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Facies Synopsis

The facles of the Thacther Member were deposited in
environments renging from shallow subtidal to supratidal
(Laporte, 1967). DBased on the facies analysis from this
study the facies are interpreted as having formed in 1) a
quiet water shallow subtidal setting (open or restricted),
2) a8 current inflvenced shallow subtidal setting (open or
restricted), 3) an intertidal setting, and (4) s
supratidal setting. The environmental setting,
environmental gradient, rock characteristica end facies
distribution for the Thacher Member are summarized in
Figure 17. The Dolomitic Cryptalgal Laminites (Facies 1)
formed ir a supratidal environment. The Stromatoporoid
Facies {(¥Facies 2) and the Medium-Bedded Facies (Facies 5)
were deposited in opea shallow subtidal environmeats. The
Thin-Bedded Ribbon Limestone Facies (Facies 3) was
deposited in a partially restricted, current influenced
shallow subtidal to intertidal environment. The
Massive~Bedded Calcarenite Facies (Facies 4) which may be
open or restricted was deposited in a broad range of
environments, These enviroanments include & gulet water
shallow subtidal setting for the mudstone endmember
(subfacties 4m) to 8 current influenced shallow subtidal
eavironment for the interstratified mudstones and
grainstones (subfacies 41) to an intertidal setting for

the grainstone endmember {subfacies 4g).



Figure 17: Summary of Thacher Member facies
characteristics and palecenvironmental

interpretation.
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OUTCROP ANALYSIS

Introduction

Punctuated Aggradationsl cycles were defined st each
locality based on the facies fnterpretation discussed in
the previous section., In order to recognize e PAC it must
be bounded by non-depositional transgressive surfaces and
the facies between these surfaces must exhibit an upward
shallowing character. For example, PAC 6 (Figure 18) at
locality 94 begins at a sharp surfece (denoted by T)
overlying intertidal current laminated skeletal and
bioclastic greinstones of Facies 4 (Pigure 19 A). This
basal surface 1s overlain by 1.5 feetr (0,457 m) of
fossilifercus generally micritic, subtidally deposited,
medium-bedded limestonea of Facles 5 (Figure 19 B). Since
a deep, quiet water facies overlies an intertidal facies
the separating surface is & transgressive surface. Fecies
$ is overlain by bioturbated biomicrites charascterized as
the subtidally deposited, unrestricted endmemder of Faciles

4 calcarenites. These biomicrites grade upwards into

.current laminated, intraclastic and bioclastic

calcarenites (Figure 19 C & D) with stromatolites
indicating depositioer from the shallow subdtidal to
sntertidal environment. Overlying this facies are
dolomitic, domal algal laminites (15 to 20 cm) which are

overlain by the supratidally deposited, dolomitic,
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Figure 18: PAC & from Locality 94 is bounded by
transgressive surfaces (T) and shallows
from subtidal to supratidal environrments,
Letters A through ¥ indicate sample
positions which are shown in Figure 19,
PAC 6 from Locality 72-b is bounded by
transgressive surfaces and its facies
indicate shallowing from subtidal to

supratidal environments,



PAC 6 LOCALITY 94
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Figure 19: Photomicrographs of samples from PAC 6
at Locality 94.
A. Sample 94-2; bicclastic grainstone.
B, Sample %4-16; blomicrite
C. Sample 94-3; interatratified grainstone
and wmudstone.
D. Sample 94~1-a; biointrasparite,
E. Sample %94-6; dolomitic algal laminites,

F. Sample 94-4a-1; restricted pelletal mudstone.
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cryptalgal laminites of Facies 1 (Figure 19 E). These
facies transitions are accompanied by the upward decrease
in faunal diversity from a faunally diverse assemblage
within Facies 5 and lower Facies 4 to no indigenous fauna
in Facies 1. The facies transitions exhibit an upward
shallowing character from subtidal to intertidal to
supratidal environments. Facies 1 is separated from the
overlying restricted subtidal, bioturbated, pelletal
wackestone (Figure 19 F) by a sharp transgressive surface.
This establishes that the upward-shallowing unit is
bounded above and below by transgressive surfaces hence
this unit is defined as a Punctuated Aggradational Cycle.
PAC 6 at locality 72-b (Figure 18) shows a similar
pattern of facies transitions bounded by transgressive
surfaces as PAC 6 at Locality 94 although the supratidal
Facies 1 is much thinner and the Facies 5 is thicker.
Subtidally deposited Facies 5 occurs at the base of the
PAC and is separated from underlying intertidal Facies 4,
bioclastic and intraclastic limestones by a transgressive
surface. The upward shallowing character of this unit is
evidenced as Facies 5 grades upward into micritic sparsely
fossiliferous medium-bedded limestones. This is overlain
by parallel laminated (5 cm), ripple cross-stratified,
bioclastic and intraclastic grainstone which grades upward
into dolomitic algal laminites. Facies 1 is cut by a low

relief channel £ill deposit which is about 15 cm thick.
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This Facles 1 is sharply overlain by fossiliferous
limestones of Facies 5, indicating e deepening surface.
The PAC pgrades from open subtidal through intertidsl to
the supratidal envirormmeant.

Two PACs which contain different facies than
previocusly shown but which exhibit identical patterns of
atretigraphic eccumuletion are PAC 8 at Locality 59 and
PAC 5 at Locality 57 (Figure 20). PAC 8 at locality 59
contains stomatoporoid bearing facies. It begina &t s
transgressive surface separating shellow subtidal
fine-greined pelletal limestone from the sudtidally
deposited, Facies 5, medium-bedded, fossiliferous
limestones, These rocks grade upward into the subtidslly
deposited stomatoporoid bearing limestones of ¥acles 2
which, in turn, grade into deolomitic algal laminites.
Overlying Pacies 1, there are limestones of Facles 2 and
5, 1indicating the presence of another deepening surface
and the base of the superjacent PAC,

PAC 5 at locality 57 (Figure 20) contains Facles 3
ribbon limestones. This PAC begins at a transgressive
surface separating Facies 1 dolostones {below) from
shallow subtidally deposited ribbon liwestones (Facies 3)
with abundant splriferid brachiopods and ostracodes
(ebove), The ribbon limestones grade upward icto
unfossiliferous ribbon limestones that are overlain by

supratidally deposited Facies 1, The top of this PAC
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Figure 20: PAC 8 at Locality 59 and PAC 5 et Locality 57.
Each PAC exhibits shallowing trends from

subtidal to supratidal environments.
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occurs at a transgressive surface separating Facles 1 from
a shallow subtidally depesited pelletal limestone.

These four PACs typify many of the faciea transitions
which oceur 4n the Thacher Member of the Manlius Formation
and serve as models for the description of
upward-shallowing cycles within the Manliuva and possibly
in other basins exhibiting similer facies such as the
Williston and Canning Basins. In the following sections
an outcrop analysis describing the Punctuated
Aggradational Cycles ot each locality is documented using
the facies criterjia established earlier in this report,

Each PAC has been numbered from 1 to 10 based on its
vertical position and upon the correlation of the PACs
defined in the Thacher Member. The numbering system is
introduced st this point only to facilitate ideatification

of individual PACs,



72

'_‘ Dolomitic Algal Laminites

| @5@@1 Stromatoporoid Facies

— Thin-bedded Ribbon Limestone
Calecarenite
‘p, ‘ Peloidal calcarenite
ot Medium- bedded limestone
’. m Clotted algal fabric
8 Stromatoporoids

= Calcareous shale

LN Bioturbation

_——— Small-scale ¢eross-stratification

PAC .. Punctuated Aggradaticnal Cycle
T -= Transgressive Surface

FACIES

] = = -« Dolomitic Algal Laminite Facies
2 - ~ — Stromatoporoid Facies

3 [
4g -
4 -
4m -

~ Thin-bedded, Ribbon limestone Facies

- Grainstone subfacies of Facies 4

— Interstratified mudstone & grainstone of Facies 4
-~ Biomicrite subfacies of Facies 4

B — — = Medium-bedded Limestones

FIGURE 21: Explanation of symbols used in Figuree 22-43,



73

Locality = 57

Locelity 57 is an ebzndoned quarry 2 miles to the
southeast of New Salem, N.Y. {(Rickard, 1962). It lies
within the area of the Albany 15 minute quadrengle
toepographic map.

