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O V ERV IEW : S T R U CT U RAL G EO LO G Y O F T HE ALTAM O N T  QU ADRAN G LE

W h ile th e vast majority of units w ith in th e Altamont quadrangle dip approximately 1.5 degrees (ca. 160 feet per mile) to th e south -south w est, th e
region is not w ith out its deformational component.  T h e Helderberg h ills south  of Altamont mark th e north ernmost exposure of th e Hudson V alley
fold/th rust belt, and display several major bedding plane detach ment structures.  T h rust faults and splays h ave been recognized in th e low er
Mount Marion th rough  Esopus, Becraft, and N ew  S cotland formations w ith in and outside of th e Altamont Quadrangle, w ith  th e most obvious
examples found along M inelot Creek in T h ach er S tate P ark and at th e base of th e Becraft Limestone, w h ere up to 15 feet (4.6 meters) of
th ickness is locally absent.
Apart from th ese decollement structures, a number of h igh  angle normal faults w ere observed w ith in th e S ch enectady Formation perpendicular
to th e trace of th e Bozenkill Creek.  Displacement along each   fault w as generally small (on th e order of 5-30 cm), but taken togeth er added up
to several meters of   dow nw ard displacement to th e N orth w est.  T h e fault planes observed along th e river’s edge tended to anastomose, and
may be of relatively recent vintage as th e brecciated w as entirely unconsolidated.
O V ERV IEW : KARS T  O N  T HE ALTAM O N T  QU ADRAN G LE
Karst is a landform created by th e dissolving of th e underlying bedrock.  Evidence of karst includes th e presence of caves, sinkh oles,
disappearing streams, solutionally-enlarged joints, and springs; and by th e general absence of surface streams.
O n th e Altamont quadrangle karst is found in th e Kalkberg, Coeymans, and Manlius Limestones; th e Becraft Limestone; and th e O nondaga
Limestone.  T h e longest caves are found in th e Coeymans and Manlius, but considerable karst is found in all listed limestone units.
G ood examples may be found in Joh n Boyd T h ach er S tate P ark.  Caves and springs are seen along th e Indian Ladder trail.  T h e best sinkh oles
are found south  of Beaverdam Road at th e contact of th e U nion S prings Formation and th e underlying O nondaga, and along parts of th e Long
P ath  north  of th e park office.  O ne th ing th at is not a sinkh ole is T h ompsons Lake.
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BEDROCK GEOLOGY OF THE ALTAMONT 7.5 MINUTE QUADRANGLE:
AN OVERVIEW

