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ABSTRACT 
 

Hydrocarbon exploration in the Baltimore Canyon during the 1970’s and 1980’s targeted Upper 
Jurassic and younger clastics and carbonates in structural traps. Five wells encountered hydrocarbons with 
cumulative flow rates testing 90 mm cfg/d. The apparent discontinuity in reservoir extent resulted in 
project abandonment. Highly mature, organic source rocks in this area were not identified.  A recent 
organic reinterpretation of gas condensates from the Hudson Canyon suggests a deeper Lower Jurassic 
source, analogous to that of the U.S. Gulf Coast’s Smackover formation, Late Jurassic in age.  

Reprocessed seismic data (AVO Analysis) indicates reflectors typical of widespread salt layers 
deposited during the Early Jurassic (60 m thick and 25 km wide) suggesting arid and restricted (anoxic) 
depositional climatic conditions in the Early Jurassic. Impermeable evaporites and shales, between the 
Lower and Upper Jurassic, may provide excellent seals explaining the lack of significant migration of 
hydrocarbons into porous rocks of the Upper Jurassic and Cretaceous. The Gulf Coast Smackover may be 
an excellent analog for this area.  

A Baltimore Canyon Isopach map of the Triassic-Jurassic suggests that a significant area of 
Lower Jurassic age rocks is buried to depths of mature hydrocarbon generation (gas). Reservoirs should 
be in carbonates and shelf clastics. A new exploration strategy should focus on deeper sections of the 
Lower and Middle Jurassic, nearer to the Baltimore Canyon Jurassic depocentre, at much greater depths 
than previously drilled.  Drilling should also be significant distances from igneous emplacements, which 
may have breached upper reservoir seals. 

 
Introduction 

 
Emerging markets demand-pull for energy resources have altered the historical petroleum pricing 

cycle to the upside. Energy demands in countries such as China and India and the Latin American 
countries have gone from less than 50 quadrillion BTU in 1970 to over 150 quadrillion BTU in 2000 and 
is projected to reach over 250 quadrillion BTU in 2020 (Energy Information Administration 2008).  
Within the industrialized countries, energy consumption has increased from 150 quadrillion BTU in 1970 
to over 200 quadrillion BTU in 2000 and is projected to reach over 275 quadrillion in 2020. In the past, 
political instability in the Middle-East was the major factor in spikes in oil and gas prices.  

Starting in the late 1970’s, hydrocarbon exploration in the Baltimore Canyon Trough (32 wells) 
targeted Upper Jurassic and younger clastics and carbonates in structural traps. Five wells encountered 
hydrocarbons with cumulative flow rates testing 90 mm cfg/d (Ball 1982). Apparent discontinuity in 
reservoir extent resulted in project abandonment. 



2 

Deeper gas bearing pay zones have recently been found at depths greater than 4000 meters on the 
shallow shelf waters of the Gulf of Mexico by McMoran Exploration. The company is currently drilling 
the Blackbeard prospect with the target zones between depths of 9000 and 10000 meters. This paper 
presents another possible deep play, the Baltimore Canyon Trough, which may contain gas in the offshore 
eastern United States, an area very close to high demand urban areas. 

Thermally mature hydrocarbon source rocks within the Late Jurassic and Early Cretaceous have 
not been identified in the Baltimore Canyon Trough (Prather 1991; Scholle 1977; Sassen and Post 2008; 
Claypool 1977). An organic reinterpretation of gas condensate from the Hudson Canyon suggests a 
deeper, Lower Jurassic source, analogous to that of the U.S. Gulf Coast’s Smackover formation, Late 
Jurassic in age (Sassen and Post 2007). Laminated lime mudstones within the Lower Smackover are the 
hydrocarbon source rock (Sassen 1987; Sassen 1988; Sassen 1990; Sassen and Moore, 1998; Sassen et al. 
2005). Reservoirs are bounded above and below by evaporites that act as impermeable boundaries to 
hydrocarbon migration. The Smackover carbonates are extremely productive at depth (6100 meters). 

Reprocessed seismic data (AVO Analysis) from the Baltimore Canyon Trough reveal reflectors 
typical of widespread salt layers in the Early Jurassic deposits (60 m thick and 25 km wide) suggesting 
arid climatic conditions and possibly restricted depositional conditions in the Early Jurassic (Figs. 1 and 
2) (McKinney, et al. 2004). Periods of eustatic sea level rise, suggested by Vail, during the Early and 
Middle Jurassic could have set the stage for anoxic conditions and the deposition of rich organic 
limestone source rocks in restricted basins similar to that found in the U.S Gulf Coast Smackover 
formation (Schlee 1980). Modern rift zone carbonates currently possess excellent reservoir characteristics 
(Epstein and Friedman 1983). 
 

 
 
Figure 1.  Map view of the area believed to be a major salt lens in the Baltimore Canyon Trough. The salt lens 
is Toarcian to Aalenian in age (McKinney et al. 2004. 
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Figure 2.  Cross section of the Baltimore Canyon Trough showing the location (in the highlighted box) of the 
layers believed to be a major salt lens.  The salt lens is Toarcian to Aalenian in age (McKinney et al. 2004). 
 

