
JOINTING AND THERMAL (BURIAL) HISTORY: FROM SEAL TO FRACTURED RESERVOIR    

*The EASY%Ro kinetic model of vitrinite reflectance (Sweeney and Burnham, 1990), used to model the burial/thermal history of the 
Rhinestreet black shale, requires knowledge of (1) the age(s) of the unit(s) of interest (the base of the Rhinestreet shale), (2) at 
least a partial thickness of the local stratigraphic sequence, and (3) the measured vitrinite reflectance of the unit(s) of interest 
(average vitrinite reflectance of the base of the Rhinestreet shale = 0.74%). We estimate that the Casahqua shale exposed along 
Lake Erie was overlain by as much as 850 m of Devonian strata and that the age of the base of the Rhinestreet shale can be dated 
by the Belpre ash bed at ~ 381 Ma (Tucker et al., 1998). Finally, our model assumes a geothermal gradient of 30o C km-1 and a 20o C 
seabed temperature (e.g., Gerlach and Cercone, 1993).   

The concentration of NS-trending joints in the upper part of the Cashaqua gray shale and at the base of the Rhinestreet 
shale, as well as the upper contacts of gray shale intervals within the Rhinestreet shale, suggests that natural hydraulic 
fracturing was not linked to the thermal generation of hydrocarbons in the Rhinestreet shale.  Indeed, the NS joints likely 
formed before the Rhinestreet was buried deep enough to produce thermally generated hydrocarbons.  However, disequi-
librium compaction, common to deeper shales within regressive deltaic sequences (e.g., Burrus et al., 1993), alone ap-
pears insufficient to generate fluid pressures capable of driving NHFs (Hart et al., 1995; Kooi, 1998).  Propagation of the 
NS-joints prior to the entry of the Rhinestreet shale into the oil window may reflect Morrowan uplift of the basin related to 
accretion of the Goochland, Savannah River or Roanoke River terranes in the Southern Appalachian internides (Faill, 
1997).  

The remote stress field appears to have undergone a major change in orientation 
by the time the ENE joints formed.  The strongly oriented character of ENE joints 
may reflect the Early Cretaceous change in the remote stress system from one 
dominated by rift-related dynamics to one of compression caused by sea floor 
spreading of the North Atlantic Ocean (Miller and Duddy, 1989).  Alternatively, the 
ENE joints formed in response to Alleghanian dextral plate dynamics, as shown in 
the figure below. 

CONCLUSIONS 
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The Rhinestreet shale, like other Upper Devonian organic-rich shale units of western New York State, 
served as a top seal early (pre-catagenesis) in its burial history; 
 
Compromise of the top seal by a combination of natural hydraulic fracturing elastic contraction prior to 
entering the oil window my have resulted from widespread uplift and consequent reduction of confining 
pressure (Sh) of the basin during Morrowan time; 
 
Passage of the Rhinstreet shale into the oil window is first recorded by formation of horizontal bitumen-
filled microcracks, followed by NW-trending joints that record the Late Carboniferous-Early Permian col-
lision of Africa and Laurentia related to the clockwise rotation of Gondwana;  
 
ENE-trending joints propagated soon after the NW joints probably as a consequence of further oblique 
convergence of Gondwana and Laurentia; 
 
Those features of the Rhinestreet shale that made it such a strong seal prior to entry into the oil window, 
the strongly oriented clay grain microfabric and flattened ductile organic particles, resulted in pressuri-
zation of these rocks during catagenesis and consequent propagation of natural hydraulic fractures 
(NW– and ENE-trending joints). 
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