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Esopus a n d S choharie Form a tion s (lDe-s)
S a n dston e, sha le to m udston e, a n d siltston e, with m in or lim eston e, chert
a n d cla y b eds. T he Esopus Form a tion  is n on -ca lca reous.

T he com b in ed Esopus a n d S choharie form a tion s are approxim a tely 120 feet
thick (37 m eters) on  the Alta m on t qua dra n gle, where n ot stron gly deform ed.

1) Esopus Form a tion : Cla yey siltston es a n d sa n dston es, a n d dark gra y sha le
to m udston es com pose m ost of the Esopus Form a tion . Min or chert a n d thin
cla y la yers occur low in  the form a tion . La yerin g (b eddin g) is gen era lly
difficult to distin guish, due to exten sive b urrowin g of the sedim en t b y
a n im a ls (e.g., worm s, cla m s).  S helly fossils are rare. S tra ta a re n ot
un com m on ly deform ed b y folds a n d thrust fa ults. Up to 15 thin  cla y la yers
in  lowest stra ta of the Esopus Form a tion  (S prout Brook K -b en ton ites) are the
a ltered rem n a n ts of volca n ic ash, erupted from  Lower Devon ia n  volca n oes
in  the Appa la chia n s. T wo of these a ltered volca n ic ash la yers ha ve b een
da ted a t 408.3 +/-1.9 m illion  years old (T ucker et a l., 1998). W a ter depths
varied som e durin g deposition  of the Esopus Form a tion , in  m id- to outer
shelf-type en viron m en ts.

2) S choharie Form a tion : Cla yey sa n dston es, siliceous sha les a n d highly
fossiliferous sa n dston es chara cterize the S choharie Form a tion  in  the

EARLY  DEVONIAN PERIOD (419 to 393 m illion  years a go)

IDe-s

Oriska n y Form a tion  (lDor)
Quartz sa n dston e, often  fossiliferous, a n d cem en ted b y silica (quartz).
Form s a thin , very resista n t a n d som etim es wide fla t ledge, where softer,
less resista n t lower Esopus stra ta ha ve b een  stripped off the top b y erosion .
T hickn ess varies a cross the qua dra n gle; Goldrin g a n d Cook (1935) reports
“ a m a xim um  thickn ess of four feet (1.2 m eters), with a n  a vera ge of on ly
on e or two feet” (0.3 to 0.6 m eters). T he Oriska n y un con form a b ly overlies
the Becra ft Lim eston e. T hree form a tion s, foun d b etween  the Oriska n y a n d
Becra ft form a tion s in  the Hudson  Va lley a n d Port Jervis area, are a b sen t in
the Helderb ergs. T hey were eroded a wa y durin g a m a jor sea level drop,
prior to deposition  of the Oriska n y S a n dston e. Fossils in clude n um erous
b ra chiopods a n d other shelly form s of the Oriska n y “ b ig b ra chiopod”
fa un a . T he sa n dy sedim en ts of the Oriska n y Form a tion  were origin a lly
deposited in  sha llow m arin e, shoa l-type en viron m en ts, where wa ves
con ta cted the sea floor on  a da y-to-da y b a sis.

Becra ft Form a tion  (lDb e)
Light-colored, rela tively coarse-gra in ed lim eston e, com posed largely of
com plete to b roken  shell m a teria l, dom in a n tly fra gm en ts of crin oids.
Rickard (1962) reported 12 feet (3.7 m eters) of Becra ft Lim eston e a t
T ha cher Park, b ut its thickn ess varies a cross the qua dra n gle (zero to 15.5
feet; = 0 to 4.7 m eters), prob a b ly due to b oth Devon ia n -a ge erosion
b efore deposition  of the overlyin g Oriska n y S a n dston e, a n d/or loca l
thin n in g a lon g rock fa ults. T he lower con ta ct with the New S cotla n d
Form a tion  is gra da tion a l. Becra ft fossils are m uch less diverse tha t the New
S cotla n d, a n d in clude a b un da n t crin oid fra gm en ts a n d severa l differen t
species of b ra chiopods. T he m ost dia gn ostic fossil of the Becra ft Lim eston e
is a sha llow b owl-like fossil on  the order of a n  in ch (2 cm ) a cross. T he
origin a l ca lcite of the shells is som etim es repla ced b y silica (quartz),
in dica ted b y fossils tha t wea ther out in  relief from  the lim eston e rock.
Chert, rare in  the Becra ft Form a tion  outside of the Helderb ergs, is foun d
loca lly on  the qua dra n gle. S im ila r to the Coeym a n s Lim eston e b elow a n d
the Oriska n y S a n dston e a b ove, sedim en ts of the Becra ft Lim eston e were
deposited in  sha llow, shoa l type en viron m en ts.