Purpose of the Study 
 

The purpose of this study was to further explore the possibility that significant quantities of 
hydrocarbons are locked in the Early to Middle Jurassic sediments within the Baltimore Canyon Trough. 
This was done by modeling the thermal maturity of the area and comparing these results to the results of a 
recently published organic geochemical analysis of condensates taken from Late Jurassic (Kimmeridgian) 
and Early Cretaceous (Albian) sandstones in the late 1970’s (Sassen and Post 2007). The depositional 
environment of the Baltimore Canyon Trough was also compared to both modern and Mesozoic aged rift 
zone analogs in order to help determine a future exploration strategy for finding commercial quantities of 
hydrocarbons. 

 

Geologic Setting of the Baltimore Canyon Trough 
 

The Baltimore Canyon Trough is a southwestward trending, seaward thickening basin that lies 
beneath the coastal plain, continental shelf and slope between Cape Hatteras, North Carolina and Long 
Island, New York (Fig. 3) (Poag 1979; Schlee 1980; Jan Libby-French 1981; Prather 1991; and Withjack, 
et al. 1998). The Baltimore Canyon Trough is one of several basins that formed during the rifting between 
North America and Africa that began in the Middle to Late Triassic. The trough is asymmetrical with the 
thickest sediments beneath the outer part of the shelf. More than 15 km of Triassic and younger sediments 
have been deposited in the trough (Fig. 4). The oldest sediments are Late Triassic in age and are thought 
to be made up of both non-marine and restricted marine sediments that were deposited during the early 
stages of rifting. The thickest units are Jurassic in age. These sediments are composed of mixed carbonate 
and evaporite deposits that were deposited in a rapidly subsiding basin that formed as sea floor spreading 
widened the newly forming Atlantic Ocean. These Jurassic age deposits record the transition from a 
restricted marine environment to a more open marine environment. A prograding carbonate shelf 
complex, made up of coral and grain supported carbonate sediments, marks the maximum seaward extent 
of these deposits. Overlying the open marine deposits are both marginal marine deposits composed of 
carbonates, sandstones and shales and coastal plain deposits composed of sandstones, shales and coal that 
are Late Jurassic to Cretaceous in age. 
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          Figure 3.  Map view of the Baltimore Canyon Trough (Prather 1991). 
 
History of Petroleum Exploration in the Baltimore C anyon Trough 

 
Exploration for petroleum in the Baltimore Canyon Trough began in 1975 with the drilling of the 

Continental Offshore Stratigraphic Test (COST) B-2 test well (Fig. 3) (Prather 1991). Of the 32 
exploratory wells that were drilled, only a few had hydrocarbon shows or noncommercial quantities of 
gas and gas condensates. The most significant finds were within some of the sandstone units in the 
prograding coastal plain and transitional marine deposits. Wells drilled into structural/stratigraphic 
closures along the downdip termination of the Late Jurassic to Early Cretaceous carbonate shelf edge 
encountered no hydrocarbons. There was also a failure to find hydrocarbons around the Schlee Dome. 
Cores and rock samples taken from exploratory wells showed both good and poor reservoir rock. The 
Upper Jurassic prograded carbonates generally lacked good porosity with less than 200 net meters of 
reservoir quality limestone (greater than 8% porosity) found in 1830 net meters of these rocks. The 
transitional marine sandstones contained significant quantities of authigenic clay and calcite cement, 
reducing their porosity and limiting their value as a reservoir rock. On a positive note, grain supported 
rocks were encountered (ooids and coral/reef debris), indicating the presence of high energy 



5 

environments, reducing the possibility of fine grained sediments filling in valuable pore space. In 
addition, Berriasian reefal limestones showed evidence of leaching due to subaerial exposure and 
freshwater diagenesis. This resulted in good reservoir quality rock (porosity greater than 8%). 

Failure to find hydrocarbons was thought to be due to an absence of mature source rocks, an 
absence of migratory pathways from source rock to reservoir rock, an absence of a top seal at the time of 
hydrocarbon migration, or a combination of all three (Prather 1991). Emplacement of igneous rocks 
(beneath the Schlee Dome) from the Middle Jurassic to Cretaceous may have breached the trapped 
hydrocarbon. Impermeable evaporites and shales, between the Early and Late Jurassic, may provide 
excellent seals explaining the lack of significant migrated hydrocarbons into porous rocks of the Late 
Jurassic and Early Cretaceous. 
 

 
 
Figure 4.  Schematic geologic cross section of the Baltimore Canyon Trough.  Thick black lines indicate 
major seismic reflectors.  Vertical exaggeration approximately 8:1. Cenozoic strata not to scale (Poag 1979). 
 