The lowest 3.3 m of dolostone here beloogs to the
Roundout Formation. Above the dolostone occurs 13.5 m of
Thacher Member rocks and 10 m of Coeymans Formation
crinoidal calcarenites., The Thacher Member begins with
the first occurrence of the ribbon limestones. The
boundary between the Manrlius and Coeymans Formatiomns
occurs where the stromatoporoid and rugose coral bearing
iimestones meet the Gypidula bearing crinoidal
calcarenites,

The Roundout and Manlius Formations at locality 57
have been sub-divided (Figures 22 & 23) into 9 complete
Punctuated Aggradational Cycles (PACs).

PAC 1- Only the upper portion of PAC 1 occurs here;
it is characterized by 0.3 m of the supratidal Facies 1
rocks containing disrupted e¢ryptalgal laminations.

PAC 2- PAC 2 1s about 1lm thick and grades from
nedium~bedded, dark, micritic limestone with birdseye
textures (directly over the underlying dolonmitic rocks) to

muderacked, supratidal Facies 1 rocks.
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FIGURE 221 Outcrop description of Locality 57.
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PAC 3- PAC 3 is about 1 m thick and consisete of
planar laminated, faunslly limited, pelletsl limestones of
Facies 4 containing a clotted algal fabric sifmilar to the
unlawminated fabric described by Ahr (1971). The
limestones at the base of PAC 3 immediately overlie the
supretidel dolomitic rocks of PAC 2, This PAC contains
ostracode-rich ribbon limestones near the base while the
upper portior of the cycle is devoid of fossils,

PACs 4, 5 & 6- PACs 4,5 & 6 are similar in thet they
exhibit & shallowing trend from restricted subtidal facies
to supratidal facies., PACs 4 and 5 (2.9 m & 2
respectively) both grade from ribbor limestones to
dolomitic crytalgal leminites indicating shallowing., PAC
6 grades from a restricted subtidal ostracode, pelletal
wackestone with a birdseye fabri¢ to supratidal Facies 1.

PAC 7 & 8- PAC 7 18 2,4 m thick and grades from
bioturbated, skeletal biocaicrites containing
stromatopaoroids to finely current laminated, well sorted,
favnelly limited, calcarenites of Facles 4. This is
directly overlain by & persistent thin calcareous shale

which marks the base of overlying PAC 8, The shale grades

.up into finely laminated skeletal calcarenites of Facies &

whichk is overlain by supratidal Facies 1, PAC 8 is 1.8 m
thick and represents shallowing from a subtidal to 2
supratidal environment., PAC 7 represents shallowing from

a subridal environment to a restricted or shallew subtidal
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setting.

PAC 9- PAC 9 is 1.1 m thick and directly overlies the
dolomitic rocks at the top of PAC 8, It containa a lower
unit which is bioturbated end contains in situ
stromatoporoids, This unit grades upward into
coarse-grained, current~laminated, biocclastic calcarenites
of Facies 4, It represents shallowing from quiet water to
gshoanl conditions,

PAC 10- PAC 10 is a biostrome which contains small
bichermal mounds of stromatoporoids, This unit ia 2 m
thick, and it grades upward from bioturbated
stromatoporoid and rugose coral bearing rocks ¢f Facies 2
to stromatoporoid bearing medium-bedded limestones. The
uppermost 20 c¢cm of this PAC contains funnel shaped

vertical burrows, Similar burrews (Monocraterion) have

been used to suggesat shallow water and intertvidal
deposition (Goodwin & Andereon, 1974, Seilacker, 1964).
PAC 10 is overlain by open maripe facies of the Coeyman

Formation.

Locality 59

Locality 59 occurs in John Boyd Thacher State Park at
the staircase from Upper Bear Path to the top of the
escarpment (Rickard, 1962). It is the type section for
the Thacher Member. Ten PACs have been defined at this

outcrop {(Figures 24 & 25), The lower two PACas occur in
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the Rondout Formation which overlies the unconformity
between Ordovician and Devonien rocks. The upper 7 PACs
otcur in the Thacher Member which is defined (Rickard,
1962) to begin at the base of the ribbon limestones, The
deepening surface at the top of PAC 10 marks the contact

with the Coegymans Formation {Gypidula coeymanensis bearing

crinoidal calcarenites).

PAC 1 ~ PAC 1 occurs over the erosion surface with
the underlying Ordoviclian Indiern Ledder Formation, It is
about 2 m thick end consists of a 0.75 n of friable
sandstone which is overlain by 0.3 m of maszive and vuggy
dolomite grading into lamineted dolomite of Facies 1. The
top of this PAC is capped with 8 thin (< 40 cm thick)
evaporitic appearing rock but further anazlysis was not
permitted due to interference by e park offical, This PAC
represents transgressioo over Ordoviciam rocks accompanied
by deposition of supratidal, Facies 1, dolomitized
micrite.

PAC 2 ~ PAC 2 is approximately 1 o thick end degins
with a derk gray, fetid, micritic limestone at its base,

The remainder of the PAC is composed of fine-grained,

"ostracode bearing, pelletal calcarenites which grade

upward into a zone with abundant algal stromatolites,
This PAC represents a shallowing from a restricted
subtidal to an intertideal environment,

PAC 3 - PAC 3 1s 1,37 o thick and grades from
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faunally restricted shallow subtidal Tibbon limestones
into shallow subtidal or intertidal ostracode bearing
calcarenites with clotted algal heads.

PACs 4 & 5 -~ PACs 4 snd 5 are dominated by the
ribbon limestones of Faciea 3. PAC 4 is 3.35 m thick and
grades from micritic, well defined, thin-bedded ribbon
limestones to ribbon limestones which are somewhat thicker
bedded and dominated by greater amounts of skeletsl debris
with scour-fill structures. The deepening surface between
PACs 4 and 5 is defined by a sharp contact between the
ribbon limestones of PAC 4 snd a persistent black sghale -
2 em thick) at the base of PAC 5. PAC 5 18 2.9 m thick
and grades from the black shale, to Facies 4, to
supratidal Facies 1. PACs 4 and 5 represent shoaling from
restricted subtidal settings as is evidenced by micritic
Facies 3 and the black shale to the more restricted or
shallower environments of the current-winnowed Faciles 3
limestones and the dolomitic algal laminites.,

PAC 6 - PAC 6 (1,2 u thick) grades upward from
approximately 0.3 m of ribbon limestones to dolomitic
algal laminites. This represents a shallowing from

restricted subtidal to supratidal conditlons,

PACs 7 & 8 - PACs 7 and 8 are both dominated by the
stromatoporoid-bearing limestones of Facles 2. PAC 7 is
1.67 m thick, and its base is composed of subtidal Facies

S limesropes which directly overlie the dolomitic algal
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laminites st the top of PAC 6, This PAC grades fron
Facies 5 to Facies 2, and it is capped by &8 0.2 m thick
calcarenite of Facies 4, This calcarenite {biopelsparite)
contains ebundant skeletal debris but the only usabraded
taxa (i.e, in situ fauna) are gastropods, ostrecodes and
spirorbid worm tubea, This faunsl assemblage is much less
diverse than the fauna of Facles 2 and 5 which occurs in
the lower portions of this PAC., PAC 7 represents 8
shellowing from subtidal environments to 8 restricted
subtidel environment. PAC 8 1s 2.6 m thick and grades
upward from Facies 5, to Facies 2, to Facies 1, It
represents a shallowing from subtidal environments to
supratidsl enviroepments.

