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EXECUTIVE SUMMARY 
 

GEOLOGY OF THE NORTH DOUGLAS PROSPECT 
COCHISE COUNTY, ARIZONA 

 
 
Initial Drilling Location 

The North Douglas Prospect is located in Section 22 T22S-R27E in southern 
Cochise County, Arizona. The initial well will be located 660’ FS & W in the section, 
and will be drilled to an approximate depth of 4500 feet. This location was picked based 
on structural setting, Bouger Gravity and Residual Aeromagnetic surveys, previously 
published geological studies, remote detection of hydrocarbon surveys, and the 
stratigraphy and shows of oil in the adjoining Waddell-Duncan #1 Murrey well in Section 
5 T22S-R27E. If this well is successful in finding commercial quantities of oil and/or gas, 
then additional drilling locations will be evaluated.     
 
Structural Geology and Potential Reservoir Objectives 
 The North Douglas Prospect is situated on a structurally high, uplifted horst block 
between deeper Cenozoic grabens to the west and east that are filled with thick sections 
of Cenozoic rocks. It also sits directly along the NW-trending Elfrida Anticline, which is 
evident on cross sections and the Bouger Gravity map. Such a location generally is 
considerable favorable for oil entrapment by most petroleum exploration geologists. The 
initial drilling location of the North Douglas Prospect should be structurally lower than 
the Waddell-Duncan #1 Murrey well, which according to State of Arizona files “ran very 
high”, and accordingly, it should have a thicker preserved section of potential reservoir 
rocks that are present in the Waddell-Duncan well. It is near the margin of the deep 
Pedregosa Basin to the immediate east, where reefs are possible in several units. From 
oldest to youngest, the main reservoir objectives at the North Douglas Prospect include: 
(i) the Devonian Percha Shale, possibly for horizontal-well exploitation; (ii) porous 
dolomites and dolomitic limestones, including possible reefs, in the lower part of the 
Mississippian Escabrosa Limestone; (iii) porous limestones and possible reefs in the 
Pennsylvanian Horquilla Formation; (iv) porous limestones, dolomites, sandstones, and 
possible reefs in the Permian section in some formations that were not present because of 
erosion in the Waddell-Duncan well; and (v) porous sandstones, limestones, and possible 
reefs in the Lower Cretaceous section also in some formations that were removed by 
erosion in the Waddell-Duncan well. Near-surface Cenozoic rocks may have some 
limited reservoir potential as well.   

 
Remote detection (‘sensing’) of hydrocarbons seeped into surficial soils from 

reservoirs at depth by aerial or satellite surveys is a well-known method of exploration in 
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little-drilled, frontier areas. The survey around the North Douglas Prospect area suggests  
high potential for hydrocarbons at depth.    

 
 
 
Respectfully submitted, 
 
S. J. Mazzullo, PhD 
 
S. J. Mazzullo, PhD 
Petroleum Geological Consultant 
March 7, 2014 
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GEOLOGY OF THE NORTH DOUGLAS PROSPECT 
COCHISE COUNTY, ARIZONA 

 
 
Regional Setting 

The North Douglas Prospect is located in Cochise County in southeastern 
Arizona. As shown on the accompanying Geologic Setting of the North Douglas Prospect 
map, a number of different geological provinces are present in Arizona. Specifically, the 
eastern part of Cochise County is situated on the edge of the Pedregosa Basin, which is a 
Paleozoic-age feature in which thick deposits of Pennsylvanian and Permian rocks were 
deposited in a rapidly-subsiding, relatively deep basin. Equivalent Paleozic rocks to the 
west of the Pedregosa Basin, in central and western Cochise County, are thinner and were 
deposited on a shallow shelf. According to a number of studies, the Pedregosa Basin and 
adjoining area in Cochise County, Arizona are considered to be potential oil-producing 
provinces based on favorable geologic setting and oil/gas maturation history (Ross, 1973; 
Greenwood et al., 1977; Thompson et al., 1978; Wardlaw and Harris, 1984; Butler, 1989; 
Rauzi, 2001). The generalized stratigraphy of the Paleozoic, Mesozoic, and Cenozoic 
rocks in southeastern Arizona is shown on the enclosed Stratigraphic Section in Cochise 
County diagram. According to the references cited on this diagram, various rocks of 
Upper Devonian, Pennsylvanian, Permian, Cretaceous, and Tertiary (Cenozoic) age are 
potential petroleum reservoir rocks in Cochise County. Not all of these rocks are present 
everywhere in the county, however, depending on the extent of numerous periods of 
erosion during Paleozoic, Mesozoic, and Cenozoic time.   
 
