





In the COST B-2 well there is a favorable ratio of
reservoir beds (sandstone) to source and sealing beds
(shale) in the 8,100 - 16,000 foot (2,469 - 4,877 m) interval.
Sandstone ranges from 26 - 60% of the total of sandstone plus
shale and averages 42% (Scholle, 1977). The porosity and
permeability of the sandstones, however, decrease rapidly
with depth. Below 12,000 feet (3,658 m) in the well most
porosities are less than 15%, and permeabilities are less
than 1 millidarcy (Scholle, 1977). Thus, there are
reservoir-quality beds present that would have allowed for
the migration of o0il and gas along lateral permeable pathways.
The interbedded shales would have sealed the hydrocarbons
in the sandstones if traps had been formed before migration
occurred. If enough organic matter were present in the
shales, they would also represent source beds or potential
source beds.

Examples of Potential Traps

Potential structural, and some stratigraphic, traps are
known from seismic reflection profiles. The locations of
the largest and most readily identifiable traps governed
the choice of tracts for OCS Sale No. 40 and proposed 0OCS
Sale No. 49. The types of traps identified in the Baltimore
Canyon trough include: (1) anticlinal traps with associated
crestal faulting, (2) growth faults (active during sedimentation
and thus controlling locus of sedimentation), (3) anticlinal
structural traps and angular unconformity stratigraphic traps
associated with igneous intrusives and vertical salt and/or
shale movement (salt domes and piercements or diapirs), and,
(4) stratigraphic traps including sedimentary onlap over
crystalline basement and those formed by organic carbonate
buildups (reef (?) in Figure 5).

~Figure 4 is the portion of USGS seismic reflection line
2 that extends over part of a broad anticlinal structure
nearly 30 miles (48 km) across. Tracts receiving the highest
bids in OCS Sale No. 40 are centered over this feature where
the structural relief is greatest (1,000 or more feet; 305
or more m). The vertical intrusion of an igneous rock body
of cylindrical shape, not unlike a volcanic neck, is thought
to have caused the arching of the sedimentary layers. This
interpretation is based on the high magnetic intensity mea-
sured over the structure. A positive gravity anomaly of
circular shape matching the shape of the magnetic high also
is located over the structure. This suggests that at depth
an igneous body of greater density than the surrounding
sedimentary rocks is present. If a salt body, which would
be of a lower density than the surrounding sedimentary strata,
were present, a negative gravity anomaly would be expected.
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Although vertical salt movement apparently did not form the
structure, small salt domes are associated with it. Houston
0il and Minerals Corporation (HOMCO) reported that "a
thickness of salt" was encountered in their dry well number
676-1 (Figure 3) which was drilled to a total depth of

12,500 feet (3,810 m) (0il and Gas Journal, September 18, 1978,
pP. 72). Because the large anticlinal structure illustrated

in Figure 4 was probably the result of an igneous intrusion,

it has been nicknamed the "Great Stone Dome." Several oil
companies, however, refer to it as the Baltimore Dome.

B

The arching of the sedimentary rocks took place during
the Early Cretaceous as evidenced by an angular unconformity
‘developed over the structure during this time as a result of
truncation of the tilted strata by erosion. Following the
interval of erosion, younger beds of Early Cretaceous age
were deposited over the unconformity. These beds and most
of the still younger strata overlying the structure are also
arched. This may be due to the draping effect over the pre-
existing high rather than subsequent vertical movement of
the structure. The most likely place to find o0il or gas is
over the crest of the structure. Apparently the oil industry
assumed the accuracy of this statement because the tract
occupying this crestal position was sold to the group headed
by Mobil for over $107 million.

Figure 5 illustrates a possible stratigraphic trap in
the form of a carbonate reef formed by marine animals, plants,
and algae. Reefs are highly porous and are important
reservoirs in many of the world's petroleum producing areas.
If sealing beds cover a reef above and laterally, an
excellent trap is formed. On the seismic profile (Figure 5)
this appears to be the case, but potential source beds may
have not been buried deeply enough to have reached the
necessary hydrocarbon generation temperatures. Also, the
reef underlies tracts that have not been sold and will not
be offered for sale in proposed OCS Sale No. 49.