PACs 9 & 10 - PACs 9 and 10 are both domineted by
Facies 2. PAC 9 is 1.06 w thick and directly overlies the
dolomitic slgal laminites of PAC 8., It is composed of
Facies 2 with eome interbedded, medium deds of Fazcies 5.
PAC O contains little calcareous shale while the base of
PAC 10 containe prominent calcareous shale associnted with
Facies 5. PAC 9 represents deposition of Facies 2 until
aggradation was interrupted by 2 deepening event and
subsequent deposition of the more shaly PAC 10, PAC 10 is
1.52 m thick: it too 1s composed primarily of Facies 2 and
5, grading from a lower portion rich in calcarecus shale
to an upper portion with less shale. PAC 10 is capped by

a faunally limited pelletal calcarerite of Facies 4., PAC
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10 represents shallowing from a subtidal eaviromment to
the shallow subtidal enviromment, It is directly overlain
by a sharply defined deepening surface and superjacent

crinoidal calcarenites of the Coeymans Formation,

Locality 62

Locality 62 is an sbandoned quarry approximately 200
meters east of New York State Route 156 and about 2.5
miles southwest of Altamont (Rickard, 1962). There are
3.8 meters of upper Thacher Member rocks exposed here, as
well as about 10 meters of Coeymans Formation rocks, Two
complete PACs (PACs 9 & 10) have been defined in the
Thacher Member, and the uppermost portion of PAC 8 is
observable (Figures 26 & 27),

PACs 9 & 10 - PACs 9 and 10 exhibit facies patteruns
similar to PACs O and 10 at localiry 59. PAC 9 is 1 m
thick and starts at & sharp deepening surface which occurs
detween Facies 1 at the top of PAC 8 and stromatoporoid
bearing biomicrite of Facies 4 at the base of PAC 9. PAC
9 grades upward into dense stromatoporoid limestone
coexisting with calcarenites of Facies 4., PAC 10 is 2.2 o
thick and begins over PAC 9 at the first occurrence of
calcasreous shale rich Facies 5. This PAC grades upward
into Faclies 2 stromatoporoid bearing beds and interbeds of
Facies 5. It is sharply overlain by a deepening surface

and pelmatozoan bearing coarse calcarenites containing
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FIGURE 26: Outcrop description of Locality 62.
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Favositid corals and gypidulid brachiopeds at the Coeymans

Formation boundary.

Locality 65

lLocality 65 occure in an ebandomed quarry 0.5 miles
east of West Berne, New York (Rickard,1962}. It conteins
approximately 15.2 meters of the Thacher Member end at
least 10 m of The Coeymens formation, The Manlius
Formation interval is pertially concealed; it is assumed
that the covered interval representa shale rich Facies 5.
Portions of eight PACs occur at this locality (Figures 28
& 19).

PACs 3, 4 & 5 - PACs 3, 4 & 5 all begin with Facies 3
mieritic ribbon limestones and grade upward into thicker
bedded more calcarenitic limestones, PAC 3 occurs at the
base of the outcrop and it 1s at least 1,35 meters thick.
It grades from Facies 3 to a ostracode rich calcarenite of
Facies &, PAC 4 is 2.9 meters thick and gradea from
micritic ribbon limestones to thicker bedded
current-laminated Facies 3 with abundant intraclasts.

This pattern is similar to that chserved in PAC 4 at

locality 59, PAC 5 (2.4 meters thick) exbhibits similar
facies transitions to those of PAC 4 except that it is
shale rich at its base. The deposition of these PACs

represents the shallowing of ribbon limestene facies from
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veds thicken upward
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thn-bdd, ribbon limestone

FIGURE 28: Outcrop description of Locality 65.
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a quiet water subtidal environment to an environment more
susceptible to periodic current agitetion.

PAC 6 — PAC 6 is 1.37 meters thick, It begins at a
deepening surface between the top of PAC 5 end the shale
rich base of PAC 6. The shale gradea upward into Facles 4
calcarenites exhibiting bi-modal, ripple-~scele trough
cross-stratificetion. These calcarenites also contain
stromatoporoids. The top of the PAC is marked by e
deepening surface between the stromatoporoid conteining
calcarenites and shale rich Facies 5 which occurs at the
base of PAC 7, This facies gradation represents a
shallowing from subtidal to shoel water environments.

PACs 7 to 10 — PAC 7 is 2.1 meters thick and prades
upward from medium-bedded limestones, to stromatoporoid
containg limestones, to bi-modally, ripple~scale
cross-stratified calcarenites, Over the calcarenites is @
1 meter covered zone (Facies 5) and 0.6 meters of Facies
1. This facies trensition represents 2 shallowing from
the subtidal epvironment to e shoal water eavironment.
This 1.6 meters is assumed to represent PAC 8, Fecies 1
is immediatly overlain by stromatoporoid-bearing
limestones of Facies 2. These subtidally deposited rocks
are included into PAC 9. PAC 10 is covered dy a soil zone
which is overlain by Coeymans Formation crinoidal
cslcarenites. Due to the incomplete exposure at the top

of the Manlius Forwation, much informatien 1s lost
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including rock types and facies transitions, The less of
this informaetion renders any detailed mnalysis of
upward-shallowing cycles highly subjective for the

interval which would contain PACa 7 to 10.

Locality 67

Locality 67 occurs in en abandoned quarry 1 mile
southeast of Gallupville, New York, along N.Y. route 443
(Rickard, 1962}. This ocutcrop contains 9.5 m of the upper
portion of the Thacher Member plus at least 4 meters of
the Coeymans Formation. An incomplete but much thicker
exposure of the Coeymans formation occurs in a pasture
next to the abandoned quarry. The Thacher Member rocks
have been divided into 6 PACs (Figures 30 & 31).

PACs & & 5 - PAC 4 begins near the base of the
outcrop over the 0.75 m of parallel laminated and ripple
cross stratified Facies 4 calcarenites at the top of the
underlying PAC. PAC 4 is 1.2 meters thick and begins at a
deepening surface over the celcarenites. This surface is
overlain by Facies 3 ribbon limestones which grade upward
into ostracode rich calcarenites of Facies 4. PAC 5 (3
meters thick) exhibits a facies pattern similar to PAC 4,
PAC 5 grades from ribbon limestones, to bimodally
cross-stratified, stromatoporoid containing calcarenlites
of Facies 4, to parallel current laminated ostracode rich

calcarenites of Facies 4. Both PACs represent shallowing
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¢s-gr, Crin. calcarenite

dk gray, med-bdd, fos, ls
intbdd w/ calc-shale

¢s~gr, bioclastic ls
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fn-gr. pelletal l1ls

FIGURE 30: Outcrop description of Locality 67,
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frow subtidal to shallow high epergy environments.

PAC 6 - PAC 6 is 2 meters thick end begins at a sharp
deeperning surfece., The bagal portion of this cycle is
composed of Facies 5 which grades upward into
medivm-bedded, gestropod containing, aparsely
fossiliferous micrite, This is overlain by supratidally
deposited Facies 1. PAC 6 represents deposition from
subtidal te suprstidal environments.

PAC 7 -~ PAC 7 i & thin (0.38 m thick) PAC at this
locality as it is at localities 72-b and 74. It 1s
composed of intraclastic end fossiliferous limestone which
sharply overlies Facies 1 dolomites of PAC &. This unit
ig 4n turn overlain by the faunally diverse Facles 5 which
occurs ir the base of PAC 8. It represents deepenring over
the underlying supratidal rocks end eggradation of
limestone until deposition is ipterrupted dy a deepening_
event and deposition of PAC 8.

