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Summary

Navajo and Apache counties in Northeastern Arizona are within the Colorado Plateau and close to the
Four Corner Region — the border Arizona shares with Utah, New Mexico and Colorado. This area has
been extensively studied by geologists over the years. It is characterized by complex geological features
due to the fact that it is an area of relatively high volcanic activity. There are complex geological features
arising from the volcanic activity such as sills, dikes, diatremes, laccoliths that are both visible on the
subsurface and these features, along with natural fractures give rise to even more complex geologic
features in the subsurface. The evidence supports the fact that the volcanic activity adds to the
complexity of the deposition environment in this area. This then influences the occurrence of minerals
and resources (such as uranium, potash, and helium to name a few) in this region and as occur in other
regions in the world with similar volcanic activity. Therefore, it is imperative that a thorough
understanding of the type of rocks deposited by magma flow and the features created such as intrusive
igneous rocks as well as the complex fractures created be fully accounted for and geologically modeled
when exploring for hydrocarbons in this region. The evidence also supports the fact that reservoir rocks
exist extensively in this region as there are numerous shows of oil and gas at various stratigraphic
intervals that have been reported. However, the fact that only a few commercial fields have been
discovered is most likely due to the compartmentalization of hydrocarbons within these reservoir rocks.
This makes it important to gather as much reservoir data such as cores, well logs and tests as possible
and to correctly interpret them to reveal these hidden non-conventional reservoir rocks.

This study is made of the producing fields in this area — the Pinta Dome and the Dineh bi Keyah fields
that have produced over 6.5Bcf of gas with an average of 8% helium and 20 Million barrels of oil
equivalent respectively. It is an integrated study of the geology, petrophysical, and well completion
techniques, as well as core data and production data that have been collected since 1945 to date to
determine the productive reservoir rocks- carbonate rocks, igneous intrusive sills, and sandstones;
possible source of hydrocarbons and helium gas —basement granite; carbonates and shale rocks; and the
production drivers for the wells — well stimulation. These serve as analogs to guide the field
development for the new wells currently being drilled in Apache and Navajo counties by Blackstone
Exploration Company Inc. (BECI).

The results reveal that there are consistently three reservoir rocks with oil and gas shows that are of
primary interest: the deep Devonian; the Permian Fort Apache limestone and the Coconino sandstone
with oil or gas shows. Also, the Pennsylvanian carbonates and shales with intrusive igneous rocks are an
additional target for exploration. The sandstones with shows can be placed on primary production,
while the carbonates, dolomites, anhydrites, shales and igneous rocks with shows must be acidized and
fractured to produce economic quantities of oil and gas.

Four wells drilled by BECI were evaluated and based on the well log response for these wells and
possible productive reservoir rocks were identified. A total of 28 formation intervals or zones indicated
possible hydrocarbon bearing zones. The formation thickness ranged from 6 feet to 150 feet for these

1
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individual zones. This raises the expectation of commercial hydrocarbons as well as helium gas from the
multiple reservoir rocks in these wells.
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Introduction

Arizona is known for its huge potential for exploration and production of hydrocarbons and industrial
gases. The significant geologic features in Arizona include the Grand Canyon, Kaibab Arch; Mogollon
Highlands transition zone; Monument Uplift; Defiance Uplift; Black mesa Basin; Holbrook Basin, and
Southern edges of the Kaiparowits and Blanding Basins (Figure.1).
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Figure 1: Location of the Holbrook Basin and adjoining Black Mesa Basin in northeastern in Arizona
(Ryder, 1983).

The Holbrook Basin in east-central Arizona is one of the eight areas within Arizona considered to have
the best potential for additional oil, natural gas and helium based on the fact that these areas contain
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potential source and reservoir rocks, seeps or petroliferous rocks, or wells with shows of oil or gas. The
others include the Cordilleran shelf in northwestern Arizona; Chuar Basin in north-central Arizona;
Paradox Basin and Black Mesa Basin in northeastern Arizona; the Pedregosa and Bisbee Basins in south-
eastern Arizona and the Yuma Basin (Salton Trough) in southwestern Arizona (Rauzi, 2001).
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Figure 2: Areas with oil and gas potential and surface occurrence of oil seeps and petroliferous rocks in

Arizona. Numbers refer to locations with surface occurrence of oil seeps and petroliferous rocks
(Rauzi,2003).
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These areas have been sparsely drilled, with drilling density in the Holbrook Basin particularly, being one
well per 100 square miles. Most of the wellbores drilled in the northeastern and east- central Arizona
were for other mineral resources such as potash and uranium. Most of the wells drilled were shallow
vertical wells and deeper horizons with reported oil and gas shows went largely untested. This creates
an opportunity for further exploration and production employing modern exploration, completion and
production principles to uncover the best potential reservoirs and strategically unlock the production
potential within these areas.

Blackstone Exploration Company Inc. (BECI) is a leading operator that has recognized the opportunity to
drill and explore for oil and gas; as well as helium in the Holbrook basin in Navajo County, Arizona by
employing modern exploration, drilling completion and production principles.

BECI has leased about 400,000 acres covering both the Coconino and Navajo counties. The company is a
pioneering the resurgence in drilling activities in the Holbrook basin and Black Mesa basin, and is
actively engaged in expanding its leasehold area in Arizona State.
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Geology of the Area

BECI leasehold area in Coconino and Navajo counties, Arizona are in the central and western parts of the
Holbrook basin and the adjoining southern part of the Black Mesa basin. Rauzi (2001) describes the
Holbrook Basin as a structural and stratigraphic basin between the Defiance uplift to the northeast and
the Mogollon Rim to the south. The basin is connected on the northwest to the Oraibi trough that
extends northeastward through the Black mesa Basin area (Figure 4). The southern part of the Holbrook
basin consists of north-northeast dipping Palezoic strata that form the Mogollon slope. There are more
than 4,000 feet of Paleozoic rocks in the area. Also, some Triassic rocks, which have produced helium,
are present in the central and northern parts of the basin. The Paleozoic strata include 500 feet of shelf
and shallow marine deposits of Cambrian, Devonian, and Mississippian age that wedge out to the east
(Rauzi, 1996a), 500 feet of largely marginal marine deposits of Pennsylvanian age that pinch out to the
east, and sabkha and salt deposits of Permian age that form the Holbrook salt basin (Rauzi, 2000). The
sabkha deposits consist principally of fine-grained red beds that are locally interbedded with limestone,
dolomite, anhydrite, and salt. This sequence, which attains a maximum thickness of more than 3,000
feet in the subsurface near Holbrook, grades laterally into continental eolian deposits along the Sedona
arch to the west and shallow marine deposits of the Central Arizona shelf to the south (Blakey and
Knepp, 1989).

The sabkha and salt-pan deposits in the Holbrook Basin are similar in age and character to deposits in
the Permian Basin of West Texas, which has had prolific hydrocarbon production. The Holbrook Basin,
like the Paradox and Permian basins, contains extensive evaporite deposits, which are commonly
associated with major hydrocarbon reserves and production in many parts of the world. Kirkland and
Evans (1981) showed that this association is due to the high organic productivity of evaporite
environments. Permian strata are also considered to have hydrocarbon potential south of the Holbrook
Basin beneath the volcanic rocks of the White Mountains. In that area, sabkha and salt-pan deposits
may fill additional salt basins and form stratigraphic and structural traps along the northern margin of
the Central Arizona shelf (Rauzi, 1996b).

At least four regionally extensive carbonate beds of Permian age are present in the Holbrook Basin. The
lowest of these, the Fort Apache Member, crops out in the steep escarpment all along the southern
edge of the Holbrook Basin. Freshly broken pieces from outcrops of the Fort Apache are reported to
have a strong petroliferous odor. The entire Fort Apache Member was cored in the Tonto Drilling #1
Alpine Federal hole south of Springerville in Sec. 23, Twp. 6 N., R. 30 E (Figure 4). There, it is a
fossiliferous, vuggy-to-cavernous dolomite. Dead oil is present in the vugs and along fractures (Figure 5).
The application of acid resulted in brown bubbles and a strong smell of crude oil. The author observed
and reported free oil bleeding from vertical fractures in carbonate beds just above the Fort Apache
Member in the Alpine well (Figure 5; Rauzi, 1994a; 1994b). The presence of bioherms in the Fort Apache
Member in the eastern part of the Holbrook Basin is suggested by the fossils, vugs, and pin-point
porosity in the Alpine well and good permeability and porosity (up to 30 percent) that were recorded in
several wells southeast of St. Johns between 1994 and 1997 (Rauzi, 1999, p. 5).
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In 1997, PetroSun Exploration and Production encountered a pocket of methane gas in Permian rocks
that had sufficient pressure to blow the drill string out of the hole in its NMAL #15-1 between Concho
and Holbrook (Sec. 15, T. 14 N., R. 25 E.). Gas shows were also reported in granite wash in that well.
Strong gas shows were reported in Pennsylvanian and Mississippian strata in the Resource Operating #1
Federal north of Show Low (Sec. 29, T. 11 N., R. 22 E.) and the Sumatra Energy Company #1-17 Santa Fe
near Concho (Sec. 17, T. 12 N., R. 26 E.). The Martin Formation (Devonian) has a strong petroleum odor
on fresh breaks and commonly yields a faint milky-white cut fluorescence in 111-trichloroethane
throughout its outcrop south of the Holbrook Basin between Payson and Salt River Canyon. A seep of
high-gravity oil was reported northwest of Payson (Petzet, 1997, p. 85). Amstrat reported oil stains on a
conventional core of Devonian carbonate in the Wichita Industries #1-11 Federal well in the western
part of the basin near Mormon Lake (Sec. 11, T. 17 N., R. 9 E.). Amstrat noted that when carbonate rock
in the Wichita well was dissolved in acid an oily scum covered the insoluble residue. Fair to heavy oil
stain, good fluorescence, and trace cut were reported in Devonian strata west of Winslow in the Gus
Berry #26-1 State (Sec. 26, T. 19 N., R. 13 E.). Shows in the Berry well are coincident with good drilling
breaks. Two of the shows are also coincident with good crossover (gas effect) on the neutron-density
curves. The Gus Berry well, drilled in late 1999 and currently shut-in, is within the trend of the Oraibi
trough in the northwestern part of the Holbrook Basin.

The petroliferous outcrops of the Martin Formation and Fort Apache Member along the Mogollon Rim
south of the basin, together with shows of oil and gas in wells, document the presence of hydrocarbon
source rocks and migration of oil and natural gas in the Holbrook Basin. Shows of oil and gas in other
wells in the sparsely drilled Holbrook Basin were tabulated and described by Bahr (1962), Peirce and
Wilt (1970), Peirce and Scurlock (1972), and Petzet (1997).

Production of more than 700 million cubic feet of 99.9% pure helium from Permian and Triassic strata
northwest of Holbrook in the Pinta Dome area (Figure 4) and the recent discovery of carbon dioxide in
Permian strata between St. Johns and Springerville (Rauzi, 1999) demonstrate that subsurface
conditions are favorable for the generation and entrapment of industrial gas in the Holbrook Basin. The
gas that was produced from the Holbrook Basin between 1960 and 1976 contained 8 to 10% helium,
which was mixed largely with nitrogen. This is the richest known concentration of helium gas in the
world (Dean and Lauth, 1961; Spencer, 1983). Gas, in the carbon dioxide discovery well drilled near St.
Johns in 1994, analyzed by the U.S. Bureau of Mines, contained 90 percent carbon dioxide and 0.52 to
0.81 percent helium.