The East African-Red Sea-Dead Sea Rift Zone as a Mo dern Analog for the 
Mesozoic Margin of the East Coast of North America 
 

Many similarities exist between the modern East African-Red Sea-Dead Sea rift zone and the 
Mesozoic margin of the United States East Coast, such as climatic conditions, tectonics, and sedimentary 
environments (Fig. 5) (Epstein and Friedman 1983). A rift zone formed in the Gulf of Elat (Aqaba) by left 
lateral shearing between the Arabian plate and the Sinai sub-plate. A normal fault system parallels the 
axis of the Gulf of Elat (Aqaba). Consequently, the strata underlying the shelf and adjacent areas overlie a 



6 

series of uplifted blocks forming a step-like series of raised terraces. The Gulf of Elat (Aqaba) is located 
in an extremely arid climate. Alluvial fans, algal mats, carbonate deposits and reef complexes are present 
along the shelf, shelf break, and slope terraces to the limits of the photic zone (approximately 300 ft., 
100m) (Fig. 6). Clastics are being deposited penecontemporaneously in alluvial-fan complexes which 
spill out onto a narrow shelf.  Rocks of the adjacent uplifted blocks are composed of Quaternary age 
coarse, sandy gravel sequences and reefs with associated carbonates sequences. 
 

 
Figure 5.  Location of the Gulf of Elat (Aqaba) in the Middle East (Epstein and Friedman 1983). 

 
In the Gulf of Elat (Aqaba) a series of uplifted fault blocks, related to active rifting, are found 

subaerially exposed adjacent to the shelf (Fig. 7) (Epstein and Friedman 1983). Although preferential 
dissolution and subsurface carbon dioxide degassing may result in localized areas of low porosity and 
permeability, subaerial exposure of carbonates is more likely to enhance porosity than destroy it.  The 
importance of subaerial exposure to the creation and enhancement of secondary porosity and permeability 
is clearly demonstrated in the emergent reefs of the Gulf of Elat (Aqaba) where a sequence of diagenetic 
changes occurred that can be traced from living reefs, through modern dead, but still submerged reefs, to 
emerged reefs in adjacent uplifted blocks (Fig. 8) (Friedman et al. 1976; Gvirtzman and Friedman, 1977; 
Epstein and Friedman 1981a; 1981b; Epstein and Friedman 1983).  

Four stages have been recognized sequentially; (1) stage I, the primary limestone fabric in living 
corals having 30% to 40% porosity and up to 100 md permeability, (2) stage II, marine cementation as a 
result of high pH fluid in the dead, but still submerged reefs, reducing porosity to 28% to 30% and 
permeability to 0.01 md, (3) stage III, leaching under subaerial exposure, increasing porosity to up to 60% 
and permeability to10,000 md, and (4) stage IV, the limited precipitation of low-magnesium calcite 
through saturated meteoric waters coating only the micritic envelopes. Porosity and permeability is the 
same range as in stage III.   
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Figure 6.  Distribution of depositional environments along the shoreline of 
the Gulf of Elat (Epstein and Friedman 1983). 

 

 
 

Figure 7.  Diagrammatic representation of raised Pleistocene reef terraces and modern fringing 
reefs in the Gulf of Elat (Aqaba) (Epstein and Friedman 1983). 

 
 



8 

 
 

Figure 8.  Plot of effective porosity (%) versus permeability (md) for Pleistocene emergent reefs and 
modern submerged reefs in the Gulf of Elat (Aqaba) (Epstein and Friedman 1983. 

 
The Dead Sea is currently undergoing transform motion as an extension of the East-African Rift 

Zone and is the lowest place on earth (Shamir 2006). Currently, the hypersaline waters of the Dead Sea 
are evaporating at a rate of 1 meter per year.  Beneath the Dead Sea, 5 km of subsidence has occurred 
since the Pliocene, exceeding the subsidence rates of Early Jurassic Baltimore Canyon Trough 
(Gvirtzman 2006; Lawrence et. al.1990; Friedman, Sanders and Kopaska-Merkel 1992). 
 
The Jurassic Smackover Formation as an Analog for t he Identifying Deeper 
Target Locations within the Baltimore Canyon Trough  Sediments  

 
The Jurassic Smackover formation, beneath the Gulf Coast States (Texas to Florida) has produced 

tremendous amounts of oil and natural gas (Fig. 9) (Sassen and Moore 1988). Depositional basins formed 
within the Smackover during the Upper Jurassic as rifting opened up the Gulf of Mexico. Although the 
timing of rifting in the Gulf Coast States region differs from the timing of rifting along the western 
Atlantic margin, physical similarities between the two areas may have produced the same depositional 
environments. If this is the case, then an understanding of the mechanisms for the preservation of organic 
material and the subsequent generation of hydrocarbons in the Smackover formation may hold the key to 
a successful exploration strategy in the Baltimore Canyon Trough. 

Rifting during the Upper Jurassic formed a series of basins beneath the Gulf Coast States (Fig. 9) 
(Sassen and Moore 1988). These basins were rimmed on the Gulf side by marginal positive features.  The 
first major marine transgression during the Middle Jurassic deposited thick evaporite sequences, the 
Louann/Werner formation, in these basins. This salt sequence is more than 1800 m thick in some of the 
basins. The overlying Lower Smackover is made up of laminated lime muds that were deposited during a 
rapid sea level rise beginning in the Late Jurassic. A rapid sea level rise under highly evaporative 
conditions within a restricted basin environment is thought to have lead to a strong density-stratified 
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water column. A strong density stratification would have cut off bottom water from upper oxygen rich 
surface water leading to anoxic bottom conditions.  