PAC 8 - PAC 8 begins at s sharp transgressive surfece
over the thin PAC 7. Its basal portion coutains Facles 5
which grades upward into current-washed
strophomenid-containing calcarenites. As is evidenced by
many other PACs, this facies transition represents a
shallowing from periodically current-washed subtidal
eavironments to more continuously current washed

conditions.

PAC ¢ — PAC 9 is 1,67 meters thick and is composed of
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medium~bedded pelmatozoan rich Pacies 5. It overlies the
¢urrent washed calcarenites at the top of PAC 8 and
underlies the open subtidal Favosites and Gypidula bearing
rocks of the Coeymans Formation, Thise PAC 18 entirely
subtidal. The Manlius/Coeymans boundsry is somewhat
problematic at this locality es it is at localities 72-D
gnd 74, It may be defined at the top of the atrophomenid
bearing bed at the top of PAC 8 where pelmatozoan rich
rocks first begin to sppear in abundance or or at the
first occurrence of Favosities and Gypidula at the top of
PAC 9.

PAC 10 - PAC 10 begins st the first occurrence of
Favosities and Gypidule ip the Coeymans Formation. The
upper limit of this PAC has not been defined, since it
requires a detailed anaysis of the Facies of the Coeymans
Formastion in order to delineate depth-sensitive facies and
faunal charecteristics. PAC 10 represents a deepening
from micritic cerbonate bank deposition of the Manlius
Formation to agitated shelf deposition of the Coeymans

Formation.

Locality 70

Locality 70 occurs at the base of the lowest exposure
of Manlius Pormation rocks ia The Scoharie Quarry at
Scoharie, New York (Rickard, 1962). Seven complete PACs

have been identified within the Manlius Formation at this
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cs-gr, Orin, calcarenite
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thn-bdd, ribbon limestone
dolomitic cryptalgal laminites

FIGURE 32: Outecrop description of Lecality 70.
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Locality (Fligures 32 & 33).

PAC 2 & 3 — PAC 2 1s represented by 0.6] m of Facies 1
which occurs at the base of the exposure, PAC 3 is
composed of Facles 4, ostracode bearing intrasparites end
was deposited in & shallow subtidal environment after a
deepening eveant over the supratidally deposited facies at
the top of PAC 2,

PAC 4 « PAC 4 1is 1.37 meters thick and is composed of
Facies 3 ribbon limeatones which grade upwards into Facies
4 intraclastic calcarenites, It represents aggradation of
sediments from e restricted relatively quiet water
environment (Facies 3) into & shoal environment (Facies 4)
after a deepening event over the underlying shallow
environment.

PACs 5 & 6 -~ PACs 5 and 6 are 3.2 & 1.8 meters thick
(10.5 & 6 feet) and exhidbit upward facies changes fron
Facies 5 fossiliferous limestones to Facles &
calcarenites., These PACs represent aggradation from
relatively open subtidal to more restricted shallow
subtidal shecal environments.

PAC 7 — PAC 7 1s a 1 meter thick PAC composed of
bioturbated fossiliferous limestone which grades upward
into & current weshed, ostracode rich calcarenite of
Facies 4., It represents deposition from quiet water
subtidal to & shallow current agitated environments.

PAC 8 — PAC 8 is composed of Facies 5 medium-bedded
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limestone which grades upwards into a strophomenid bearing
celcecerenite. This PAC records eggradetion from a
relatively open subtidal envirooment to & shoal
environment following s deepening event that initiated
Facies 5 deposition,

PAC 9 - PAC 9 is conmposed of Facles 5 basally and grades
upwards into an ostracode gestropod intraclastic
calcarenite. This represents aggradation from an open,
subtidal environment to & restricted and high energy shoal
water environment efter a deepening event over the
deposits of PAC 8.

PAC 10 - PAC 10 is composed of Gypidula bearing,
bioturbated, crinoidal calcarenites and occurs within the
Coeymans Foprmation., This PAC is 6 feer thick and ends in

current washed crinoidal celcarenites.

Locality 72-b

Locality 72-b is a recently excavated roadcut along
Interstate 88 approximately 2 miles northwest of Scoharie,
N.Y.. Virtuslly the entire Helderberg Group is exposed in
a series of outcrops along this highway. The easternmost
exposure contains the upper portion of the Brayman
Formation, the Cobleskill, the Chrysler and the Manlius
Formations, plus the lower portion of the Coeymana
Formation. The Lower contact of the Manlius Formation is

taken to occur et the 1,07 meters thick, massive-bedded,



|}

b

99

LOCALITY 72-B

METERS
FEEY

cs-gr, Crin. calcarenite

dk gray, med-bddd, fos, 1ls
intbdd w/ cale-shale

cs-gr, bioclastic ls

it

It '
13

L

dlal Ll

3

= 11

= - 12 (3.4 ay med-bdd, fos, 1s
134 = iy w/ intbdd calc-shale
}31 o~ ~®he oS pelletal ls

dolomitic algal lam w/ channel
cs-gr, intraclastie 1ls

A

q H
-
w

l“

1
d
y

dk gray, med-bdd, fos 1s
intbdd w/ calc-ghale

|

cg-gr, £-lam, bio & intra-
clastic 1ls

dk gray, med-bdd, fos, 1s
intbdd w/ cale~shale

cs-gr, f-lam, intraclastic 1s

i

ne

thn-bdd, ribbon limestone

1)

cs-gr, f-lam, intraclastic ls

dolomitic algal laminites
cs-gr, £-lam, intraclastic 1s
golomitic algal laminites

FACIES 34: Outcrop description of Locality 72-b.
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FACIES 3%4: Outcrop description of Locality 72-b.
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current laminated, ostracode bearing, intraclestic
calcarenite which occurs under the first occurrence of
thin-bedded Tentaculities-bearing ridbon limesteones
(Figures 34 & 35). Using the criterie ovtlined adove for
the base of the Thacher Member, sever PACs have been
defined from this rock unit as well as severel small scale
PACe from the upper portion of the Chrysler FYormation,

The Chrysler Formatien PACs exhibit facies characteristics
very similar to those of the lower PACs st locality 59 and
to those defined by Busch {1981) and Lee (1981) from the
Elmwood member of the Manlius Formation.

PACs 1, 2 & 3 - PAC 3 occurs at the baae of the
Manlius Formation here., It is 1.07 meters thick and is
composed of the restricted endmember of Facles &
(ostracode bearing, intraclastic and bloclastic
caelcarenites). At the basse of this PAC, there is a dark
ghale, This PAC overlies dolomitic algal laminites which
occur in the top of the anderlying PAC, it represents
depositon in & shallow subtidal, shoal environment which
was deposited after a deepening over supratidally
deposited Facies 1., PACs 1& 2 (0,76 & 1,07 meters thick)
esch exhibit facies transitions from Facies 4 bioclastic
and intraclastic calcarenites (containing digitate
stromatolites and oncolites) to Facies 1. Bach of these
PACs represents shallowing from shoal environments to

supratidal environments,
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PAC 4 - PAC 4 is 3,05 meters thick and begina at a
deepening surface over the underlying Feciee 4, It grades
upward from Facies 3 ribbon limestones to ¥Facies &
intraclastic and bdioclastic coarse-«grained calcerenites
interbedded with limestones containing Tentaculities and
spiriferid drachiopod. These facies transitions represent
a shallowing from & restricted, subtidel environment to a
shallow subtidal shoal water environment (possibly
windward of a large shoal complex)., This PAC %a fmportant
because it suggests that Facles 3 is deeper than the
shallow endmember of coarse-grained Facies &4 (due to their
etratigraphic position within the PAC},

PACs 5 & 6 -~ PACs 5 & 6 are 2,44 and 3,05 meters
thick, respectively, and exhibit similar facies
transitions, Each PAC begins at a deepening surface and
grades vpward from Facies 5 into current laminated,
massive-bedded, coarse-grained, intraclastic and
bioclastic calcarenites of Facies 4 (containing clotted
elgal heads}, The mediun~dbedded limestones of Facies 5
exhibit & fining upward trend to micrite and a loss of

faunal diversity until all that is evident are infrequent

occurrences of gestropods, Each PAC represents shallowing

from open subtidal, to shallow subtidal, to shoal water

environments,
PAC 7 - PAC 7 is 0,5 meters (1.5 feet) thick and is

composed of various lithologlies including biomicrite,
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biopelsparite and biointrasparite. The fauna of this PAC
igs diverse and includes virtually all the taxa that cccur
in the medium-bedded facies, This unit is defined as a
PAC because it is separated above and below by deepening
surfrces, It is underlain by more ahallow deposits facies
and overlain by facies indiceting deeper paleocenvirconments
(Facies 5).

