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NOTICE

This report was prepared by Dr. Gerald J Smith in the course of performing work contracted for and
sponsored by the New York State Energy Research and Development Authority (hereafter the
“NYSERDA?”). The opinions expressed in this report do not necessarily reflect those of NYSERDA or the
State of New York, and reference to any specific product, service, process or method does not constitute an
implied or expressed recommendation or endorsement of it. Further, NYSERDA and the State of New
York make no warranties or representations, expressed or implied, as to the fitness for particular purpose or
merchantability of any product, apparatus, or service, the usefulness, completeness, or accuracy of any
processes, methods, or other information contained, described, disclosed, or referred to in this report.
NYSERDA, the State of New York, and the contractor make no representation that the use of any product,
apparatus, process, method, or other information will not infringe privately owned rights and will assume
no liability for any loss, injury, or damage resulting from, or occurring in connection with, the use of

information, contained, described, disclosed, or referred to in this report.



Abstract

The Upper Devonian sedimentary rocks of western New York State contained the key petroleum producing
horizons from the mid-1800’s to the mid 1900’s in Allegany and Cattaraugus counties. Despite all of the
early activity in the region of southwestern New York and western Pennsylvania, the Famennian-aged
sediments arranged in upsection order of the Canadaway, Conneaut and Conewango groups have not been
studied since the advent of modern sedimentary concepts e.g., storm deposition, sequence stratigraphy.
Using sedimentary, stratigraphic and ichnological data collected at outcrop exposures, a sequence
stratigraphic model was constructed for the upper Canadaway, Conneaut and Conewango groups, dividing
the stratigraphic section into three sequences. The lower sequence contains lowstand, transgressive and
highstand tract. The lowstand tract consists of shoreface deposits; while the transgressive and storm-
generated shelf sand ridges dominate highstand tracts. In the middle sequence, the lowstand tract was
removed by the transgressive surface of erosion that contains thick conglomerates deposited as incised
valley fills; the highstand tract is comprised of terrestrial flood plain deposits containing siderite
concretions. The upper sequence is separated from the middle sequence by a transgressive surface of

erosion; the transgressive and highstand tracts are comprised of offshore to lower shoreface deposits.
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SUMMARY

The exposed bedrock in the study area covering parts of Allegany and Cattaraugus counties was deposited
approximated 370 million years ago in Late Devonian. The sedimentary units deposited during this period
have historically been the most productive oil producing sandstones from the mid-1800’s to the early
1900’s. Current methods of petroleum exploration use a method called sequence stratigraphy to determine
which sedimentary units were deposited during the periods of similar environmental stresses. By
determining which sedimentary units were deposited when the relative sea-level was rising at a fast rate, or
when the relative sea-level was at the lowest point, allows a better evaluation of potential petroleum
reservoirs. In the study area, the sedimentary units that were examine for sequence stratigraphic analysis
consist of the Late Devonian upper Canadaway, Conneaut and Conewango groups, in the, the Mississippian
Pocono Group, and the Pennsylvanian Pottsville Group.

Using sedimentary data collected from fieldwork in 2001, along with data collected from 1991-2000, the
changes in paleoenvironment were examined to synthesis a coherent sequence stratigraphic model for
Allegany and Cattaraugus counties. The stratigraphic formations examine were (from lowest to the highest
in the stratigraphic section): Rushford Formation, Machias Formation, Cuba Formation, Wellsville
Formation, Hinsdale Formation, Whitesville Formation, Salamanca-Wolf Creek Conglomerates,
Cattaraugus Formation, Oswayo Formation, Knapp Formation, and Olean Conglomerate.

Within the stratigraphic section of the study area, three major erosional surfaces were found within the
Upper Devonian, the lowest occurred within the Rushford Formation; the middle surface occurred below
the Salamanca-Wolf Creek Conglomerates, and the upper surface occurred at the base of the Oswayo
Formation. The erosional surfaces occurred where sediments deposited in a shallow-water
paleoenvironment were eroded and covered in turn by sediments deposited in a deeper-water
paleoenvironment. The erosional surfaces mark major reversals in relative sea-level; the sediments below
the erosional surface were deposited as the relative sea-level was falling, while the sediments above the
erosional surface were deposited as the relative sea-level was rising. Based upon a presumed cyclical fall
and rise in relative sea-level, each cycle forms a single sequence which in turn is divided into three periods:
lowstand — the period when relative sea-level is at or near its lowest level, transgression — the period when
relative sea-level begins to rapidly rise, and highstand — the period when relative sea-level is near or at its
highest point and begins to start falling. The erosional surfaces found in the Upper Devonian sediments
mark the base of transgressive periods and are identified as transgressive surfaces of erosion; each
occurring within a separate sequence.

The lowest examined sequence in the study area, Sequence I, is comprised of the Rushford, Machias, Cuba,
Wellsville, Hinsdale and Whitesville formations. The Rushford Formation contains ancient beach sands
deposited during lowstand; the transgressive surface of erosion eroded partially into the beach sediments,

removing some of the sands but leaving behind the coarser gravels as a lag deposit. Overlying the lag
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deposits are deeper water shales and isolated sand bars deposited during the transgression. The highstand
period of Sequence I, contains evidence of a major storms and hurricanes affecting the paleoenvironment,
forming large detached sand ridges in the Machias, Cuba and Hinsdale formations, that form isolated lenses
within a normally occurring interbedded shale and thin sandstone sedimentary deposits. The highstand
deposits of Sequence I continue upsection until the next transgressive surface of erosion is encountered
below the Salamanca-Wolf Creek Conglomerates.

Sequence II, unlike Sequence I, does not contain lowstand deposits. It is assumed that the lowstand for
Sequence II was completely eroded and removed by the transgressive surface of erosion, such that the
Salamanca-Wolf Creek Conglomerates would be analogous to the transgressive gravel lags observed in
Sequence I, but are an order of magnitude thicker. The Salamanca-Wolf Creek Conglomerates occur
within the study area in narrowly restricted localities; the sedimentary bedforms observed within the
conglomerates suggest that the Salamanca and Wolf Creek conglomerates were separate rivers, or estuaries.
During the rise in relative sea-level, these estuaries preferentially accumulated more of the transgressive lag
deposits, forming what are called incised valley fill. The highstand deposits for Sequence II contain red
shales and sandstones deposited on land not in the marine environment. The red sediments of the
Cattaraugus Formation, marks a period of increased sediment accumulation, in which after the period of
transgression, the over abundance of sediment “pushed” the shoreline from the east of the study area to a
location west of the study area.

Sequence 111, the uppermost sequence observed in the Late Devonian, occurs entirely within the Oswayo
Formation. The base of Oswayo Formation erodes down into the underlying Cattaraugus Formation
forming the transgressive surface of erosion. The lower section of the Oswayo Formation is comprised of
mostly shale and fewer sandstones, forming the deeper-water transgression deposits. Similar to Sequence
I1, the lowstand deposits are not observed and are assumed to have been eroded or occurring farther to the
west. The highstand deposits in Sequence III were deposited offshore, with several thicker sandstones
containing sedimentary bedforms indicating a nearshore depositional environment.

In a typical sequence stratigraphic model, the deposits occurring within the lowstand and transgression
offer the best change of containing a petroleum reservoir. This is do to the coarser sediment typically
deposited during these periods as well as the overlying “blanket” of shales forming a cap or seal on the
reservoir. The highstand deposits are generally isolated, finer-grained sandstone that would form much
smaller reservoirs and would more likely to be less productive. In the study area, the lowstand deposits of
the Rushford Formation in Sequence I, and the transgressive incised valley fills in Sequence 11, would have
ideal reservoir potential; the transgressive sandstones in all three sequences would contain possible

reservoirs in the thicker lenses; the highstand deposits would contain the least likely sedimentary reservoirs.
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Section 1

INTRODUCTION

The Upper Devonian sedimentary sequence comprises a large portion of the surficial outcrops in
southwestern New York State and historically, contained the major oil plays in New York State (Van Tyne,
1998). Early exploration was focused on drilling in structural traps, “stepping out” from known plays and
wildcatting. Sequence stratigraphy is a tool used by the major petroleum companies in their exploration, as
a means of integrating the data from different sources (3-D seismic, 2-D seismic, and well-log
correlations). Sequence stratigraphic analysis examines the interplay of relative sea-level change, sediment
supply fluctuations and regional tectonics to correlate sediments deposited coevally. The use of sequence
stratigraphic model enables exploration to investigate sedimentary traps as well as structural traps
(Posamentier and Allen, 1999). Sequence stratigraphy is defined by John Van Wagoner (Senior Research
Adviser of Exxon Production Research Company) as “a methodology for analyzing and predicting the
distribution sedimentary deposits within a framework of chronostratigraphically significant surfaces (Van
Wagoner and Beaubeouf, 1999)”. Sequence stratigraphic concepts can provide the user a means for
generating realistic stratigraphic models that can be used to integrate scattered observations and to predict
regional and local stratal geometries and facies patterns within a basin (Posamentier and Allen, 1999).