Several stratigraphic wells drilled to delineate potash in the Holbrook Basin encountered pressure within
the sabkha-salt deposits of Permian age that was sufficient to blow gas containing 2.4 to 4.09% helium
out of the hole. The Kern County Land #1 State (See. 2, T. 18 N., R. 24 E.), most notable for encounter of
helium, blew gas containing 0.22% methane, 4.09% helium, and 95% nitrogen for 26 hours before it was
brought under control. Other wells that encountered helium include:

e New Mexico and Arizona Land Company (NMA) #3 Fee (See. 28, T. 17 N, R. 22 E.),

e Arkla Exploration #22 NMA (See. 23, T. 17 N, R. 23 E.),
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o Arkla Exploration #37 NMA (See. 25, T. 16 N., R. 22 E.),
o Arkla Exploration #68 NMA (See. 19, T. 16 N., R. 23 E.),
e Arkla Exploration #7 State (See. 10, T. 15 N., R. 23 E.), and

e The Arkla Exploration #10 NMA (See. 27, T. 16 N., R. 23 E.).

The latter well blew gas that tested 2.4% helium at the Kerr-McGee lab at Navajo, Arizona. The helium-
rich gas in these wells provides evidence of the migration of helium through this area and points to the
potential for additional untapped reserves of helium in the Holbrook Basin. The potential for
hydrocarbons and industrial gases in the Holbrook Basin is considered good to very good. Evidence for
this potential includes past and current production of hydrocarbons north of the basin in the Four
Corners area, past production and recent discovery of industrial gas within the basin, shows of oil and
gas in wells drilled throughout the basin, a surface seep of high-gravity oil south of the basin near
Payson, and outcrops of petroliferous rocks of Devonian and Permian age all along the Mogollon Rim at
the southern edge of the basin. Geologic conditions in the Holbrook Basin are favorable for a variety of
stratigraphic and structural traps including buried ridges and bioherms throughout the basin and in the
Oraibi trough in the northwestern part of the area, zones of well-developed porosity and up-dip pinch
outs all along the Mogollon slope, and bioherms, reefs, clastic buildups, and sand-lens development in
proximity to buried topography throughout the basin and along the trend of buried shorelines to the
east and west. Wells drilled in the southeastern part of the basin between Concho and Alpine, along the
southwestern margin or shoreline of the late Paleozoic land mass, may encounter oil and gas trapped in
bioherms, reefs, and clastic buildups associated with the buried shoreline. Strata in the Holbrook Basin
are essentially flat lying and largely under-pressured.

Exploration opportunities have not been exhausted in the Mogollon slope region. Although much
exploration effort has been expended in the vicinity of the Holbrook "anticline" there is reason to
guestion the subsurface extent of the anticlinal aspect. Of much greater potential significance is the
structural condition imposed by subsidence associated with the development of upper Supai evaporites.
It is suggested that the Fort. Apache Member and all older Paleozoic strata are deflected downward on
the order of 600-700 feet along a narrow zone parallel to but southwest of the Holbrook "anticline." The
zone may have stratigraphic importance in that a Fort. Apache Member dolomitization and porosity
trend may be associated with the edge of the saline basin. Numerous dark dolomitic zones are
interbedded with the evaporites and may constitute some potential in zones of structure. Devonian
strata are apparently preserved in northwest trending narrow troughs, one of which partly underlies the
subsidence zone mentioned above. Helium occurs at the north end of the Defiance uplift in Devonian
and Mississippian strata, but its principal occurrence is at the south end in the Permian Coconino
sandstone. Helium is believed to have been derived from Precambrian granitic rocks of the Defiance
positive mass. These data suggest that the entire west flank of the Defiance uplift is a likely helium
exploration province, one that is untested. If the Pinta Navajo Springs helium has moved laterally from
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beneath the Black Mesa basin, additional concentrations may occur to the north and northwest,
providing trapping conditions, stratigraphic or structural, are present.

Arizona has oil, gas and helium potential that is largely untested. There are extensive regions of
favorable country in the Plateau region within which to search for detailed prospects. Much of the
potential is likely to be stratigraphic in nature such that random drilling on an isolated anticline may not
prove to be a conclusive test. The overall geologic setting is sufficiently complex to require a careful
examination of the significance and interrelationships between all forms of available geologic data
(Pierce, et al; 1970).
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Figure 5: Core from the Fort Apache Limestone Member in the #1 Alpine Federal hole south of
Springerville in southern Apache County. Note distinct fossil hash and oil bleeding from vertical fractures
in the left photo and vugs and wispy dark laminae in the right photo. (Quarter for scale). The core is 2
inches in diameter. See Figure 4 for location of the Alpine hole.
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Helium Source Rocks

Helium, although present in the immediate Four Corners area, is currently being produced commercially
only in the southeastern corner of the Black Mesa basin southwest of the Defiance uplift just to the
south of the Reservation boundary. This helium production is about 100 miles south of the nearest oil
production established in 1967 at the Dineh-bi-Keyah field at the north end of the Defiance uplift,
Apache County

Ultimately, helium is believed to be derived by radioactive disintegration of uranium and thorium
bearing minerals, an origin quite dissimilar from that generally postulated for the organic compounds
that combine to form oil and natural gas. The geologic habitat of helium varies from that of oil and
natural gas in all of the factors that relate to contrasting sources. Whereas it is common to associate oil
and gas with marine environments rich in organic matter, helium is commonly considered to be
influenced by the proximity of a radioactively disintegrating source such as a basement granitic mass.
Subsequent concentration by migration and accumulation might take place in any rock, regardless of
initial origin. Sedimentary rocks of marine origin need not be an intervenor as regards source, but may
provide reservoir space

The Supai Formation of Pennsylvanian-Permian age occurs over a large area in northern Arizona, but
much of its extent is covered by younger formations. It consists essentially of red, flat-lying, interbedded
clastic sediments (sandstone, siltstone, mudstone, and claystone) of deltaic or flood-plain origin, and
limestone. The uranium occurrences have only been found along or close to the face of the Mogollon
Rim and in the lower part of the formation approximately 800 feet below the Ft. Apache Limestone
member. At both Fossil Creek and at Promontory Butte, which are some thirty miles apart, the
mineralization appears to be closely associated with a twelve foot thick limestone pebble conglomerate,
and with a gray shaly mudstone above, below or on both sides of the conglomerate. Fragments of coaly
material, carbonized wood fragments and carbonaceous trash are scattered in the conglomerate and
along some horizontal bedding planes in the mudstone. Uraninite, copper carbonates and copper, iron
and other metallic sulfides have been identified in the mineralized zone at Promontory Butte but other
uranium minerals have not been observed. The Cibecue occurrence is less well exposed but appears to
have a similar geologic setting.

Another possible source yet to be evaluated is the recently prospected uranium occurrence in the Supai
Formation along the Mogollon Rim. At present this can only be considered as a marginal possibility but
one that deserves close examination.
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Stratigraphic Section

The stratigraphy of the Holbrook and Black Mesa Basins is shown in Figure 6. Each major period of
deposition during the Paleozoic Era, with the exception of the Permian System, shows a general
thickening from east toward the west and northwest (Figure.7). Stratigraphic traps formed as pinch-out
zones on anticlinal trends, and localized areas showing good permeability and porosity, are possible in
various formations. Pinch-out or overlap type of stratigraphic traps are possible throughout most of the
Black Mesa basin area. The best possibilities for this type of trap are expected along the west flank of
the Defiance uplift and on the flanks of a buried granite ridge in the vicinity of Holbrook, Arizona.
Paleozoic carbonate units provide the best oil and gas reservoirs in the Colorado Plateau province and
transitional zone. Good reservoir rocks which are in proximity to possible source rock units include the
dolomite of the Devonian Martin and Elbert Formations, Mississippian Red wall Limestone,
Pennsylvanian shelf carbonate rocks, and Fort Apache Member of the Permian-Pennsylvanian Supai
Formation (Brown and Lauth, 1957; Lessentine, 1965; Barwin and others, 1971).

Cambrian: The Cambrian sediments range in thickness from zero feet on the flanks of the Defiance uplift
to about 2500 feet in the extreme northwestern corner of Arizona. These rocks transgress time lines and
become progressively younger to the east. Small shows of oil have been reported in wells drilled in the
northwestern part of the State while no shows have been reported near the center of the Black Mesa
basin. Because of the thick section of dolomites, limestones, shales and sandstones present in the
northwestern part of the State, the Cambrian rocks are considered an objective in that area.

Devonian: The Devonian section ranges in thickness from zero feet on the flanks of the Defiance uplift
to about 1500 feet in the northwest corner of the state (Brown et al, 1958). The section overlays the
Cambrian section unconformably. It consists of the Martin formation and its lithologic equivalents (the
Temple Butte Formation or the Elbert formation). The section consists of medium to dark gray
limestones and dolomites, green, red and gray shales and minor sandstone beds. In places the Martin
Formation is underlain by a thin section of the Devonian Aneth Formation. Outcrops of limestone and
dolomite along the Mogollon Rim from the Salt River Canyon south of Showlo w, to Chino valley north of
Prescott, give a petroliferous odor on fresh fracture. Oil shows in the Devonian were recorded in wells
drilled on the Boundary Butte anticline immediately north of the Arizona-Utah state line. Most of the
wells drilled in the Black Mesa basin, many of which were drilled on the younger structural trends,
recorded no shows of oil or gas in the Devonian. The Devonian rocks are considered a good objective
horizon for oil and gas in northern Arizona where the proper structural and stratigraphic conditions
exist.

Mississippian: The Mississippian age Redwall Limestone overlays the Devonian unconformably in this
area. The Mississippian section ranges in thickness from zero feet along the flanks of the Defiance uplift
to about 1600 feet in the northwest corner of the State. These rocks consist of white to buff, chalky to
crystalline limestone with chert nodules; thin beds of gray to tan, crystalline dolomite, and gray to red-
brown shale. Good to excellent porosity has been recorded almost everywhere in the Paradox basin and
in many parts of the Black Mesa basin. Some low B. T. U. gas has been found in the Mississippian at East
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Boundary Butte. QOil, helium and carbon dioxide gas has been found in this section in southeastern Utah
and in northwestern New Mexico. Because of the good porosity and numerous oil and gas shows, the
Mississippian formations are considered good objectives. However, the formation is locally absent due
to pre-Pennsylvanian erosion.