PAC 8 - PAC 8 18 2,13 meters thick and grades from
Facies 5 {(basally) to the micritic Facies 5, to a
current-washed atrophomenid richk calcarenite of Facies 4.
This PAC represents a shallowing from subtidal
eavironments to shoal water environments.

PAC 9 - PAC ¢ is 1.6 meters thick and is composed of
Facies 5. It 1s underlain by a deepening surface which
separates it from the current-washed limestones at the top
of PAC 8., It is overlain by a deepening surface which
separates this PAC in the Manlius Formatifen from the
Coeymans Formation., PAC 10 occurs within the Coeymans

Formation but the thickness of PAC 10 has not been

determined.
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Locality 74

Locality 74 ig located along & railroad cut
approximately 0,3 miles west of Howes Cave, N.Y., next to
an inactive limestone quarry (Rickard, 1962). The type
gection for the Cobleskill and Brayman Formations occurs
aleng the road below the railroad cut, In the railread
¢cut there are 36 feet of the upper Thacher Member and
approximately 60 feet of the Lower Coeymans Formation.
S$ix PACs have been defined within the Thacher Member
(Figures 36 & 37).

PAC 4 - PAC 4 1s at least 2.1 meters thick., Its
absolute base is concealed, but the lower portion of the
PAC is composed of ribbon iimestone. These rocks are
overlain by coarse-grained bloclastic, curreat laminated,
calcarenites of Facies 4, The unit containing the
calcarenite ranges in thickness aleng the outcrop from 0.3
to 1 meters thick. This PAC represents shallowing from a
restricted subtidal to 8 shallow sheal environment,

PACs 5 & 6 -~ PACs 5 and 6 exhibit similar
upward-shallowing characteristics. They each begin at a
deepening surface, which is overlain by Facies 5, and fine
upward into a pure micrite (as cccurs at locality 72-b).
The only faunal elements within the micrite ere
gastropods, and their occurrence 1s infrequent. Facies 5
is overlain by Facies 4 coarse, bioclastic and

tntraclastic, bimodally, ripple cross stratified,
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FIGURE 36: Outcrop description of Locality 74.
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calcerenites. The calcarenite bded at the top of PAC 5
exhibits uvp to 1 foot of thickness variatiom., ZEach of
these PACs exhibits shallowing from relatively open
subtidal environments to & restricted subtidal envirogment
as is evidence by the micrite increase upward to & shoal
water environment.

PAC 7 - PAC 7 is very thin and overlies PAC 6 at a
sharp surface on which laminar stromatoporoids have growa,
This unit contasins a diveree faunal assemblage and is
primarily composed of bioturbated biopelsparite and
biopelmicrite, This unit is overlein by a sbarp contact
with up to 5 c¢m of relief above which occurs a shale rich
Facies 5. This surface probably represents a deepening
surface and it may have been a hardground due to the fact
that it exhibits local relief. This PAC represents
deposition and possible herdground development ia a
subtidal environment until depositior was interrupted by
the deepening which initiated deposition of shale rich
Faclies 5 at the base of PAC 8.

PAC 8 - PAC 8 exhibits characteristics identical to
PAC 8 at locality 72-b, 1t grades upward from
fossiliferous Facies 5 to micritic Facies 5 overlain by a
strophomenid bearing calcarenite. This PAC records
shallowing from open subtidal to restricted subtidal
similar to aggradation of modern Floride Bay (Enos &

Perkins, 1977).
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PAC 9 - PAC 9 is composed of Fecies 5 rocks aad is
pverlain by a deepeninpg surface separating the
medium-bedded fossiliferous limestones from Coeymans
Formation crinoidel celcerenites. PAC 10 does not occur
in the Manlius Formation but it is hypothesized to occur

in the bassl portion of the Coeymans Formation,

Locality 87

Locality 87 occurs in a eeries of abandoned quarries
in whi¢h houses have been built slong route 10 ia Sharon
Springs, N.Y., Here, 9.9 meters (32.5 feet) of the Thacher
Menber are exposed as well as approximately 18 weters (60
feet) of the Coeymans Formation, Five PACs have been
defined within the Thacher Member(Figures 38 & 39).

PAC 5 — PAC 5 occurs at the base of the lowest
quarry end ia et least 1.22 meters (4 feet) thick. It
grades upward from Facies 3 to Facies 4 bioclastic and
intraclastic calcarenites. This PAC represents shallowing
from 2 restricted subtidal environwment to & shoal water
enviroament,

PAC 6 - PAC 6 begins at a deepening surface over the
Facies 4 calcarenites of the underlying PAC. Factes 5 is
the lowest facies and it grades upward into =&
fossiliferous bdiomicritic {open, low energy, subtidal
environment). The biomicrite grades upward into

bioclastic and intraclastic calcarenites of Facies 4 {(high
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dk gray, med-bdd, fos, ls
intbdd w/ calc~-shale

c¢s-gr, intraclastic ls
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PIGURE 38: Outcrop description of Locality 87.
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energy, shallow subtidal environment). These rocks are
overlaia by & thin, 15 cm, occurrence of Facies 1
(supratidal environment), This PAC records the shallowing
of environepents from e relatively open, low energy,
subtidsl enviromment, to a shosl water envircnment, to 2
supratidal environment,

PAC 7 ~ PAC 7 is 1.22 meters thick (4 feet) and
¢consists of the fine-grained pelletal calcarenites of
Facies 4. This PAC begins st & deepening surface over
supretidally deposited rocks of PAC 6, It grades upward
from bioturbated pelmicrites (containing ostracodes and
spiriferids) to & current laminated, ostracode bearing
pelsparite, This PAC represents shallowing from & shallow
or restricted environment to a shosl water environmesnt.

PAC 8 ~ The base of PAC 8 contains fossiliferous,
calcareous shale rich Facies 5 and grades upward into
fine-grained pelletal Pacies 4. This facies trensition
represents a shallowing from & low energy, subtidal to a
current agitated shoal water environment.

PAC 9 « PAC 9 is composed of 1,5 m of Facies 5, This
PAC begins at a deepening surface between Facies 4 of PAC
8 and Facies 5 of PAC 9. PAC 9 is overlsin dy @&

transgressive surface and Favosities and Gypidula bearing

crinoidal calcarenites of the Coeymans Formation, This
PAC represents the deposition of calcareous sediment in a

subtidal environment until sedimentation was interrupted
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by the deepening event at the base of the Coeyman

Formation,

Locality 94

Locality %4 is located in & roedcut along the road to
Cherry Valley, N.Y. just north of Route 20. Fourteen
meters o¢f the Thacher Member are exposed bere., The member
has been sub-divided into 8 PACs (Figurea 40 & 41), At
least 6 meters of the Coeymans Formation are also exposed.