Bedrock on th e Altamont 7.5 minute quadrangle is represented by diverse
sedimentary rocks, w h ich  dip sligh tly (ca. 1.5o) to th e south -south w est. Abundant
limestone and sh ale/mudstone is supplemented by some sandstones, th e latter of
w h ich  increases south w ard into th e W esterlo quadrangle. T h e rocks are varying cut
by inch - to landscape-scale fractures, many w ith  a south -south w est to north -
north w est orientation. T h ese fractures occur as joints, th rust and normal faults, and
gravity-driven breakage of rocks, especially along escarpments. Karst features are
also common across tw o limestone belts on th e quadrangle, including numerous
caves.
T h e rock strata on th e Altamont quadrangle formed over a period of approximately
60 million years, betw een about 450 to 388 million years ago (O rdovician, S ilurian
and Devonian P eriods). T h ey w ere deposited in a relatively sh allow  marine seaw ay
th at flooded N ew  York and, at times, much  of eastern N orth  America. Maximum
depth s may h ave reach ed a few  h undred feet depth , w h ile minimum depth s w ere
essentially at sea level (supratidal environments). T w o times during th at time,
marine w aters w ith drew  from th e region for a few  to tens of millions of years,
forming major erosion surfaces.
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GEOLOGIC UNITS
Quaternary (Q) material
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Marcellus subgroup
In eastern N ew  York, strata sometimes know n as th e Marcellus “sh ale” are divided
into tw o formations; a low er U nion S prings and upper Mount Marion Formations.
Classic black to dark gray sh ales, typical of th e Marcellus subgroup in central to
w estern N ew  York, only occur in th e low er part of th e strata in eastern N ew  York
(Bakoven Member of th e U nion S prings Formation). S ucceeding h igh er Marcellus
strata are composed largely of dark gray sh ales, siltstones and sandstones, w ith  an
overall increase in sandstone upw ard.
Mount Marion Formation (mDmm1 and mDmm2: = upper part of Marcellus
subgroup)
Dark-gray to gray sh ales and mudstones, and gray to brow n siltstones and
sandstones, w ith  a few  th in limestones (Hurley and Ch erry V alley Members) at th e
base. Marine fossils often occur in distinct layers separated by rough ly 10-26 feet
(ca. 3-8 meters) of poorly- to non-fossiliferous strata. O verall, th e percentage of
sand in th e rocks increases upw ard th rough  th e formation; h ow ever, only th e low er
part of th e formation is present on th e Altamont quadrangle. T h e Mount Marion
Formation represents intermediate depth  to sh allow  marine environments
(from perh aps a few  h undred feet at most, to th e sh oreline at sea level).
Members of th e Mount Marion Formation on th e Altamont quadrangle, from low  to
h igh , include:
1) Hurley Member: Limestone, mudstone and minor silt- to sandstone.
Approximately 4.3 feet th ick (1.3 meters), but varies locally.  T w o to th ree
th in, fossiliferous limestones and a th in sandstone separated by sh ales of
varying th icknesses.
2) Ch erry V alley Member: Limestone, w ith  famous Agoniatites vanuxemi
ceph alopod fauna.  Approximately 4.6 feet (1.4 meters) th ick. Forms ledges and
w aterfalls in ravines in th e south east portion of th e map. It w as not found in th e area
of much  quaternary sediment cover in th e south w est portion of th e map; it may
possibly occur on th e order of 100 feet (30 meters) below  quarries in th e East Berne
Member along S imons Road.
3) East Berne Member: Dark-gray sh ale and mudstone, w ith  minor th in sandstone
beds th rough  th e member and a th ick sandstone at th e top. Member marked by
distinct basal and top contacts, above Ch erry V alley Limestone, and below  th e
overlying Halih an Hill Bed (see below ). Approximately 250 feet th ick (76 meters)
th ick in th e south eastern portion of th e quadrangle.
4) O tsego Member: S h ale and sandstone, w ith  an overall increase in th e percent
sandstone upw ard th rough  th e member. T h e base of th e O tsego is distinct, marked
by a generally th ree foot th ick fossiliferous zone w ith  common rugose (“h orn”)
corals, at th e top of a th ick sandstone (Halih an Hill Bed of V er S traeten, 1994). O nly
th e low er few  tens of feet of th e O tsego Member are found on th e Altamont
quadrangle, capping th ree h illtops in th e south east corner.
5) undifferentiated upper member: S andstone-dominated strata; does not occur on
th e Altamont quadrangle.
N O T E: O n th e Altamont quadrangle th e Hurley, Ch erry V alley and East Berne
members of th e Mount Marion Formation are mapped as mDmm1 (ca. 260 feet =
79 meters th ick). T h e th in, low er portion of th e O tsego Member of th e Mount Marion
Formation found on th e quadrangle is mapped as mDmm2.