K a lkb erg a n d New S cotla n d Form a tion s (lDk-n s)
T he K a lkb erg a n d New S cotla n d form a tion s are m a pped together on  the
Alta m on t qua dra n gle, in  part b eca use their con ta ct is gra da tion a l, a n d
often  covered un der surficia l sedim en ts. T he two form a tion s tota l a b out
115 feet (35 m eters) a t T ha cher S ta te Park (Rickard, 1962). S evera l thin
cla y la yers in  the two form a tion s are a ltered rem n a n ts of volca n ic ash
deposits (Ba ld Hill K -b en ton ites), erupted from  Lower Devon ia n  volca n oes
in  the Appa la chia n s. On e of these a ltered volca n ic ash la yers was da ted a t
417.6 +/-1.0 m illion  years old (T ucker et a l., 1998).

1) K a lkb erg Form a tion : Fossiliferous, m edium -gra in ed lim eston es, with
coarser- a n d fin er-gra in ed b eds a n d m in or sha le/m udston e. T hin - to
m edium -b edded la yerin g. On  fresh surfa ces, the K a lkb erg Lim eston e
a ppears darker gra y tha n  the un derlyin g Coeym a n s Lim eston e, b ut often
wea thers to a b uff color.  Som e dark gra y chert a lso presen t, gen era lly as
n odules. T he lower con ta ct with the Coeym a n s Form a tion  is gra da tion a l,
in dica ted b y a cha n ge to fin er-gra in ed stra ta a n d m ore a b un da n t a n d
diverse fossils. T hese in clude various b ra chiopods, b ryozoa n s, a n d sm a ll
rugose cora ls. Rickard (1962) reports 49 feet (15 m eters) for the K a lkb erg
Lim eston e a t T ha cher S ta te Park. T he K a lkb erg Form a tion  was origin a lly
deposited in  sha llow ra m p settin gs sim ila r to the in n er con tin en ta l shelf
en viron m en ts.