The exploration of sedimentological traps requires the application of a predictive geological model to the
local stratigraphy. One of the advantages of high-resolution sequence stratigraphy is that a sequence
stratigraphic model examines the basin in chronostratigraphic units; such a model overcomes the common
problem of lensing and intertonguing lithostratigraphic units. Traditional lithostratgraphy methodology
emphasizes separating and identifying individual sediment deposits and leaves the interrelation of the
differing facies to speculation. By employing a sequence stratigraphic approach to our study we hope to
establish a stratigraphic framework in which previous and future lithostratigraphic studies can be
incorporated into or based upon. Sequence stratigraphy allows the integration of past studies and enables
integration into future studies. The facies analyses determination of systems tracts provide data to assist the
interpretation of well logs and seismic lines. The chronostratigraphic boundaries identified in a sequence
stratigraphic analysis provides a number of potential stratigraphic datum from which cross-sections can be
constructed to reflect the basin architecture.

The focus of the investigation was to analyze the sequence stratigraphy of the Famennian-age Conneaut
and Conewango groups using outcrop data collected within the area of 78°W to 78°45°W, and 42°N to
42°30°N (Fig. 1). The study area covered portions of both Allegany and Cattaraugus counties and
contained a near complete exposure of the Conneaut and Conewango groups from the top of the
Canadaway Group to the base of the Knapp Formation. The data collected in 2001, was added to our
current database of stratigraphic localities to provide a broader coverage of the area (Plate 1). The results

from this study are applicable to localities of the Conneaut and Conewango groups outside of study area,

1-1



0 5 10 15 20 25mi

25 km
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1-2



such that exploration Chautauqua and Steuben counties can incorporate the finding from this study in to

their analysis of potential oil or gas plays.

PREVIOUS SEDIMENTOLOGICAL — STRATIGRAPHIC STUDIES

Early work in Allegany and Cattaraugus counties began with James Hall in 1843, with subsequent
investigations by Williams (1887), Randall (1894), Luther and Clarke (Luther 1902, Clarke and Luther
1907), Glenn (1903), Chadwick (1923, 1936), Woodruff (1942), Pepper and deWitt (1951), Tesmer (1955),
Manspeizer (1963) and Tesmer (1975) (Table 1). Focus of these earlier workers concerned establishing a
stratigraphic framework for the Devonian period in New York State, but did not seriously focus on the
depositional environments of the units.

More recent work includes the multidisciplinary study of the southern extent of the Clarendon-Linden Fault
system (Jacobi and Fountain, 1996); geological mapping projects in the Angelica, Fillmore, Houghton
(Jacobi, Smith and Zhao, in prep; Smith, Jacobi and Zhao, in prep), Freedom (Zack, 1998), Rawson (Peters,
1998), West Valley (Smith, Jacobi and Baudo, 2001), and Ashford Hollow (Jacobi, Smith and Guidetti,
2001) topographic quadrangles have well documented the stratigraphy and structures of the Canadaway
Group in the northern section of the study area. Previous investigations by Smith and Jacobi (1998, 2000
and 2001) have focused on the sediments and depositional environments of the units within the Canadaway
Group, resulting with the creation a high-resolution sequence stratigraphic model for the uppermost West
Falls Group and the overlying Canadaway Group (Smith and Jacobi, 1998, 2000& 2001). Data from these

later studies was used to supplement the data collected for this report.

STRATIGRAPHIC NOMENCLATURE

The study area contains outcrop exposures of formations from the Canadaway, Conneaut and Conewango
groups of the Later Devonian Famennian age. Also, at the higher elevations along the southern part of the
study area were sporadic outcrops of Mississippian age Knapp Formation, and Pennsylvanian age Olean
Conglomerate. Stratigraphic names and formations that were used follow the stratigraphic nomenclature of
Woodruff (1942) with several notable exceptions. Woodruff (1942) working in the Wellsville 15’
quadrangle included a sedimentary unit at the top of his Conneaut Group, which he called the Germania
Member and consisted of 70 feet (21.3 meters) of red sandstones, green sandstones and red-gray shales.
Such distinctively described units were not observed during fieldwork and therefore the Germania Member
was omitted. Woodruff (1942) also included the Wolf Creek Conglomerates and the Salamanca
Conglomerates as separate stratigraphic horizons with the Wolf Creek at the base of the Conewango Group
and the Salamanca Conglomerate separating the Cattaraugus and Oswayo Formations. Outcrops of the

Wolf Creek and nearby conglomerates were not found in the study, only large blocks were found (typically
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Hall 1843 Williams 1887 Luther & Clarke 1898-1908 Glenn 1903 Chadwick 1923 - 36
Group Group Unit Division Unit Group Unit Group Western Formation Eastern Formation
i Olean Cg.
Pottsville A gd Olean Cg.
Olean Cg. Knapp beds Knapp beds
Oswayo Kilbuck Cg. Oswayo
Conewango Cattaraugus
Salamanca Cg. red shales
Cattaraugus
Wolf Creek Cg. Wolf Creek Cg. Panama Cg.
Chadakoin
beds
Quarry Ss. Hinsdale Ss.
Chemung (Chadwick - 1933)
Chemung Grp. Conneaut
Chemung Girard Sh. Volusia Sh.
Cuba Ss. Cuba Ss. Cuba Ss. Cuba Ss.
Chemung (Clarke - 1902) (Clarke - 1902) (Clarke - 1902)
Northeast Sh. Machias Sh.
(Chadwick - 1923) (Chadwick -1923)
Shumla Ss.
(Clarke - 1903)
Rushford Ss. Rushford Ss. . Rushford Ss
Westfield Sh. :
Luther - 1902 -
(Luther ) (Chadwick - 1923) (Luther - 1902)
Laona Ss.
(Beck - 1840)
Canadaway Gowanda beds Caneadea Sh.
(Chadwick - 1923) (Chadwick - 1933)
Dunkirk Black Sh. Dunkirk Sh. Canaseraga Ss.
(Clarke - 1903) (Clarke - 1903) (Chadwick - 1923)
Portage Portage Portage Fm. Wiscoy Sh.&Ss. Hanover Sh. Wiscoy Ss.
(Clarke - 1898) (Chadwick - 1923) (Clarke - 1898)
Nunda
Pipe Creek Sh.
(Chadwick -1923)

Table 1, Stratigraphic nomenclature used by previous investigations
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Woodruff 1942 Pepper & deWitt 1950-51 Tesmer 1955
Group Formation Member Formation Member Group Formation Member
Olean Cg.
Oswayo
Conewangan Salamanca Cg Conewango
Series
Cattaraugus Cattaraugus
Wolf Creek Cg. Panama Mbr.
Germania Fm. Germania Mbr.
(Woodruff - 1942) (Woodruff - 1942)
Whitesville Fm. Chadakoin Whitesville Mbr.
(Woodruff - 1942) (Woodruff - 1942)
Hinsdale Ss. Hinsdale Mbr.
(Chadwick - 1933) (Chadwick - 1933)
Conneaut
Wellsville Fm. Wellsville Mbr.
(Woodruff - 1942) (Woodruff - 1942)
Cuba Ss. Cuba Mbr.
(Clarke - 1902) (Clarke - 1902)
Machias Fm. Arkwright "Machias Mbr."
(Chadwick -1923) 9 (Chadwick -1923)
Rushford Mbr.
Rushford Ss. Rushford Ss. (Luther - 1902)
(Luther - 1902) (Luther - 1902)
Caneadea Mbr. Canadaway (é}ar:jeaf:lia ,\1/‘;;3)
. adwick -
Canadaway Caneadea Fm. (Chadwick - 1933)
(Chadwick - 1933) Hume Sh. Mbr. Hume Sh. Mbr.
(Pepper&deWitt - 1951) (Pepper&deWitt - 1951)
Perrysburg Fm. Canasera
: ga Ss.Mbr. Canaseraga Ss. Mbr.
(Pepper&deWitt - 1951) (Chadwick - 1923) (Chadwick - 1923)
(Peso:trgc\:?:zzzll\;i:t,\fl?%]) South Wales Mbr.
Canaseraga Ss. PP (Pepper&deWitt - 1951)
(Chadwick - 1923)
D(Elr;krllzle( _S:]gh(;‘;r Dunkirk Sh. Mbr.
(Clarke - 1903)
Wiscoy Mbr.
HanoverSh.  to  Wiscoy Ss. Seneca Chemung (Clarke - 1898)