Source Rocks

The above discussion establishes that reservoirs and
traps do exist in the Baltimore Canyon trough. The remaining
critical question as raised by Dow (1978) is whether source
rocks are present in the thermally mature part of the section.
The only nonproprietary data available for attempting to
answer this question are from the COST B-2 well. Data from
the COST B-3 well (Figure 3) now being drilled will not be
available until at least 60 days after OCS Sale No. 49 .which
is scheduled for early 1979. Data from exploratory wells
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drilled on Sale 40 leases remain confidential for two years
and, therefore, will not be available until 1980 at the
earliest.

As reported by Smith et al. (1976), source rock analyses
of the COST B-2 well provided by Geochem Laboratories, Inc.
indicate that between 7,000 and 14,700 feet (2,134 and
4,481 m) the percentage of organic carbon consistently exceeds
0.5 percent, the minimum required for significant petroleum
generation in shales. Abundant organic material and high
concentrations of hydrocarbons were found between 9,400 and
13,900 feet (2,865 and 4,237 m). There is an overall down-
hole increase of organic carbon to about 14,000 feet (4,267 m).
These results are confirmed by Scholle (1977). Sufficient
organic matter, therefore, is present at least to establish
that potential source beds exist.

The remaining questions are: what is the predominant
type of kerogen, aquatic or terrestrial?, and has thermal
maturity been attained for the type of kerogen present? 1In
answer to the first question Smith et al. (1976) report that
both aquatic and terrestrially derived organic matter is
present throughout the stratigraphic section. However, they
point out that studies by Amoco Production Company indicate
that rocks with o0il generating potential (predominantly marine
type of organic matter) are found only above 4,890 feet
(1,490 m) where sufficient temperatures for hydrocarbon
generation have not been reached. Rocks to a depth of about
9,000 feet (2,743 m) are primarily of marine origin, and from
9,000 to 16,000 (2,743 to 4,879 m) they are non-marine to
marginal marine. In fact, there are several coal bed inter-
vals in this lower section. Therefore, in the Upper Jurassic-
Lower Cretaceous section targeted for exploration, and pre-
sumably the remainder of the clastic section down to the top
of the evaporite-carbonate (?) facies at a depth in excess of
20,000 feet (6,095 m), the kerogen is dominated by terres-
trially derived organic matter and is capable of yielding
only gas with little or no oil.

Finally, studies of kerogen maturation in these rocks
indicate that the peak value for oil generation is reached at
11,300 feet (3,444 m) and for wet gas generation at about
19,000 feet (5,791 m). Given that the geothermal gradient of
1.4°F/100 feet (2.6°C/100 m) in the COST B-2 well is about
the same as that for the Gulf Coast region, Dow (1978)
reasoned that the peak 0il generation zone for the Cretaceous
rocks is deeper in the Atlantic shelf than in the Gulf Coast
because of a much thicker cover of Cenozoic age rocks. The
thicker the Cenozoic cover, the shorter the exposure time of
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Mesozoic age rocks to temperatures capable of generating
hydrocarbons. Thus, the results of studies conducted so far
suggest that only potential source beds were encountered in
COST B-2 well.

Significance of Texaco's Gas Discovery

Given the above, how does one explain the discovery of
significant amounts of natural gas by Texaco in well no.
598-1 (Figure 3) in the depth interval 13,000 - 15,000 feet
(3,962 - 4,572 m), well above the peak zone of gas generation
at 19,000 feet (5,791 m) in the COST B-2 well? The Wall
Street Journal of August 28, 1978 quotes one independent oil
analyst as saying that "the odds are nine to one that Texaco
has got more than one trillion cubic feet" and that there
may be as many as three trillion cubic feet of reserves on
Block 598, with the admission that any speculation is highly
risky at this time. One explanation may be that the infor-
mation from the COST B-2 well cannot be applied generally
throughout the Baltimore Canyon trough. The COST B-2 well
was drilled off structure in an area not expected to en-
counter hydrocarbons. This area perhaps is representative
of the sedimentary basin as a whole. Exploration for oil and
gas, however, takes place over anomalies which may not be
generally characteristic of the basin. The discovery of
natural gas in Block 598 does support the prediction from
study of the potential source beds of the COST B-2 well that
gas, not oil, is to be expected.