PAC 2 & 3 -~ The upper portion of PAC 2 is exposed at
the base of the outcrop, end it is composed of doloamitic
aigal laminites. These rocks are overlain by micritic
rocks at the base of PAC 3 (0.8 meters) which grade
upwards into Facles 1, This PAC represents shallowing
from restricted subtidal to supratidal,

PAC 4 - PAC 4 is 2.3 meters thick (& 7.5 feet) and is
composed of Facies 4 calcarenites with abundant clotted
algal heads, This PAC is capped by a thin (0 to 15 ¢m)
discontinvous micrite bed., Overlying this bed are
subtidally deposited, bloturbated biomicrites of Facies 4.

This PAC records deposition in a shallow subtidal to
fntertidal environment.

PAC 5 - PAC 5 is 2.9 meters thick (9.5 feet) eand
begins at the contact (deepening surface)} with the
underlying PAC. The lower 1.5 meters is composed of

fossiliferous, current-bedded limestorne (5 cm thick beds)
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FIGURE 40: Outcrop description of Locality 9&.
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containing Tentaculitids and spiriferid brachiopods which
is overlaim by 1.4 meters of current laminated, bioclastic
and intraclastic limestones coptaining clotted algal hesads
and digitate strometolites. This PAC records e ahallowing
from subtidel environments to shallow subtidal and
intertidal enviroaments.

PAC 6 - PAC 6 is 3.35 meters thick and is capped by &
prominent, 1.37 metere thick, mudcrecked, dolomitic, algal
leminite bed. This PAC has been discussed in detsil in
the introduction to the Outcrop Analysis portion of thie
report {see Figure 18).

PACs 7 & 8 — PACs 7 and 8 are both dominated by the
pelletal calcarenite subfaciles. PAC 7 is about 1.2 meters
thick (4 feet) and begins at a deepening surface over the
supratidally deposited rocks at the top of PAC 6. Over
the deepening surface there is bioturbated pelletal
mudstone (pelmicrite) and wackestone (poorly washed
pelsparite) that contains several ostracodes and high
spired gastropods. These Tocks grade upwards into
parallel laminated, current washed, pelletal prainstone
(pelsparite). These facies transitiens represent a
shallowing from a faunally restricted subtidal environment
to a shallow subtidal or intertidal enviroament., PAC 8 is
1.37 meters thick (4.5 feet) and repeats the facies

pattern exhibited by PAC 7.

PAC 9 — PAC 9 is = 2,1 meters thick and begins at =z
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deepening surface which initiated the deposition of
strephomenid rich Faciee 5 limestones, The Facles 5 rocks
grade upward into current washed,strophomenid/crinoidal
calcarenites which are massively bedded. This represents
g8 deepening over the restricted facies within the
underlying PAC and a shallowing from a shale rich,
relatively quiet water Faciese 5 rock to current washed
ahoal facies exhibited by the strophomenid/erinoidal

calcarenite.

Locality 106-b

tocality 106-b occurs in a farmers hillside quarry
1.1 miles north of Van Hornesville, N.Y. (Rickard, 1962),
Approximately 9.5 meters (31 feet) of the Thacher Member
are exposed at this locality and the Coeymans Formation is
poorly exposed within the hillside pasture (Figures 42 &
43).,

PACs 4, 5 & 6 — PACs 4, 5 end 6 exhibit simillar
internal characteristics, The upper portion of PAC 4 is
exposed at the base of the quarry and it is composed of
bioclastic and intraclastic coarse-grained calcarenites
containing clotted algal heads. This calcarenite is
overlain by PAC 5 (3 wmeters thick) which consists of
fossiliferous amicritic Pacies 4 (faunally unrestricted
endmenber) grading upwards into bioclastic and

intraclastic calcarenite with clotted algal heads and
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FIGURE 42; Outcrop description of Locality 106-b.
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digitate stomatolites. PAC 6 has identicel facies
transitions, except that the top of PAC 6 conaists of 1
meter of dolomitic algal laminites., These PACs all record
a shallowing pattern of deposition after nondepositional
deepening events, Each PAC aggrades from subtidel to
ghallow subtidal or intertidal environments, and in the
case of PAC 6, aggradation continued into the supratidal
environment,

PAC 7 -« PAC 7 is composed of ostracode bearing
pelletal calcarenites of the faunally restricted endmenber
of Facies 4, Overlying PAC 7 are stromatoporoid bearing,
fossiliferous, medium-bedded limestones of Facles 5. The
pelletal calcarenites are bounded above and below by
deepening comtacts., PAC 7 records restricted subtidal
deposition after a deepening event and continued
deposition of pelletal lime mud (until the deepening event
which initiated the deposition of Facies 5),

PAC 8 ~ PAC B 1s composed of stromatoporoid bearing,
medium-bedded rocks of Facies 5 and is 1.7 meters thick.
PAC 8 is overlain by coarse~grained stromatoporoid bearing
crinoidal calecarenites of the Coeymans Formation. PACs 9
and 10 occur within the Coeymans Formatioa at this
locality. PAC B records deposition within a relatively
unrestricted subtidal environment until the deepening

event which initisted Coeymans facies deposition,
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Quterop Analysis Sumamary

Punctuated Agpradational Cycles have been defined at
each locality of the Thacher Member, Unlike the
upward-shallowing cycles described by Read (1973), Aitken
(1966) and James (1979) the Manlius Formation cycles
cannot be defined by a unique, 1deal cycle. The c¢cycles
vary in character,laterally across the outcrop belt, For
example the cycles of the Schoharie Valley {(Localities 70,
72-b & 74) are dominated by Facies 5 and the shallow
subtidal shoal endmember of Facies 4, while the cycles of
eastern sections are dominated by Facies 1, 2 and 3, The
cycles also vary in character vertically, For example the
PACs lower in each section are dominated by Facies 1 and 3
while PACs higher in each section are dominated by Facies

2, 4 and 5,
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CORRELATION

Punctuated Aggradetional Cycles are lithologically
defined, time~stratigraphic unite bounded by fsochronous
deepening surfaces pf st least basin-wide extent (Goodwin
& Anderson, 1980), As such, these units shouvld be
correlatable across the sedimentary basin in which they
occur. In this study I have estsblished deteiled
correlatfions of B PACs of the Thacher Member over e
distence of 80 kilometers (Figure 44). From Figure 44 it
may be seen that 8 PACs {PACs 2-9) can be correlated from
localities 57 to 94, Only PACs 3 through 8 occur entirely
within the Manlius Formation. PAC 2 grades laterally from
the Manlius Formation into the Chrysler Formation, PACs 9
and 10 grade from the Manlius Formetion into the Coeymans
Formation.

Several criteria were employed to derive these
correlations:
1) Stratigraphic maerker beds were traced between outcrops.
The matching of similar lithologies indicetes that these
facies were deposited under similar enviroamental
conditions, Although facies may be laterally persistent,
it does not necessarily Imdicate that the rocks were
synchronously deposited. The dolomitic a2lgal laminite,
tentaculitid-bearing ribbon linestone, coarse-grained
calcarenites, and pedium-bedded limestone lithosomes were

used a5 stratigraphiec markers,
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Figure 44: Correlation of Thacher Member PACs,
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2) Individual PACs were traced between ocutcrops by
matching similar PAC characteristics (e.g. thickaess,
internal facies type, internal facies transitions, and the
relative magnitude of the deepening event which bounds the
PAC), Since PACs are bounded by isochronous surfaces, a
PAC then represents deposition within a definite period of
time, Hence, & PAC is e time-stratigraphic unit.
3) Correlation was also attained by matching of deepening
and shallowing trends in groups of PACe, It has been
shewn that e atratigraphic column made up of & series of
PACs exhidits deepening and shallowing trends (Anderson &
Goodwin, 1983), This is evidenced irn the Manlius
Formation by the shallowing trend from the Olney Member
into the Elmwood Member (Lee, 1981 and Busch 1981) and the
deepening tread from the Clark Reservation te the
Jamesville Member of the Manlius Formation to the
Deansboro Member of the Coeymans Formation {Goodwin &
Anderson, 1980b),
4) Major vertical facies changes et PAC transgressive
surfaces indicate major deepening events. These major
deepening events can be recognized throughout the basin
‘and serve as horizons for c¢orreletion.