The absence of fossils in the Lower Smackover is a strong indication of a hypersaline and anoxic 
environment. These environmental conditions also lead to the preservation of the algae that later became 
the kerogen from which the hydrocarbons were generated.  These conditions existed in all four of the Gulf 
interior salt basins. As the sea level stabilized, the rate of sedimentation equilibrated with the rate of basin 
subsidence (Fig. 10). As a result, shallow, high energy and well oxygenated waters dominated allowing 
for the development of normal marine fauna and extensive precipitation of ooids. This was the 
depositional environment of the Upper Smackover.  Many of these oolitic grainstones are dolomitized and 
are associated with evaporite deposits. The highest TOC concentrations are found in the anoxic laminated 
lime mudstones of the Lower Smackover formation, particularly along pressure seams and stylolites 
where insoluble material is concentrated. The laminated lime mud of the Lower Smackover is the source 
rock whereas the ooid grainstones of the Upper Smackover is the reservoir rock. 

Hydrocarbon generation and migration within the Smackover started to occur when the level of 
thermal maturity reached approximately 0.55% vitrinite reflectance (Fig. 11) (Sassen and Moore 1988).  
Liquid hydrocarbon generation continued until a thermal maturity of approximately 1.0% vitrinite 
reflectance. Above this level of vitrinite reflectance, liquid hydrocarbons start converting to gas. The 
depths that these transformations occur are between approximately 3700 meters and 5100 meters for oil 
generation, 5600 meters for gas condensate generation and 6000 meters for methane generation (Fig. 12). 
 

 
 
Figure 9.  Geologic setting of the Upper Jurassic across the Gulf of Mexico and the locations of resultant 
interior salt basins (Sassen and Moore 1988). 
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Figure 10.  The relative change in sea level and the lithologic units deposited 
during the Jurassic in the Gulf Coast, USA.  The sea level increased sharply 
during the time when the Lower Smackover was deposited.  The sea level was 
relatively stabile during the deposition of the Upper Smackover (Sassen and 
Moore 1988.) 

 
Organic Geochemical Assessment of Baltimore Canyon Condensates 

 
Sassen and Post (2007) discussed the significance of relatively high concentrations of 

diamondoids found in condensate samples taken from an Upper Jurassic (Kimmeridgian) sandstone and a 
Lower Cretaceous (Albian) sandstone in the Baltimore Canyon Trough in the late 1970’s. Diamondoids 
are the most thermally stable of the complex saturated hydrocarbons and, as a result, are not found in high 
concentrations unless a significant fraction of the oil has been thermal cracked. Methyladamantane (MAI) 
and methyldiamantane (MDI) maturity indices were calculated for the condensate samples taken from the 
Kimmeridgian (MAI = 0.71; MDI = 0.48) and the Albian (MAI = 0.75; MDI = 0.54). These values are 
roughly equivalent to 1.3 to 1.6% Ro. High temperatures also destroy the biomarkers at thermal maturity 
levels equivalent to 1.3 to 1.4% Ro. There were low concentrations of biomarkers in the condensates. 

Sassen and Post (2007) reported that the thermal maturity of the Kimmeridgian ranges from ~0.7 
% to ~0.9%, indicating that condensates could not have originated from sediments of this age. The 
discrepancy for the Albian sample is even greater, since the thermal maturity for the Albion is ~0.5% Ro.  
Sassen and Post (2007) concluded that the condensates originated from the Early to Middle Jurassic and 
migrated up into the Late Jurassic and Early Cretaceous formations. Supporting the assertion that the 
source rock is from the Early to Middle Jurassic is the fact that the condensates are highly enriched in 13C. 
Oils derived from marine kerogen from the Triassic and older age sediments tend to be depleted in 13C. 
Further comparisons between the condensates from the Baltimore Canyon Trough and the Smackover and 
underlying Norphlet reservoirs from the Mobile Bay area of the Gulf Coast indicate that the condensates 
from the Baltimore Canyon Trough may have originated at depths as great as 6 km (Figs.11 and 12). 
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Sassen and Post (2007) also discussed the fact that clays act as catalysts for diamondoid 
formation whereas calcium carbonate may inhibit diamondoid formation. The richest source rock from 
the Smackover is the laminated lime mud where oil prone kerogen, quartz and clay are closely associated.  
The interbedding of clastics containing clay within the carbonate bedrock appears to be necessary for the 
formation of diamondoids. 
 

 
 
Figure 11.  The generation and destruction of residual hydrocarbons in the organic rich Lower Smackover 
Formation (Sassen and Moore 1988). 
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Figure 12.  Thermal maturation depths for crude oil, gas condensates and 
methane for the Smackover Formation.  Data taken from various fields from 
Mississippi, Alabama and Florida (Sassen and Moore 1988.)  