 The accompanying Geographic Setting of North Douglas Prospect map shows the 
location of the prospect in southern Cochise County, about 10 miles north-northwest of 
the town of Douglas. The prospect is within the Sulphur Springs Valley, which is  
bordered by the Swisshelm and Chiricahua Mountains on the east and by the Mule 
Mountains on the west. The Sulphur Springs Valley is a NW-trending, intermontane 
basin with a flat, relatively thin surficial section of Cenozoic age comprising gravels, 
sands, and shales. It is the same type of valley – a fault-block valley or ‘graben’ – in 
which a number of prolific oil fields are present in the southwestern United States, most 
notably the Railroad Valley in Nevada where wells flow 2,000-4,000 barrels of oil per 
day. Many water wells drilled by ranchers and townsfolk since the late 1800s in the 
Sulphur Springs Valley have reported shows of oil. Likewise, several oil wells drilled in 
the valley in the last 50 years or so also have reported shows of oil and gas, mostly 
notably the Waddell-Duncan #1 Murrey well due northwest of the prospect in T22S-
R27E and the Moncrief (Allen) #1 Davis well in T21S-R25E. According to the references 
cited above and these shows of oil and gas, the Sulphur Springs Valley and prospect area 
appear to be favorable for the generation, migration, and entrapment of hydrocarbons.  
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Structural Geology of the Prospect 
 The enclosed North Douglas Prospect map shows the initial proposed drilling 
location of the prospect, which is in Section 22 T22S-R27E (660’ FS & W). This well 
will be drilled to a depth of approximately 4500 ft. If this well is successful in finding 
commercial quantities of oil and/or gas, then additional drilling locations will be 
evaluated. This initial drilling location is very near the crest of an anticline (upward-
folded rocks) that I refer to as the Elfrida Anticline. This feature is evident on the 
accompanying Lund’s Map and Cross Section diagram, which was based on an undated, 
early seismic and soil-survey work by P.H. Lund. The location of Lund’s seismic section 
is just northwest of the proposed drilling location and is shown on the North Douglas 
Prospect map. The Elfrida Anticline trends in a northwest-southeast direction from T19S-
R26E southward to the town of Douglas. The North Douglas Prospect map also shows 
the location of normal faults in the area that I have been able to document based on 
previously published studies (such as Ryder, 1983). Note that there is a structural graben 
bounded by normal faults a few miles to the west of the proposed drilling location, and 
another graben about 12 miles to the east. As indicated by reports filed with the State of 
Arizona from the Moncrief (Allen) #1 Davis well in Section 25 T21S-R25E, at this 
location the western graben contains at least 5450’ of Cenozoic gravels, sands, shales and 
volcanics overlying Cretaceous and Paleozoic rocks, and there were shows of oil and gas 
in the Cenozoic deposits. As indicated by reports also filed with the State of Arizona, the 
Phillips A-1 Douglas State well in T23S-R29E was drilled in the eastern graben, and it 
encountered 7058’ of Cenozoic sediments and volcanics. Hence, the initial proposed 
drilling location for the North Douglas Prospect and the Elfrida Anticline both lie on an 
up-thrown fault block (a ‘horst’) between these grabens. Such a location is favorable for 
oil entrapment.   
 
 The accompanying Bouger Gravity Anomaly map shows the normal faults in the 
prospect area, the Elfrida Anticline, and the horst between the western and eastern 
grabens, all superimposed on a gravity map that was published by Aiken and Sumner 
(1974). The Elfrida Anticline as I have mapped it very nearly coincides with a finger-like 
gravity high that trends in a north-northwest direction across the west half of T22S-R27E. 
This high likely reflects the subsurface expression of the Elfrida Anticline. The proposed 
initial drilling location is along this gravity high and the anticline. This finger-like high is 
part of a broader and higher ridge, likely held up by Precambrian granite basement rocks, 
that trends in a north-south direction from T21S south to T24S in R28E. This ridge is 
shown by a red arrow on the enclosed Section Across The North Douglas Prospect Area 
diagram, which was modified from a cross-section published by Ryder (1983). Although 
Ryder didn’t refer to it as such, the Elfrida Anticline likewise is present on this diagram. 
The Waddell-Duncan #1 Murrey well to the northwest of the initial drilling location also 
is located on the northwest-trending finger-like high along the Elfrida Anticline, but the 
enclosed Residual Aeromagnetic map (published by Aiken and Sumner, 1974) shows that 
this well is on a very high feature that is held up by igneous rocks close to the surface. In 
fact, the Waddell-Duncan #1 Murrey well reported top of the Precambriann granite to be 
at 3990’, which verifies this contention. The dry hole in T22S-R27E to the immediate 
east of the initial proposed drilling location, and the three dry holes to the south in T23S-
R27E, were all shallow wells that were drilled to less than 1000 feet and bottomed in 
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Cenozoic strata (see the North Douglas Prospect map), which is too shallow to have 
evaluated potentially-productive, underlying Paleozoic and Mesozoic rocks.   
 