U nion S prings Formation (mDus: = low er part of Marcellus subgroup)
Dominantly black to dark-gray sh ales and mudstones, w ith  some th in impure
limestone layers.  T h in calcareous unit at th e top (S tony Hollow  Member) in th e
eastern part of th e quadrangle disappears to th e w est.  S trata are generally non-
fossiliferous to poorly fossiliferous, w ith  straigh t and coiled ceph alopods, very small
conical sh ells (styliolinids, dacryoconarids), and some small brach iopods and
bivalves.  T h e base of th e U nion S prings Formation, placed at th e top of th e
underlying O nondaga Limestone, w as found in only one locality on th e quadrangle.
During th e M iddle Devonian, U nion S prings sediments are interpreted to h ave been
deposited in deeper, more basinal environments, perh aps a couple to few  h undred
feet deep. T h e S tony Hollow  Member w as deposited in sligh tly sh allow er
environments, perh aps analogous to today’s mid-continental sh elf.
T w o members of th e U nion S prings Formation are found on th e Altamont
quadrangle,
from low  to h igh :
1) Bakoven Member: O rganic-rich  black to dark-gray sh ales and mudstones, w ith
th in, minor limestone beds and limestone concretions.  G enerally non-fossiliferous
to poorly fossiliferous; fossils consist largely of sh elled animals th at lived up in th e
w ater column, not on th e sea floor (e.g., straigh t and coiled ceph alopods, and
styliolinids/dacryoconarids).  T h e Bakoven Member is approximately 120 feet (37
meters) th ick along P innacle Road, on th e south east margin of th e quadrangle.
S trata are not uncommonly deformed by folds and th rust faults.
2) S tony Hollow  Member: T h in, buff-colored, calcareous sh ale to siltstone at th e top
of th e U nion S prings Formation. Found in th e south eastern portion of th e
quadrangle; it disappears to th e w est as th e rock laterally ch anges to dark gray
sh ale. T h in bed at th e base w ith  fossils, including brach iopods and th e trilobite
Dech enella h aldemani.  S ome strata are bioturbated. P yrite nodules present; th e
pyrite secondarily replaces barite, w h ich  is found in th e same strata in oth er states
(e.g., P A, V A, W V ).  To th e w est, th e S tony Hollow  Member disappears as strata
ch ange laterally to dark-gray mudstones of th e upper part of th e Bakoven Member.
T h e S tony Hollow  is 10.6 feet th ick in a ravine near th e east end of Long Road, and
13.5 feet (4.1 meters) th ick in th e south  branch  of O nesqueth aw  Creek, 2.4 miles to
th e south east (W esterlo 7.5 minute quadrangle).

O nondaga Formation (mDon)
Ligh t-colored, fossiliferous, coarse- to fine-grained limestones (grainstones,
packstones and w ackestones, w ith  scattered ch ert in some intervals. T h e relatively
h ard, resistant limestones of th e O nondaga Formation commonly form ledges to
cliffs; in T h ach er P ark, north  of Beaverdam Road, th e O nondaga forms its ow n
escarpment, as it does in oth er parts of N ew  York. O liver (1956) reported a
minimum th ickness of 110 feet (33.5 meters) for th e O nondaga Limestone locally, in
contrast w ith  G oldring and Cook’s (1935) report of 85 to 100 feet (26 to 30 meters).
T h e base of th e formation is indicated by limestone directly overlying fossiliferous
sandstone of th e S ch oh arie Formation, visible at springs and in stream beds. T h e
top of th e formation is overlain by black sh ale; th e contact w as only found at one
locality in th e quadrangle, near T h ompsons Lake.
Ch ert (sometimes called “flint”) is common in some parts of O nondaga Formation,
absent in oth ers. It occurs as layers or irregularly-sh aped nodules. In low er parts of
th e formation th e ch ert is ligh t gray, but dark gray in upper strata. T h ree members of
th e O nondaga (Edgecliff, N edrow  and Mooreh ouse Members, low  to h igh ) are
recognized in th e Helderbergs, but are not distinguish ed on th e map. Common
corals in basal limestones locally developed into a reef mound w ith  abundant
corals. T h in clay layers at some levels are th e altered remnants of volcanic ash ,
erupted from M iddle Devonian volcanoes in th e Appalach ians. O ne of th ese altered
volcanic ash  layers in th e upper O nondaga Limestone, absent in th e Helderbergs,
h as been dated at 390.0 +/- 0.5 million years old (Roden et al., 1990). S trata are
sometimes deformed by folds and th rust faults. S ediments of th e O nondaga
Formation w ere deposited in a variety of w ater depth s in a sh allow  sea (e.g., mid-
ramp to sh oal type environments), similar to depth s found on today’s mid-
continental sh elf to a sh allow  sh oal, w h ere day-to-day w aves crash  against th e sea