Pennsylvanian: Pennsylvanian strata are, at the present time, apparently the most important sources of
petroleum products in southern Utah and northern Arizona with approximately 95% of Arizona's
production associated with Pennsylvanian strata, the remaining 5% coming from Devonian and
Mississipian reservoir rocks. The Pennsylvanian-age Naco Formation overlies either the Devonian or
Mississippian depending on the extent of later Devonian to early Mississippian and pre-Pennsylvanian
erosion. The Hermosa formation, ranges in thickness from zero feet on the flanks of the Defiance uplift
to about 1800 feet in the northeastern corner of the state. At the extreme northwestern part of Arizona,
the Hermosa reaches a maximum thickness of about 1600 feet. The Hermosa formation is the only
commercial oil and gas producing horizon in the state. The Hermosa formation consists of black shales;
medium to dark gray, dense to crystalline limestones and dolomites; white to light gray anhydrite - and
salt. The upper and lower Hermosa are predominantly gray, dense to crystalline limestones with minor
dolomite, sandstone and shale beds. The upper Hermosa has had many good shows and is considered
an objective. Many good shows have been recorded in wells drilled on the Holbrook Anticline along the
southern edge of the Black Mesa basin. The Naco fomation from the south may interfinger with the
Hermosa giving rise to possible facies-change type of reservoirs in that area. The Pennsylvanian
formations are considered very good objectives for commercial oil and gas production.

Permian: The Permian rocks range in thickness from less than 250 feet on the Defiance uplift to more
than 3500 feet in the Holbrook area. In the southern part of the Black Mesa basin, the Permian strata
include in descending order: the Kaibab, Coconino and Supai formations.

The Kaibab is predominantly a buff, gray to bluish gray, cherty and fossiliferous, crystalline limestone.
Minor sandstones and shale beds are present throughout the section. The Kaibab ranges from zero feet
in the Holbrook area to about 800 feet in thickness in the Kaibab Plateau area in the northwestern part
of the state. Since the Kaibab crops out or is near the surface throughout its depositional limits, it is
considered a very limited objective for oil and gas. Qil is present in geodes found in a Kaibab outcrop on
the east flank of the San Rafael swell in Utah.

The Coconino sandstone varies in thickness from about 80 feet to over 750 feet. It is a white to buff,
highly crossbedded, fine to medium-grained sandstone. Core analyses of the Coconino sandstone show
19 to 21 percent porosity in its upper part. Sample studies indicate excellent porosity throughout its
entire section. Minor dead oil stain was noted in wells near Holbrook. Helium was produced in the
Coconino on the Pinta structure near Navajo, Arizona. Where the Coconino has proper cover, helium,
low B. T. U. gas and limited oil reserves may be found, particularly in the Pinta dome area.

The Supai formation ranges in thickness from less than 1500 feet to approximately 3000 feet in the
Holbrook area. It consists predominantly of alternating red sandstones and shales, abundant salt locally
and minor limestone beds. The most prominent limestone horizon is the Fort Apache member. The Fort

13



Oil and Gas; and Helium Production Potential of Oil and Gas Assets in Navajo County, Arizona.
Blackstone Exploration Company Inc.

Olufela Olukoga, Reservoir Engineering Consultant

Apache, which is nearly 200 feet thick at its type section near the Fort Apache Indian Agency south of
Showlow, thins westward to zero feet at Sycamore Canyon southwest of Flagstaff. The northern limit is
unknown due to lack of subsurface data. Many wells along the Holbrook Anticline recorded good shows
in the Fort Apache horizon. The limestones and dolomites of the outcrop areas along the Mogollon Rim
have a good petroliferous odor. Where the Fort Apache member attains a reasonable thickness, it is
considered a good objective horizon for commercial oil and gas production. Helium gas shows have
been reported about 1000 feet below the top of the Fort Apache member. A thick section of salt is
present in the Supai formation. Exploration directed toward the Fort Apache member should be
influenced in large part by its relationship to evaporites and the factors that control facies distribution.

Live Oil Shows in the 1 Alpine Federal

Stratigraphic traps in Paleozoic rocks may involve mafic dikes or sills. These would induce fracture
porosity and permeability in Paleozoic carbonates during intrusion and may become reservoir rock
themselves after cooling. Although igneous rock does not seem compatible with accumulation of
hydrocarbons, more than 17 million barrels of oil have been produced from igneous rock at the Dineh-
bi-Keyah Field in northeast Arizona (about 180 miles north of the Alpine hole). This igneous reservoir
rock of Tertiary age intruded white to light tan carbonates and black shales of the Pennsylvanian
Hermosa Formation and has yielded more oil than any reservoir rock in Arizona. Probable Pennsylvanian
petroleum in a Tertiary volcanic reservoir rock raises many interesting questions and implications.

The 1 Alpine-Federal penetrated potentially important hydrocarbon source rocks in east-central Arizona
and showed that Precambrian rocks are deeper than projected by the operator at this location. Live oil
shows in Permian carbonate units in the Alpine hole (Figure 5) and regional studies suggest that
petroleum potential exists in Permian and pre-Permian rocks yet to be explored in east-central Arizona
and west-central New Mexico.

Hydrocarbon source rocks in the 1 Alpine-Federal include upper Supai Group, San Andres 14 Limestone,
and possibly Cretaceous strata. Bleeding oil in the upper "Supai" in the Alpine hole indicates that these
rocks are in the oil-generating window at this location suggesting that the extensive basaltic volcanism
in east-central Arizona may have helped mature the Paleozoic units. San Andres Limestone contains
organic-rich stylolites and dark gray to black shales and may be an effective hydrocarbon source (and
reservoir) rock where matured (and fractured), perhaps, by volcanism. Cretaceous strata contain coaly
laminations and grain-sized pieces of coal and may be a source for coalbed methane or natural gas.

The region, therefore, offers opportunities for hydrocarbon accumulations beneath the extensive
surface cover of volcanic rock in east-central Arizona. Given that (1) live oil shows are present in close
proximity to volcanic rock in the 1 Alpine-Federal, (2) volcanism may have enhanced the hydrocarbon
maturity and potential of Paleozoic rocks, (3) favorable Paleozoic paleogeography exists near and along
the southwest margin of the Defiance Positive, and (4) interbedded clastic, carbonate, and organic-rich
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deposits are likely along this margin of Pennsylvanian and earlier onlap, the region deserves further

evaluation for oil and gas (Rauzi, 2009).
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Figure 7: East — west geologic section across Mogollon slope region — Verde Valley through Holbrook
basin to Arizona — New Mexico Border (Pierce, et al; 1970).

Diagrammatic representation of the general subsurface geology of the Mogollon slope region along a
generally east-west direction is shown in Figure 7. Although not to scale, thickness aspects have been
qualitatively indicated.

Helium Gas in Arizona

Some of the richest helium-bearing gas in the world was produced from fields completed specifically for
helium in northeastern Arizona in the 1960s and 1970s. All production came from fields in Apache
County (Figure 1). Three fields were located in the Holbrook Basin south of the Defiance uplift about 35
miles northeast of Holbrook. One field was located in the Four Corners area north of the Defiance uplift
near the small community of Teec Nos Pos. Helium-rich gas was discovered in the Dineh-bi-Keyah oil
field on the northeastern flank of the Defiance uplift in the late 1960s but was not produced until 2003.
Helium concentrations range from trace amounts up to 10% in the Holbrook Basin and Four Corners
area. Both areas have good potential for additional discovery and production of helium (Rauzi, 2003)
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Most of the helium produced in the United States is extracted from natural gas from fields in Wyoming,
Utah, Colorado, New Mexico, Kansas, Oklahoma, and Texas (Pacheco, 2003, p. 80). The extracted helium
is processed into a crude helium product, which varies from 50% to 80% helium, and is ultimately
purified to a Grade-A helium product, which is 99.995% or better.

Due to increasing demand for helium, Oil and gas operators are developing helium prospects near the
old helium fields in the Holbrook Basin in central Apache County and are starting to produce the helium-
rich gas at the Dineh-bi-Keyah field in northern Apache County as well as the Beautiful Mountain Field
just across the state line in New Mexico.

Geology

Northeastern Arizona is part of the Colorado Plateau Physiographic province. The Colorado Plateau is
characterized by flat-lying, relatively undisturbed, largely marine sedimentary rocks of Paleozoic and
Mesozoic age that are covered by Tertiary to recent volcanic flows near Flagstaff and Springerville.
Permian strata truncate Cambrian, Devonian, Mississippian, Pennsylvanian, and Proterozoic rocks along
the margins of the Defiance uplift. Maximum submergence of the Defiance uplift may have occurred
during the Mississippian but the Mississippian rocks were subsequently eroded back, probably by
renewed, slow emergence of the uplift in Pennsylvanian through Permian time. As much as 2000 feet of
Permian strata were eventually deposited on the Proterozoic basement rocks of the Defiance uplift. All
past production of helium and current production of oil, natural gas and carbon dioxide (CO,) are from
rock formations of Paleozoic age in the Plateau province. The major tectonic features in northeastern
Arizona include the Defiance and Kaibab uplifts in the northern part of the area (Figure 1). The Black
Mesa Basin is situated between the Kaibab and Defiance uplifts. The Holbrook Basin lies between the
Defiance uplift on the north and the Mogollon Slope on the south. A prominent escarpment known as
the Mogollon Rim defines much of the southern edge of the Plateau province. Numerous diatremes
(volcanic pipes that consist mainly of breccia) and dikes including Agathla Peak in northeastern Arizona
and Ship Rock in northwestern New Mexico are present throughout the Four Corners region
(Fitzsimmons, 1973). To the south, the Hopi Buttes volcanic field, which includes many necks and
diatremes with related flows, covers an area of approximately 1500 square miles in the northern part of
the Holbrook Basin (Figure 1). There appears to be a correlation between the diatremes and other deep-
seated intrusive rocks and the presence and production of helium.

Helium Production in the Holbrook Basin

The Pinta Dome, Navajo Springs, and East Navajo Springs fields are relatively small anticlinal structures
located in the Holbrook Basin in Townships 19 and 20 North, Ranges 26, 27, and 28 East (Figures 8).
Wells in the Pinta Dome and Navajo Springs fields produced helium from the Permian Coconino
Sandstone. Several wells in the East Navajo Springs field produced helium from the Shinarump
Conglomerate at the base of the Triassic Chinle Formation. Figure 6 shows the generalized stratigraphy
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in the PintaDome-Navajo Springs area. A composite well log of the Pinta Dome, Navajo Springs, and East
Navajo Springs fields is shown in Figure 9.
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Figure 9: Composite log of Pinta Dome-Navajo Springs-East Navajo Springs pools, showing stratigraphic
position of the two gas-productive reservoirs. The Coconino Sandstone produced in all three pools; the
Shinarump Conglomerate was productive only in the East Navajo Springs pool. (Allen, 1978).
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History of Helium Production in Arizona

Masters (1960) and Dean (1960) published the history of the exploration and development of the helium
resources in the Navajo-Chambers area. The Navajo-Chambers region represented the only area in the
history of the helium industry that had experienced sustained exploration and development for helium
gas alone (Dean, 1960,). Kipling Petroleum Company discovered helium on Pinta Dome in 1950 when it
drilled the #1 Macie in search of oil. No oil was found but the test initially encountered helium bearing,
non-flammable gas in the lower Chinle conglomerate and a large flow of gas in the upper part of the
Coconino Sandstone at a depth of 1032 to 1054 feet. The gas did not burn so it was allowed to flow
unrestricted from the wellbore for about eight weeks (Dean, 1960; Dean and Lauth, 1961).
Contemporaneous reports indicated that the gas escaping from the open well "roared like a jet engine"
at an estimated initial rate of 24 million cubic feet per day (Heindl, 1952; Beaumont, 1959). The operator
shut the well in after testing by the U.S. Bureau of Mines (USBM) showed that the gas was rich in helium
(Masters, 1960).