(Chadwick - 1923) (C

larke - 1898)

Pipe Creek Mbr
(Chadwick -1923)

Table 1, continued, page 2 of 3.
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Manspeizer 1963 Tesmer 1975 Smith & Jacobi 1996 - present
Group Formation Member Group Formation Member Group Formation
Pottsville Olean Cg. Pottsville Olean Cg.
Knapp Fm. Knapp Fm.
P
ocono (Glenn - 1903) Pocono (Glenn - 1903)
Conewango Oswayo Fm. Oswayo Fm.
(Glenn - 1903) Conewango (Glenn - 1903)
Wolf Creek Cg. Conewango CattaraugusFm.
CattaraugusFm. (Clarke - 1902)
(Clarke - 1902) Wolf Creek Cg.
Supra
Conneaut Germania Ss. Whitesville Fm.
(Woodruff - 1942) (Woodruff - 1942)
Whitesville Fm.
(Woodruff - 1942)
Hinsdale Ss Chadakoin Fm. Hinsdale Fm.
: ick - h ick-1
(Chadwick - 1933) (Chadwick - 1923) Conneaut (Chadwick - 1933)
Wellsville Fm. Wellsville Fm.
(Woodruff - 1942) (Woodruff - 1942)
Conneaut
Cuba Fm. Cuba Fm.
(Clarke - 1902) (Clarke - 1902)
Machias Fm.
(Chadwick -1923) Northeast Sh. Mbr. Machias F
Sixtown Creek Fm. Shale Mbr. (Chadwick - 1923) (Chadwick -1923)
(Manspeizer - 1963) Scholes Mbr. Arkwright
Rushf Creek Mbr. (Tesmer - 1954) S?Culmlka Sltfé(l\)/lalc))r. Rushford Fm
arke - :
(};Auasrrlmsfo:iizterlIf@i 276“3-) Rushford Ss. Mbr. (Luther - 1902)
P Alfred Station Cog. Westﬁelid Sh.Mbr.
Caneadea Sh. (Chadwick - 1923) Caneadea Fm.
(Chadwick - 1933) Laona Slts. Mbr. (Chadwick - 1933)
Canadaway Fm. (Beck - 1840) Canadaway
Canadaway Hume Sh.Mbr. (Chadwick - 1933) Hume Fm,
(Pepper&deWitt - 1951) (Pepper&deWitt - 1951)
Canaseraga Ss. Mbr. Gowanda Sh.Mbr. Mills-Mills Fm.
(Chadwick - 1923) (Chadwick - 1923) (informal)
Perrysburg Fm.
(Pepper&deWitt - 1951)
South Wales Mbr. South Wales Sh.Mbr. South Wales Fm.
(Pepper&deWitt - 1951) (Pepper&deWitt - 1951) (Pepper&deWitt - 1951)
Dunkirk Sh. Mbr.
Dunkirk Sh. Mbr. (Clarke -1903) Dunkirk Fm.
(Clarke - 1903) (Clarke - 1903)
Wiscoy Fm.
Chemung Wiscoy Ss. Seneca Java Fm. Hanove.r Sh.Mbr (ﬁlaarzlée;/ét:l EEnS)
(Clarke - 1898) (deWitt - 1960) (Chadwick - 1923) West Falls (Chadwick - 1923)
Pipe Creek Fm.

(Chadwick -1923)

Table 1, continued, page 3 of 3.
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blocks 2 meters in width and length and over 2 meters in height) but could be traced upslope to a
topographic bench above which the loose conglomerate blocks were absent. Using the elevations of the
topographic benches as a proxy for the stratigraphic location of the conglomerate, the Salamanca and Wolf
Creek conglomerates appear to occur at the same stratigraphic horizon. This does not preclude the
occurrence of additional conglomerate beds upsection; however the only other conglomerates observed in

outcrop were either Knapp Formation or Olean Conglomerate.

METHODOLOGY

The sedimentological and stratigraphical data was collected in the summer and fall of 2001 through
fieldwork involving locating and measuring outcrops within the study area. At each site, the location of the
outcrop was placed upon the USGS 7 1/2” topographic map. The stratigraphic thickness of each distinct
lithological unit was measured to the nearest millimeter; all sedimentary and bedding structures were also
recorded for each bed. Each outcrop was also carefully examined for trace fossils so that the ichnology and
changes in ichnofauna could be used to supplement interpretations of the depositional environment (Figures

2 and 3).

Structural Considerations

Pencil cleavage and small bedding thrusts within outcrops will compromise the continuity of the overall
stratigraphic section in that repetition or removal of shale sections can occur, yet go unnoticed (Figure 4).
On a larger scale, the ubiquitous presence of Northeast trending thrust of Appalachian age, and North-south
striking faults related to the Clarendon-Linden Fault system can create major complications when
correlating between outcrops (Jacobi and Fountain, 1996). In the northern sections of the field where
geological mapping has been done, the faults and similar structural problems were taken into consideration.
However, in the southern portion of the study area, the lack of structural control, and scattered nature of the

outcrops, the potential structural complications is much higher, yet without data cannot be corrected.
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Section 2

STRATIGRAPHY OF THE CONNEAUT AND CONEWANGO GROUPS

CROSS-SECTIONS

The collected field data from the past field season as well as data from earlier investigations (Jacobi and
Fountain, 1996; Peters, 1998; Zack, 1998; Jacobi, Smith and Zhao, in prep; Smith, Jacobi and Zhao, in
prep; Smith, Jacobi and Baudo, 2001; Jacobi, Smith and Guidetti, 2001) were used to create graphically
annotated stratigraphic columns (Figure 5). The annotated stratigraphic columns were used to form
composite stratigraphic columns for sites occurring along the same creek, road or localized vicinity. The
composite stratigraphic columns were utilized in a series of 7 north-south trending cross-sections that
would provide complete coverage of the study area (Figures (6 through 12; Plate 1). From each north-
south cross-section, a generalized composite stratigraphic section was created to represent the total
stratigraphic exposure for that particular locality. The generalized composite stratigraphic sections were
used to construct an east-west cross-section that covered the entire field area (Plate 2).

The base of the stratigraphic section examined in this study is the Rushford Formation of the Canadaway
Group. This unit was chosen for several reasons: 1) the distinct packet of three usually complete shoreface
successions of the Lower Rushford Sandstone Member were easily recognized in the field from the
assemblage of sedimentary structures and a coarser grain-size; 2) the transgressive surface of erosion
recognized in outcrops from eastern extent of the study area to outcrops in the West Valley and Ellicottville
topographic quadrangles makes an excellent base for the sequence stratigraphic section; 3) recognizable
outcrops were found in each of the northernmost quadrangles of the study area and appear to form a
continuous stratigraphic unit, making a suitable datum when trying to correlate the lensing sandstone
packets of the Machias Formation and overlying Conneaut Group. The upper extent of the stratigraphic
section is the Olean Conglomerate of the Pennsylvanian Pottsville Group. The Olean Conglomerate marks
the latest stratigraphic unit present in western New York State and is easily recognizable in the field,

although not exposed over much of the study area.
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Section 3

FORMATION AND GROUP DESCRIPTIONS

CANADAWAY GROUP

Rushford Formation (Luther, 1902)

(For a more in-depth discussion of Rushford Formation including more photographs and detailed cross-
sections see Smith and Jacobi, 1998, 2000 and 2001).

Lithology. The Rushford Formation is characterized by two sandstone packets separated by interbedded
gray shales and thin sandstones. Each of the sandstone packets ranged in thickness from 2 to 6 meters.
The lower sand-packet can be divided into three shallowing cycles. The thick sandstones were massive to
thickly-bedded with amalgamation surfaces that were planer to slightly undulating. The Rushford
Formation is primarily fine-grained sandstone; however, the lower sand-packet contains coarse-grained
sandstone/conglomerate that occurred as tabular beds, which overlie each shallowing upward cycle and
were separated from the fine-grained sandstone beds by a disconformity. Between the sandstone packets is
a thick (2.3 — 16.3m) section of interbedded gray shales, siltstones and thin sandstones.

