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A recently drilled Cambrian test well in Waterford Township, Pennsyl­
vania, penetrated Precambrian basement at a total depth of 7,342 ft 
(2,238 m). The well site was determined on the basis of structural contour 
mapping of the top of theQueenston Shale. This work has lead to the def­
inition of a conspicuous structural high (anticline, horst-block?) charac­
terized by about 250 ft (76 m) of relief. The steeply inclined southeast limb 
of the structure may control gas production within the younger Paleozoic 
formations and ultimately in older formations (e.g., Cambrian Gates-
burg and Potsdam). Interpretation of structure, lithologic characteris­
tics, and log analysis reveals two target formations—the Gatesburg 
Sandstone and the Potsdam Sandstone. The upper sandy section of the 
Gatesburg Sandstone, a clean, yellowish-white quartzarenite of Late 
Cambrian age was penetrated at a depth of 6,280 ft (1,914 m) and was 
found to be water saturated between 6,340 and 6,370 ft (1,932 and 1,942 
m). The productive zone is targeted between 6,415 and 6,447 ft (1,955 and 
1,965 m) and contains approximately 13 ft (4 m) of pay that averages 8% 
porosity. Silica is the dominant cementing agent. The Potsdam Sandstone 
was encountered at a depth of 7,143 ft (2,177 m), just below a dolomitic 
interval of the lower Gatesburg. The productive zone ranges from 7,250 
to 7,294 ft (2,210 to 2,223 m) and is characterized by 10 ft (3 m) of sand 
that averages 7% porosity Calcite is the dominant cementing agent 
within the target zone. 
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Stratigraphic Relation of Silurian Sandstone in Part of Summit and Por­
tage Counties, Ohio 

The Silurian sandstones of northeastern Ohio, informally termed white 
"Clinton," red "Clinton," and stray "Chnton," in ascending order, have been 
described by various investigators as belonging to a major Silurian delta 
complex sourced from an easterly direction. Detailed study of geophysi­
cal logs of a limited area in Summit and Portage Counties supports this 
interpretation. Isopach maps, sand thickness maps, and sandstone-shale 
ratio maps show a pattern of probable deltaic distributary streams flow­
ing generally from east to west, bifurcating at places to probable crevasse 
splays, and terminating westerly in nearshore beach and maiine bar 
sands. The units are probably marine regressive. In ascending order, the 
white Chnton represents partial bars, beaches, and delta front; the red 
Clinton represents poorly drained swamp and/or upper delta or fluvial 
environments; and the stray Clinton may be marine transgressive repre­
senting environments similar to the white Clinton. 
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Gas production is confined to the stratigraphic limits of the clean sand­
stones and is locally enhanced by a high structural position. This "combi­
nation trapping" permits the segregation of gas and water and is 
evidenced by production in Westmoreland and Fayette Counties. Core 
porosities average 6.7%; permeabilities, with an effective overburden 
pressure of 1,000 psi (6,895 kPa), average 0.04 md. Production capabili­
ties are ultimately affected by various diagenetic influences, which 
include compaction, cementation, authigenesis, replacement, and leach­
ing. 
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Basin Analysis and Petroleum Potential of Michigan Basin: Deposition 
and Subsidence History from Middle Ordovician (Trenton Formation) to 
Early Devonian 