Stratigraphy and Oil/Gas Shows in the Waddell-Duncan #1 Murrey Well  

The structurally high Waddell-Duncan #1 Murrey well is the closest deep well to 
the North Douglas Prospect (see the North Douglas Prospect map), and it serves as a 
reference for what likely will be encountered in the initial well drilled on the prospect. 
The enclosed Stratigraphy and Oil/Gas Shows in the Waddell-Duncan #1 Murrey Well 
diagram shows the stratigraphic section penetrated by the Waddell-Duncan well, which 
reached a total depth (TD) of 4400’ in Precambrian granite. The top of the granite was 
reported at 3990’, and is overlain by the Bolsa Quartzite and the Abrigo Formation, both 
of Cambrian age.  

 
The overlying Devonian is a very thin section (50’) of limestones (the Martin  

Limestone) overlain by about 70’ of the Percha Shale. These rocks are anomalously thin 
in the area, because of erosion during Devonian time, as panel G on the Geology in the 
North Douglas Prospect Area diagram shows the Devonian to regionally be from 300-
400’ thick in the prospect area. The Devonian rocks are overlain by a thick section 
(~1080’) of limestones, dolomitic limestones, dolomites, and some sandstones in the 
Mississippian-age Escabrosa Formation. The overlying Pennsylvanian Horquilla 
Formation consists of only 540’ of interbedded limestones and lesser conglomerates and 
shales. This section, too, is anomalously thin as panel D on the Geology in the North 
Douglas Prospect Area diagram shows that Pennsylvanian rocks regionally could be as 
much as 1,500’ thick in the prospect area. The enclosed Stratigraphic Section in Cochise 
County diagram shows that the Horquilla Formation can be 600-1230’ thick in the 
county.    
 

The Pennsylvanian Horquilla Formation is overlain by a similarly anomalously 
thin section (only 150’) of Permian-age limestone; these rocks and the underlying 
Horquilla Formation are included within the Naco Group. As shown in panel C on the 
Geology in the North Douglas Prospect Area diagram, the Permian section regionally 
should be much thicker than 150’ in the prospect area. The Stratigraphic Section in 
Cochise County diagram shows that the Permian section can be considerably thicker than 
150’ in the county.  

 
The overlying 1080’ of sandstones, shales and limestones are within the Bisbee 

Group of Lower Cretaceous age, and panel A on the Geology in the North Douglas 
Prospect Area diagram also indicates that the Cretaceous could be much thicker in the 
prospect area but whether it attains thicknesses of as much as 15,000’ in other than 
graben is probably unlikely). The Stratigraphic Section in Cochise County diagram 
shows that the Lower Cretaceous is from 1,000-15,000’ thick in the county.  

 
The upper 530’ of section in the well are conglomerates of Cenozoic (Tertiary) 

age that are thin relative to the 5450’+ of Cenozoic rocks in the Moncrief (Allen) #1 
Davis well (in T21S-R25E) in the western graben. They are thin because the Waddell-
Duncan well is on the uplifted horst block to the east of the western graben. I contend that 
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the anomalously thin sections of Devonian, Pennsylvanian, Permian, and possibly 
Cretaceous rocks in the Waddell-Duncan well are the result of more erosion because the 
well was so high. 

 
There were shows of oil and gas in the Waddell-Duncan well in the Horquilla and 

Escabrosa Formations, but the two drill-stem tests that were run did not recover any oil or 
gas. I think the reason for this is because the tests covered intervals that were too thick to 
adequately evaluate the shows. In the oil patch, drill-stem tests normally are run over 
shorter intervals to effectively test oil or gas shows in potential reservoirs.  
 