The shallowing cycles of the lower sand-packet were characterized by transitional bedding changes from
tabular cross-sets at the base to trough cross-sets upsection to massive or planer and westerly (seaward)
dipping subplaner beds at the top of the cycle. Conglomerate deposits contain steeply dipping cross-beds
and trough cross-sets (TCS). In the interbedded section, thin sandstones contain hummocky cross-
stratification (HCS) and 3D ripples (linguoids), and shell-beds occur sporadically with a very limited lateral
extent. The upper sand-packet contains trough cross-sets, tabular cross-sets as well as HCS and swaly
cross-sets (SCS) (Walker and Plint, 1992). Thin mud-drapes in the upper sand-packet were observed but
not common. Towards the west, the upper sand-packet becomes finer-grained, and the inclusion of
interbedded shales and siltstones occurred between the thicker sandstone beds, and in sites in the Ashford
Hollow quadrangle, the individual sandstone beds were dolomitic.

The basal contact is defined as the base of the lowest thick sandstone of the Rushford Formation. The
upper contact with the shales of the Machias Formation was rarely observed in the field, but is placed at the
top of the upper sand-packet of the formation.

Ichnology. The thick sandstones of the Rushford Formation contain a low diversity Skolithos ichnofacies.
The trace fossils observed were primarily Arenicolites, Skolithos and Thalassinoides. The trace fossil
Macaronichnus occurs at one outcrop of the lower sandstone packet, near the top of one of the shallowing
cycles. The presence of Macaronichnus implies a high-energy, highly oxygenated environment that is
common for foreshore or upper shoreface depositional environments (MacEachern and Pemberton, 1992;

Pemberton and MacEachern, 1995; Pemberton et al., 1996; MacEachern et al., 1998). At the contact
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between the fine-grained sandstone and the conglomerate there a Glossifungites ichnofacies occurs that is
comprised of Rhizocorallium, Arenicolites, Skolithos and Thalassinoides, trace fossils that indicate the
presence of a firmground separating the sandstone from the conglomerate (Pemberton and Frey, 1985;
MacEachern et al., 1992). The interbedded shales, siltstones and thin sandstones contain a more prolific
trace fossil assemblage dominated by Teichichnus but also contain sporadic Planolites, Palaeophycus, and
Arenicolites.

Interpreted Depositional Environment. The lower sandstone packet of the Rushford Formation has been

interpreted by Smith and Jacobi (1998, 2000 & 2001) to represent three, stacked shoreface cycles that grade
from upper offshore to foreshore environment. The conglomerates separated from the underlying
shallowing upward cycles by a basal disconformity have been interpreted as transgressive lag deposits
(Smith and Jacobi, 1996, 1998, 2000 & 2001). The abundance of Teichichnus in the interbedded section
overlying the lower sand-packet may indicate a deepening, such that the assemblage is equivalent to the
Cruziana ichnofacies or the assemblage may indicate that the interbedded shales, siltstones and thin
sandstones represent either lower shoreface to upper offshore environment or possibly brackish, low energy
lagoon bay or deposits (Beynon and Pemberton, 1992; Pemberton, van Wagoner, and Wach, 1992;
Pemberton and MacEachern, 1995; MacEachern et al., 1998). Based on the predominance of trough-cross-
sets, HCS, SCS and reversals in paleoflow directions, the upper sandstone packet can be interpreted to
represent: 1) storm- and/or tide dominated lower shoreface deposits, 2) barrier bars or 3) storm-generated
shelf sand ridges. Wide lateral variation in thickness of the upper sandstone packet favors interpretation of

lenticular sandstone deposits as storm-generated shelf sand ridges (Miall, 2000).

Machias Formation (Chadwick, 1923)

Lithology. The Machias Formation is characterized by interbedded gray shales, siltstones and thin
sandstones, with lensing packets of thicker fine-grained sandstones that can range up to 6 m in thickness.
The sandstone packets display HCS with prominent SCS and TCS with thin (~10 - 20 cm) fossiliferous
coquinite layers. Measured paleoflow orientations of trough cross-sets and ripples indicate bi-directional
flow, both to the east and west. The interior surfaces of the troughs and swales contain interference ripples.
Each thick sandstone packet is sharp-based indicating a sudden deposition of the sandstones; while
examination of the basal contacts reveal little or no erosion of the underlying unit precluding the idea that
the sands marked a sequence boundary.

In Allegany and Cattaraugus counties, the Machias Formation contains four thick sandstone-packets, and
five thinner sandstone-packets that can be traced across the study area; although thickness variations and
the ubiquitous presence of thrust faults makes individual correlations tenuous. The sandstone packets in
the Machias Formation were easily distinguished from the sandstone packets in the Rushford Formation by
prevalence of HCS and SCS throughout the Machias sandstone, and the presence of thin, lenticular

coquinites and rarely conglomerates that were part of the tempestite packets in the Machias Formation
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(Figure 13). Another distinguishing characteristic is that the sandstones of the Rushford Formation were
slightly coarser and better cemented than the sandstone is the Machias Formation. The upper contact is
placed at the basal sandstone of the overlying Cuba Formation. However, discriminating between the Cuba
Formation and the thick sandstones in the Machias Formation is equivocal in some regions.

Ichnology. The interbedded sections of the Machias Formation were dominated by Cruziana ichnofacies
of Planolites, Palaeophycus, Rhizocorallium and Thalassinoides. In the interbedded sections occurring
above the Rushford Formation, occur sporadic thin calcareous sandstones and siltstones contain Zoophycos
similar to the occurrences in the Caneadea Formation reported by Smith and Jacobi, 2000 & 2001). In the
thinner sandstones and tempesites the trace fossil assemblage contains a less abundant Cruziana
assemblage and a low-diversity Skolithos ichnofacies, implying rapid shift in the depositional environment
allowing colonization by more adaptable Skolithos and Arenicolites (Pemberton and MacEachern, 1997).
The thicker sandstone packets contain a dominant, but still low-diversity Skolithos ichnofacies of Skolithos
and Arenicolites. The thicker sandstones were interpreted to represent a long period of high-energy
conditions, where the erosion preceding the deposition of the succeeding sandstone layer removes times of
quiescence.

Interpreted Depositional Environment. The storm beds common to the interbedded, thin-sandstones

suggest that the interbedded sections were deposited above storm wave base, most likely upper offshore.
Numerous tempestite beds indicate deposition in an intermediate-to-high energy, storm dominated
environment (MacEachern and Pemberton, 1992). The alternating paleoflow orientations in the trough
cross-sets and ripples suggest either a tidal component or a shoreface environment. The large-scale
lenticular deposition pattern of the sandstone-packets suggests that these thick sandstones were deposited as

storm-generated shelf sand ridges (Snedden and Dalrymple, 1999; Miall, 2000).

CONNEAUT GROUP

The transition between the Canadaway and Conneaut groups was found to be problematic in the field as the
outcrops of the Machias Formation as the uppermost unit of the Canadaway Group as indistinguishable
from outcrops from the Conneaut Group. The overall similarities of the Machias sandstones with the
sandstones of Conneaut Group presented a challenge in correlating isolated outcrops of sandstone packets
that can vary in thickness from 1 to 5 meters in thickness. The interpreted storm-deposition of the
sandstone packets generated similarities in sedimentary structures and bedding assemblages observed in
both the Machias sandstones and the Conneaut Group sandstone packets. From the cross-sections, these
sandstone packets can be traced laterally in both north-south and east-west directions (Figures 6 through
12, Plate 2). However, it should be noted that whereas the sandstone packets were correlative, it does also
imply that the sandstones form a continuous sand-blanket. Deposition of shelf sandbars may be coeval in

time of deposition and occupy the same stratigraphic horizon and yet form isolated sand bodies.
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Cuba Formation (Clarke, 1902)
Lithology. Similar to the thick sandstone packet of the Machias Formation, the observed Cuba Formation

occurs as three lensing fine-grained sandstone packets typically separated by interbedded gray shales and
thin sandstones (Figure 14). The sandstones of Cuba Formation were dominated by HCS and SCS, and
have a lesser occurrence of TCS and tabular cross-bedding. Small amplitude and wavelength symmetrical
and interference ripples were commonly observed on the inner surface of large troughs and swales,
implying complex, combined-flow during time of deposition. Coquinites were observed commonly as thin
lenses, internal to the sandstone packets or as a basal coquinite at base of each thick sandstone bed. Fossils
were typically brachiopods and ossicles of crinoids either collected into the coquinite lenses or sporadically
occurring throughout the sandstone bed (Figure 15). Lensing and eroding of individual beds is common
and lateral variability of a single bed can range from a few centimeters to 1.5 meters over a 5 m distance.
The lithology of the two interbedded sections separating the three sandstone packets is quite similar; the
thin sandstones contain HCS and 3-dimenisional ripples (linguoids), and will lens in thickness over short
lateral distances with pinch-outs common. The thinner sandstones can be fossiliferous and resemble
standard tempestite models.

