tes~ing this association further would be to 
consider other '~leoclimatic indicators for clues to the possibility 
of permafrost playing a role in the formation of these wedges. In 
a study of local pollen from bogs in the surrounding terrain, Melia 
(1975) established a climatic chronology 1n agreement with previous 
studies in correlative areas. Tbe pollen record of late glacial ti~e 
taken from a bog in Maryland, a few miles south of Crumhorn Mountain, 
consists of A zone (spruce zone) vegetation. Additional po~en data 
from other localities in the area provide a record of Band C zones 
(pi~e and hemlock respectively), which are considered to represent 
post-glacial conditions. The bedrock wedge structures are considered 
to have formed during late or post-glacial time because their fillings 
were derived in part from the overlying till and the det"ormed bedrock 
adjacent to the wedges extends upward into the till. If these 
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structures are a form of ice-wedge cast (or possibly sand wedge or 
composite wedge) one would expect to tind evidence of tundra conditions 
condusive to ground ice formation represented in the pollen record. 
This has not been c.learly demonstrated, but tundra-like openings 
within the spruce forest remain a possibility, as pointed out by 
Melia. The arid conditions necessary for sand wedge formation seems 
l.ess likely. 

Laurens-Mt. Vision Sites 

The four most definite aspects of the wedge structures described 
at these sites are host deformation, size, occurrence, and pertinent 
associations. As s~own in table 1, ice-w~dge casts (and related sand 
ana. composite wedges), 805_1 tongues, and tension cracks all share a 
common host material vitb these structures. The nature of host de­
formation and size suggest the eljmination of any form of ice-wedge 
cast as a possible origin. Furthermore, the plan viev polygone.l. pattern 
is e.l.so lacking. 'l'hese structures £l"e,therefore. considered to be of 
an e.l.ternate origin. Of the two remaining possibilities one seems 
more likely based on occurrence and pertinent associations. 

As described by Yehle (1954), soil tongues originate through sub­
sidence as a result of sol ution and removal of support. The soil 
tongues he deRcribed can occur in a variety of patterns, including 
linear and branching, but were restricted to outwash with a relatively 
high carbonate pebble count, such as 66% ror the host and 10% within 
the tongues. While the wedges of the Laurens-Mt. Vision site may 
be similar in size. shape. and occurrence to soil tongues, they occur 
in a host that is deficient in soluble calcareous clasts (a few 
percent or less). However, a comparison with tension cracks des­
cribed by Black (1916) yields very favorable results. The physical 
appearance of the wedges, t~eir singular occurrence, and topographic 
setting e~l support an origin related to small scale subsidence along 
tension cracks formed in response to undercutting by an adjacent stream. 

SUMMARY 

A group of vertically oriented wedge structures are exposed in 
the walls of four sepuate excavations in bedrock (sandstone and 
siltstone) and stratifted drift. Two" bedrock exposures contain 25 
structures that range in width from less than a meter to 2 m. at 
their tops and taper downward ~ to 3 m. i'he host adjacent to each is 
tilted and flexed upward with deformation decreasing with depth . Each 
wedge generally contains tabular rock fragments held tightly in a fine 
matrix. Vertical and lateral sorting is expressed by increasing grain 
size upward and outward. Several display two distinct internal textures 
consisting of a vertically foliated lower and collapsed upper segment, 
with sand-size exotics in each. All wedges occur e.l.ong joints, but 
their trends do not project upward through an overlying thin lodgement 
till. 

Eleven additional wedge structures were 
associated excavations of a deltaic feature. 

exposed In two closely 
They averaged about 10 em. 
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across at their tops and penetrated 1 to 2 m. vertically. However, 
one much larger structure about 3 times this size was observed . All 
wedges were characterized by a distinct internal collapse fabric snd 
surficial slump of overlying silty soil. A downward deflection of 
adjacent host stratification was indicative of subsidence. No sur­
face expression was recognized at either locality snd excavation failed 
to reveal a polygonal orientation. 