In 1951, Kipling Petroleum Company drilled the #2 Macie, which was abandoned because of stuck pipe.
In 1955, the Apache Qil and Helium Corporation took over development of the field, reworked the #2
Macie, which blew out, and drilled the #3 Macie, which it abandoned before penetrating the Coconino
sand. In 1956, Kerr-McGee Oil Industries made an agreement with Apache Qil and Helium to complete
the development of the field. Kerr-McGee completed the #2 and #3 Macie wells and drilled three more
gas wells and two dry holes. In 1959, Eastern Petroleum Corporation drilled three gas wells and
extended the area of helium production to the southeast. Kerr-McGee constructed a helium-extraction
plant at Navajo and started processing helium from the Pinta Dome field in 1961, the Navajo Springs
field in 1964, and the East Navajo Springs field in 1969. Some of the wells completed in the Navajo
Springs and East Navajo Springs fields were not produced because of unitization. Kerr-McGee's helium
plant was the first privately financed helium plant in the world producing Grade-A helium (Smith and
Pylant, 1962). Average surface shut-in pressure at the Pinta Dome field was 99.3 pounds per square inch
in 1961. The average pressure was down to 60.3 pounds per square inch in 1968. Production in the Pinta
Dome area had declined to such an extent that the plant was closed in early 1976 and the fields were
abandoned. Nearly 9 billion cubic feet of gas containing more than 700 million cubic feet of Grade-A
helium were produced from the Pinta Dome and adjacent Navajo Springs and East Navajo Springs fields.
Gas produced from the Coconino Sandstone averaged 90% nitrogen, 8-10% helium, and 1 % carbon
dioxide.
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Shows of Helium in Wells in the Holbrook Basin

The first recorded report of helium-bearing gas in Arizona was from the Great Basin Oil Company #1
Taylor-Fuller, a non-productive oil test drilled to a depth of 4675 feet a few miles southwest of Holbrook
in 1927 (Beaumont, 1959). A test of the Cambrian Tapeats Sandstone at a depth of 3 500 feet was
reported to have flowed 100,000 cubic feet of gas containing 1.12% helium a day (Turner, 1968).

Helium production is associated with carbon dioxide (CO,) production that is currently carried out by
Ridgeway Arizona Qil Corporation between St. Johns and Springerville in southern Apache County. All
production is from the Supai Formation of Permian age. Ridgeway drilled the discovery well, the #1
Plateau Cattle, near St. Johns in 1994 and a follow-up well, the #3-1 State, 4 miles south of the #1
Plateau Cattle well in 1995. The only determination that Ridgeway was able to make at the well site was
that the gas from the discovery well would not burn. Ridgeway sent samples of the nonflammable gas
from the discovery well, and subsequently from the follow up well, to the USBM [The USBM was
eliminated and its minerals information and analysis functions were transferred to the U.S. Geological
Survey in January 1996] in Amarillo, Texas, for analysis. The USBM analysis indicated 90% CO,, 6%
nitrogen, and 0.5 to 0.8% helium in the #1 Plateau Cattle well and 89% CO,, 10% nitrogen, 0.7% helium,
and 0.1% each of methane and argon in the #3-1 State well. Ridgeway drilled six additional wells south
of the #3-1 State well in 1997. In July 2002, Ridgeway started producing CO, from one of the wells, the
#10-22 State, for a liquid plant located near the Tucson Electric Power Company's electric generating
station. No helium is currently being produced for commercial use but Ridgeway plans to eventually
extract helium from the CO, gas stream. Shows of oil and gas have been reported in numerous wells
drilled in the Holbrook Basin (Bahr, 1962; Turner, 1968; Peirce and Wilt, 1970; and Conley and Giardina,
1979). Gas analyses report that helium is present in many of the wells. High concentrations of helium
were reported in at least three oil tests and in several of the stratigraphic wells drilled to delineate
potash deposits in the Holbrook Basin in the 1960s and 1970s. These are included in the following list.

e The James G. Brown & Associates #2 Chambers-Sanders in Sec. 27, T. 21 N., R. 28 E.
Encountered a show of nonflammable gas in the Permian Coconino Sandstone at a depth of
542 feet. Analysis showed the gas contained 93.6% nitrogen, 1.2% argon, 2.3% helium, and
2.8% CO,.

e The Kern County Land #1 State in Sec. 2, T. 18 N., R. 24 E. Gas blew out of the hole for 26
hours from the Permian Supai Formation at 965 feet. Analysis showed the gas contained
0.22% methane, 4.09% helium, and 95.10% nitrogen.

e The Great Basin Oil Company # 1 Taylor-Fuller in Sec. 16, T. 17 N., R. 20 E. A gas flow was
reported from the Cambrian Tapeats Sandstone at a depth of 3500 feet. The gas was
reported to contain 18.98% nitrogen, 79.5% CO,, and 1.12% helium.

e The New Mexico and Arizona Land Company #3 Fee in Sec. 28, T. 17 N., R. 22 E. Gas blew
out of the hole while coring at a depth of 1040 feet in the Supai Formation. The gas was
reported to contain helium.

e The Arkla Exploration #22 NMA in Sec. 23, T. 17 N., R. 23 E. Air blew out of the hole while
coring below a depth of 1367 feet in the Supai Formation. A strong blow was reported in a
drill stem test of the interval 1342-1523 feet. No analysis of the gas is available.
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e The Arkla Exploration #37 NMA in Sec. 25, T. 16 N., R. 22 E. Gas blew out of the hole from
the Supai Formation at 821 feet in the straight hole and at 816 feet and 818 feet in the side
track hole. A drill stem test of the interval 779-819 feet measured an initial and final flowing
pressure of 175 pounds. Initial shut-in pressure was 240 pounds and final shut-in pressure
was 175 pounds. No analysis of the gas is available.

e The Arkla Exploration #68 NMA in Sec. 19, T. 16 N., R. 23 E. Gas blew out of the hole from
the Supai Formation at 896 feet and 970 feet. All drill fluid was lost both times.

e The Arkla Exploration #10 NMA in Sec. 27, T. 16 N., R. 23 E. Gas and fluid blew out of the
hole from the Supai Formation at 940 feet, 959 feet, and 1007 feet. The gas tested 2.4%
helium at the Kerr McGee lab at Navajo, Arizona.

e The Arkla Exploration #7 State in Sec. 10, T. 15 N., R. 23 E. Gas blew out of the hole out while
drilling - no depth interval was given.

e The L.M. Lockhart #1 Aztec Land & Cattle Company in Sec. 33, T. 14 N., R. 20 E. Gas blew out
of the hole for 18 minutes during a drill stem test of the Fort Apache limestone from 1678-
1742 feet. Analysis of the gas indicated 23.8% methane, 3.2% ethane, 70.7% nitrogen, and
0.267% helium.

No gas analyses are available for some of the wells. However, the nonflammable gas reported in these
wells may have contained helium, especially in light of the high helium concentrations reported in the
wells with a gas analysis. The location of the wells in the Holbrook Basin with reported shows of helium
or nonflammable gas is shown in Figure 10.

Helium Production in the Four Corners Area

The Texaco #1 Navajo-Z produced helium from the Mississippian Leadville Limestone in the late 1960s.
The #1 Navajo-Z is located in sec. 36, T. 41 N., R. 30 E. in the Tohache Wash area near Teec Nos Pos in
northern Apache County (Figures 10 and 11). A composite gamma ray-neutron and graphic lithologic log
of the #1 Navajo-Z well is shown in Figure 13. The Leadville is equivalent to the Redwall Limestone in
Grand Canyon. Texaco originally completed the well as an oil producer in the Devonian Aneth
Formation. Texaco plugged the Devonian interval in 1961 after less than a year of poor production and
recompleted the well as a helium producer in the overlying Mississippian Leadville Limestone (Figure
14). Gas in the Mississippian reportedly contained approximately 6% helium mixed mostly with nitrogen,
methane, and CO,. Texaco abandoned the Tohache Wash field in 1969 after producing more than 385
million cubic feet of helium-rich gas from the Mississippian. Kerr-McGee discovered oil in an igneous sill
of Tertiary age at the Dineh bi Keyah field in 1967 (Figures 1 and 12). Gas associated with the oil in the
igneous sill, which intruded strata of Pennsylvanian age, averaged 4.2% helium. Gas in the underlying
Devonian McCracken Sandstone ranged from 4.8% to 5.6%. Kerr-McGee completed two gas wells, the
#2 Navajo-B and the #2 Navajo-C, in the deeper Devonian strata but shut-in both wells in 1967 for lack
of a market and pipeline. A composite gamma ray-sonic and graphic lithologic log of the #2 Navajo-C
well is shown in Figure 15.
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Figure 10: Map showing extent of Holbrook salt basin, aggregate thickness of Permian salt, regional structural trends, and helium content of

selected wells in the Holbrook Basin (Rauzi, 2000).
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production was 385,774 Mer. Lithology from Amstrat. See Figure 11 for location of well.
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Figure 14: Monthly production at the Texaco 1 Navajo-Z (Permit 113) in the Tohache Wash field.
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Shows of helium in wells in the Four Corners area

Peirce and Wilt (1970) tabulated wells with shows of oil, gas, and helium in the Four Corners area of
Arizona. Casey (1983) described wells that encountered helium in the Four Corners area of New Mexico
and Arizona. Turner (1968, Table II) listed several wells in the East Boundary Butte field with high
concentrations of helium. The highest concentrations were in the Mississippian Leadville limestone but
helium in the Pennsylvanian strata ranged from 0.34% to 1.10%. Helium rich gas is commonly found in
strata of Devonian and Mississippian age but is also found in strata of Pennsylvanian, Permian, and
Triassic age. Wells that encountered helium-rich gas in the Four Corners area of Arizona are listed
below. Location of wells is shown in Figures 11 and 12.

The Shell #2 Navajo in Sec. 3, T. 41 N., R. 28 E. Shut-in gas well at the East Boundary Butte field.
Gas from different intervals in the Pennsylvanian was reported to range from 0.34% to 1.10%
helium. Well has been shut-in since October 1998.

The Humble #1 Navajo in Sec. 4, T. 41 N., R. 28 E. Shut-in gas well at the East Boundary Butte
field. Gas in the Pennsylvanian was reported to contain 1.0% helium. Gas in the Mississippian
tested at 4.4% helium. Well has been shut-in since December 1998.

The Shell #1 Navajo in Sec. 6, T. 41 N., R. 29 E. Gas in the Pennsylvanian was reported to contain
0.35% helium.

The Atlantic Refining #7-1 Navajo in Sec. 7, T. 40 N., R. 29 E. Gas in the Mississippian tested at
5.1 % helium.