 

Carbonate-Evaporite Complex within the Lower throug h Upper Jurassic of the Baltimore 
Canyon Trench 

 

The Early and Middle Jurassic within the Baltimore Canyon Trough have not been penetrated by 
exploration wells.  Despite the lack of physical samples, the case for a carbonate-evaporite complex in the 
Lower and Middle Jurassic has been made. Poag (1979) has indicated that seismic velocities in the strata 
below a depth of 6 km exceeded 5 km/sec, suggesting a thick section of carbonate rock (Fig. 4). Indirect 
evidence for deeply buried evaporites comes in the form of multiple diapers (salt) on seismic profiles off 
the coast of Cape Hatteras and the coast of New Jersey. Lawrence et al. (1990) indicated that the Lower 
Jurassic is either an aggradational clastic sequence, or an aggradational carbonate/evaporite sequence that 
interfinger with clastics along the landward margin. As sea floor spreading progressed, carbonates 
platform formed and was fully established by the Middle Jurassic. This carbonate platform interfingered 
with clastic rocks along the landward margin. As discussed above, a modern analog for the Mesozoic 
coast of eastern North America is the Gulf of Elat (Aqaba) in the Middle East. Here, carbonate deposits 
and reef complexes are present along the shelf, shelf break and slope terraces (Figs. 5 and 6) (Epstein and 
Friedman 1983). 

Reprocessed seismic data analyzed using amplitude versus offset methods indicates reflectors 
typical of a single widespread salt layer in the Baltimore Canyon Trough (Figs. 1 and 2) (McKinney et al. 
2004). One dimensional modeling suggests that this layer is as thick as 60 meters near the center of the 
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layer and thins to approximately 20 meters at the edges. This salt layer extends over an area up to 25 km 
wide and 230 km long and may ultimately cover an area up to 7,500 km2. The presence of this layer 
strongly suggests an arid, restrictive and potentially anoxic depositional environment, which may have 
resulted in the preservation of significant amounts of organic matter. The presence of this salt layer, above 
Early Jurassic potential source rocks, may partially explain the lack of significant migration of 
hydrocarbons into the overlying Late Jurassic and Early Cretaceous reservoir rocks. McKinney et al. 
(2004) indicated that the salt layer was deposited during the Late Toarcian or Early Aalenian (Fig. 13). 
There was a rapid rise in sea level during the Aalenian, which may have flooded the area where the salt is 
deposited. As discussed above, a rapid rise in sea level under evaporative conditions is thought to have 
resulted in the deposition of the evaporite beds, laminated carbonate muds and clay rich clastics of the 
Gulf Coast Smackover formation (Fig. 10) (Sassen and Moore 1988). 
 

 
Figure 13.  Global changes in sea level indicate periods of sea level rise in 
the Early Jurassic (Sinemurian through Toarcian and Aalenian) and a 
stabilizing of the sea level during the Middle Jurassic (Bathonian).  The sea 
level dropped at the beginning of the Callovian. McKinney et al. (2004) 
indicated that the salt lens in the Baltimore Canyon Trough was deposited 
during the Late Toarcian or Early Aalenian (Schlee 1980). 
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Stable sea level conditions in the Middle Jurassic (Bathonian) may have allowed carbonate 
deposition to come into equilibrium with, or exceed the rate of basin subsidence in the Baltimore Canyon 
Trough (Fig. 13). Such conditions may have resulted in the creation of shallow, high energy waters and 
the precipitation of oolite beds, extensive sabkhas, additional evaporite beds and possibly subaerial 
exposure.  A stable sea level is credited with creating the oolite beds with the Gulf Coast Smackover 
formation (Sassen and Moore, 1988) (Fig. 10). Sabhkas are commonly found in the supratidal 
environment when arid conditions dominate the area (Friedman 1980). The sabkha environment is a site 
of active dolomitization. Subtidal carbonates, associated with evaporites in lagoon settings are also 
subject to extensive dolomitization (Mazzullo et al. 1978; Friedman 1980; Conway and Friedman 1984; 
Montanez and Read 1992; Sun 1995). Therefore, a significant amount of dolomite may be present in the 
Middle Jurassic carbonates within the Baltimore Canyon Trough. 

An increase in sea level during the Late Jurassic and Early Cretaceous appears to have been 
responsible for the formation and progradation of a 600 m thick carbonate shelf edge-reef complex (Fig. 
14) (Prather 1991). Progradation of carbonate shelf margin extended as much as 60 km in the northern 
portion of the trough. The extent of progradation of this complex decreases from north to south. The 
limestone is composed of highly abraded, bioclastic grainstone and coral-hydrozoan boundstone 
indicative of a high energy environment. 
 

 
 
Figure 14.  The prograding platform edge carbonates and younger transitional marine and coastal plain 
deposits within the Baltimore Canyon Trough (Prather, 1991). 
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Thermal Maturity Model for the Baltimore Canyon Tro ugh   
 
Thermal maturation for the strata in the Baltimore Canyon Trough was modeled using Platte 

River Associates BasinMod 1D software. The information used by this software includes formation 
ages, tops, thicknesses, geothermal gradient of the area and the thermal conductivities of the rock units. 
Formation tops and thicknesses were based on the Shell 273-1 well (Table 1) (Jan-Libby French 1981). 
The base of the Lower Jurassic was placed at ~10,000 m (Lawrence, 1990; Prather, 1991). A geothermal 
gradient of 1.43OF/100 ft. was used. 
 