2) New S cotla n d Form a tion : Fin e-gra in ed lim eston es a n d ca lca reous sha les
a n d m udston es. S tra ta are gen era lly thin -b edded; lim eston es a n d sha les
com m on ly in terla yered. Lim eston es are gen era lly ha ve a high cla y con ten t.
S tra ta are often  fossiliferous, with rela tively high diversity of varied types of
fossils. T he lower con ta ct of the New S cotla n d with the un derlyin g
K a lkb erg is gra da tion a l; the New S cotla n d is distin guished from  the la tter
b y m ore sha ly stra ta , a n d a m ore diverse group of fossils. T hese in clude
diverse b ra chiopods, a lon g with b ryozoa n s, cora ls, gastropods, a n d other
fossils in cludin g rare trilob ites. Rickard (1962) reports a thickn ess of 66
feet (20 m eters) for the New S cotla n d Form a tion  a t T ha cher S ta te Park. T he
un it is loca lly deform ed b y folds a n d thrust fa ults, som e of which rise
through the overlyin g Becra ft a n d Oriska n y form a tion s. S edim en ts of the
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On on da ga  Form a tion  (m Don )
Light-colored, fossiliferous, coarse- to fin e-gra in ed lim eston es (gra in ston es,
pa ckston es a n d wa ckeston es, with sca ttered chert in  som e in terva ls. T he
rela tively hard, resista n t lim eston es of the On on da ga  Form a tion  com m on ly
form  ledges to cliffs; in  T ha cher Park, n orth of Bea verda m  Roa d, the
On on da ga  form s its own  escarpm en t, as it does in  other parts of New Y ork.
Oliver (1956) reported a m in im um  thickn ess of 110 feet (33.5 m eters) for
the On on da ga  Lim eston e loca lly, in  con trast with Goldrin g a n d Cook’s
(1935) report of 85 to 100 feet (26 to 30 m eters). T he b a se of the form a tion
is in dica ted b y lim eston e directly overlyin g fossiliferous sa n dston e of the
S choharie Form a tion , visib le a t sprin gs a n d in  strea m  b eds. T he top of the
form a tion  is overla in  b y b la ck sha le; the con ta ct was on ly foun d a t on e
loca lity in  the qua dra n gle, n ear T hom pson s La ke.
Chert (som etim es ca lled “ flin t”) is com m on  in  som e parts of On on da ga
Form a tion , a b sen t in  others. It occurs as la yers or irregularly-sha ped
n odules. In  lower parts of the form a tion  the chert is light gra y, b ut dark gra y
in  upper stra ta. T hree m em b ers of the On on da ga  (Edgecliff, Nedrow a n d
Moorehouse Mem b ers, low to high) are recogn ized in  the Helderb ergs, b ut
are n ot distin guished on  the m a p. Com m on  cora ls in  b a sa l lim eston es
loca lly developed in to a reef m oun d with a b un da n t cora ls. T hin  cla y la yers
a t som e levels are the a ltered rem n a n ts of volca n ic ash, erupted from  Middle
Devon ia n  volca n oes in  the Appa la chia n s. On e of these a ltered volca n ic ash
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OVERVIEW : S T RUCT URAL GEOLOGY  OF T HE ALT AMONT  QUADRANGLE BEDROCK

W hile the vast m a jority of un its within  the Alta m on t qua dra n gle dip approxim a tely 1.5 degrees (ca. 160 feet per m ile) to the south-
southwest, the region  is n ot without its deform a tion a l com pon en t.  T he Helderb erg hills south of Alta m on t m a rk the n orthern m ost
exposure of the Hudson  Va lley fold/thrust b elt, a n d displa y severa l m a jor b eddin g pla n e deta chm en t structures.  T hrust fa ults a n d
spla ys ha ve b een  recogn ized in  the lower Moun t Marion  through Esopus, Becra ft, a n d New S cotla n d form a tion s within  a n d outside
of the Alta m on t Qua dra n gle, with the m ost ob vious exa m ples foun d a lon g Min elot Creek in  T ha cher S ta te Park a n d a t the b a se of
the Becra ft Lim eston e, where up to 15 feet (4.6 m eters) of thickn ess is loca lly a b sen t.

Apart from  these decollem en t structures, a n um b er of high a n gle n orm a l fa ults were ob served within  the S chen ecta dy Form a tion
perpen dicular to the tra ce of the Bozen kill Creek.  Displa cem en t a lon g ea ch  fa ult was gen era lly sm a ll (on  the order of 5-30 cm ),
b ut ta ken  together a dded up to severa l m eters of   down ward displa cem en t to the Northwest.  T he fa ult pla n es ob served a lon g the
river’s edge ten ded to a n a stom ose, a n d m a y b e of rela tively recen t vin ta ge as the b reccia ted was en tirely un con solida ted.