Ichnology. The thick sandstones of the Cuba Formation contain a low-diversity Skolithos ichnofacies
consisting primarily of Arenicolites and Skolithos, with less abundant examples of Thalassinoides. The
interbedded section contains a mixed Skolithos-Cruziana ichnofacies consisting of Planolites and
Palaeophycus in the shales and at the sandstone shale contacts and Arenicolites and Skolithos in the thin
sandstones. The interpretation for the Cuba Formation ichnofacies is that the interbedded sections
represent lower energy conditions that were disrupted by short periods of high-energy, probably storms.
The thicker sandstones represent deposition during high-energy periods, with the lower-energy periods
removed by erosion.

Interpreted Depositional Environment. The Cuba Formation is interpreted to be deposited above storm

wave base, probably upper offshore. The numerous tempestites and combined-flow sedimentary structures
in the thin sandstones reflect episodic storm activity. The thicker sandstones were interpreted to be
deposited mostly by larger, hurricane-size storms. The large-scale lensing nature of the thicker sandstone

packets is interpreted as being deposited in storm-generated shelf sand-ridges (Miall, 2000).

Wellsville Formation (Woodruff, 1942)

Lithology. The Wellsville Formation is comprised of interbedded gray silty shales and very thin fine-
grained sandstones. While generally similar to the interbedded sections of the Machias Formation, the
main distinguishing characteristic for the Wellsville Formation is the lower abundance of sandstone beds.

There were three thicker sandstone lenses observed in the Wellsville Formation, which typically ranged 1
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meter in thickness, but were not laterally extensive and cannot be traced west of the Allegany-Cattaraugus
border area. There were few sedimentary structures observed within the Wellsville Formation. The thin
sandstones within the main interbedded section were typically cross-bedded with irregular 3-dimensional
ripples. The thicker sandstone lenses were dominated by SCS, with thin coquinites present as internal
lenses or basal lags.

Ichnology. The Wellsville Formation contained very few observable trace fossils in the interbedded
sections. The thicker sandstone lenses contained a low-diversity Skolithos ichnofacies of Arenicolites and
Skolithos.

Interpreted Depositional Environment. The Wellsville Formation is interpreted as being deposited

below storm wave base, most likely lower offshore. The three sandstone lenses were interpreted as being
deposited during large, hurricane-size storms that could briefly deposit the coarser grained sediments

farther from shore and represent storm-generated shelf sandstones (Miall, 2000).

Hinsdale Formation (Chadwick, 1933)

Lithology. The Hinsdale Formation is comprised of thick sandstone lenses that can be roughly separated
into three packets. The thick sandstone lenses were typically fine-grained sandstone with thick lenses of
coquinite typically forming basal lags but were also found as small internal lenses (Figure 16). Thickness
variability within the sandstones is high, further compounded by variable erosion of lower units by
overlying sandstones. In some localities the sandstones weather a reddish color and at the outcrop along
the northern side of Chapel Hill, Humphrey quadrangle, the uppermost coquinite has a red-stained
sandstone matrix. The interbedded sections were slightly different from the interbedded sections studied in
the Machias, Cuba and Wellsville Formations as the gray shaly silts and silty shales tend to weather a
reddish-brown and in the locality of Farnsworth Road, Cuba NY, red silty shales overlie one of the thick
sandstone packets (Figure 16). Sedimentary structures were typically SCS with less frequent occurrences
of TCS and tabular cross-beds. Small amplitude and wavelength symmetrical and interference ripples were
commonly observed on the inner surface of large troughs and swales, implying complex, combined-flow
during time of deposition (Figure 17). Thinner sandstones within the interbedded sections contain both
asymmetric and 3-dimensional ripples and HCS, several thin sandstones also contain grooves and striations
on the sole of the bed.

Ichnology. Both the sandstones of the interbedded sections and the thick sandstone packets contain an
abundant, but still low-diversity Skolithos ichnofacies. High frequency of Arenicolites and Skolithos were
observed in both the thinner sandstones as well as in the thick sandstone packets. A poorly developed
Cruziana ichnofacies consisting of sporadic occurrences of Planolites and Teichichnus is found in the
thicker interbedded sections.

Interpreted Depositional Environment. The Hinsdale Formation is interpreted as being deposited well

above storm wave base, but still below fair weather wave base, most like upper offshore to lower shoreface.

3-8



3-9



3-10



The dominance of SCS and typical tempestite packets imply the Hinsdale Formation was deposited
primarily by storms, yet the large amounts of fossils and the singular occurrence of red shales and
sandstones suggest the shoreline was moving westward and terrestrial sediments were now being
incorporated into the marine sedimentary deposits. The interpreted depositional environment is likely to be

either nearshore storm-generated sand ridges or a storm-influenced barrier bars (Miall, 2000).

Whitesville Formation (Woodruff, 1942)

Lithology. The Whitesville Formation is comprised on interbedded gray shales, silty shales, and thin fine-
grained sandstones, similar to the interbedded sections in Machias Formation but sandier than the
interbedded sections of the Wellsville Formation. The Whitesville also contains 4 sandstone lenses that
were not laterally extensive, and range up to 5 meters in thickness. The grain size of the sandstone lenses
ranges from fine-grained to coarse-grained. The sedimentary structures observed in the sandstone lenses
differ from the storm-deposited sandstones that dominated the stratigraphic section from the Machias
Formation up to the Hinsdale. Whereas beds containing SCS were observed in the thick sandstone lenses
of Whitesville Formation, there were also beds containing straight-crested asymmetric ripples, large 2-
dimensions dunes, festoon ripples, and solemarks of grooves and striations (Figure 18). Fossils and
coquinites were not commonly observed in the sandstone lenses.

Ichnology. The interbedded section of the Whitesville Formation contains a low-diversity Cruziana
ichnofacies consisting primarily of Planolites. The sandstone lenses contain a mixed Cruziana and
Skolithos ichnofacies, with Planolites, Arenicolites and Skolithos commonly found.

Interpreted Depositional Environment. The Whitesville Formation is interpreted as being deposited

close to storm-wave base, in the upper offshore area. The sand lenses were interpreted as being deposited
well above storm-wave base but below fair-weather wave base. The less pronounced storm-influence on
the sandstone lenses and interbedded sections can be interpreted as either increased sea level, below storm-
wave base, however, the presence of coarser-grained sandstones and infrequent occurrences of SCS makes
this seem unlikely; or the climate during the Late Famennian was not as stormy as the earlier part of the
Conneaut Group deposition. The sandstone lenses were interpreted as being deposited in lower shoreface

depositional environment, probably as barrier bars (Pemberton, Van Wagoner, and MacEachern, 1992).

CONEWANGO GROUP

The Conewango Group and overlying units of Mississippian and Pennsylvanian age were confined in
outcrop to upper sections of hills and ridges and thus occur more sporadically and contain fewer long
stratigraphic sections. The restricted exposure of outcrops of the uppermost units precludes the same level

of detail found in the Canadaway and Conneaut groups. The basal unit of the Conewango Group is
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comprised of isolated lenses of conglomerate most notable of which were the outcrops in Salamanca and
along Wolf Creek. Similar to storm-generated shelf sand ridges observed in the Conneaut Group, the
lenticular conglomerates were generally considered isolated bodies, yet, the depositional factors that allow
the deposition of a single conglomerate body is likely to deposit several similar deposits over a wide area.
Thus, the lenticular conglomerate deposits can considered in sequence stratigraphy as coeval in deposition

and occupy the same stratigraphic horizon.