The Kenai Oil & Gas #34-7 Navajo in Sec. 7, T. 40 N., R. 29 E. Gas in the Mississippian tested at
4.92% helium.

The Pan American Petroleum # 1 Moko-Navajo in Sec. 15, T. 40 N., R. 29 E. Gas in the
Pennsylvanian tested at 0.73% helium. Gas in the Mississippian tested at 8.07% helium.

The Universal Resources #1-15 Navajo in Sec. 15, T. 40 N., R. 29 E. Gas in the Pennsylvanian
ranged from 0.51 % to 0.53% helium. Gas in the Mississippian ranged from 0.24% to 0.28%
helium.

The Socony Mobil Oil #1 Navajo-155 in Sec. 28, T. 39 N., R. 25 E. Gas in the Pennsylvanian
contained 15 units of helium by chromatograph.

The Gulf#1 Navajo-CS in Sec. 34, T 37 N., R. 30 E. Gas in the Pennsylvanian contained 7.4%
helium.

The Humble Oil & Refining #1 Navajo-87 in Sec. 23, T. 36 N., R. 29 E. Gas in the Devonian tested
at 5.6% helium.

The Humble Oil & Refining #1 Navajo-88 in Sec. 25, T. 36 N., R. 29 E. Gas in the Devonian ranged
from 4% to 4.4% helium.

The Humble Oil & Refining #2 Navajo-88 in Sec. 25, T. 36 N., R. 29 E. Gas in the igneous sill of
Tertiary age ranged from 3.5% to 5.2% helium.

The Union Texas Petroleum #1-6 Navajo in Sec. 6, T. 36 N., R. 30 E. Gas in the Pennsylvanian
tested at 4.7% helium.

The Anadarko #1 Navajo-135 in Sec. 3, T. 35 N., R. 30 E. Gas in the Devonian tested at 6.23%
helium.
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e The Humble Oil & Refining #1 Navajo-140 in Sec. 8, T. 35 N., R. 30 E. Gas in the Devonian
averaged 5.2% helium.

o The Humble Oil & Refining #151-1 Navajo in Sec. 35, T. 35 N., R. 30 E. Gas in the Devonian
ranged from 3.1 to 4.8% helium.

Origin of helium
Two sources of terrestrial helium are described by Spencer (1983):

(1) Primordial helium derived from sources deep within the earth, and
(2) Radioactive decay of uranium and thorium that is concentrated in the earth's crust.

The helium 3 isotope signifies primordial helium whereas the helium 4 isotope signifies helium from
radioactive decay. Low ratios of helium 3 to helium 4 indicate that helium in most natural gas fields was
primarily derived from radioactive decay. Two possible sources for the helium in Arizona are the
Precambrian crystalline rocks beneath the helium reservoir rocks (primordial helium) or sediments
containing significant amounts of radioactive material overlying the helium reservoir rocks (radioactive
decay). The current lack of information about the isotopic ratios prevents a definitive conclusion as to
the source of helium encountered as shows or produced in Arizona. In either case, stratigraphic
thinning, fracturing, faulting, or volcanic activity would be a necessary component in bringing the
potential helium-source rocks into contact with the reservoir rocks.
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Helium Producing Wells in Arizona

Permit TWP  RGE SE OPERATOR LEASE NAME FLD CUMGAS_Mcf
194 20N 27E 31 Eastern Petroleum 13 Santa Fe NS 1,783,968
1-72 20N  26E 34 Kerr-McGee 01 Macie-State PD 1,779,460
36 20N 26E 34 Kerr-McGee 02 State PD 1,442,149
81 19N 26E 02 Kerr-McGee (Eastern) 1-02 State PD 1,100,253
88 20N  26E 28 Kerr-McGee (Eastern) 1-28 State PD 804,961
10 20N 26E 33 Kerr-McGee 01 Fee PD 531,292
39 20N 26E 35 Kerr-McGee 02 Fee PD 513,646
113 41N 30E 36 Texaco 1 Navajo-Z PD 385,774
238 20N  27E 32 Eastern (KerrMcGee) 1 Barefoot State NS 276,907
349 19N 26E 04 Kerr-McGee 03A State PD 266,127
236 19N 27E 04 Eastern Petroleum 17 Santa Fe NS 86,878
038 20N 26E 32 Kerr-McGee 04 State PD 48,233
206 19N 27E 05 Eastern Petroleum 14 Santa Fe NS 47,141
080 19N 26E 10 Eastern Petroleum 01-10 State PD 43,387
471 20N 27E 25 Crest-Ariz Helium 01 Santa Fe ENS 42,073
263 20N 27E 27 Eastern Petroleum 35 Santa Fe NS 25,388
553 20N 27E 36 W. Heli. Connelly 1 KM State ENS 23,337
234 20N 28E 31 Apache Drlg, E. Pet. 21 Ancon-SntaFe ENS 22,007
537 20N 28E 31 Eastern Petroleum 21-1A Santa Fe ENS 8,299
037 19N 26E 04 Kerr-McGee 03 State PD 6,186
592 20N  28E 30 Eastern Petroleum 01 Merde-Indian ENS 991
378 20N  26E 32 Kerr-McGee  04A State PD 282
TOTALS: CUMGAS IN MCF: 9,238,739

Note: FLD=Fields; PD=Pinta Dome; NS=Navajo Springs; ENS=East Navajo Springs

Tablel: Cumulative Production of Wells in the Pinta Dome, Navajo Springs and East Navajo Springs Fields
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Field Study
The wells drilled in surrounding fields to the BECI leasehold area in Apache and Navajo counties will be

investigated. Primarily this study will examine the pertinent well historical data, including drilling and
completion techniques employed to determine the reservoir characteristics and also production drivers
that affect the well performance for these wells. The two prominent fields in Arizona, the Pinta Dome
field — for helium gas production; and the Dineh-bi-Keyah — for oil and natural gas; will be investigated,

as well as wells in adjacent to those being currently drilled by BECI.

Pinta Dome Field
The Pinta Dome field in Apache County, Arizona is a known Helium producing field with 6.5 Bcf of

Helium gas produced from 1961 to 1976. The amount of Helium produced in this field represents about
71% of total Helium production in Arizona State. This field therefore represents a good reference for

Helium exploration in Arizona State.

Helium production in the Pinta Dome area is primarily from the Coconino Sandstone and Permian
formations. The Coconino sandstone is a fractured eolian and fluvial sandstone with a gross thickness of
70 feet and is continuous within fault blocks in the area. Porosity of the Coconino sands is reported to be
14%; average permeability is approximately 110 millidarcies; with water saturation of 29%. These
outstanding reservoir characteristics of the Coconino sandstone, combined with an average net pay of
61 feet and an average helium concentration of 8%, resulted in one of the most prolific helium
production gas fields in the world. There have been eleven wells reported to produce Helium gas in the

Pinta Dome field. The well permit numbers and names are:

e 172 Kerr-McGee 1 State

e 36 Apache Oil & Helium 3 Macie State
e 81 Eastern 1-2 State

e 88 Eastern 1-28 State

e 39 Kerr-McGee 2 Fee

e 10 Colgrove 2 Macie-Hortenstine

e 349 Kerr-McGee 3A State
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e 80 Eastern 1-10 State

e 38 Kerr- McGee 4 State
e 37 Kerr-McGee 3 State
e 378 Kerr-McGee 4A State

Based on reported individual yearly production for each well, the daily production rates were

determined and average production rates were calculated. The average production rate for each well is

as follows:
o 1-72 Kerr-McGee 1 State 304.7 Mcf/D
e 36 Apache Oil & Helium 3 Macie State 246.8 Mcf/D
e 81 Eastern 1-2 State 201.0 Mcf/D
e 88 Eastern 1-28 State 200.4 Mcf/D
e 39 Kerr-McGee 2 Fee 192.8 Mcf/D
e 10 Colgrove 2 Macie-Hortenstine 90.8 Mcf/D
e 349 Kerr-McGee 3A State 72.9 Mcf/D
e 80 Eastern 1-10 State 19.8 Mcf/D
e 38 Kerr- McGee 4 State 18.8 Mcf/D
e 37 Kerr-McGee 3 State 2.8 Mcf/D
e 378 Kerr-McGee 4A State 0.7 Mcf/D

This field averaged about 1,400 Mcf/d from 1961 to 1976.
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Kerr-McGee 2 State - Permit 036

The Kerr-McGee State #2 well is located in Sec. 34, Twp 20N, Range 26E NW SE in Apache County,
Arizona.

This well was initially permitted in September 1955 as the Macie #3 well, and was drilled to a depth of

2500 feet. Kerr-McGee then took over the well, completing it in 1956 with perforations in the Coconino
sandstone interval of 1000 - 1020 feet, and 1120 — 1124 feet.

The well test flowed 2,400Mcf gas and production commenced in 1961 till 1976 when production was

halted in the Pinta Dome area. During this 15 year production period, the well achieved cumulative total
production of 1,441,149 Mcf (1.4 Bcf) of helium gas.

Kerr-McGee 2 State (36)
nw se 34-20n-26e, Pinta Dome, Arizona
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Figure 16: Production profile for Kerr-McGee 2 State (Permit 36). Total Cumulative Production was 1.4
Bcf of gas.
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Figure 17: Induction Log for Kerr-McGee 2 State well showing the productive Coconino gas zone at 1000
— 1124 feet.
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Eastern Petroleum 1-2 State
The Eastern Petroleum 1-2 State well is located NE SW; Sec 2, Twp 19N, Range 26E Apache County,
Arizona. It was drilled to a total depth of 1054 feet in June 1959. The following formations were
encountered at these depths:

Chinle Conglomerate: 711 feet

Shinarump: 811 feet

Moenkopi: 819 feet

Coconino: 973 feet

The Chinle conglomerate section was observed to be completely water wet in this well.

The Coconino sandstone was discovered to be 81 feet thick massive sandstone, buff in color, with cross
bedding exhibited in the cores. A transition zone composed of dark red silty shales of the Moenkopi
streaked with buff and tan colored sandstones of the Coconino was encountered from 954 feet to 973
feet. This transition zone overlaid the Coconino sandstones which occur from 973 feet to 1054 feet.

Perforations were made within the Coconino sandstones at the following intervals: 974 — 991 feet, 995-
1000 with 2 shots per feet; abrasive jet with 2 holes each at 977, 982, and 999.5 feet. This well was then
further sand water fractured.

The well was tested on a 1” choke for 1 hour, with casing pressure of 71#, and it flowed at an initial flow
rate of 2002 Mcfpd.

Cores:
No.1 987 feetto 991 feet Cut 4 feet, recovered 4 feet
2 feet Sandstone, buff, fine grained, subround to sub-angular, firm, good porosity,
fair permeability.
2 feet Sandstone, white, very fine grained, subround to subangular, very firm, fair
porosity, poor permeability.
Entire core was bubbling gas.
No.2 991 feetto 1017 feet Cut 26 feet, recovered 26 feet.

2 feet Sandstone, buff, fine grained, subround to subangular, firm, fair porosity
and permeability.

11 feet Sandstone, buff to brown, fine to medium grained, subround to subangular,
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good porosity and permeability.