OVERVIEW : K ARS T  ON T HE ALT AMONT  QUADRANGLE

K arst is a la n dform  crea ted b y the dissolvin g of the un derlyin g b edrock.  Eviden ce of karst in cludes the presen ce of ca ves,
sin kholes, disappearin g strea m s, solution a lly-en la rged join ts, a n d sprin gs; a n d b y the gen era l a b sen ce of surfa ce strea m s.
On  the Alta m on t qua dra n gle karst is foun d in  the K a lkb erg, Coeym a n s, a n d Ma n lius Lim eston es; the Becra ft Lim eston e; a n d the
On on da ga  Lim eston e.  T he lon gest ca ves are foun d in  the Coeym a n s a n d Ma n lius, b ut con sidera b le karst is foun d in  a ll listed
lim eston e un its.
Good exa m ples m a y b e foun d in  John  Boyd T ha cher S ta te Park.  Ca ves a n d sprin gs are seen  a lon g the In dia n  La dder tra il.  T he b est
sin kholes are foun d south of Bea verda m  Roa d a t the con ta ct of the Un ion  S prin gs Form a tion  a n d the un derlyin g On on da ga , a n d
a lon g parts of the Lon g Pa th n orth of the park office.  On e thin g tha t is n ot a sin khole is T hom pson s La ke.
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LAT E SILURIAN PERIOD
Ma n lius a n d Ron dout Form a tion s (uS m -r)
Lim eston es, doloston es, a n d m in or sha les. T hese un its form  the lower
portion  of the Helderb erg escarpm en t cliffs, well seen  a lon g the In dia n
La dder T ra il a t T ha cher S ta te Park. T he Ma n lius a n d Ron dout Form a tion s
were deposited on  the m a rgin  of the S iluria n -Devon ia n  sea wa y, in  tide-
in fluen ced en viron m en ts. Com b in ed thickn ess of the un its were m easured
a t T ha cher Park a t approxim a tely 57 feet (17.4 m eters).

1) Ma n lius Form a tion  (T ha cher Mem b er)
Gen era lly light gra y-colored, fin e-gra in ed lim eston es (m icrite,
wa ckeston e), with b uff to yellow wea therin g doloston e in terva ls, a n d reef
la yers of strom a toporoid spon ges. T he thin ly-la m in a ted doloston es are
m ost n ota b le in  the recessed “upper b ear pa th” in  the cliffs a t T ha cher
S ta te Park. T he Ma n lius Lim eston e is 52 feet (15.8 m eters) thick a t T ha cher
S ta te Park (Rickard, 1962). T he Ma n lius Form a tion  was deposited in  tida l
en viron m en ts on  the m a rgin  of the Devon ia n  sea wa y, b etween  just a b ove
to a little b elow low tides. S trom a toporoid reefs, in dica ted b y chaotic-
appearin g la yerin g in  the m iddle to upper Ma n lius Form a tion , form ed in
sha llow depths slightly b elow low tide.

2) Ron dout Form a tion
Fin e-gra in ed, b lue to yellowish-b rown  lim eston e, doloston e a n d sha le,
with green ish-gra y sa n dy, pyritic sha le in  its lower part. Rickard (1962)
reported five to seven  feet 1.5 to 2.1 m eters) of Ron dout on  the Alta m on t
qua dra n gle; this in cludes the lower sa n dy, pyritic sha le tha t Goldrin g a n d
Cook (1935) ha d in terpreted to b e the Bra ym a n  S ha le, which is foun d west
of the Alta m on t qua dra n gle. T he Ron dout Form a tion  is b est seen  as the
deeply recessed in terva l a lon g the In dia n  La dder T ra il a t Min elot Fa lls, a t
T ha cher S ta te Park. T he Ron dout Form a tion  was chiefly deposited in
supra tida l en viron m en ts, just a b ove high tides.

LAT E ORDOVICIAN PERIOD
S chen ecta dy Form a tion  (uOS ch)
S a n dston es a n d b la ck to gra y sa n dy to cla y-rich sha les, thin  to m assive
la yered, a n d com m on ly in terb edded. T he proportion  of sa n dston e to sha le
varies vertica lly through the form a tion . Goldrin g a n d Cook (1935)
estim a ted 1800 to 2000 feet (548 to 610 m eters) for the S chen ecta dy
Form a tion  on  the Alta m on t qua dra n gle, succeeded b y 410 feet (125
m eters) of stra ta assign ed to the “In dia n  La dder Beds”. On  this m a p, these
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Marcellus sub group
In  eastern  New Y ork, stra ta som etim es kn own  as the Marcellus “sha le” are
divided in to two form a tion s; a lower Un ion  S prin gs a n d upper Moun t
Marion  Form a tion s. Classic b la ck to dark gra y sha les, typica l of the
Marcellus sub group in  cen tra l to western  New Y ork, on ly occur in  the lower
part of the stra ta in  eastern  New Y ork (Ba koven  Mem b er of the Un ion
S prin gs Form a tion ). S ucceedin g higher Marcellus stra ta are com posed
largely of dark gra y sha les, siltston es a n d sa n dston es, with a n  overa ll
in crease in  sa n dston e upward.