M IDDLE DEV O N IAN  P ERIO D
(beginning 393 million years ago; on th e Altamont quadrangle, 393 to ~388 million
years ago)
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Esopus and S ch oh arie Formations (lDe-s)
S andstone, sh ale to mudstone, and siltstone, w ith  minor limestone, ch ert and clay
beds. T h e Esopus Formation is non-calcareous.
T h e combined Esopus and S ch oh arie formations are approximately 120 feet th ick
(37 meters) on th e Altamont quadrangle, w h ere not strongly deformed.
1) Esopus Formation: Clayey siltstones and sandstones, and dark gray sh ale to
mudstones compose most of th e Esopus Formation. M inor ch ert and th in clay
layers occur low  in th e formation. Layering (bedding) is generally difficult to
distinguish , due to extensive burrow ing of th e sediment by animals (e.g., w orms,
clams).  S h elly fossils are rare. S trata are not uncommonly deformed by folds and
th rust faults. U p to 15 th in clay layers in low est strata of th e Esopus Formation
(S prout Brook K-bentonites) are th e altered remnants of volcanic ash , erupted from
Low er Devonian volcanoes in th e Appalach ians. T w o of th ese altered volcanic ash
layers h ave been dated at 408.3 +/-1.9 million years old (T ucker et al., 1998). W ater
depth s varied some during deposition of th e Esopus Formation, in mid- to outer
sh elf-type environments.
2) S ch oh arie Formation: Clayey sandstones, siliceous sh ales and h igh ly
fossiliferous sandstones ch aracterize th e S ch oh arie Formation in th e Helderbergs.
In contrast w ith  th e formation in th e Hudson V alley, only th e upper part of th e
S ch oh arie Formation in th e Helderbergs is calcareous. S trata in some intervals are
deformed by folds and th rust faults. W ater depth s varied some during deposition of
th e S ch oh arie Formation, largely in mid- to inner sh elf type settings, but sh allow ing
to sh oal type environments at th e top of th e formation.

EARLY DEV O N IAN  P ERIO D (419 to 393 million years ago)

IDe-s

O riskany Formation (lDor)
Quartz sandstone, often fossiliferous, and cemented by silica (quartz). Forms a
th in, very resistant and sometimes w ide flat ledge, w h ere softer, less resistant
low er Esopus strata h ave been stripped off th e top by erosion. T h ickness varies
across th e quadrangle; G oldring and Cook (1935) reports “a maximum th ickness
of four feet (1.2 meters), w ith  an average of only one or tw o feet” (0.3 to 0.6
meters). T h e O riskany unconformably overlies th e Becraft Limestone. T h ree
formations, found betw een th e O riskany and Becraft formations in th e Hudson
V alley and P ort Jervis area, are absent in th e Helderbergs. T h ey w ere eroded
aw ay during a major sea level drop, prior to deposition of th e O riskany S andstone.
Fossils include numerous brach iopods and oth er sh elly forms of th e O riskany “big
brach iopod” fauna. T h e sandy sediments of th e O riskany Formation w ere
originally deposited in sh allow  marine, sh oal-type environments, w h ere w aves
contacted th e sea floor on a day-to-day basis.
Becraft Formation (lDbe)
Ligh t-colored, relatively coarse-grained limestone, composed largely of complete
to broken sh ell material, dominantly fragments of crinoids. Rickard (1962)
reported 12 feet (3.7 meters) of Becraft Limestone at T h ach er P ark, but its
th ickness varies across th e quadrangle (zero to 15.5 feet; = 0 to 4.7 meters),
probably due to both  Devonian-age erosion before deposition of th e overlying
O riskany S andstone, and/or local th inning along rock faults. T h e low er contact
w ith  th e N ew  S cotland Formation is gradational. Becraft fossils are much  less
diverse th at th e N ew  S cotland, and include abundant crinoid fragments and
several different species of brach iopods. T h e most diagnostic fossil of th e Becraft
Limestone is a sh allow  bow l-like fossil on th e order of an inch  (2 cm) across. T h e
original calcite of th e sh ells is sometimes replaced by silica (quartz), indicated by
fossils th at w eath er out in relief from th e limestone rock. Ch ert, rare in th e Becraft
Formation outside of th e Helderbergs, is found locally on th e quadrangle. S imilar
to th e Coeymans Limestone below  and th e O riskany S andstone above, sediments
of th e Becraft Limestone w ere deposited in sh allow , sh oal type environments.