Formation 
Basal 
Age 

Top 
Depth (m) 

Present 
Thickness 

(m) 
Lithology 

Overburden    5.3 0 500 Mudstone 
Miocene   25.2 500 500 Dolomitic Mudstone 

Oligocene   38.1 1000 400 Dolomitic Mudstone 
Eocene   55.2 1400 50 Mudstone 

Paleocene   66.8 1450 50 Mudstone 
Upper Cretaceous   99.6 1500 600 Sandy Mudstone 

Albion 108.0 2100 100 Sandstone 
Albion to Late Aptian 116.0 2200 100 Shale 

Early Aptian to Hauterivian 130.0 2300 900 
60% Sandstone 40% 
Shale   

Valaginian 136.0 3200 150 
45% Shale 
40% Sandstone 
15% Coal 

Berriasian 141.0 3350 150 
45% Shale 
40% Sandstone 
15% Coal 

Tithonian 146.0 3500 200 
45% Shale 
40% Sandstone 
15% Coal 

Kimmeridgian 155.0 3700 1600 Brown Shaly Sand 

Middle to Late Jurassic 200.0 5300 4700 

Limestone 
Evaporite 
Sandstone  
Siltstone 

 
Table 1.  The input variables for the BasinMod  1D software program modeling the thermal 
Maturity of the Baltimore Canyon Trough. 

 
 

Sediments from the Early to Middle Jurassic entered the early mature oil window at a depth of 
burial of approximately 2500 m to 3000 m and passed into the main gas generation window at a depth of 
approximately 6500 m to 5000 m (Figs. 15 and 16). These sediments entered the main gas generation 
window during the Late Jurassic. Gas generation continued throughout the Tertiary.  Sediments from the 
Late Jurassic passed into the early mature window at a depth of approximately 2200 m to 2500 m and 
stayed in the mid mature window throughout the Middle to Late Cretaceous and into the Tertiary. The 
only Cretaceous sediments that entered into the early mature window were the ones that were deposited at 
the very beginning of the Cretaceous.  Sediments younger than the Middle Cretaceous never reached the 
early mature window. 
 



16 

 
 
Figure 15. The thermal maturation profile for the Shell 273-1 well in the Baltimore Canyon Trough. Early to 
Mid Jurassic sediments entered the early mature (oil) phase at a depth of approximately 2500 m and entered 
into the main gas generation window at a depth of approximately 5000 m. Gas was generated though the 
Tertiary.  Sediments younger than the late Early Cretaceous never became thermally mature. 
 

 
 
Figure 16.  The black sloping line represents the change in thermal maturity versus depth for rocks in the 
Baltimore Canyon Trough.  Kimmeridgian aged rocks are in the oil window whereas all rocks below the 
Kimmeridgian are in the main gas generating window.   
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Discussion 
 
The results of the thermal maturation model in this study are consistent with the observations of 

Sassen and Post (2007). Sassen and Post (2007) reported that the thermal maturity of the Kimmeridgian 
ranges from ~0.7% to ~0.9% Ro, whereas the thermal maturity of the Albian is ~0.5% Ro. The thermal 
maturity values, calculated in this study, for most of the Kimmeridgian ranges from 0.7% to 1.0% Ro and 
less than 0.5% Ro for Albian age sediments (Figs. 15 and 16). Sassen and Post (2007) determined thermal 
maturity values for the condensates taken from the Kimmeridgian and Albion sandstones to be roughly 
equivalent to 1.3 to 1.6% Ro and had concluded that the condensates originated from Early to Middle 
Jurassic sediments . These values are consistent with the values from the main gas generation window 
(1.3 to 2.6% Ro), calculated in this study, for the Early to Middle Jurassic.  

Hydrocarbon generation in the Smackover started to occur when thermal maturity reached 
approximately 0.55% Ro (Fig. 12) (Sassen and Moore, 1988). Oil generation continued until a thermal 
maturity of approximately 1.0% Ro was reached. Above this level, liquid hydrocarbons were 
progressively converted to gas. This corresponds to depths of between 3700 and 5100 meters for oil 
generation and over 6000 meters for gas generation (Fig. 13). For Early Jurassic rocks, oil generation in 
the Baltimore Canyon Trough began at a thermal maturity level of 0.5% Ro at a depth of burial of 
approximately 3000 m (Fig. 15). The main gas generation window started at a thermal maturity level of 
1.3% Ro at a depth of approximately 6000 to 5000 meters.   

Similarities between the thermal maturity histories of the Gulf Coast Smackover formation and 
the Early to Middle Jurassic sediments in the Baltimore Canyon Trough strengthen the opinion of Sassen 
and Post (2007) that the Smackover formation may be a useful analog for the study of the Baltimore 
Canyon Trough. 