Although these structures are similar to wedge-sbaped features 
found in regions of past permafrost. there are several other mechan­
isms of origin that deserve consideration . Similar structures in 
other parts of New York State and New England have been reported and 
interpreted to have no particular paleoclimatic significance. 
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CAPrIONS 

Figure 1. Index map of wedge sites in Otsego County. 

Figure 2 . Sketches of wedges on Crumhorn Mountain. Illustrated are 
the salient aspects of the best developed wedges as exposed 
in 1972. Since then several have been consumed by the 
quarry operation, but two new ones are currently exposed. 

Figure 3. Photograph of wedge on Crumhorn Mountain. Note that the 
flexed deformation of the bedding is proportional to wedge 
width and extends into the overlying till. This wedge 
extended to a depth of about 2 m and could be traced across 
the quarry floor. 

Figure 4. Photograph of wedge on Fitch-Metcalf Hill. This one of 
two well developed wedges with characteristics similar to 
those found on Crumhorn Mountain. Note the distinct upward 
break of host rock as opposed to the flexed deformation in 
figure 3. 

Figure 5. Sketch of wedge at Laurens site. A distinct collapse 
foliation can be detected within the wedge, as well as in 
the adjacent host gravel. Note the hand shovel for scale. 
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ROAD LOG , WEDGE-SHAPED STRUCTURES IN BEDROCK AND DRIFT 
P. J8¥ Fleisher 

SUNY, College at Oneonta 

INTRODUCTION 

This log contains a description of the most convenient routes 
to the wedge localities discussed in the accompanying paper. Specific 
aspects of each of the three sites are described, but no attempt is 
made to document the geology between sites. Tbis would be repetitious 
since the road log in this guidebook entitled Glacial Geomorphology 
of the Upper Susquehanna Drainage does this in some detail. 

Tbis field trip begins at the Route 7-Interstate 88 interchange 
2 miles east of Oneonta in the cOlDJllunity of Emmons and ends vest of 
Oneonta at the Route 7 - Interstate 88 interchange in what is called 
the west end. 

Miles from Cumulative 
last poi nt Miles 

0.0 

2.5 

2 . 3 

1.0 

0.3 

0.2 

0.5 

1.1 

0.0 

2.5 

4.8 

5.8 

6.1 

6.3 

6.8 

7.9 

ROAD LOC 

Proceed east on Rt. 7 and 28 from the traffic 
light intersection with the 1-88 interchange. 
A notable landmark for this intersection is 
the Del-Sego Drive-In. 

Turn left at blinking light. Leave Rt. 7 and 
follow Rt. 28 north toward Cooperstown. 
Lorenzo's Homestead Restaurant will be on 
your lett at this intersection. 

Proceed on Rt . 28 through Milford Center. 

Enter Portlandville 

Turn right at Blue Bonnet Antiques on Otsego 
County Rd. 35, which crosses a bridge (Sus­
quehanna River) immediately and a railroad 
within 0.2 miles. 

Just beyond the tracks turn lett and remain 
on County Rd. 35. 

Turn right at white farmhouse and proceed up 
Crumhorn Mountain on Wrightman Rd. (unmarked). 
As the road climbs it provides an impressive 
view of the Susquehanna Valley. 

Turn left near top ot bill and follow sign that 
points the way to Boy Scout Camp. Th1s is 
Boy Scout Rd. 
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Miles from Cumulative 
last point Miles 

0.5 8.4 
STOP 1 

Pull off to the right 
in a bedrock quarry. 
this rock for fill. 

near the top of the hill 
The Town of Milford uses 

This is the Crumhorn Mountain Site. The 
quarry operation was much more active in the 
early 10's when more than a dozen wedge-shaped 
structures were exposed. Some have since been 
consumed by the operation or covered under 
colluvium~ but two were well exposed in June. 
1911. These can be found east of Boy Scout 
Road in the south facing wall of the excava­
tion. They are most easily spotted by looking 
for the upward deformation of the siltstone 
bedding. Their deepest penetration has not 
been excavated~ but judging tram the amount of 
downward taper they are probably in excess of 
2 m deep. These and all others occur along 
bedrock joints which seem to control their 
orientation. 