Kalkberg and N ew  S cotland Formations (lDk-ns)
T h e Kalkberg and N ew  S cotland formations are mapped togeth er on th e Altamont
quadrangle, in part because th eir contact is gradational, and often covered under
surficial sediments. T h e tw o formations total about 115 feet (35 meters) at
T h ach er S tate P ark (Rickard, 1962). S everal th in clay layers in th e tw o formations
are altered remnants of volcanic ash  deposits (Bald Hill K-bentonites), erupted
from Low er Devonian volcanoes in th e Appalach ians. O ne of th ese altered
volcanic ash  layers w as dated at 417.6 +/-1.0 million years old (T ucker et al.,
1998).
1) Kalkberg Formation: Fossiliferous, medium-grained limestones, w ith  coarser-
and finer-grained beds and minor sh ale/mudstone. T h in- to medium-bedded
layering. O n fresh  surfaces, th e Kalkberg Limestone appears darker gray th an th e
underlying Coeymans Limestone, but often w eath ers to a buff color.  S ome dark
gray ch ert also present, generally as nodules. T h e low er contact w ith  th e
Coeymans Formation is gradational, indicated by a ch ange to finer-grained strata
and more abundant and diverse fossils. T h ese include various brach iopods,
bryozoans, and small rugose corals. Rickard (1962) reports 49 feet (15 meters)
for th e Kalkberg Limestone at T h ach er S tate P ark. T h e Kalkberg Formation w as
originally deposited in sh allow  ramp settings similar to th e inner continental sh elf
environments.
2) N ew  S cotland Formation: Fine-grained limestones and calcareous sh ales and
mudstones. S trata are generally th in-bedded; limestones and sh ales commonly
interlayered. Limestones are generally h ave a h igh  clay content. S trata are often
fossiliferous, w ith  relatively h igh  diversity of varied types of fossils. T h e low er
contact of th e N ew  S cotland w ith  th e underlying Kalkberg is gradational; th e N ew
S cotland is distinguish ed from th e latter by more sh aly strata, and a more diverse
group of fossils. T h ese include diverse brach iopods, along w ith  bryozoans, corals,
gastropods, and oth er fossils including rare trilobites. Rickard (1962) reports a
th ickness of 66 feet (20 meters) for th e N ew  S cotland Formation at T h ach er S tate
P ark. T h e unit is locally deformed by folds and th rust faults, some of w h ich  rise
th rough  th e overlying Becraft and O riskany formations. S ediments of th e N ew
S cotland w ere deposited in deep ramp-type environments, rough ly similar to mid-
to out continental sh elf-type environments.
Coeymans Formation (lDcy)
Bluish -gray to ligh t gray, coarse-grained limestones (grainstones to packstones).
T h ick to massive-bedded, w ith  poorly developed layering. Forms a very resistant
ledge, best seen capping th e cliffs along th e Helderberg Escarpment at Joh n
Boyd T h ach er S tate P ark and beyond. T h e low er contact w ith  th e Manlius
Limestone is marked by a ch ange to coarser-grained limestone, and is erosional.
T h e Coeymans Formation is relatively fossiliferous, including common crinoid
fragments, w ith  brach iopods and scattered corals. T h e brach iopod G ypidula
coeymanensis is an index fossil for th e Coeymans Limestone; it does, h ow ever,
also extend up into low er strata of th e Kalkberg Formation above. Rickard (1962)
reports 37 feet (11.3 meters) to th e Coeymans Limestone on th e Altamont
quadrangle. T h e rocks w ere originally deposited in ‘sh oal”-type environments,
w h ere day-to-day w aves continually crash ed against th e sea floor.
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LAT E S ILU R IAN  P ERIO D
Manlius and Rondout Formations (uS m-r)
Limestones, dolostones, and minor sh ales. T h ese units form th e low er portion of
th e Helderberg escarpment cliffs, w ell seen along th e Indian Ladder T rail at
T h ach er S tate P ark. T h e Manlius and Rondout Formations w ere deposited on th e
margin of th e S ilurian-Devonian seaw ay, in tide-influenced environments.
Combined th ickness of th e units w ere measured at T h ach er P ark at approximately
57 feet (17.4 meters).
1) Manlius Formation (T h ach er Member)
G enerally ligh t gray-colored, fine-grained limestones (micrite, w ackestone), w ith
buff to yellow  w eath ering dolostone intervals, and reef layers of stromatoporoid
sponges. T h e th inly-laminated dolostones are most notable in th e recessed
“upper bear path ” in th e cliffs at T h ach er S tate P ark. T h e Manlius Limestone is 52
feet (15.8 meters) th ick at T h ach er S tate P ark (Rickard, 1962). T h e Manlius
Formation w as deposited in tidal environments on th e margin of th e Devonian
seaw ay, betw een just above to a little below  low  tides. S tromatoporoid reefs,
indicated by ch aotic-appearing layering in th e middle to upper Manlius Formation,
formed in sh allow  depth s sligh tly below  low  tide.
2) Rondout Formation
Fine-grained, blue to yellow ish -brow n limestone, dolostone and sh ale, w ith
greenish -gray sandy, pyritic sh ale in its low er part. Rickard (1962) reported five to
seven feet 1.5 to 2.1 meters) of Rondout on th e Altamont quadrangle; th is
includes th e low er sandy, pyritic sh ale th at G oldring and Cook (1935) h ad
interpreted to be th e Brayman S h ale, w h ich  is found w est of th e Altamont
quadrangle. T h e Rondout Formation is best seen as th e deeply recessed interval
along th e Indian Ladder T rail at M inelot Falls, at T h ach er S tate P ark. T h e Rondout
Formation w as ch iefly deposited in supratidal environments, just above h igh  tides.