7 feet Sandstone, buff to white, fine grained, subround to subangular, fair
porosity and permeability

6 feet Sandstone, buff, fine to medium grained, subround to subangular, few red
fine to coarse round grains, some red clay on cross beds.

Entire core is bleeding gas.

Sandstone is crossbedded.

No.3 1017 feet to 1044 feet cut 26 feet, recovered 27 feet.
1 foot Sandstone, tan fine grained, round to subround, very firm, low permeability

fair porosity.

10 feet Sandstone, buff, fine grained, round to subround, firm.
7 feet Sandstone, buff, fine to medium grained, subround to subangular.
9 feet Sandstone, ditto with small red oxide stains. Some green shale intercalated

on bedding plans.

Appears by tasting to be a salt water level at 1018 feet.

Drill Stem Tests:
No.1 970 feet to 991 feet (Coconino sandstone)

Open 30 minutes, helium-nitrogen gas to surface immediately;

Flowed at the following rate:
5 minutes — 250 MCF/D
15 minutes — 286 MCF/D
25 minutes — 323 MCF/D
30 minutes — 552 MCF/D

Surface Pressure: 93 psig

Initial flowing pressure: 63 psig
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Final flowing pressure: 63 psig
Initial shut-in pressure: 108 psig
Final shut-in pressure: 104 psig
Initial hydrostatic pressure: 477 psig

Final hydrostatic pressure: 459 psig

Perforations:
973 to 1010 feet — 37 feet thickness
Reservoir characteristics from core and log analysis:
Average Porosity: 14.8%
Average Permeability: 171 md

Average Water Saturation: 47.8%

1010 to 1019 feet — 9 feet thickness

Reservoir characteristics from core and log analysis:
Average Porosity: 14.2%
Average Permeability: 93.4 md

Average Water Saturation: 68.1%

A commercial helium-nitrogen producer was predicted to be possible from the upper 37 feet of
Coconino sandstone. A forecast of initial potential of 2 — 2.5 million cubic feet per day was determined.
This well actually had an initial potential of 2.4 million cubic feet of gas per day on primary production.
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Figure 18: Production profile for Eastern 1-2 (Permit 81) with cumulative total production of 1.1 Bcf of
gas.
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Eastern Petroleum 1-28 State - Permit 88

The Eastern Petroleum 1-28 State well is located SE SE; Sec 28, Twp 20N, Range 26E Apache County,
Arizona. It was drilled to a total depth of 1091 feet in June 1959. The following formations were
encountered at these depths:

Chinle Conglomerate: 711 feet

Shinarump: 761 feet

Moenkopi: 801 feet

Coconino: 935 feet

The Chinle conglomerate section was observed to be completely water wet in this well.

The Coconino sandstone was discovered to be 156 feet thick massive sandstone, buff in color, with cross
bedding exhibited in the cores. A transition zone composed of dark red silty shales of the Moenkopi
streaked with buff and tan colored sandstones of the Coconino was encountered from 911 feet to 935
feet. This transition zone overlaid the Coconino sandstones which occur from 935 feet to 1091 feet.

Perforations were made within the Coconino sandstones at the following intervals: 937 — 1000 feet with
2 shots per feet. This well was then further sand water fractured.

Cores:
No.1 940 feet to 956 feet Cut 16 feet, recovered 16 feet
2 feet Sandstone, red to tan, streaked with light green and red sandy shale

1 foot Sandstone, tan to brown, fine grained, hard, sub-round to subangular streaked
with thin green shale.

13 feet Sandstone, buff to brown, fine grained, hard, sub-round to subangular, good
porosity and permeability becoming medium grained towards the base.

Entire core was bubbling gas.
Vertical fractures from 943 to 946.
No.2 956 feet to 969 feet Cut 13 feet, recovered 13 feet.

4 feet Sandstone, buff, fine to medium grained, subround good porosity and
permeability.

5 feet Sandstone, buff, fine to medium grained, subround, very much cross bedding

4 feet Sandstone, ditto, some Aeolian fluting in the sandstone.
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Entire core bubbling gas, vertical fractures 956 — 960 and 968 - 969

No.3 969 feet to 978 feet cut 9 feet, recovered 9 feet.

4 feet Sandstone, buff, fine to medium grained, subround to subangular, firm, fair
porosity and permeability; very slight oil stain.

5 feet Sandstone, buff, ditto, good porosity and permeability.

Drill Stem Tests:
No.1 940 feet to 956 feet (Coconino sandstone)
Open two hours, helium-nitrogen gas to surface immediately;
Immediately; flowed at the following rate:
30 minutes — 83 MCF/D
60 minutes — 105 MCF/D
90 minutes — 118 MCF/D
120 minutes — 118 MCF/D

Recovered: 35 feet Gas cut drilling mud.

Surface Pressure: 50 psig

Initial flowing pressure: 15#

Final flowing pressure: 30#

Initial shut-in pressure: 93#

Final shut-in pressure: 93#

Initial hydrostatic pressure: 468#

Final hydrostatic pressure: 468#

Perforations:
38 feet of the Coconino was cored

Reservoir characteristics from core and log analysis of the upper 78 feet of pay:
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Average Porosity: 13.8%
Average Permeability: 87 md

Average Water Saturation: 39.9%

There is an additional 20 feet of pay with slightly higher water saturation in the gas-
water transition zone.

Analysis of the gas sample taken on the drill stem test in the upper 16 feet of this
section and sent to the Bureau of Mines in Amarillo, Texas had the following analysis:

Helium................ 8.6%
Nitrogen........... 89.9%
CO2....ovvenee 0.8%
Methane.............0.1%
Argon......ccceeue... 0.6%

Total 100%

The upper 78 feet thick Coconino sandstone is forecasted to produce helium-nitrogen gas with an initial
production potential greater than five million cubic feet of gas per day.

The actual initial production rate for this well was 2.14 Million cubic feet of gas per day. The cumulative
total production was reportedly 804 Million cubic feet of gas from 1962 to 1972 (10 year production
period).
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Figure 19: Induction Log for Eastern State 1-28 (Permit 88) showing perforations at 937 — 1000 feet.
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Kerr- McGee 2 Fee - Permit 039
The Kerr-McGee 2 Fee well is located Sec 35, Twp 20N, Range 26E Apache County, Arizona. It was drilled
to a total depth of 1011 feet in June 1957.

The following formations were encountered at these depths:

Chinle Conglomerate: 711 feet

Shinarump: 761 feet

Moenkopi: 801 feet

Coconino: 935 feet

The Chinle conglomerate section was observed to be completely water wet in this well.
The Coconino sandstones occur from 959 feet to 1011 feet in this well.

Perforations were made within the Coconino sandstones at the following intervals: 959 — 1011 feet with
2 shots per feet. The initial production rate was reported to be 10,000 Mcfd of gas and the cumulative
total production for this well is 513 MMcf of gas.
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Figure 20: Induction log for the Kerr-McGee 2 Fee (Permit 39) showing perforation interval at 959 — 1011
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Kerr-McGee #1 Barfoot-State (Permit 238)
The Kerr-McGee #1 Barfoot-State was drilled and completed in 1963 to a total depth of 1087 feet, with

float collars set at 1052 feet. The formations were encountered and the depths are:

e Shinarump 714 feet
e  Monekopi 805 feet

e Coconino 984 feet
A 50 feet gas zone was encountered at depth of 984 — 1034 feet.
Perforations of 4 spf shot between 986 and 1008 feet.
Casing Pressure: 107.3#
Temp. at wellhead: 60°F
Porosity: 12%
Water Saturation: 38%
Helium: 8.24%

Rate Flow on Test:

2” tubing Orifice .25 Casing Pres — 103.3 — 136 MCF
Orifice .50 Casing Pres - 86.8 —449MCF
Orifice .75 Casing Pres - 61.2 —732MCF
Orifice 1.00 Casing Pres - 40.0 - 933MCF

Produced a total of 95MCF gas in a 4-hour test.
Water table: 1034 feet

Calculated Open Flow: 1160 MCF
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Kerr-McGee #1 Barfoot-State Monthly Gas Production

Monthly Gas (MCF) Production — Kerr-McGee #1 Barfoot State, Permit #238

1963 1964 1965 1966 1967 1968 1969 1970 1971 | 1972 | 1973

January 4,094 4,278 4,663 3,563 2,427 1,794 2,271 872 656
February 2,148 3,799 4,068 2,602 1,406 1,222 1,768 721 459
March 3,354 4,778 4,237 3,409 1,638 1,279 2,148 | 1,005 452
April 4,130 3,917 4,745 1,385 3,429 2,068 1,119 1,907 957 414

May 5,506 4,272 5,125 469 3,698 1,711 966 1,719 892 77

June 2,943 4,568 5,149 1,915 3,562 1,962 824 1,567 446 170

July 5,056 5,042 1,754 6,264 2,518 752 1,335 796 332
August 95* 4,660 5,240 2,863 6,381 2,379 845 814 963 132
September 5,190 4,880 3,154 4,440 1,818 787 1,490 863 0
October 4,538 4,737 2,255 3,674 1,414 820 903 838 0
November 4,260 4,620 2,418 2,557 1,299 1,385 748 727 0
December 10,027 4,119 3,751 2,123 2,529 1,543 2,664 723 453 0
Total 95 | 22,606 | 50,131 | 56,144 | 31,304 | 45,108 | 22,228 | 14,457 | 17,393 | 9,533 | 2,692

* - Gas produced during test

The Kerr-McGee #1 Barfoot State well attained a total cumulative helium gas production of 276,812
MCF over a 13 year period from the Coconino sandstone. Records indicate that this well was not treated
or stimulated and production was based on primary recovery alone, exceeding projected calculated
reserves by over 500%.
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Figure 21: Induction Log for Kerr-McGee #1 Barfoot (Permit 238) showing 50 feet Coconino sandstone
productive helium reservoir and the 22 feet perforation interval that resulted in cumulative production
of 270MMCF of helium gas.
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Kerr-McGee 1 Fee - Permit 10

The Kerr-McGee 1 Fee well is located SW SE; Sec 33, Twp 20N, Range 26E Apache County, Arizona. It
was drilled to a total depth of 2500 feet and completed as a helium producer in October 1956.

Perforations were made within the Coconino sandstones at the following intervals: 956 — 980 feet. The
initial production rate was 480 Mcfgd . The cumulative gas production is reportedly 530 MMcf of gas.

Kerr-McGee 1 Fee (10)
sw se 33-20n-26e, Pinta Dome, Arizana
[AKA Kipling Macie #2; Kipling Hortensting Macie #2; Colgrove-Hortenstine)
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Figure 22: Production profile for Kerr-McGee Fee#fl (Permit 10) with cumulative total production of 530
MMcf of gas.
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Kerr McGee 3A State — Permit 349

The Kerr-McGee 3A State well is located SE SW; Sec 4, Twp 19N, Range 26E Apache County, Arizona. It
was drilled to a total depth of 1198 feet in June 1959. The following formations were encountered at
these depths:

Chinle Conglomerate: O feet
Shinarump: 782 feet
Moenkopi: 864 feet

Coconino: 985 feet

Perforations were made within the Coconino sandstones at the following intervals: 1010 — 1016 feet.
The initial production rate was 140 Mcf and the cumulative total gas production was 266 MM(cf.
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Kerr-McGee 4 State — Permit 38

The Kerr-McGee 4 well is located NW SE NE; Sec 32, Twp 20N, Range 26E Apache County, Arizona. It was
drilled to a total depth of 836 feet in May 1957. The following formations were encountered at these
depths:

Coconino: 828 feet
The Coconino was encountered from 828 feet to 836 feet.

