
Pennsylvania

New York

Ohio

L  a  k  e

E  r  i  
e

datum = top of Tully limestone or equivalent unconformity

Tully limestone

Moscow shale 

Tichenor 
  limestone

Moscow shale

Tichenor 
  limestone

PA NY

40 feet

3 miles

L   a   k   e     

E   r   i 
  e

New York

Pennsylvania

Ohio

Isopach map of the Oatka Creek shale (thickness in feet); white dashed line denotes 
the axis of minimum thickness of the Oatka Creek shale.
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Isopach map of the Union Springs shale (thickness in feet).  The red circle 
shows the location of well 22963

The widespread accumulation of the Oatka Creek shale over much of the Appalachian Basin reflects 
regional, rapid subsidence of the basin at the onset of Ettensohn’s (1985) second tectophase (Hamilton
-Smith, 1993).  However, variations in the thickness of the Oatka Creek shale suggest a somewhat 
more complex behavior.

Unlike an other Devonian shale units in this region of the Appalachian Basin, the Oatka Creek shale 
thicknens gradually to the west from a NNE-SSW axis trending through Wyoming, Cattaraugus, and 
Chautauqua counties New York, into Warren and McKean counties, Pennsylvania.  The Oatka Creek 
shale thickens more rapidly to the east of this line.
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Gamma-ray log showing the 
Marcellus shale-Stafford 
limestone interval (see Union 
Springs shale isopach for location.   
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The thickening of the Oatka Creek shale to the west 
reflects the thickening of the gray shale facies that 
overlies the organic-rich basal black shale facies.  
Well locations are shown on the Oatka Creek facies
map. 
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Facies map showing the percentage of black shale facies of the Oatka Creek shale 
(contours in 10% increments).  Note the locations of the well logs used to display 
the westward increase in thickness of the Oatka Creek. 
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Isopach map (thickness in feet) of the basal organic-rich black shale facies of the Oatka 
Creek shale showing (1) relatively constant thickness westward from the axis of minimum
thickness and (2) rapid thickening of the organic-rich facies to the east, in the direction of 
deepening of the basin.
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Isopach map of the Skaneateles shale (thickness in feet) showing locations of wells
shown on the Skaneateles (Levanna shale) correlation diagram.
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     SKANEATELES SHALE - CENTERFIELD LIMESTONE -
LUDLOWVILLE SHALE - TICHENOR LIMESTONE INTERVAL
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The change from the Stafford limestone to the Skaneateles shale reflects the tectonic reactivation of the basin.  The 
bottom part of the Skaneatele in the eastern portion of the study area is composed of black shale that can be difficult to 
differentiate from the underlying Oatka Creek shale.  These deposits, the Levanna shale, tell of rapid subsidence and 
onlap to the west as the organic-rich deposits gave way to organic-lean gray shale.  The Centerfield limestone marks a 
brief period of tectonic stabilization and relatively clear water.  However, basin subsidence and further progradation of 
clastic deposits is marked by accumulation of the Ludlowville shale, which further onlapped the Oatka Creek shale 
where the Stafford limestone is absent.  This event was not accompanied by deposition of organic-rich shale.  An 
interlude in tectonic activity is marked by deposition of the Tichenor limestone.  
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reduced thickness in the northern region of the study area where 
the Centerfield limestone was thickest.
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Isopach map of the Centerfield limestone (thickness in feet).
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Isopach map of the Tichenor limestone shale (thickness in feet).  The anomalously high 
thickness (> 20 feet) of the Tichenor in Chautauqua County, NY, extending south into 
eastern Warren County, PA, remains unresolved.  It may reflect carbonate 
sedimentation on a topographic high in this region of the basin. Variable thickness in 
the area denoted by the white circle reflects erosion at the end of Moscow shale 
sedimentation.   

Details of the Levanna shale at the 
base of the Skaneateles shale.  Note 
its disappearance to the west.

MOSCOW SHALE - TULLY LIMESTONE INTERVAL
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Isopach map of the Moscow shale (thickness in feet) showing 
locations of the cross-section below.  Dashed white line shows 
the approximate depositional strike of the Moscow shale.

The abrupt change from the Tichenor limestone to the Moscow shale reflects 
subsidence of the basin and onlap of the Moscow shale to the northwest.  
However, the isopach pattern of the Moscow shale, specifically the saddle in 
the depositional strike in Cattaraugus County, NY, south into northern 
McKean County, PA, suggests that as much as 100 feet of the Moscow shale 
was eroded in this area of the basin. Cross-sections (see below) reveal that 
the Tully limestone locally rests on the Tichenor limestone, the intervening 
Moscow shale having been completely eroded in these areas (northern and 
western Chautauqua County, NY).   

Accumulation of the Stafford limestone marks another period of tectonic quiescence and
relatively clear water.  The Stafford is thickest a bit to the west of the area of minimum
thickness of the Oatka Creek shale suggesting that this region of the basin was elevated.  
The thinning and eventual loss of the Stafford to the west and east probably reflects a 
transition into deeper water and passage into more shaley (deeper) facies.
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Isopach map (thickness in feet) of the Stafford limestone (red circle shows location of the
field photograph on right).  

Accumulation of the Tully limestone over the eroded Moscow shale marks the end of 
Ettensohn’s (1985) second tectophase.  Carbonate sediment was deposited under 
conditions of tectonic inactivity following uplift of the Moscow shale and slow 
transgression in clastic deficient water (Ettensohn, 1985).  However, tectonic 
quiescence was terminated by localized uplift and erosion of the Tully limestone, 
especially along a north-south-trending axis coincident with that region of greatest 
erosion of the Moscow shale.     
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Isopach map (thickness in feet) of the Tully 
limestone showing the location of the cross-
section at the right.  Note the change in the 
area of coverage of the map from previous 
isopach maps.  Dashed while line defines the 
trace of the Clarendon-Linden Fault (CLF).

Tully limestone

6.5 miles

6.5 miles

30 feet

CLF

Isopach map (thickness in feet) of the Tully limestone with isopachs of the Moscow shale
(heavy blue lines).  Note the coincidence of the region of greatest erosion of the Moscow 
shale with that of the Tully limestone.

There has been a good amount of confusion regarding the Tully limestone in the subsurface of western NY and northwest PA.  
Indeed, some have confused the Tully with the Tichenor limestone, especially where the Tully rests unconformably on the 
Tichenor.  Wright (1973), for example, followed this convention maintaining that the Tully limestone is not present in the 
subsurface of Chautauqua County, NY, and northwest PA.  This interpretation was accepted by de Witt et al. (1993).  However, 
Rickard (1989) offered the dissenting view that the Tully can be recognized in western NY, an interpretation fully supported by 
the present study.  The problem as recounted by Rickard (1989) was that Wright (1973) and many drillers (as revealed by review 
of drilling records) confused the Tully limestone with the Tichenor limestone and vice versa. 
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