Specifically, the first two methods of correlation by
tracing key beds, similar facies and similar PACs were
used between localities 57, 59, 62, 65 and 67 {Figure 33},

Correlation of PACs 5, 6 and & was accomplished by
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matching the occurrences of dolomitic algal laminite beds,
thin-bedded ribbon limestones (PACs 4 and 5) and by
matching PACs with similar internal facies transitions
{e.g. PACs 3, 4 and 6). A similar method of correlation
wvas applied to the closely spaced outcrops in the
Schoharie Valley (localities 70, 72-b and 74), In this
case occurrences of ribbon limestone {(PAC &),
massive~bedded, coarse grained calcarenites and
medium-bdedded limestones were matched (PACs 4, 5, 6, 8 and
9). Loctalities 87 through 106-b were correlated on the
algal laminite lithosome which is present in the western
Helderberg sections (Rickard, 1962}. Other factors used
in the correlation of these outcrops were the lithologic
similarity end intermal facles consistency between PACs 5,
6, and 7, In all of these localitiea the number of PACs is
identical and the positioe of facles within them matches
precisely.

The larger scale correlations necessary to correlate
across the entire etudy interval were accomplished by
matching major deepening events and defiping deepeaing and
shallowing trends. PACe 1 & 2 are the uppermost portion
of a shallowing trend which started in the Chrysler
Formation, PACs 3 to 6 record a deepening (PACs 3 & 4)
and shallowing trend (PACs 5 & 6). PACs 7 to 10 record a
deepening trend into the Coeymans Formation. Thia trend

was interrupted by westward progradation of supratidal
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facies at the top of PAC 8 4n the area east of Locality
65.

The deepening event which initiated PAC 4 was & major
event, Prior to the deposition of PAC 4 the facies were
dominated by the stromatolitic, coarse-grained
calcarenites of Facles 4 and delomitic cryptalgal
laminites of Facies 1, Low~diversity faunan prior to PAC 4
consisted almost entirely of Hermannins alta and blue
green algae {stromatplites, algal heads and algal
laminites). The deepening event at the base of PAC 4
initiated the first occurrence of ribbon limestones
(Facies 3). This was deposited at localities 57 to 74.
Only at locaiity 94 does PAC 4 contain facles typical of
earlier deposition as is evidenced by the occurreace of
Facies & intraclastic and biocclastic grainstones with
algal heada in PAC 4 at Locality 94, A major faunal
change accompanied this event, A diverse assemblage which
inclvdes temtaculitida, a spiriferid brachiopod,
bryozoans, and several ostracodes was established over the
whole study area except at the westernmoet localities,

A shallowing sequence of PACs is recognized at each
locality after the deepening trend beginning in PAC 3,
This shallowing trend encompasses PACs 5 and 6. The
presence of a nearly continuous lithosome of doloamitic
cryptalgal laminites at the top of PAC 6 indicates that

the basin of deposition aleng the outcrop belt aggraded to
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the supratidal environment by the time the upper portion
of PAC 6 was deposited,

A second major deepening event which occurs at the
base of PAC 7 begins & deepening trend which continunes
into the Coeymans Formation, This deepeaing event
initiated subtidal deposits over the entire study area.
Significant stromatoporoid accumulations appear for the
first time in the eastern area of the Helderberg beain,
All Manlius Formation deposition occurred in subtidel
environments after this deepening event except above the
stromatoporoid buildups at localities 537, 59 and 65 1in PAC
8, Over Facies 2 rocks of PAC 8, supratidal Facies 1
deposits formed indicating that the sediments aggreded to
sea level quickly, Otherwise all post-PAC 6 Manlius
Formation deposition occurred in the subtidal environment,
and the facies indicate that a deepening trend continued
into the Coeymana Formation.

The correlations proposed in this study would change
Rickards (1962) correlationa by moving the rocks east of
the Schoharie Valley upward approximately 15 feet relative
to the rocks along the remainder of the Helderberg cross
section., Rickard (1962) correlated the uppermost
occurrence of Facies 1 in the east with the only Facies 1
occurrence ia the west., This study correlates the next
lower occurrence of Facies 1 rocks 1n the east with the

Facies 1 lithosome in the west.
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In suomary it is possible to correlate a series of 8
PACs (PACs 2-9) within the Thacher Member throughout the
study area. It is also possible to recognize and
correlate two major deepening events snd a shallowing
trend of PACs, It is alsc possible to trace PAC 2
laterally from the Thacher Member of the Manlius Formaticn
into the Chrysler Formation, PACs 9 and 10 can be traced
from the Manlius Formation into the Coeymans Formation.
These torrelations form the basis for interpreting the
detailed palecenvironments and paleogeography and for

understanding basin dynanics,
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PALEOGEOGRAPHY

A corollary to the PAC Hypothesis is that esch PAC
represents a distinct paleogeographic pattern which
developed following a rapid deepening event, Each of
these rock units ¢consists of a facies mosaic representing
the paleocenvironmental petterns which developed and
evolved by aggradation during a period of relative
base-level stability. Therefore a paleogeographic
analysis of the facies mosai¢z within each PAC may yield
information about water depth, topography and specific
paleoenvironments. For inatance, the thickness of rock
below the lowest occurrence of supratidal deposits should
be an indication of the depth of deposition for that rock
not including factors for mechanical compaction, pressure
solutifon and superimposed subsidence during deposition of
a PAC, The paleogeography of the facies mosaic of each
PAC mey be inferred from Figure 45 which shows each PAC
separated from the other cycles at each locality.

PACs 1 and 2 are dominated by the supratidally
deposited dolomitic cryptalgal laminite facies. PACs 1
and 2 occur within the upper portion of the Chrysler
Formation, Based on the facies of the Chrysler and
Cobleskill Formations these PACs appear to be the top of a

shallowing trend of PACs which wes initiated at the time
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Figure 45: Paleogeography of Thacher Member PACs.
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of Cobleskill deposition, PACs 1 and 2 both reéord
aggradation to the supratidal environment from shallow
subtidal facies, At the end of deposition for each PAC
(PAC 1 and 2) the entire study area was covered by a broad
low relief (< 1 m) supratidal flat. Only in the vicinity
of Locality 59 did PAC 2 remain under more centinuous
influence by marine waters as is evidenced by the presence
of stromatolites and clotted algsl heads.

PAC 3 15 generally characterized by stromatolitic,
shallow subtidal deposits (Fecies 4) except in the western
sections in the vicinity of Locality 94 where it exhibits
Facies 1 rocks. The paleogeography at the end of PAC 3
deposition along the outerop belt includes a supratidal
flat in the west which grades eastward into shallow
subtidal deposition as 1s evidenced by the bioclastic,
ostracode, oncolitic and stromatclitic Facies 4 rocks.