Moun t Marion  Form a tion  (m Dm m 1 a n d m Dm m 2: = upper part of
Marcellus sub group)

Dark-gra y to gra y sha les a n d m udston es, a n d gra y to b rown  siltston es a n d
sa n dston es, with a few thin  lim eston es (Hurley a n d Cherry Va lley Mem b ers)
a t the b a se. Marin e fossils often  occur in  distin ct la yers separa ted b y roughly
10-26 feet (ca. 3-8 m eters) of poorly- to n on -fossiliferous stra ta. Overa ll, the
percen ta ge of sa n d in  the rocks in creases upward through the form a tion ;
however, on ly the lower part of the form a tion  is presen t on  the Alta m on t
qua dra n gle. T he Moun t Marion  Form a tion  represen ts in term edia te depth to
sha llow m arin e en viron m en ts
(from  perha ps a few hun dred feet a t m ost, to the shorelin e a t sea level).

Mem b ers of the Moun t Marion  Form a tion  on  the Alta m on t qua dra n gle, from
low to high, in clude:

1) Hurley Mem b er: Lim eston e, m udston e a n d m in or silt- to sa n dston e.
Approxim a tely 4.3 feet thick (1.3 m eters), b ut varies loca lly.  T wo to three
thin , fossiliferous lim eston es a n d a thin  sa n dston e separa ted b y sha les of
varyin g thickn esses.

2) Cherry Va lley Mem b er: Lim eston e, with fa m ous Agon ia tites va n uxem i
cepha lopod fa un a .  Approxim a tely 4.6 feet (1.4 m eters) thick. Form s ledges
a n d wa terfa lls in  ra vin es in  the southeast portion  of the m a p. It was n ot
foun d in  the area of m uch qua tern a ry sedim en t cover in  the southwest
portion  of the m a p; it m a y possib ly occur on  the order of 100 feet (30
m eters) b elow quarries in  the East Bern e Mem b er a lon g S im on s Roa d.

3) East Bern e Mem b er: Dark-gra y sha le a n d m udston e, with m in or thin
sa n dston e b eds through the m em b er a n d a thick sa n dston e a t the top.
Mem b er m arked b y distin ct b a sa l a n d top con ta cts, a b ove Cherry Va lley
Lim eston e, a n d b elow the overlyin g Ha liha n  Hill Bed (see b elow).
Approxim a tely 250 feet thick (76 m eters) thick in  the southeastern  portion  of
the qua dra n gle.

4) Otsego Mem b er: S ha le a n d sa n dston e, with a n  overa ll in crease in  the
percen t sa n dston e upward through the m em b er. T he b a se of the Otsego is
distin ct, m arked b y a gen era lly three foot thick fossiliferous zon e with
com m on  rugose (“horn ”) cora ls, a t the top of a thick sa n dston e (Ha liha n  Hill
Bed of Ver S tra eten , 1994). On ly the lower few ten s of feet of the Otsego
Un ion  S prin gs Form a tion  (m Dus: = lower part of Marcellus sub group)