In order for gas to have accumulated, either significant
vertical migration from the gas-generating zone at depth
(below 19,000 feet? (5,791 m)) must have occurred or the
geothermal gradient over Block 598 is higher than 1.4°F/100
feet (2.6°C/100 m). From study of a seismic reflection
profile across Block 598 it appears that the structure con-
taining the gas may have been the result of vertical salt
"movement (salt dome). In discussing the hydrocarbon potential
of the Nova Scotian shelf, Bujak et al. (1977) refer to Rashid
and McAlary's suggestion that the presence of hydrocarbons in
the Primrose wells drilled over a salt dome could be explained
by local generation in the thermally immature sedimentary rocks. -
Salt is more conductive of heat than are other sedimentary
rocks; therefore, a salt dome may be hotter than the surround-
ing rocks. Perhaps local gas generation over such a heat
anomaly due to the presence of a salt dome explains the
occurrence of gas in Block 598. Certainly, gas-generating
source beds, including coal beds, are present nearby in the
COST B-2 well. On the other hand, Dow (1978) points out that
most of the Louisiana Gulf Coast production is from thermally
immature rocks, and oil must have migrated vertically from
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more mature source beds at depth. He cites Frey and Grimes
(1970) who concluded that vertical pathways for oil and gas
migration are provided by deep-seated faults and piercements
(salt domes) with their associated fracture systems. Dow
also cites Young et al. (1977) who determined that an average
of 11,000 feet (3,353 m) of vertical migration of oil has
taken place in the Gulf Coast. Further studies will be
required to determine whether the gas discovered by Texaco
was generated locally or migrated from a deeper, more
thermally mature portion of the basin.

The Deeper, Undrilled Part of the Basin

If significant vertical or lateral migration of hydro-
carbons has occurred in the Baltimore Canyon trough, what
is the nature of the source rocks at depth? What is the
nature of the rocks interpreted as carbonate-evaporite (?)
facies (Figure 5) underlying the clastic nonmarine to mar-
ginal marine facies of the Upper Jurassic-Lower Cretaceous?
Does the latter facies become more marine farther downdip or
along strike thus favoring oil production in the oil-generat-
ing zone beginning at depths of about 11,000 feet (3,353 m)?
What is the extent of the reef-like structures shown in
Figure 5? Have source beds with permeable pathways to the
"reefs" been buried deeply enough for hydrocarbons to have
been generated?

Drill hole data in the Baltimore Canyon trough are not
available to answer most of the above questions. Dow (1978)
concluded that rocks beneath the present continental slope
and rise are thermally immature and cannot be 0il or gas
source beds. This would rule out the possibility of commer-
cial accumulations of hydrocarbons in the "reef" type of
stratigraphic trap shown in Figure 5, unless significant
vertical migration from deeper oil- or gas-generating zones
occurred. Based on analyses of at least three seismic lines
(USGS lines 2, 5, and 6) Schlee et al. (1976) infer the
presence of reef-like buildups under the northern Baltimore
Canyon trough. Because they are beneath deep slope waters
these "reefs" may not be explored for some time unless deep
water production technology is further developed.

The deeper carbonate-evaporite (?) facies under the
shelf region of the Baltimore Canyon trough could, if of
marine origin, contain oil-generating source beds. These
rocks are buried deeply enough for oil or gas to have been
generated. In the Scotian basin of offshore Nova Scotia,
rocks of this age and with similar lithologies are not as
deeply buried and have been drilled extensively.
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Purcell et al. (1978) report that these rocks are in the
marginally mature zone and that they are dominated by gas-
prone source rocks. They point out, however, that good oil
source rocks are present in the Sable Island 4-H-58 well
where prevailing marine conditions occurred in the Verrill
Canyon Formation of Jurassic age. They suggest from this
that undrilled, deeper prospects in the Scotian basin could
have good potential for oil. However, unlike the situation
for the 0CS of the United States, no off structure Contin-
ental Offshore Stratigraphic Test (COST) wells have been
drilled on the Canadian shelf, and this potential has not
been tested (L. Jansa, personal communications).

CONCLUSIONS

The available data through 1978 from the area of the
Baltimore Canyon trough currently being explored are suffi-
cient to establish that most of the geologic criteria
necessary to the accumulation of hydrocarbons have been met.
If oil and/or gas were generated within the basin there are
both structural and stratigraphic traps as well as reservoir
and sealing beds to fulfill the requirements for the migration
and reterntion of these fulid hydrocarbons. The most promising
areas where potential traps exist are now leased (Figure 3;
Appendix A) and are being drilled. Texaco's discovery of
natural gas on one of these leases indicates that, at least
for the structure being drilled, the generation of gaseous
hydrocarbons from source beds did occur contemporaneously
with or after the development of the trapping mechanism.
Elsewhere, seven dry wells have been drilled (Figure 3), but
many more will be required to test the timing of fluid hydro-
carbon generation with entrapment for the structures being
explored.