Salamanca Conglomerate (Carll, 1880) and Wolf Creek Conglomerate (Williams, 1887)

Lithology. The lithology of both the Salamanca and Wolf Conglomerates were comprised of clasts of
cloudy white quartz, oblate discoids that were 0.5 — 2 centimeters in size and a matrix is a medium to
coarse sand forming an oligomict quartz orthoconglomerate. The conglomerate lenses were variable in
thickness, but reach thickness of at least 4.2 meters at Little Rock City in the Salamanca quadrangle (Figure
19a). The bedding observed within the conglomerate blocks and outcrops contain steep foreset beds,
tabular cross-sets (Figure 19b); reversal in the dip direction of the cross-beds is commonly observed
between amalgamated beds of the conglomerate implying periods of alternating flow (Figure 19¢). Within
the sections of the foreset bedding, occur small internal channels that were approximately 0.5 meters deep
and 2.5 meters wide (Figure 20a&b). Herringbone cross-beds were also found within some beds further
suggesting a cyclical alternation in current direction (Figure 21a). In the western portion of the study area,
the conglomerate blocks and outcrops exhibit hard layers and ridges that ranged from curvilinear to
complex shapes that commonly cross observed bedding planes (Figure 20c, Figure 21b). These ridges were
interpreted to represent pseudo cross-bedding formed post-depositionally by groundwater flowing through
the conglomerate and depositing minerals parallel to the flow path. In loose blocks found in Allegany State
Park, Salamanca quadrangle, coarse sandstone beds were interbedded with the conglomerate beds. The
observed contact between the sandstone and conglomerate beds is undulating, with the sandstones
containing small, 2-dimensional dunes (Figure 21c).

Ichnology. The coarse-grained lithology of the conglomerates makes identification of trace fossils within
the conglomerates impossible. The absence of outcrops containing the contact with the underlying units
precludes the possibility of finding trace fossils that incorporated sediment from the conglomerate beds as
would be expected if a Glossifungites ichnofacies were present.

Interpreted Depositional Environment. It was hoped that outcrop containing both the conglomerate

lenses and the underlying units would be found to enable a thorough examination of the contact between
the units. If the contact were erosional, then the conglomerate lenses would most likely represent infilled
channels or estuaries, possibly representing incised valleys. If the contact was not erosional but
downlapping on top of the underlying unit, then the conglomerates may represent tidal inlets, tidal barrier
bars, or a gravel beach. The importance of knowing which one is correct would allow the trend of the

conglomerate lens to be speculated: incised valley and estuaries would trend perpendicular to the
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paleoshoreline, whereas barrier bars a beaches would trend parallel. From the sedimentary structure
present, the alternating currents suggest a tidal presence during deposition; however, tides in the Catskill
Sea during the Late Devonian were believed to be small and insignificant (Ericksen et al., 1989). The
oblate-shaped clasts in the conglomerate were typically found in a beach depositional environment;
however, the observed bedding structures were not typical for a shoreline beach, nor does the sedimentation
pattern of conglomerates alternating with coarse sandstones suggest a normal beach deposition. The
interpreted depositional environment tries to account for both environmental observations, that the
Salamanca and Wolf Creek conglomerates represent transgressive incised valley deposits. The
interpretation suggests that during period of low relative sea level, streams and rivers incised the alluvial
plain to reestablish the hydraulic gradient, during which time a normal sand-rich beach was being supplied
coarser materials transported from the stream and rivers. During subsequent transgression, the rising
relative sea level drowns both the beach and floods the rivers forming estuaries. The sediments of the
drowned beach were eroded, the finer grains were transported away and the coarser gravels were reworked
and redeposited in the estuaries forming the lenticular gravel deposits from the former beach gravels. The
alternating flow structures would result from an interplay of fluvial currents directed seaward and tidal

currents, magnified by the restricted channels, directed landward.

Cattaraugus Formation (Clarke, 1902)

Lithology. The Cattaraugus Formation is comprised of interbedded shales, silty shales, shaly siltstones,
siltstones and fine-grained sandstones. The Cattaraugus Formation is distinguished from the interbedded
sections of the underlying Conneaut Group by the presence of red clastic material (Figure 22a). The upper
contact with the Oswayo Formation is marked by the transition from red interbeds with sporadic gray
interbeds to gray shales and shalier interbeds with green-colored sandstone (Figure 22b). The lowest
stratigraphic transition from the normal gray interbeds to red interbeds occurs above the stratigraphic level
of the Salamanca and Wolf Creek conglomerates. The red interbeds continue to alternate with gray
interbeds and lensing sandstone packets. Within both the gray and red interbeds, the siltstone and fine
sandstone beds commonly lens, with individual thin beds being traceable over 3 to 5 meters. Bedding
within the interbeds is typically rippled cross-bedding, although in some red interbeds, all internal bedding
is destroyed by bioturbation (Figure 23). Channels within the Cattaraugus Formation were common, with
the typical channel being 2 meters wide and 0.4 meters deep. Within the red interbeds in the Olean
quadrangle, siderite nodules were found in a 0.5 meter stratigraphic horizon. The nodules were 4 to 8
centimeters thick and approximately 20 to 30 centimeters in diameter (Figure 22¢). The sandstone packets
within the Cattaraugus Formation do not contain red sands or shales and were relatively thin,
approximately 0.5 to 1 meter thick. Bedding within the sandstone packets is typically SCS with less
common beds of planar laminated sands. Outcrops in Allegany State Park and south of Olean, have

sandstone packets that range in thickness of 3.5 to 3.9 meters. These thicker sandstone packets a coarser-

3-17



3-18



3-19



grained than the thinner packets observed in the Cattaraugus Formations, and contain a well-developed
coarsening-upward sequence. The outcrop in Allegany State Park contains small lenses of conglomerate
and a thin basal conglomerate bed, while the outcrop along Barnum Road, south of Olean contains thin
lenses of coquinite typically not found in the thinner sandstone packets (Figure 24).

Ichnology. The gray interbeds contain a low diversity assemblage of Cruziana ichnofacies consists of
Planolites and Thalassinoides. The sandstone packets contain a mixture of both Cruziana and Skolithos
ichnofacies with abundant Planolites and Skolithos and less abundant Thalassinoides and Arenicolites. The
red interbedded sections contain a high abundance Skolithos ichnofacies consisting of Skolithos and
Arenicolites. The density of trace fossils is high enough to effectively destroy the original bedding.

Interpreted Depositional Environment. The presence of abundant red beds interspersed with small

sandy channels is interpreted to represent the progradation of the alluvial plain. The presence of siderite
nodules, commonly formed in soils (Collinson, 1985), or in swamps and coal measures (Stonecipher,
1999), suggest a terrestrial depositional environment, such as a flood plain. The small channels observed in
the red interbeds were interpreted as being lateral accretion deposits formed by meandering tidal channels.
The gray interbeds may reflect a more marine depositional environment such as intertidal depositional
environment or possible a back-beach lagoon or bay. The thinner sandstone packets were interpreted to
represent deposits from periodic storms, while the thicker sandstone packets observed in Allegany State
Park and along Barnum Road, south of Olean were interpreted to represent occurrences of storm-

influenced, progradational barrier bars (Walker and Plint, 1992).

Oswayo Formation (Glenn, 1903)

Lithology. The Oswayo Formation contains interbedded sections of gray shales, silty shales shaly
siltstones, siltstones and fine-grained sandstones and thick sandstone packets of green- to bluish-green fine
to medium-grained sandstones. The green color in the Oswayo Formation sands may result from higher
concentrations of glauconite present in the matrix; further petrological study would be required to ascertain
the exact cause. The interbedded sections were dominated by shales and silty shales with very few, thin (<
2 centimeters) fine-grained sandstone beds. Typical bedding observed in the interbedded sections is
straight to curved crested asymmetric ripples. Solemarks were commonly observed on the base of thin
sandstones in the form of grooves and striations, and load casts were observed along the amalgamation
between two thin sandstones.

The thicker sandstone packets vary in thickness from 1.6 to 3.5 meters. Thinner sandstone packets
observed in the Allentown quadrangle were dominated by SCS bedding (Figure 25), while outcrops in the
Olean quadrangle contain primarily tabular cross-sets, with lesser occurrences of foresets, SCS, and planar
laminations (Figures 26 and 27). Coquinites were observed in the thicker sandstone packets as thin lenses

in the sections with SCS.
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The base of the formation observed in outcrop south of Olean, along Route 16, shows an abrupt change
from red interbeds to gray interbeds (Figure 22a). Just south of the study area in Pennsylvania, also on
Route 16, the Cattaraugus Formation is clearly eroded by the sandstones of the Oswayo Formation. A
photograph of the Oswayo Formation eroding down into the Cattaraugus Formation is shown in Woodruff,
(pg. 65, Figure 20, 1942).