Perforations were made within the Coconino sandstones at the following intervals: 828 — 836. The initial
production rate was 420 Mcfgpd and the cumulative total production over a 6 year period was 48 MMcf
of gas.
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Kerr-McGee 3 State - Permit 37

The Kerr-McGee 3 State well is located in NE NW SE; Sec 4, Twp 19N, Range 26E Apache County,
Arizona. It was drilled to a total depth of 1198 feet in May 1957. The following formations were
encountered at these depths:

Chinle Conglomerate: 711 feet

Shinarump: 761 feet

Moenkopi: 801 feet

Coconino: 1010 feet

The Chinle conglomerate section was observed to be completely water wet in this well.

Perforations were made within the Coconino sandstones at the following intervals: 1010 — 1016, 1088-
1100; 1138-1145 feet with 4 shots per feet. The initial production rate of this well was 140 Mcfgpd, with
cumulative production of 6 MMcf of gas from 1961 to 1966 (5 years).
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Figure 23: Induction Log for Kerr-McGee 3 State showing Coconino Sandstone from 1010 — 1145 feet.
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Kerr-McGee 4A State — Permit 378

The Kerr-McGee 4A State well is located NE SE; Sec 32, Twp 20N, Range 26E Apache County, Arizona. It
was drilled to a total depth of 804 feet in February 1967. The following formations were encountered at
these depths:

Chinle Conglomerate: 550 feet
Shinarump: 632 feet
Moenkopi: 770 feet

Coconino: 793 feet

Perforations were made within the Coconino sandstones at the following intervals: 793 — 796 feet with 4
shots per feet. Initial production rate was 42 Mcfgpd.
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Dineh Bi Keyah (DBK) Field

Dineh bi Keyah, "The People's Field" (or pasture) was discovered by the Kerr-McGee Corporation on top
of the Toadlena anticline in the Chuska Mountains of Apache County, Arizona. The center of Dineh bi
Keyah is approximately 5 miles due east of the Arizona—New Mexico boundary, and about 52 miles
southwest of Farmington, New Mexico. Shiprock, New Mexico, lies 33 miles northeast from the
discovery. This is high country with prominent volcanic geologic features covering the landscape. Kerr-
McGee's discovery well is 7,560 feet above sea level and their Navajo No. 14 is at 8,555 feet.

The Discovery Well

Kerr-McGee's Navajo No. 1 (Fig. 1) was spudded January 22, 1965. Seven-inch casing was cemented at
3,159 feet on February 13, 1965. Early June of 1965 the shallow Coconino interval (starting at 590 feet)
was thoroughly tested. Gas containing helium was found, but pressure and volume remained too low for
commercial interest. The presently producing igneous interval was not tested at this time. Kerr-McGee
formally abandoned the well on June 22, 1965. The first notice of new interest came via a U. S.
Geological Survey notice dated January 17, 1967. The notice stated that Kerr-McGee wanted to re-enter
No. 1, clean out the cement plugs, perforate from 2,860 feet to 2,885 feet and test that interval.

The following account of the lead geologist- John Masters who discovered the Dineh-bi-Keyah field for
Kerr-McGee:

“In 1967, | found Dineh-bi-keyah, Field of the People, on the Navajo Reservation, right in the uranium
area | had worked so intensively. | did this by myself, with an idea that came to me alone on a Saturday
afternoon in the Kerr-McGee office in Oklahoma City. | had left Arizona 14 years before and hadn’t
thought much about the area since then. But that Saturday afternoon, my subconscious mind finally put
together a geologic picture it had probably been wrestling with for the whole 14 years. Suddenly, in a
single flash, | saw all the data in my memory rearranged into a convincing regional structural picture. It
formed a huge buried anticline 35 miles long under most of the uranium area | had worked so long ago.
It was probably the largest undrilled anticline left in the United States. It was virtually invisible to anyone
who had not walked and jeeped over nearly every mile of that structure. Indeed, it had stayed invisible
to me for 14 years. On that Monday, | went to Mr. McGee. He asked me about 20 serious, probing
guestions and then said, “OK.” He was the clearest-thinking, most decisive man I've ever known. We
drilled it and found no conventional reservoir rock, but it did have an igneous sill at 2800 feet — with
good oil shows. Everyone wanted to plug it. McGee had sat a lot of wells as a young geologist for
Phillips. This time, he didn’t pay much attention to the rock type, the correlations, or the structural
position. He was fixated on the oil show. He said, “Test it.” No oil. He said, “Acidize it.” No oil. Then he
said, “Frac it.” The well came in for 648 BOPD of 45° API gravity oil. We drilled 31 wells which produced
an average of more than 500,000 barrels each from 2800 feet. Total production was nearly 20 million
barrels. That was my igneous intrusive field, mine and Mr. McGee’s — a screwball, one of a kind. The
rule learned from that was that you don’t have to be entirely right — just right enough, and ahead of
everyone else”.
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The following account of subsequent operations will be of interest:

1-26-67: Spotted 1,000 gallons of 10 percent acetic acid at 3,020' Perforated from 2,860'-2,885' with 4
jets per foot. Swabbed well dry. No fill up.

1-27-67: Acidized with 358 gallons of 10 percent acetic acid. Recovered 4 barrels of new oil in 5 hours of
swabbing.

1-28-67: Swabbed 6.75 barrels of new oil in 8 hours.

1-29-67: Fractured well with 10,000 gallons of crude oil and 10,000 pounds of 20-40 sand.
1-30 and 31-67: Swabbed back all of frac oil and 137 barrels of new oil.

2- 1-67: Tested well at rate of 611 B/D (barrels per day).

The discovery well ultimately settled at 1,400 B/D until July 19, 1967 when an additional interval was
opened. After the additional zone (2,885'-2,942') was introduced, production climbed. The production
on July 23, 1967 was 1,851 B/D of 43.3° oil, 135 MCF/D (thousand cubic feet per day) gas, and 0 B/D
water. The GOR (gas-oil ratio) was 73 cu. ft./barrel (see Figure 24 for electric log cross section).

Several very important and now obvious points were demonstrated by the action that took place in the
discovery well. First, any igneous rock with some indication oil or gas saturation should be considered a
potential reservoir rock. Second, a negative drill stem test (or swab test) of untreated but potentially
productive igneous rock does not render the rock unproductive. The same kind of rock can be acidized
and results may still remain poor. A frac job in Dineh bi Keyah obviously resulted in unlocking the
hydrocarbons in the igneous rock. The intrusive tertiary sill in the field is considered an unconventional
reservoir that required application of appropriate completion techniques to make it a productive
reservoir despite oil shows indicated at this formation depth. Therefore the challenge to operators is to
explore for similar unconventional reservoir rocks and unlock the oil and gas contained in these rocks.

Rocks

The Chuska Sandstone underlies most of the surface of the Chuska and Lukachukai Mountains. The
standard northeastern Arizona geologic section lies beneath the Chuska, and all of the common rock
units are present. The main rock formation is the intrusive syenite sill—a biotite-rich vogesite and
belonging to the syenite lamprophyre group of igneous rocks. The rock consists of diopside, biotite,
apatite, rutilc, and ores enclosed in sanidine. Chlorite, calcite, and some of the ores are also present,
with glass being a cementing material.

The porosity, permeability, and oil-saturation values measured in the igneous rock are similar to the
reservoir parameters of many oil-producing carbonate rocks. By core analysis, porosity ranges from 5 to
17 percent and averages 10 percent; permeability ranges from less than 0.01 to 25 millidarcies; residual
oil saturation ranges from zero to 25%, and water saturation from 25% in permeable sections to 93% in
zones of very low permeability. The oil saturation at various levels in the sill generally is related to
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porosity, permeability, and fracturing. In some wells, intervals up to 60 feet thick have no saturation,
apparently because of low permeability. There is no significant alteration of minerals surrounding the
cavities and this suggests the cavities formed during cooling of the magna and not by subsequent
leaching." This rock has obvious primary porosity, but the degree and type of fracture system also must
play an important role. Section 32 of T. 36 N., R. 30 E., probably is underlain by a highly complex fracture
system. All wells in this section are outstanding producers. These high performing wells in this section
will be investigated in subsequent pages.

The sill is comparable in general appearance and mineral composition with plugs, dikes, and sills that
crop out in the area. However, the igneous rocks exposed at the surface in the area are very fine grained
and dense and have little, if any, porosity. Samples from the two igneous plugs which crop out at Roof
Butte, 1 mile southeast of the No. 1 Navajo well, are difficult to distinguish from core chips from the
dense parts of the producing sill.

The intrusive rock has been determined to be about 31,000,000 years old which indicates probably
emplacement during the Oligocene. The host rock is approximately 300,000,000 years old and thus was
deposited during Pennsylvanian time.

A secondary target in Dineh bi Keyah is helium. Helium has been found in commercial quantities in the
deeper horizons - Devonian (McCracken and Aneth intervals)
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Kerr-McGee #1 Navajo: Permit 377
SE SW Sec. 32 T 36N R 30E

Elevation 7564

Spud Date: 1-22-65 Comp Date: 2-1-67

TD: 3864 IP 634, 851 BOPD (Reworked) with Redda pump
Formation Tops:

Triassic 0

Permian 573

Pennsylvanian 1305

Mississippian 3127

Devonian 3325

Cambrian 3690

Perfs: 2860 — 2942 Reworked in 7-19-67 in Hermosa formation (Tertiary syenite — igneous sill)
4 spf,
11-16-74: Acidized perfs with 5000 gals of 7.5% HCL Acid. Max Pressure 1100psi.
Average Injection rate 10 BPM at 600 psi. ISIP — O psi
11-18-74: Reperfd 2885 — 2942 with 2HPF
Fractured with 90,000 gals Gel (lease crude) and 90,000# 10-20 sand
Average Injection rate — 36BPM. Max Pressure 3000psi. ISIP 550 psi
Pumping with 1.50” Bore Rod Pump
Date of first production: 1-27-67
Date of Test: 12-2-74 250 bbls oil 56.8 Mcf Water 3 bbls  GOR: 227
Gravity of oil: 41.7 °API
Reworked:
4 spf with 0.46” @ 2860 — 2885

1 spf with 0.50” @ 2885 — 2942
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Treatment: 62,000 gal oil, 30,0004 sand, 3,000 adomite, 146 ball sealers
Max pressure: 3000 psi. Ave treating pressure: 2500 psi. Ave injection rate: 58.3BPM
7-23-67 1851 BO, 135 Mcf, 43.3°API, 0 bbls Water GOR: 73 cu/bbl