The most critical unknown factor is whether source rocks
exist in the thermally mature part of the sedimentary rock
section. Data from the COST B-2 well indicate that only
potential source beds are present, i.e., sufficient kerogen
1s present but the temperature was not high enough for a long
enough period of time for the generation of hydrocarbons. If
this condition of thermal immaturity is typical of the whole
basin, generation of fluid hydrocarbons would only have
occurred at depths greater than those presently being drilled
(20,000 feet (6,095 m) or so) or in areas of locally higher
geothermal gradients (Texaco discovery?), assuming, of course,
that source beds are present in these regions of thermal
maturity.
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It appears that if commercial discoveries are made they
will likely be of natural gas rather than oil. At the depths
of expected thermal maturity, the rocks that might contain
sufficient quantities of preserved organic matter for the
generation of hydrocarbons most likely would have produced
gas rather than o0il for two reasons. First, the organic
matter present in the rocks at these depths is primarily of
terrestrial origin, thus capable of yielding only gas.
Secondly, if oil-prone source rocks are present at these
depths, the o0il generation phase would have been succeeded
by the peak zone of gas generation; therefore, gas, not oil,
would have been generated as the stable phase at these depths.

Even though the results of drilling a few wells so far
have not been entirely encouraging, the o0il and gas potential
of the vast volume of sedimentary rock in the Baltimore Canyon
trough is still unknown. The area leased so far, in size
approximately 42 percent of the land area of the State of
Delaware, has not yet been adequately tested. Because of the
high cost of drilling wells ($10-15 million per well) in this
region there must be a limit on their number if discoveries
are not made. If the basin has no commercial deposits of oil
or gas, the petroleum industry may be able to determine this
before 100 wells have been drilled. Over one hundred wells
have been drilled in the last ten years of exploration on
Canada's Scotian Shelf and Grand Banks without any reported
commercial discoveries (Bujak et al., 1977). Because the
Canadian shelf appears to be geologically similar to the
North and Middle Atlantic OCS of the United States, the
petroleum industry may interpret the disappointing results of
exploration in the Canadian area as indicative of conditions
in the U. S. Atlantic offshore. On the other hand, if
commercial discoveries are made in the Baltimore Canyon trough,
a long period of exploration and development lasting perhaps
thirty or more years will follow. In the Louisiana Gulf
Coast offshore area over 16,500 exploratory and development
wells have been drilled since the 1940's (API, 1978) and
about 16 percent success is recorded for exploratory wells
and 75 percent for the development wells. For that area
Henton (1978) reports 26 fields each with recoverable reserves
in excess of 100 million barrels of oil.

In offshore areas, the petroleum industry must find giant
0il fields of 100 million or more barrels of oil or gas
equivalent in order to offset the high costs of leasing and
drilling. Drilling statistics indicate that between 1949 and
1968, it took more than 1,000 new-field wildcat wells to find
a field of 50 million or more barrels of oil or the equivalent
in gas (AAPG, 1975). To lessen these odds, onlvy the largest
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and most favorable geologic structures capable of containing
giant oil fields are being drilled in the Baltimore Canyon
trough. If giant fields are not discovered shortly, interest
in further exploration of the basin will probably decline,
unless additional structures are found. 1In light of this it
will be some time before the full potential of the Baltimore
Canyon trough is known.
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Companies in Bidding Groups

Bidding Percentage
Group No. Companies ‘of Interest
1 Atlantic Richfield Company 36%