Stratigraphy and Reservoir Objectives in the North Douglas Prospect 

The Residual Aeromagnetic map shows that the initial proposed drilling location 
for the North Douglas Prospect along the Elfrida Anticline should not be as high 
structurally as at the Waddell-Duncan well. I believe this is a good situation because the 
initial well location likely was not subjected to as much erosion as the Waddell-Duncan 
well, and therefore, it should contain thicker sections of Devonian, Pennsylvanian, 
Permian, and possibly Cretaceous rocks and included potential petroleum reservoirs than 
that well. From oldest (deepest) to youngest (shallowest), the main reservoir objectives at 
the North Douglas Prospect are as follows: 
 

(i) The Devonian Percha Shale, which is the equivalent of the Woodford 
Shale in New Mexico, Texas, Oklahoma, and southern Kansas, which is a 
locally prolific, unconventional oil/gas reservoir drilled for with horizontal 
wells in Oklahoma and Texas. The Percha Shale may likewise be such a 
reservoir at the North Douglas Prospect if it is thicker than 70’ as it is in 
the Waddell-Duncan well;  

 
(ii) Porous dolomites and dolomitic limestones in the lower part of the 

Mississippian Escabrosa Limestone, which had shows of oil in the 
Waddell-Duncan well. Panel F on the Geology in the North Douglas 
Prospect Area diagram shows that the prospect area is close to the 
transition into the Pedregosa Basin, and such transitional areas are prime 
locations for reefs to have developed during deposition of the 
Mississippian rocks. Local biostromes (another word for reefs) in the 
Mississippian are postulated by other workers as shown on the 
Stratigraphic Section in Cochise County diagram;  

 
(iii) Porous limestones in the Pennsylvanian Horquilla Formation. Panel D on 

the Geology in the North Douglas Prospect Area diagram shows the 
Pennsylvanian section in Cochise County thickening to the southeast into 
the Pedregosa Basin (see the Geologic Setting of the North Douglas 
Prospect map), which also is a prime location for reefs to have developed 
at this time. Local bioherms likewise are postulated by other workers as 
shown on the Stratigraphic Section in Cochise County diagram. This 
contention is substantiated by panel A in the enclosed Pennsylvanian and 
Permian Facies in the North Douglas Prospect Area diagram (from Ross, 
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1973), which shows that the area around the North Douglas Prospect and 
rimming the Pedregosa Basin likely includes reefs and banks in the 
Horquilla Formation; 

 
(iv) Porous limestones, dolomites, and sandstones in the Permian section in the 

upper part of the Naco Group. The Stratigraphic Section in Cochise 
County diagram shows that the Concha Limestone, Scherer Sandstone, 
Epitaph Dolomite, and the Colina Limestone are all potential oil reservoirs 
in the county; but these formations seemingly are not present in the 
erosionally-thinned Permian section in the Waddell-Duncan well (where 
only the lowermost beds in the Permian are present). If the section is 
thicker in the North Douglas Prospect and these formations are present, 
then potential reservoirs are possible within them. Permian reefs in the 
prospect area and rimming the Pedregosa Basin were also postulated by 
Ross (1973)(see the Pennsylvanian and Permian Facies in the North 
Douglas Prospect Area diagram, panel B);  

 
(v) The Morita Formation was recognized at the top of the Lower Cretaceous 

section in the Waddell-Duncan well (see the Stratigraphy and Oil/Gas 
Shows in the Waddell-Duncan #1 Murrey Well diagram), but inspection of 
the Stratigraphic Section in Cochise County diagram shows that some 
overlying, potentially productive Lower Cretaceous units (for example, the 
Mural Limestone and Cintura Formation) may be present at the North 
Douglas Prospect if the Cretaceous section is thicker than in the Waddell-
Duncan well. As indicated on the Stratigraphic Section in Cochise County 
diagram, some of these units contain reefs; and reefs also are postulated by 
other workers on panel B of the Geology in the North Douglas Prospect 
Area diagram. If present, the presumed oil-saturated sandstones of 
Cretaceous age shown on panel B of the Lund’s Map and Cross-Section 
diagram would be in Cretaceous beds overlying the Morita Formation; 

 
(vi) Lastly, Cenozoic rocks may have some limited reservoir potential as 

suggested by the shows of oil and gas in these rocks in the Moncrief 
(Allen) #1 Davis well in T21S-R25E (see the North Douglas Prospect 
map).  

 
Hydrocarbon Indications Surveys        

Remote detection (‘sensing’) of hydrocarbons seeped into surficial soils from 
reservoirs at depth by aerial or satellite surveys is a well-known method of exploration in 
little-drilled, frontier areas (e.g., Tian, 2012). There are such surveys around the North 
Douglas Prospect area that suggest high potential for hydrocarbons at depth (see the 
enclosed Remote Sensing of Hydrocarbons map).   
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The oil sands shown in the section above appear to be in the Cretaceous Bisbee Group unconformably over-
lying the Permian. These sands are at subsurface depths of 2150-3200'. The highest area of the anticline along
Lund’s section is highlighted in green on his map to the left, and it encompasses Sec 24 T20S-R25E and Secs 19,
20, 21, 22, and W/2 23 T20S-R26E. However, his contours on the map do not coincide with the highest area on his
section. My map, above, shows the possible true extent of the highest area along the anticline.
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