LAT E O RDO V ICIAN  P ERIO D
S ch enectady Formation (uO S ch )
S andstones and black to gray sandy to clay-rich  sh ales, th in to massive layered,
and commonly interbedded. T h e proportion of sandstone to sh ale varies vertically
th rough  th e formation. G oldring and Cook (1935) estimated 1800 to 2000 feet
(548 to 610 meters) for th e S ch enectady Formation on th e Altamont quadrangle,
succeeded by 410 feet (125 meters) of strata assigned to th e “Indian Ladder
Beds”. O n th is map, th ese strata are mapped togeth er (see below ), for a total of
up to nearly 2400 feet (731 meters). T h e S ch enectady Formation is interpreted to
represent relatively deep w ater, turbiditic slope-type environments.
T h e term “Indian Ladder Beds” w as applied by Ruedemann (1930), G oldring
(1933) and G oldring and Cook (1935) to 410 feet (125 meters) of O rdovician-age
sh ales and th in sandstones below  th e cliffs at T h ach er P ark. T h e previous auth ors
report th at th ey contain a somew h at different fauna from th e S ch enectady
Formation beneath . How ever, th e unit supposedly only occurs along a 2.5 mile
lateral distance, w h ich  could raise some questions about it’s validity as a unit. For
th is map, strata assigned to th e Indian Ladder beds are mapped as part of th e
S ch enectady Formation.
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GEOLOGIC SYMBOLS

Limit of Quaternary cover!! !! !! !! !! !! !! !! !! !! !!

Contact, definite Contact, approximate Contact, inferred
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