Ichnology. The interbedded sections of the Oswayo Formation contain a low diversity, poorly developed
Cruziana ichnofacies with sporadic occurrences of Planolites. The thicker sandstone packets contain a
mixed Cruziana and Skolithos ichnofacies, with Planolites commonly observed on the base of the thicker
sandstone beds, and Arenicolites sporadically observed in the thicker sandstone beds.

Interpreted Depositional Environment. The Oswayo Formation is interpreted as representing deeper

water, marine facies compared to the Cattaraugus Formation. The lack of HCS and thicker sandstone beds
within the interbedded section suggests a quieter, or more sheltered depositional environment than
observed in the interbedded section of the Machias Formation and the Conneaut Group. The thicker
sandstone packets do show the presence of the storm-influence in the SCS beds, but overall the level or
storm-influence is low (Walker and Plint, 1992). The thick sandstone packet that occurs on Barnum Road,
in the Olean quadrangle is interpreted to represent a deposition as a barrier bar (Figure 27). The
interbedded sections were interpreted to represent bay or lagoon facies such that the depositional
environment was protected from all but the major storms (Beynon and Pemberton, 1992; Pemberton, van
Wagoner, and Wach, 1992; Pemberton and MacEachern, 1995; MacEachern et al., 1998). The thicker
sandstone packets occurring above the Barnum Road outcrop display more SCS and were interpreted as

being storm-deposited bars that were reworked, slightly, by weak- fair-weather waves (Figure 26).

POCONO GROUP (MISSISSIPPIAN)

Knapp Formation (Glenn, 1903)

Lithology. The type section of the Knapp Formation is reported to occur along the north-trending
Fourmile Road, which connects the town of Knapp Creek to the city of Olean. The type locality does not
exist in the present day. Careful examination of the roadside does not reveal the presence of a flat-pebble
conglomerate. Farther downsection on Fourmile Road, the contact between the Cattaraugus Formation red
interbeds and the Oswayo Formation gray interbeds in observed. A possible exposure of the Knapp
Formation was found on top of Moore Ridge in the Olean quadrangle. The conglomerate bed consisted of
poorly cemented, white cloudy quartz clasts in a matrix of white coarse sand. The exposure outcropped
stratigraphically below outcrops of Olean Conglomerate that were exposed on the same ridge. Underlying
the friable exposure of the conglomerate was a gray interbedded section that was interpreted as being the
top of the Oswayo. The lithology of the exposure on Moore Ridge is an oligomict, quartz

paraconglomerate; the matrix of coarse-grained sand was greater than 15%, allowing the outcrop to readily
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erode. Clasts within the outcrop were large oblate quartz pebbles ranging from 0.5 to 2 centimeters in size.
Bedding observed in the outcrop was tabular cross-beds.
Ichnology. No traces fossils were observed at the single outcrop of the Knapp Formation.

Interpreted Depositional Environment. Due to the limited exposure the interpretation of the Knapp

Formation is discussed with the interpretation of the Olean Conglomerate as the two units have similar

lithological characteristic.

POTTSVILLE GROUP (PENNSYLVANIAN)

Olean Conglomerate (Lesley, 1875)
Lithology. The sporadic outcrops of the Olean Conglomerate were confined to the tops of hills and ridges

in the southernmost section of the study area. The observed outcrops tend to occur as very large boulders
and were seldom in place. Outcrop thickness ranges from 4.5 meters at Thunder Rocks in the Limestone
quadrangle, 9.3 meters at Flatiron Rock (Figure 28a) in the Olean quadrangle and 1.7 meters at White Hill
in the Allentown quadrangle. The Olean Conglomerate is an oligomict quartz conglomerate that contains
beds of both paraconglomerates and orthoconglomerates. The white, cloudy quartz clasts vary from oblate
discoids to oblate spheroids that range in size from 0.3 to 4 centimeters (Figure 28b). Bedding within the
Olean Conglomerate consists primarily, of large, tabular cross-beds and steep dipping foresets. In the
sandier paraconglomerate beds, small channels were observed. Observed flow directions vary depending
on the outcrops observed; at Thunder Rocks and the quarry on Moore Ridge (Figure 28c) have the cross-
beds all dipping to the east. At Flatiron Rock, the large foresets at the base contain both east and west
trending flow; for the rest of the outcrop the cross-beds indicated a consistent eastern flow.

Ichnology. No traces fossils were observed in the outcrops of the Olean Conglomerate.

Interpreted Depositional Environment. The documented unconformities occurring below the Olean

Conglomerate and conglomerate of the Knapp Formation (Tesmer, 1975), both were interpreted to
represent transgressive surfaces of erosion. The shapes of the quartz clasts in both conglomerates suggest
that the clasts were deposited in both beach and fluvial environments. The presence of both types of clasts
intermixed within the beds of the Olean and Knapp formations suggests the conglomerate has been formed
from eroded, reworked and redeposited unconsolidated sediments that were deposited in the immediate
area and indicates that these were transgressive deposits (Swift and Parsons, 1999). The Olean
Conglomerate and Knapp Formation were interpreted as transgressive lags deposits; however, due to the
limited exposure in the study area, it is difficult to differentiate the conglomerates as incised valley fills,

transgressive shore deposits, or similar lag deposits.
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Section 4

INTERPRETED SEQUENCE STRATIGRAPHY OF THE CONNEAUT AND CONEWANGO
GROUPS

GENERAL

The upper section of the Canadaway Group and the Conneaut and Conewango groups were deposited in
three sequences labeled: I, I and III (Figure 29). If the Pocono and Pottsville groups were taken into
consideration, the Knapp Formation would be Sequence IV, and the Olean Conglomerate would be
Sequence V. However, due to the limited number of exposures and that each conglomerate is comprises
the transgressive sequence tract for each respective sequence, the focus of the analysis will concern the

Devonian sequences.

SEQUENCE I

The base of Sequence I is marked by the base of the Rushford Formation; the sequence boundary is the
unconformable basinward shift of shoreface facies (Smith and Jacobi, 2001). The Lower Rushford
sandstone packet comprises all of the lowstand deposits observed for Sequence I. Near the top of each
outcrop of the Lower Rushford sandstone packet was an identifiable erosional surface, which in many
locations is overlain by a coarser-grained lag deposit (Smith and Jacobi, 1998, 2000 and 2001). The
erosional surface is interpreted to be transgressive surface of erosion (TSE), which marks the base of the
transgressive system tract (TST) for Sequence I. The TST for Sequence I contains backstepping deposits of
the Upper Rushford sandstone packet and an increase shalier interbedded section in the basal section of the
Machias Formation. The landward shift in deposition is clearly seen in the deposits of the Upper Rushford
sandstone packet where in the easternmost outcrops the were comprised of thick, massively bedded,
sandstones deposited in the lower shoreface, whereas in the westernmost outcrops the correlative units were
upper offshore, storm deposits. The maximum flooding surface (MFS) marks the greatest depth of relative
sealevel and in Sequence I, the MFS occurs at the change from shalier interbeds to a sandier, storm-
dominated interbedded section and also marks the change from the TST to the highstand systems tract
(HST). The HST is subdivided into two phases: the early highstand system (EHS), which is formed during
an aggradational period of deposition; and the late highstand system (LHS), which is formed during a
progradational period of deposition. In Sequence I, the LHS is bounded by the MFS in the basal Machias
and the MFS at the top of the Wellsville Formation in the Conneaut Group. The sedimentary deposits in

this section of the HST do not vary great and represent a fairly continuous upper offshore-lower shoreface
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depositional environment in which the thicker sandstone where deposited as storm-generated shelf sand
ridges. The typical sequence stratigraphic interpretation of shelf sand ridges is that they were formed
during the transgression (Snedden and Dalrymple, 1999); the sands incorporated into the ridges is derived
from the erosion of the lowstand deposits and reworked and redeposited farther offshore. This
interpretation does not fit the sedimentological observations from the Machias, Cuba and Wellsville
formations, nor the depositional condition occurring in the Catskill Sea in the Famennian. To have each
series of shelf ridges, overlie a transgressive surface of erosion, would require the stratigraphic section to
contain at least 12 erosional unconformities and implies a thicker depositional sequence that much of which
has been removed. Furthermore, if the shelf sand ridges were to be interpreted as transgressive deposits
than the sandstone packet of the Hinsdale Formation would also be considered transgressive deposits.
However, the introduction red shales and sandstone near the top of the Hinsdale Formation implies a
shallowing and progradational depositional environment instead of the deepening and retrogradational
depositional environment common to transgressive systems. A simpler interpretation is that the shelf sand-
ridges were formed by hurricane-sized storms, which eroded the shorelines and barrier bars to the east and
brought the fine-grained sands to the upper offshore area, possibly as storm-generated turbidite, the
transported sands were reworked by the multi-directional storm currents and deposits as lensing packets
dominated by swaly cross stratification. During the Famennian, the Catskill Sea was located equatorially
(Woodrow, 1985; Ericksen et al., 1989) with an interpreted tropical alternating wet and dry paleoclimate
(Ettensohn, 1985; Woodrow, 1985) the frequent occurrences of hurricanes or typhoons would not be
improbable. If this explanation is correct, the lensing sandstone packets do not reflect changes in relative
sea-level but periods of major storm activity and as such determining parasequences (subdivisions of the
system tract by occurrences of flooding surfaces) becomes difficult.