Two sets of wooden pegs were emplaced in 
each of these wedges in order to determine 
whether their width varied seasonally due to 
temperature or moisture changes. The upper and 
lo","er portions of each wedge were monitored fi'om 
April, 1916 to the present. The results are as 
follows: 

Wedge A (nearest the road) 
dist. between dist. between 

Date uEl2er pegs lower pes;s 
4l2l/76 50.0 em 31.5 em 
5/15/76 50.2 em 31.5 em 
7/16/76 50.0 em 31.3 em 
8/17/76 50 .0 em 31.5 em 
9/11/76 49.7 em 31.6 em 
3/11/77 49.8 em 31.6 em 
5/31/77 49.8 em 31.5 em 

Wedge B ~farthest from road) 
4/21/76 36.0 em 22.2 em 
5/15/76 35.8 em 22.0 em 
7/16/76 35.6 em 21.8 em 
8/17/76 35.9 em 22.0 em 
9/11/76 35.8 em 22.0 em 
3/11/77 35.4 em 22.1 em 
5/31/77 35.2 em 21.9 em 

From these data it i s concluded that no 
seasonal variation alters the width significantly. 

The short upper segments of four other 
wedges may be detected through the colluvium 
along the east side of the road. Unfortunately, 

• , 
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Miles from Cumulative 
last point Miles 

1.6 10.0 

0.7 10.7 

4.0 14.7 

0.3 15.0 

4.9 19.9 

0.5 20.4 

2.2 22.6 

0.1 22.7 

0. 4 23 . 1 

0.3 23.4 

0.1 23.5 

2.0 25.5 

1.2 26.7 

1.7 28.4 

the most impressive wedge remains buried 
by debris along the south facing wall of the 
operation to the west of the road. 

Most wedges are characterized by a highly 
compact tilling that shows collapse foliation. 
However, a few small bedrock buckles can be 
found, in which little or no fill exists . 

Ice-wedge casts or pop-ups seem to be the 
main question here. 

Back track off Crumhorn Mountain to otsegp 
County Rd. 35. 

Turn left and back track to Rt. 28. 

Intersection with Rt. 28. Turn right and 
proceed north through Village of Portlandville. 

Village of Milford 

Blinking traffic light in Milford, proceed 
north on Rt. 28. 

Village of Hyde Park 

Village of Index 

Village of Cooperstown 

Bear right across railroad tracks on Rt. 28. 

Junction of Rt. 28 and 80. Proceed straight 
~ ~9n Rt. 80. 

Traffic light intersection with Main Street. 
Proceed through intersection 

Stop sign. Turn left and remain on Rt. 80. 

Turn left on Otsego County Rd. 28 at Brookwood 
Point toward Leatherstocking Falls. The planar 
surface on your right at the turn is the upper 
surface of a hanging delta that was built into 
glacial Lake Cooperstown which stood about 20 m 
above the modern Otsego Lake level. (See paper 
and road log in this guidebook entitled Glacial 
Geomorphology of the Upper Susquehanna Drainage). 

Turn left onto Armstrong Rd. (unmarked, but 
white house on left and SPCA sign on right). 

Turn right on Tanner Hill Rd. (unmarked). 
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Mil es from Cumulative 
last point Miles 

0.7 29.1 

0.2 29.3 
STOP 2 

0.3 29.6 

0.5 30.1 

1.7 31.8 

4.0 34.8 

0.7 35.5 

1.7 37.2 

1. 9 39.1 

Turn right just beyond large red barn onto 
Smith Cross Rd. (unmarked). Proceed for 0.2 
miles to top of hill. 

Pullover to the right, outcrop on the left. 
This is the Fitch-Metcalf Hill Site. There 
are two main wedges in this outcrop, but 
several others within walking distance up 
the road. 