As mentioned above, a rapid rise in sea level under evaporative conditions set the stage for a 
strong density stratification in restricted marine basins and the subsequent deposition of the Lower 
Smackover evaporites, laminated carbonate muds and clay rich clastics (Sassen and Moore 1988). This 
environment was ideally suited for the preservation of organic matter.  Both the Gulf Coast Smackover 
formation and the Lower to Middle Jurassic sediments of the Baltimore Canyon Trough appear to have 
been affected by similar fluctuations in sea level (Figs. 10 and 13). A relatively stabile sea level, after this 
initial rapid sea level rise, may have allowed for the rate of carbonate production to come into equilibrium 
with, or exceed basin subsidence. This would have lead to a shoaling of the water in the basins and the 
production of oolite deposits. Sassen and Moore (1988) indicated that ooid grainstones are present in the 
Upper Smackover formation and that they are productive reservoirs. A similar occurrence may have 
occurred during the Bathonian in the Baltimore Canyon Trough (Fig. 13). 

In addition to oolite production, shoaling waters due to excessive carbonate production may have 
lead to the development of extensive sabkhas, the precipitation of evaporite beds and subaerial exposure 
in the Baltimore Canyon Trough during the Middle Jurassic (Bathonian). Such conditions would have 
favored the formation of significant dolomite deposits (Mazzullo et al. 1978; Friedman, 1980; Conway 
and Friedman 1984; Montanez and Read 1992; Sun 1995).  Sassen and Moore (1988) indicated that ooid 
grainstones in the Upper Smackover formation are commonly dolomitized and associated with thick 
evaporative units. 

Any drops in sea level, such as the one at the beginning of the Callovian, could have subaerial 
exposed these dolomite, or mixed dolomite and limestone, deposits and may have lead to karst diagenesis 
and enhanced secondary porosity (Fig. 13). Early Cretaceous (Berriasian) reefal limestones showed 
evidence of leaching due to subaerial exposure and freshwater diagenesis (Prather 1991). Karst diagenesis 
has enhanced the porosity of many carbonate reservoirs in North America (Clark and Friedman 2008).  
An examination of a modern rift zone analog, the Gulf of Elat (Aqaba) in the Middle East, has 
demonstrated that subaerially exposed reefs are subject to enhanced secondary porosity due to subaerial 
exposure (Epstein and Friedman 1983). The possible subaerial exposure of carbonate deposits in the 
Baltimore Canyon Trough during the Middle Jurassic (Bathonian or Early Callovian) could also have lead 
to enhanced secondary porosity. The presence of extensive dolomite deposits would certainly make 
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excellent reservoir rock. Dolomites usually are a better reservoir rock than limestones due to fracturing, 
karstification and burial corrosion due to organic or sulfuric acids. Dolomite reservoirs account for 
approximately 80% of the recoverable oil and gas that comes from carbonate rocks in North America 
(Sun 1995). The distribution of porosity and permeability in dolomite reservoirs is complex and is 
dependent upon the original fabric of the rock, the volume of dolomitizing fluids that passes through the 
rock and post dolomitization diagenesis. A review of this topic is beyond the scope of this paper, 
interested readers are referred to Sun (1995) for a more complete treatment of this topic. 

In addition to changes in eustatic sea level, tectonic forces may have had an effect on the relative 
sea level of the Baltimore Canyon Trough during the Middle Jurassic (Prather 1991 and Withjack et al. 
1998). Transverse fracture zones separated the western Atlantic margin into basins and platforms, igneous 
intrusions uplifted overlying sedimentary beds (one notable example is the Schlee dome) and differences 
in the rates of lithospheric displacement, close to and distant from asthenospheric upwelling, lead to 
inversion and uplifting. The degree that each of these processes affected relative sea level in the Early to 
Middle Jurassic may vary depending upon the exact location within the Baltimore Canyon Trough.  

Prather (1991) indicated that a highly pressurized gas-bearing zone in a predominantly limestone 
Oxfordian sequence was encountered at a depth of 5200 meters by the Texaco-Tenneco OCS-A 0038 No. 
1 well. The presence of a highly pressurized gas zone at this depth is consistent with the thermal maturity 
model produced for this study, which indicates that the main gas generation window for Oxfordian age 
rocks starts at a depth of approximately 5000 m (Fig. 15). Although it is not know whether the gas found 
in this zone originated in place, or if it migrated from deeper source rocks, it is encouraging that it is 
located at a depth predicted by the thermal maturation model. 

Overall, the Oxfordian limestone has poor porosity due to sparry calcite filling interparticle pore 
spaces (Prather 1991). This tight limestone, although a poor reservoir rock, may be an excellent caprock 
for the rock beneath it (Bathonian to Callovian), which may be composed of dolomite with good reservoir 
qualities. The presence of tight limestones may help to explain why wells drilled into Cretaceous 
(Berriasian and Aptian) aged rocks had no significant hydrocarbon shows despite the presence of large 
structural closures. Prather (1991) indicated that much of the prograded carbonate shelf margin complex 
that was tested lacks good reservoir quality rock. 