The history of the Michigan basin (Early Ordovician to Early Devo­
nian) is that of a nonuniformly subsiding basin, with the Michigan basin, 
at times, nearly disappearing as either a topographic feature or a deposi­
tional center. This history is interpreted from the analysis of lithostrati-
graphic units, time stratigraphic features, and log formats (term by J. 
Forgotson). These units are defined for wells throughout the Michigan 
basin, and they extended eastward into the Appalachian basin. The defi­
nition and thickness mapping of these lithostratigraphic units and for­
mats are accomplished using well cuttings, cores, and wire-line 
geophysical well logs. Furthermore, these units are correlated to both 
outcrops and stratigraphic type sections for areas adjacent to the Michi­
gan basin. From these data, it is possible to interpret the major aspects of 
both the subsidence and depositional history of the basin. During deposi­
tion of both the Trenton limestones and Early Silurian carbonates and 
shales, the Michigan basin behaved as if it were part of the greater Appa­
lachian basin, whereas prior to the deposition of the Trenton (Middle 
Ordovician) and during Middle and Late Silurian, the Michigan basin 
was an entity separate from, and with an apparent structural indepen­
dence of, the greater Appalachian basin. However, even during times of 
Michigan basin structural independence, the stratigraphic and sedimen-
tologic characteristics of these two basins were closely related. 

The structure and topography of the Trenton prior to the deposition of 
the Udca Shale was mapped throughout Michigan to provide insight into 
the nature of petroleum entrapment in the Trenton formation. The struc­
tural entrapment of petroleum in southeast Michigan contrasts with the 
combination diagenetic to structural Albio-Scipio trend of south-central 
Michigan. Evidence is available that more of these two types of traps 
occur in unproducing areas of the Michigan basin. 

Upper Devonian First Bradford Formation of Southwestern Pennsylva­
nia: Environment of Deposition and Factors Affecting Gas Production 

Core descriptions and thin-section analyses from five wells in south­
western Pennsylvania, in addition to regional cross sections and subsur­
face maps, provide the basis for subdividing the Upper Devonian First 
Bradford formation into three distinct members. These include upper, 
middle, and lower sandstones. Although individual members vary in 
geometry and areal distribution, similar characteristics in sedimentation 
persisted over a distance of 125 km (78 mi) along strike and 25 km (16 mi) 
along dip. The sandstones are generally very fine to fine grained, exhibit 
upward coarsening, and are calcite cemented. Depositional structures 
range from planar bedding to cross-laminations, which include flaser, 
wavy, and lenticular stratification. Bioturbation and disseminated 
organic debris are common. 

Isopach maps show the sandstones to be strike-oriented linear ridges 
and/or pods 1-3 km (0.6-1.9 mi) wide and 3-20 km (1.9-12.4 mi) long. 
Thicknesses rarely exceed 10 m (33 ft). Regionally, sand percentage for 
the overall interval (approximately 46 m or 151 ft) decreases west and 
southwest of Clearfield County where only the lower sandstone is pre­
served in parts of Armstrong and Westmoreland Counties. The postu­
lated depositional environment is a shallow marine, inner to mid-shelf 
bar fades. The sediments accumulated as a result of current reworking; in 
places, deposition was controlled by shelf topography. Sediments were 
probably derived from a deltaic complex in the vicinity of Clearfield 
County. 
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Lineament Analysis near French Creek, Northwestern Pennsylvania 

We are attempting to characterize the nature of linear topographic fea­
tures in the vicinity of French Creek, northwestern Pennsylvania. 
Straight valleys that trend north to northwest and that are partially filled 
with glaciofluvial deposits distinguish prominent Uneaments in Craw­
ford, Venango, and Mercer Counties. The traces of these linear valleys are 
1-15 mi (1.6-24 km) long and 10-4,000 ft (3-1,220 m) wide. The vertical 
extents of the lineaments are assumed to be proportional to their lengths. 
We assume that the topographic lineaments mark easily eroded zones 
coincident with fractures. 

The French Creek lineaments have been plotted on a Landsat photo, 
glacial map, regional map, and topographic maps. Subsurface structural 
and isopach maps may show fades changes or anomalous thickness 
across the lineaments. Geochemical surveys determine if there is any 
enhanced vertical migration of hydrocarbons along a lineament, and very 
low-frequency magnetic surveys would indicate any increase in ground­
water concentration associated with the fracture zones. Well log data on 
initial production and breakdown pressures have been compared to linea­
ment positions for possible correlations. 