The LHS deposits for Sequence I were comprised of the Hinsdale and Whitesville formations of the upper
Conneaut Group. A definite progradational depositional environment is observed in outcrop and can be
seen in the E-W cross-section (Plate 2 and Figure 29). The top of Sequence I is marked by a TSE that also
is the sequence boundary. If Woodruff’s (1942) Germania Formation is assumed to occur at the top of the
Conneaut Group to the east of the study area, then the red sandstone described by Woodruff (1942), may be
the lowstand deposits of Sequence I, and sequence boundary would lie between the Whitesville and

Germania formations.

SEQUENCE I1

Within the study area, Sequence II starts with the TSE at the base of the Salamanca and Wolf Creek

conglomerates, the lowstand tract is assumed to have been eroded by the TSE and may only occur east of

the study area. The TST for Sequence II contains the incised valley fills of the Salamanca and Wolf Creek

conglomerates and lower part of the Cattaraugus Formation. MFS marking the top of the TST occurs

4-3



within the gray interbedded section that occurs between the conglomerates and the first occurrence of red
interbeds of the Cattaraugus Formation; however the lack of continuous stratigraphic section makes the
location approximate in Figure 30. Similarly, the sporadic outcrop exposures within the Cattaraugus
Formation prevent the determination of the EHS and LHS for the highstand systems tract. The terrestrial,
flood plain deposits and tidal channels in the upper part of the Cattaraugus Formation show the
progradation of the depositional environments for The HST for Sequence II. The top of Sequence 11 is
marked by the transition from red interbeds and small tidal channels to deeper-water gray interbeds of the
Oswayo Formation. The transgressive surface does display erosion, but south of the study area, the
Oswayo Formation is shown to be eroding down into the Cattaraugus Formation. Therefore, the contact
between the formations in the interbedded sections is the correlative disconformity to the erosional

unconformity and marks the change from Sequence II to Sequence III.

SEQUENCE III

Sequence III is comprised entirely of the sedimentary units within the Oswayo Formation; the lower
sequence boundary is the erosive contact/ disconformity with the Cattaraugus Formation, and the upper
sequence boundary is unconformity separating the Oswayo Formation from the Mississippian-age Knapp
Formation. The lowstand systems tract for Sequence IlI is not observed within the study area and, like
Sequence II, is assumed to have been eroded by the TSE. TST for Sequence III contains a shalier gray
interbedded section that contains a thick sandstone packet that was interpreted to be deposited as barrier
bars. The MFS marking the transition from TST to HST is placed where the interbedded section becomes
sandier, and thicker sandstone lenses start occurring with increasing frequency. The outcrops of the
Oswayo Formation within the HST contain sand-rich interbeds and thick green-colored sandstone packets;
the sandstone packets were interpreted to have been deposited in the lower shoreface. The upper section of
the Oswayo Formation was not found in outcrop and therefore limits the interpretation of transition from

EHS to LHS.

IMPLICATIONS OF SEQUENCE STRATIGRAPHIC ANALYSIS AND PETROLEUM
RESERVOIRS IN THE UPPER DEVONIAN.

Within the examined stratigraphic section for the study area, each stratigraphic Sequence offers potential
reservoirs for oil or gas. Known Upper Devonian oil and gas pools have generally clustered along the
southern border of New York State and rarely extend northward of the southernmost 7.5’ topographic
quadrangles (Figure 30). The sporadic pools of oil and gas in the northern section may reflect the difficulty

in retaining hydrocarbons within reservoirs that contain surficial exposures. Potential petroleum plays in
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the northern area would generally require examination of the higher elevations where the Upper Devonian
sequence is the thickest and preferably not dissected by too many large streams and valleys. Exploration
for isolated reservoirs would also require consideration of regional structures such as the northeast trending
Appalachian age thrusts (Jacobi and Fountain, 1996; Zack, 1998) as well as prevalent syndepositionally
active north-south trending faults (Jacobi and Fountain, 1996; Smith and Jacobi, 1998). In general, any
northward offset exploration from the existing pools would benefit by integrating subcrop data, with the
trends of the depositional morphology.

In Sequence I, the lowstand deposits of the Lower Rushford Formation provide the best potential for a
coarser-grained reservoir with a non-clay matrix (Smith and Jacobi, 1998). The transgressive shales
overlying the Lower Rushford sandstone packet would provide an excellent seal, as well. Syndepositional
fault activity on north-south trending faults has been shown to be a significant control on the deposition,
thickness and preservation of the Rushford Formation (Smith and Jacobi, 1998). The fault modified
lowstand deposits would likely contain fracture porosity as well as structural traps to the potential reservoir.
Examination of the lithological characteristics of the Lower Rushford sandstone packet and the Bradford 3™
Sandstone as described by Fettke (1938) and Krynine (1940), show a close similarity between the units,
such that Fettke (1938) correlated the Rushford Formation with the Bradford 3™ Sandstone. Woodruff
(1942) considered most of the oil production in Allegany County to come from the Rushford Sandstone.
Examination of outcrops of the Rushford Formation in Houghton and Freedom quadrangles found
examples of bitumen stained beds and a distinct hydrocarbon odor. Orientation of the Rushford Formation
is controlled by north-south faults and the thickest isopachs from outcrop data in northern Allegany County
trend north-south (Smith and Jacobi, 1998).

In the HST of Sequence 1, the lensing sandstone packets that occur within the Machias, Cuba, and Hinsdale
formations may offer small isolated reservoirs. The fine-grained sandstones typically have a clay-matrix
and low porosity; the swaly cross-stratification common to the sandstone packets further
compartmentalizes the sandstone into a collection of small lenses. However, studies of shelf sand ridges
(Snedden and Bergman, 1999; Snedden and Dalrymple, 1999; Miall, 2000) showed that sand ridges contain
a strong lateral variation in bedding and grain-size such that the landward side of a sand ridge typically
contains coarser-grained deposits that were deposited in tabular cross-beds. Therefore, the eastern side of
each sand lens may have reservoir potential. Orientation of the shelf sand ridges will tend to trending sub-
parallel to the paleoshoreline in an approximately northeast direction.

In Sequence II, the incised valley deposits offer the best reservoir potential, as incised valley deposits in the
Cretaceous Interior Seaway have formed major plays in Alberta, Canada i.e. Viking Formation (Boreen and
Walker, 1991; Pattison and Walker, 1994). The incised valleys in the Catskill Sea would be orientated
perpendicular to the NNE paleoshoreline (Woodrow, 1985) (assuming that neither the shoreline nor the
fluvial drainage is structurally controlled) on an ESE-WNW trend. The conglomerates would grade to
marine sandstone to the NW, and grade to fluvial deposits to the SE. However, as the conglomerates were

exposed at the surface, it seems unlikely to have retained any petroleum. Within the HST of Sequence I,
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the flood plain deposits offer only marginal prospects of reservoirs within the laterally accreted sandstones
of the meandering tidal channels. The small size and infrequent occurrence of the observed channels
makes the reservoir potential for the HST low.

In Sequence III, the thick sandstone packets observed in both the TST and HST provide a similar reservoir
potential as the lensing sandstone packets occurring within Sequence I. The sandstones of the Oswayo
Formation are comprised of a coarser grainsize than the sandstones observed in Sequence I, and thus may
possess better porosities than the Sequence I sandstones. As Sequence III occurs near the top of the
stratigraphic section exploration of the Oswayo Formation would require examination of southernmost area

of the study area, a location in which unexplored areas are relatively few.
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