These wedges are similar in many respects 
to those on Crumhorn t-Duntain. They are com­
parable in size and filling. but associated 
bedrock deformation appears slightly different. 
Here the rock is somewhat more massive and 
less fissile. which ~ account for why the 
rock appears broken upward here, as opposed 
to flexed upward at STOP 1. Here too joints 
define the orientation of the wedges and the 
bedrock is veneered by a till that collapsed 
to contribute to the wedge filling. 

Other much smaller wedges (or more 
accurately, buckles) can be seen in another 
excavation to the right (east). They can be 
reached by walking along the upper contour, of 
the outcrop~ through a raspberry patch and to 
a shallow excavation about 100 m away, or 
take the road if you're not a berry fan. 

Once again we are left vith the question 
of whether these features are frost related 
or simpl.y reflect the adjustment that occurred 
due to glacial unloading. 

Back track to Tanner Hill Rd. 

Turn right on Tanner Hill Rd. and proceed north. 

Road ends at intersection vith Otsego County Rd. 26. 
Turn left. Road descends the valley wall of Fly 
Creek. 

Bear left and remain on County Rd. 26. 

Enter Village of Fly Creek. Stop 
intersection with Rt . 80 and 28. 

Enter Oaksville. 

sign 
Turn 

at 
right. 

Intersection of Rt. 205 south and 80. Turn 
left on Rt. 205 south and 80 west. 

Turn left and remain on Rt. 205 south. 



Miles from 
last point 

2.2 

5.1 

0.3 

Cumulative 
Miles 

43.8 

46.0 

51.1 

51.4 

0.2 51.7 
STOP 3 

0.4 52.1 
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Enter Village of Hartwick, continue south on 
Rt. 205. 

Enter Village of Mt. Vision, continue south 
on Rt. 205. 

Turn right just before CiTcle S Farm barn on 
Blood Mills Rd. (unmarked) 

Cross otego Creek bridge and take first right 
on dirt road that parallels the creek to the 
north. 

End of dirt road at gate to Otsego County 
gravel excavation. This is the first of two 
locations, collectively referred to as the 
Laurens-Mt. Vision Site. At various times 
during the excavation of this deltaic feature 
(hanging delta or delta kame) massive gravel 
and sand fore set beds and poorly sorted topset 
gravels have been exposed. It is within the 
topset gravel that wedge-shaped structures 
have been observed. The largest reached a 
depth of 3 m and was 1 m wide at the top 
before being destroyed. Several smaller 
wedges have also been noted. 

In each case the wedges shoy a vertical 
orientation in a general N-S trend. They are 
characterized by downward collapse that in­
cludes the flanking gravels. A pebble count 
taken here included about 95% local lithologies 
and less than 1% limestone. However, chert at 
1.1% is also present. Since the chert origin­
ated in a limestone host, it is assumed that 
much of the carbonate that was present has 
been leached. 

The lack of a polygonal wedge distribution 
rules out an ice-wedge mechanism for their 
formation. The evidence for leaching suggest 
that a soil-tongue forming process ~ have 
been active, but in other reported cases the 
carbonate content was much higher than would 
be anticipated here. This leaves the tension 
orack mechanism, which seems to have merit when 
one considers the juxtaposed location and 
trend of otego Creek. 

Return to Rt. 205 

Turn right on Rt. 205 south. 
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Miles from Cumulative 
last point Miles 

1.2 

1. 9 

53.3 
STOP 4 

60.6 

Pull off to the right and wa.l.k in to a shallow 
gravel operation 0.2 miles off highway . This 
is the second of two localities described as 
the Laurens-Mt . Vision Site. Repeatedly during 
the excavation of this site a variety of small 
wedges, similar to those at the last stop, and 
vein-like structure (thin wedges) have been 
exposed. It is assumed that the simdlarity of 
features, topographic setting and host material 
would dictate a similar origin for both localities. 

Return to Rt. 205 and proceed south. 

Junction of Rt. 205 
blinking red light. 

with 23 at 
Bear left 

stop sign .and 
and proceed south. 

Traffic light intersection with Rt . 1 at 1-88 
interchange . 

END OF FIELD TRIP 
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