Chevron 0il Company 36%
Hamilton Brothers 0Oil Company 5%
Ocean Production Company 23%
2 Atlantic Richfield Company 35%
- Chevron 0il Company 35%
Murphy 0il Corporation 13%
Hamilton Brothers 0il Company 5%
Ocean Production Company 123
3 Atlantic Richfield Company 35%
Chevron 0il Company 35%
Murphy 0il Corporation 5%
Hamilton Brothers 0il Company 5% .
Ocean Production Company 5%
ICI Delaware, Inc. 15%
4 Continental 0il Company . 30%
General American 0il Co. of Texas 10%
Shell 0il Company 36%
Weeks Natural Resources, Inc. 1%
Cities Service Company 18%
Santa Fe Minerals Co. - U.S. 1%
United States Steel Corporation 3%
Energy Development Corporation 1%
9 Shell 0il Company 30%
Continental 0il Co. 25%
General American 0il Co. of Texas 10%
Louisiana Land & Exploration Co. 15%
Weeks Natural Resources, Inc. ' 1%
Cities Service Company 15%
Santa Fe Minerals Co. - U.S. 1%
United States Steel Corporation 2%
Energy Development Corporation 1%
10 Mobil 0il Corporation 25%
Getty 0il Company 23%
Amerada Hess Corporation 15%
Diamond Shamrock Corporation 14%
Sun 0il Company, Delaware 23%
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Bidding

Percentage

Group No. Companies of Interest
11 Atlantic Richfield Company 35%
Kerr-McGee Corporation 15%
Chevron 0il Company 35%
ICI Delaware, Inc. 15%
15 Sun 0il Company, Delaware 23%
Getty 0il Company 20%
Mobil 0il Corporation 20%
Amerada Hess Corporation 15%
Diamond Shamrock Corporation 14%
Anadarko Production Co. 8%
16 Tenneco 0il Company 50%
Gulf 0il Corporation 50%
17 Murphy 0il Corporation 50%
Ocean Production Company 50%
19 Freeport Minerals Co. 50%
Transco Exploration Co. 50%
20 Atlantic Richfield Co. 35%
Kerr-McGee Corporation 10%
Chevron 0il. Company 35%
Hamilton Brothers 0il Company 5%
ICI Delaware, Inc. 15%
21 Shell 0il Company 62%
General American 0il Co. of Texas 10%
Weeks Natural Resources, Inc. 1%
Cities Service Company 18%
Santa Fe Minerals Co. - U.S. 1%
United States Steel Corporation 5%
Energy Development Corporation 3%
22 Texaco, Inc. 48%
Freeport Minerals Co. 10%
Skelly 0il Company 20%
Allied Chemical Corporation 12%
Transco Exploration Company 10%
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Bidding
Group No.

Companies Percentage
of Interest

24 Mobil 0il Corporation 25%
— Getty 0il Company 23%
Amerada Hess Corporation 15%

Sun 0il Company, Delaware 23%

Anadarko Production Co. 10%
PanCanadian Petroleum Co. 43

27 Atlantic Richfield Co. 39%
Chevron 0il Company 39%

Hamilton Brothers 0il Company 7%

ICI Delaware, Inc. 15%

28 Gulf 0il Corporation 60%
Aminoil Resources, Inc. 25%

Tenneco 0Oil Company 15%

30 Mobil 0il Corporation 25%
Getty 0Oil Company 23%

Amerada Hess Corporation 15%

Anadarko Production Co. 14%

Sun 0il Company, Delaware 23%

32 Mobil 0il Corporation 46%
Amerada Hess Corporation 20%

Anadarko Production Co. 16%

Sun 0Oil Company, Delaware 15%
PanCanadian Petroleum Co. 3%

33 Tenneco 0il Company 38%
Gulf 0il Corporation 38%

The Superior 0il Company 10%

Canadian Superior 0il U.S.Ltd. 5%

American Petrofina Exploration Co. 9%

37 Continental 0Oil Company 63%
Cities Service Company 37%

38 Tenneco 0Oil Company 65%
Aminoil Resources, Inc. 35%

48 Shell 0il Company 77%
General American Oil Co. of Texas 10%

Weeks Natural Resources, Inc. 1%

Santa Fe Minerals Co. - U.S. 2%

United States Steel Corporation 7%

Energy Development Corporation 3%
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APPENDIX B
Conversion Factors
The following factors may be used to convert data from

the English Units published herein to the International
Systen of Units (SI).

Multiply English units By To obtain SI units
Length

inches (in) 25.4 miilimeters (ram)
inches (in) 0.0254 meters (m)

feet (£ft) 0.3048 - meters (m)

miles (mi) 1.609 kilometers (km)

Temperature
degrees Fahrenheit (°F x 5/9) -32 degrees Centigrade
(°F) (or celsius) (°C)
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