The timing of hydrocarbon generation and expulsion is critical when considering reservoir and 
trap formation. The Early and Middle Jurassic beds passed into the main gas generation window during 
the Late Jurassic and/or Early Cretaceous (Figs. 15). Gas production continued throughout the Cretaceous 
and into the Tertiary. This would suggest that traps and top seals formed in the Late Jurassic and the 
Cretaceous would have formed in time to stop the vertical migration of hydrocarbons. Therefore, the tight 
Oxfordian limestones and other sparry calcite cemented shelf margin rocks could very well have acted as 
a top seal preventing vertical migration of hydrocarbons into the overlying strata. This may partially 
explain why wells drilled into Berriasian and Aptian aged rocks had no significant shows of 
hydrocarbons. Early to Middle Jurassic evaporite beds, formed as surface features, would clearly have 
been in place to act as seals before the depth of burial was sufficient enough for the generation of 
hydrocarbons.  

Dolomitization of limestone is a very complex process, which often occurs in various stages close 
to the surface, during progressive burial and as a result of deep burial (Mazzullo et al. 1978; Friedman 
1980; Conway and Friedman 1984; Montanez and Read 1992; Sun 1995; Phillips and Friedman,2001a). 
If dolomite deposits formed at the surface and during progressive burial in the Baltimore Canyon Trench 
during the Middle Jurassic, they would have been in place before the thermal maturation of the Early 
Jurassic source rocks.   

The vertical migration of gas generated from deeply buried source rocks may have encountered 
several different types of seals. These seals include either single, or, multiple beds of evaporites, tight 
limestones and shales. Because these different types of seals were deposited in different environmental 
settings, there may be multiple layers of seals throughout the Baltimore Canyon Trough. 
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Conclusions 
 
Prather (1991) listed several possible reasons why exploration wells drilled into the Baltimore 

Canyon Trench failed to find commercial quantities of hydrocarbons, these are (1) absence of mature 
source rocks, (2) absence of migration pathways (3) absence of top seals at the time of hydrocarbon 
migration. Each of these three concerns will be addressed below.  

The results of this study, combined with the results of Sassen and Post (2007) indicate that mature 
source rocks are present in the Baltimore Canyon Trough, but at depths exceeding the depths penetrated 
by early exploratory wells. The thermally mature rocks of the Baltimore Canyon Trough are Early to 
Middle Jurassic in age, and not Cretaceous. 

Fault and fracture zones associated with the rifting phase and early drifting phase of this area 
should supply ample migration pathways for the vertical migration of hydrocarbons in the Early and 
Middle Jurassic. The vertical extent of these zones may be limited due to reduced tectonic activity as 
drifting progressed. Hydrocarbons may also have migrated directly through overlying rocks, depending 
upon the degree of permeability of those rocks. 

Early through Middle Jurassic evaporite deposits, Late Jurassic tight limestones and possibly 
shale beds should have been in place before the Early Jurassic source rocks reached a depth of burial 
sufficiently deep for the production of hydrocarbons. Such top seals, in sufficient number and/or areal 
extent, may have stopped significant quantities of hydrocarbons before they reached the overlying 
Cretaceous rocks.  

It is very possible that the only reason that the early exploration wells did not encounter 
significant quantities of hydrocarbons is that the wells were not drilled deep enough. A new exploration 
strategy for the Baltimore Canyon Trough would be to target deeper potential reservoir rocks. The first 
target would be the Bathonian to Callovian aged carbonates beneath the tight Oxfordian limestones 
described by Prather (1991). These rocks may be extensively dolomitized and may have been subject to 
subaerial exposure and karst diagenesis, which would make this an excellent reservoir rock.  In addition, 
these rocks are above the potentially anoxic and hypersaline Toarcian to Bajocian carbonate/evaporite 
complex a potentially rich source rock.   

A deeper target would be the area below the Toarcian to Aalenian salt lens described by 
McKinney et al. (2004). The areal extent of this salt lens makes it a significant seal for any hydrocarbons 
that were generated below it. In addition to marine source rocks below this salt lens, non marine 
lacustrine rocks may also prove to be an organic rich source rock. Up to 5 km of alluvial and lacustrine 
sediments were deposited in half-grabens in the Baltimore Canyon Trough during the Late Triassic and 
Early Jurassic (Schlee 1980; Lawrence et al. 1990). Lacustrine synrift source rocks are found inter-
fingering with the major evaporitic sequences (salt) in Gabon, West Africa and serve as source rocks for 
productive hydrocarbon reservoirs there (Little and Wilkes 1995; Harris et. al. 2004; Henry 1998).  

An isopach map of probable Jurassic rocks in the Baltimore Canyon Trough indicates that 
thicknesses of up to 10 to 12 km were deposited (Fig. 17) (Schlee 1980). The result of this and other 
recent studies indicates that this area should be further explored for untapped hydrocarbons, mainly in the 
form of natural gas at depths of 5000 to 7000 meters. 
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Figure 17. Isopach map of probable Jurassic and possibly Triassic rocks in the Baltimore Canyon Trough 
(Schlee 1980). 
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