Dom in a n tly b la ck to dark-gra y sha les a n d m udston es, with som e thin
im pure lim eston e la yers.  T hin  ca lca reous un it a t the top (S ton y Hollow
Mem b er) in  the eastern  part of the qua dra n gle disappears to the west.  S tra ta
a re gen era lly n on -fossiliferous to poorly fossiliferous, with stra ight a n d
coiled cepha lopods, very sm a ll con ica l shells (styliolin ids, da cryocon arids),
a n d som e sm a ll b ra chiopods a n d b iva lves.  T he b a se of the Un ion  S prin gs
Form a tion , pla ced a t the top of the un derlyin g On on da ga  Lim eston e, was
foun d in  on ly on e loca lity on  the qua dra n gle. Durin g the Middle Devon ia n ,
Un ion  S prin gs sedim en ts are in terpreted to ha ve b een  deposited in  deeper,
m ore b asin a l en viron m en ts, perha ps a couple to few hun dred feet deep. T he
S ton y Hollow Mem b er was deposited in  slightly sha llower en viron m en ts,
perha ps a n a logous to toda y’s m id-con tin en ta l shelf.

T wo m em b ers of the Un ion  S prin gs Form a tion  are foun d on  the Alta m on t
qua dra n gle,
from  low to high:

1) Ba koven  Mem b er: Orga n ic-rich b la ck to dark-gra y sha les a n d m udston es,
with thin , m in or lim eston e b eds a n d lim eston e con cretion s.  Gen era lly n on -
fossiliferous to poorly fossiliferous; fossils con sist largely of shelled a n im a ls
tha t lived up in  the wa ter colum n , n ot on  the sea floor (e.g., stra ight a n d
coiled cepha lopods, a n d styliolin ids/da cryocon arids).  T he Ba koven
Mem b er is approxim a tely 120 feet (37 m eters) thick a lon g Pin n a cle Roa d,
on  the southeast m argin  of the qua dra n gle. S tra ta are n ot un com m on ly
deform ed b y folds a n d thrust fa ults.

2) S ton y Hollow Mem b er: T hin , b uff-colored, ca lca reous sha le to siltston e a t
the top of the Un ion  S prin gs Form a tion . Foun d in  the southeastern  portion
of the qua dra n gle; it disappears to the west as the rock la tera lly cha n ges to

MIDDLE DEVONIAN PERIOD
(b egin n in g 393 m illion  years a go; on  the Alta m on t qua dra n gle, 393 to
~388 m illion  years a go)
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W etla n d Deposit (Hw)
Pea t, m uck, m arl, silt, cla y or sa n d deposited in  associa tion  with wetla n d
en viron m en ts. Various sedim en ts ca n  b e presen t as tra n sition a l from  on e
fa cies to a n other. S a tura ted a n oxic en viron m en t con ducive for preserva tion
of orga n ic m a teria l.

Hw

S tra tified silt, sa n d, a n d gra vel (Hs)
Sorted a n d stra tified silt, sa n d, a n d gra vel, deposited b y rivers a n d strea m s.
Ma y in clude cob b les a n d b oulders. In ferred as post-gla cia l a lluvium  a n d
in cludes m odern  cha n n el, over-b a n k, a n d fa n  deposits.

Hs

Dia m icton  Hdc
Poorly sorted sa n d, gra vel, cob b les, a n d b oulders tra n sported down  slope b y
gra vita tion a l processes.  In terpreted as colluvium  a n d in cludes a ll types of
m a ss wastin g in cludin g fa lls, slides, a n d flows.

Hdc

S ilt a n d Cla y (Psc)
S tra tified, fin e-gra in ed sedim en t con sistin g of silt a n d cla y size particles.
In ferred to b e deposited in  m id shore to deepwa ter settin gs of gla cia l la kes.
Ma y in clude m a rl, rhythm ites a n d varves.

Psc

S tra tified S a n d a n d Gra vel (Psg)
W ell-sorted a n d stra tified sa n d a n d gra vel. Ma y in clude cob b les a n d b oulders.
In ferred to b e delta, fa n  or la g deposits  in  gla cia l cha n n els or n ear gla cia l
m a rgin s. Som e deposits m a y ha ve b een  reworked b y wa ve a ction  especia lly
n ea r the plottes shorelin e.

Psg

Dia m icton  (Pdm m )
An  a dm ixture of un sorted sedim en t ra n gin g from  cla y to b oulders.  Brown ish
red in  color the surficia l dia m icton  is m a trix supported a n d m a ssive.

Pd
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