The base of PAC 4 1s generally characterized by the
restricted subtidal Ribbgn Limestones Facies (Facies 3)
east of Locality 87 and by fossiliferous bicmicrites of
the most subtidal endmember of Facles 4, PAC 4 at
Localities 59 and 65 are entirely characterized by the
restricted subtidal Ribbon Linestone facies. While the
Facies 3 rocks grade upward to the supratidal facies at
Locality 57 and to shallow subtidal, shoal water, facies
at Localities 67, 70, 72-b, 74. PAC 4 at Locality 94

exhibits shallow subtidal deposition as is evidenced by
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the presence of algal heads in the coerse-grained,
bloclastic end intraclastic endmember of Fecies 4. The
paleogeography at the base of PAC 4 inciuded relatively
restricted marise conditions east of Cherry Valley and
shallow subtidal deposits west of there., The
paleogeography at the time of the top of PAC 4 included a
supratidal flat in the vicinity of Locality 57 grading
westward into restricted marine conditions (Localities 59
& 65) into shoel weter conditions west of Locality 65,

Laterally PAC 5 is charecterized by facies which grade
from open subtidal or restricted subtidal to sheal water
and supratidal deposits. The lower portion of PAC 5
indicates that the entire area along the outerop belt was
subtidal with the eastern gections recording restricted
subtidal deposite (Facies 4) while the western sections
(70 to 94) exhibit more open marine subtidal environments
except at Locality 106~b which alsc records restricted
marine conditions, The top of PAC 5 indicates that an
eastern sgupratidal flat (Localities 57 & 59) graded
westward into a restricted subtidal environment {Locality
65) and inte then shallow subtidal, sand shcal deposita
(Localities 67 to 106-3b),

Laterally the facies at the base of PAC 6 grade
westward from shallow subtidal to open subtidal at the
base of the PAC. The top of PAC 6 grades westward and

eastward from supratidal to shallow subtidal environments
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in the Scoharie Valley vicinity {Locelitiee 70 to 74},
The pslecgeography st the base of PAC 6 was characterized
by relatively open bank conditions from localities 94 to
67, These deposits graded to shallow sand shosls at
Localities 106-b and 67 to thin very shallow deposits at
Localtty 59 & 57. At the time of the end of PAC 6 much of
the study ares was covered with supratidal flats. The
pattern of the supratidal facies indicates island
development or an irregular shoreline separated by
littoral or sublittoral sand shosls,

PAC 7 is characterized by subtidal deposition
everywhere. In the eastern sections stromatoporoid
accunulations are present at Localities 65, 59 and 57.
These grade upwards inte bioclastic send shoal deposits,
In the Schoharie Valley thin accumulations of
fossiliferous, micrite and pelmicrite occur indicating
deposition in a normal marine, carbonate bank, aubtidel
environment., At Localities 87, 94 and 106-b the faunally
restricted fine-grained pelletal calcarenitesa of Facies &4
exist indicating deposition in 8 restricted subtidal
environment, From west to east, PAC 7 exhibits a
restricted marine environment to & subtidal enviromment
with low accumulation rates to a normal marine subtidal
environment with stromatopeoroid patch reef accumulations.

PAC 8 is generally characterized by subtidal

deposition except ir the eastern sections (Localities 57,



135

59, 62 and 65) where dolomitic elgal laminites occur et
the tops of the ¢yclen, The base of PAC B 1s
characterized by normel merine subtidal environments
{Facies 2 and 5) everywhere except st Locality 94 where
PAC 8 15 composed of fine-grained pelletal calcarenites.
At the top of PAC 8 a supretidel flat developed from
Locality 57 te 65 and the rest of the study area was
¢haracterized by shallow subtidal shoal deposition.

PAC 9 is entirely subtidel grading from fine~grained
pelletal calcarenites with a limited fauna at locality 57
to stromatoporold bearing limestones (Locslities 59, 62
and 65) to Facies 5 fossiliferous limestones {(Localities
70 to 94) to stromatoporoid-conteining crinoidal
calcarenites of the Coeymans Formation at Locality 106-b.
These lateral facies transitions represent gradational
eavironments from & restricted bank {Loc. 57) to patch
reefs {Loc. 59-65) to an open muddy bank (Loc. 67~ 94} to
agitated normal marine conditions (Coeymans Formation at
Locality 106<~b).

PAC 10 is entirely subtidal and grades from
stromatoporoid patch reefs at Locelitiea 57 through 62 to
‘crinoidel mounds as is evidenced by the crinoidal
calcarenites of The Coeymans Formation at Localities 65
through 106-b,

By analyzing the lateral facies and vertical patteras

of facies within the PACs defined in this study severazl
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conciusjioss can be drawn mas to basin dypramice., The
general pattern of the facles within the Thacher Member
indicates an overall deepening of the Lower Devonian basin
es was previously noted by Rickard (1962) end Leporte
(1967). Also during the time of deposition for most of
the Thacher Member the Schoharie Valley area generally
remained deeper as is evidenced by the preponderance of
FPacles 5 rocks and lack of Facies 1 rocks in vertical
sequence, By defining Punctuated Aggradational Cycles
withic the Thacher Member it has been shown that the Basin
deepened episodically rather than gradually as implied by
Laporte (1967). Also by analyzing each PAC facies mosaic
it 1g possidble to interpret palecgecography, to obaerve
depositional topogrephy, end estimate water depth and the

magnitude of the deepgning events.
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CONCLUSIONS

The principal conclusion which can be drawn from this study is that
the Thacher Member of the Manlius Formation can be totally subdivided
into a sequence of Punctuated Aggradational Cycles. Fach of these PACs
is characterized by a sharp basal surface which is overlain by a facies
which indicates a deeper environment of deposition than the underlying
1ithology. Within each PAC facies grade upwards into shallower facies
until deposition is interrupted by another deepening event which gives
rise to a non-depositional transgressive surface marking the basal
portion of the next PAC. Since each PAC is bounded by isochronous
surfaces, each is a lithologically defined time stratigraphic unit
(chronostratigraphic unit).

Five facies have been defined in this study. They are the
Dolomitic Cryptalgal Laminite facies, the Stromatoporoid facies, the
Ribbon Limestone facies, the Massive-Bedded Calcarenite facies, and the
Medium-Bedded Limestone facies. These facies represent depesition in
environments ranging from a supratidal algal fiat environment,
intertidal environments, a faunally diverse patch reef environment, a
restricted subtidal environment, a sand shoal fringe to sand sheal envi-
ronment, and a faunally diverse subtidal environment.

Eight Punctuated Aggradational Cycles can be traced laterally
throughout the study area. Three of these PACs cross formation
boundaries indicating that the environments which deposited the
dolomitic Chrysler Formation coexisted with the Lower Manlius Formation
environments during deposition of PAC 2 and 3. Similarly, the

environments indicated by the Upper Thacher Member coexisted with the
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Coeymans Fermation envirenments (PACs 8 & 10). By applying the PAC
model to these units on a wider scale, it may be possible to make
precise carrelations across formation boundaries.

Detailed PAC correlations indicate that the overall transgressive
nature of the Thacher Member was accomplished episodically not gradually
as previously interpreted by Laporte (1968). The transgressive
interpretation for the Thacher Member (Laporte, 1969} implies that the
accumulation of these rocks was entirely a consequence of gradually
superimposing adjacent environments with time. The fact that 10 PACs
have been described within the Thacher Member indicates that this
overall deepening was accompiished by periodic events of deepening and
stasts. Hence the gradual superposition of facies did not occur at the
scale of the entire Helderberg Group {50 to 100 meters) but at the scale
of PACs (1 to 3 meters).

Finally, each PAC facies mosatc exhibits an evolving palecgeography
fram deeper environments to shailower ones. From a paleogecgraphic
analysis of each PAC reascnable inferences may be drawn concerning
depositional topography, water depth, and areal distribution of palec~
enviromments. This information might prove to be very useful for
petroleum reservoir prediction and analysis, especially in light of

paleo-hydrologic information which can be gleaned from this information.
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