Acres: 160

Annual Production at Kerr-McGee #1 Navajo (377), Arizona (1967 - 2013)
SE SW 32-36N-30E Dineh-bi-Keyah Field, Apache County
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Figure 25: Annual Production at Kerr-McGee #1 Navajo (Permit 377), Arizona (1967-2013)
Cum Qil: 1,156,785 BBL
Cum Gas: 137,928 MCF

Cum Water: 31,229 BBL
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Kerr McGee #2 Navajo: Permit 379
SE NW Sec. 32 T 36N R 30E

Elevation 7604
Spud Date: 2-15-67 Comp Date: 3-12-67
TD: 3275 IP: 2865.5 BOPD, 43.5 °API with Redda pump

Formation Tops:

Triassic 0
Coconino 705
Supai 1440

Pennsylvanian 2494 (Hermosa) 3059 - 3157

Perfs: 3060 —3130 Reworked in 7-19-67 in Hermosa formation (Tertiary syenite —igneous sill)
4 spf,
11-16-74: Acidized 3060 - 3114 with 500 gals of acetic acid. Max Pressure 1100psi.
11-18-74: Fractured with 22,000 gals oil and 20,000# sand
. Max Pressure 3000psi.
Pumping with Reda Pump
Reworked:
12/7/72 2 HPF @ 3060 -3130
Treatment: 80,000 gal crude, 80,000# 10-20 sand
Max pressure: 3000 psi. Ave treating pressure: 2500 psi. Ave injection rate: 58.3BPM

12-1-72 332 BO, 33 Mcf, 41°API, 14 bbls Water GOR: 104 cu/bbl
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Figure 26: Induction log for Kerr-McGee #2 Navajo (Permit 379) showing perforation interval - 3060-
3114
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Annual Production at Kerr-McGee #2 Navajo (379), Arizona {1967 - 1979)
SE NW 32-36N-30E Dineh-bi-Keyah Field, Apache County
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Figure 27: Annual Production at Kerr-McGee #2 (Permit 379) Navajo, Arizona (1967-1979)
Cum Qil: 1,925,770 BBL
Cum Gas: 260,710 MCF

Cum Water: 129,654 BBL
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Kerr McGee #4 Navajo: Permit 384
SE NE Sec. 32 T 36N R 30E

Elevation 7353
Spud Date: 6-27-67 Comp Date: 7-23-67
TD: 2960 IP: 3249 BOPD, 43°API with Redda pump

Formation Tops:

Chinle 0 Red Shale with thin SS stringers
Coconino 565 Massive SS w/ shaly stringers in Lower 250
Cutler 1294 Sh, SS, LMS

Pennsylvanian 2408 LMS, Pred dense & tite w/ red & gray sh., some thin Sd stringers
Igneous 2887 Syenite

Hermosa 2959 LMS - dense and tite

Perfs: 2898 —2960

4 spf,

Acidized 2898 - 2960 with 500 gals of acetic acid. Max Pressure 1100psi.
Fractured with 60,000 gals oil and 30,000# sand, 3000# adomite

Max Pressure 900psi. Ave. Treating Pressure 700 psi, Ave. Treating Rate: 70 BPM.
Pumping with Reda Pump

3249 BO, 189 Mcf, 43°API, 0 bbls Water GOR: 58 cu/bbl

Rework : 12-8-77
2 HPF,
Acidized 2898 - 2960 with 1000 gals of Resi-sol and 100 gal of crude oil. Max Pressure 1100psi.

Fractured with 500 gal of scale preventative, 96,400 gals crude oil and 81,000# 10 — 20 sand and 7800#
of 100 mesh sand at 120 BPM

Pumping with Reda Pump
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Figure 28: Induction log for Kerr-McGee #4 Navajo (Permit 384) showing productive section at 2892 feet
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Annual Production at Kerr-McGee #4 Navajo (384}, Arizona (1967 - 2001)
SE NE 32-36N-30E Dineh-bi-Keyah Field, Apache County

10,000,000
1,000,000
— \ | T
100,000 ™ — - —
‘\
7 LY
[ /
|~ .
10,000 \ —— il BBLS
\ . ——Gas MCF
—— Water BBLS
]
1,000 \ = 4 7 i) :/
\/ / Y \
VT \ \
\/ AN/
N
100
10
1
™~ [=}] - m n ™~ (=] = oM wn M~ [=}] = m [l ™~ [=1] =i
w w0 M~ ™~ ~ ™~ ~ (=] =] o o o (=2} [=1] (=1} [=1] [=1] (=)
[=}] [=}] [=)] [=3] [=)] [=3] [=)] [=3] [=}] [=}] [=}] [=}] (=31 [=}] (=3} [=}] [=}] (=]
— — — — — — — — — — — — — — — — — ~

Figure 29: Annual Production at Kerr-McGee #4 Navajo (Permit 384), Arizona (1967-2001)

Cum Oil: 3,624,310 BBL

Cum Gas: 110,968 MCF

Cum Water: 2,984,635 BBL
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Kerr McGee #3X Navajo: Permit 386
SE SE Sec. 32 T 36N R 30E

Elevation 8017
Spud Date: 3-11-67 Comp Date: 4-07-67 Recompletion Date: 10-8-73
TD: 3600 IP: 3249 BOPD, 43°API with Reda pump

Formation Tops:

Triassic 0
Coconino 1095 SS, shale, and chert streaks
Supai 1840 Sh, andSS

Pennsylvanian 2894 LMS, Pred dense & tite w/ red & gray sh., some thin Sd stringers
Igneous 3422 Syenite

Hermosa 3480 LMS —dense and tite

Perfs: 3457 -3477

4-7-67

5 spf 0.47” Jet,

Acidized 3427 - 3457 with 250 gals of acetic acid. 1500 gals 3% hydrofluoric acid and 30 ball sealers..
Fractured with 30,000 gals oil and 15,000# sand. Max Pressure 1700#.

Pumping with Reda Pump

2865 BO, 367 Mcf, 43.5°API, 0 bbls Water GOR: 128 cu/bbl

Rework : 6-19-73

2 HPF,

Acidized 3437 - 3477 with 500 gals of acetic acid. Max Pressure 1100psi.

Fractured with 77,674 gals oil and 80,000# 10 — 20 sand

Max Pressure 1600psi. Ave. Treating Pressure 1500 psi, Ave. Treating Rate: 89.6 BPM.

Pumping with Reda Pump
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320 BO, 138 Mcf, 40°API, 75 bbls Water GOR: 432 cu/bbl

Annual Production at Kerr-McGee #3X Navajo (386) , Arizona (1967 - 2013)
SE SW 32-36N-30E Dineh-bi-Keyah Field, Apache County
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Figure 30: Annual Production at Kerr-McGee #3X Navajo, Arizona (1967-2013)

Cum 0Oil: 1,926,637 BBL

Cum Gas: 639,529 MCF

Cum Water: 226,003 BBL
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Kerr McGee #11 Navajo: Permit 506
NW SE Sec. 32 T 36N R 30E

Elevation 7402
Spud Date: 7-8-69 Comp Date: 8-09-69 Recompletion Date: 12-15-77
TD: 2893 IP: 456 BOPD , 167 Mcfd, 43°API with Reda pump
Formation Tops:
Chinle (Triassic) 0 Red Shale with thin stringers of sand
Coconino (Permian) 482 Massive sandstone with shaly stringers
Hermosa (Penn) 2328 Limestone, predominantly dense and tite
with red and gray shale, some thin sandstone stringers
Black Shale 2792 Shale, dolomitic, dense

Intrusive 2800 Syenite

Perfs: 2831 -2893

8-9-69

Open hole

Fractured 2831 — 2893 with 60,060 gals oil, 37,500# sand and 3000# Adomite.
Max Pressure 1350 psi; Ave. Pressure 1200 psi; Ave. Injection Rate: 79 BPM
Tubing pump

456 BO, 167 Mcf, 42.8°API, 0 bbls Water GOR: 366 cu/bbl

Rework : 12-15-77
2 HPF,
Acidized with 1000 gals of Resi-Sol and 400 gals crude oil.

Fractured with 500 gals scale inhibitor; 95,900 gals crude oil; 7,350# 100 mesh sand; 81,0000 80,000# 10
— 20 sand. Ave. Treating Pressure 1616 psi, Ave. Treating Rate: 115 BPM.

Pumping with Reda Pump

70



Oil and Gas; and Helium Production Potential of Oil and Gas Assets in Navajo County, Arizona.
Blackstone Exploration Company Inc.

Olufela Olukoga, Reservoir Engineering Consultant

320 BO, 138 Mcf, 40°API, 75 bbls Water GOR: 432 cu/bbl

Annual Production at Kerr-McGee #11 Navajo (506), Arizona (1967 - 2013)
NW SE 32-36N-30E Dineh-bi-Keyah Field, Apache County
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Figure 31: Annual Production at Kerr-McGee #11 (Permit 506) Navajo, Arizona (1967-2013)

Cum Oil: 1,028,505 BBL

Cum Gas: 649,482 MCF

Cum Water: 85,464 BBL

71



Oil and Gas; and Helium Production Potential of Oil and Gas Assets in Navajo County, Arizona.
Blackstone Exploration Company Inc.

Olufela Olukoga, Reservoir Engineering Consultant

24 LY 1]

]
( /—_
wo

al Intr = gheant

Intr, 44277 - --"‘—‘—-\\
Fa

- HEmA-MoQEE HERP
R ‘\-\\ R
RUTTTE L L “HEvRID”
Jon ~

P - '|
EXHIBIT NO.2
“SILL STRUCTURE map”

HUMBLE
L]

..——-1—---.___‘_"‘-“--I
"o,
- .o
e 428 mn:\:us" Inbr b 8421 T v+ 4260
30 \ 29
»s L
/— L. P L 1
r “ Enir 4 4348 lnlr+i“.‘,..—-\\ Nt 2847 Imf:w.
5
HUMBLE ) - WERR-MGEE -+ HER
BT -

C =
inir +4T44 InEr+ 4508 Inkr# %554

1] e 24 48 43 k1]
BN
e Intr+ 4762 '
.-'h - Inlv+ 4683
inkr + SBE% inke+ 4713 \

-
W

HEHII__E REAMR: MclEE WEMD
(k13 X - M -TD " -
-I, . \. I-K "t
: \ tnir 4 4781
£ Pan hm
i +
finlr - obsesi il
Intr #4836
]
-
) £ Cose Mo. 36
*peE O April 16,1969 i
- Infr = ghaend
: (“ KERR MCGEE CORPORATION . . W
"Ii:
DINEH-bi-KEYAH FIELD 1
Apache Co., Arizona
BEaLk t " s zooe’ LY ot

Figure 32: Map showing extent of intrusive tertiary sill at the Dineh-bi-Keyah Field, Apache County,
Arizona
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Kerr McGee #24 Navajo: Permit 695
NW/NW Sec. 32 T 36N R 30E

Elevation 7402
Spud Date: 9-24-78
TD: 3515
Formation Tops:
Chinle (Triassic)
Coconino (Permian)
Hermosa (Penn)
Black Shale

Intrusive

Perfs: 3413 —3515
11-7-78

Open hole

1045

2885

3365

3412

Comp Date: 11-07-78

IP: 85 BOPD, 60.8 Mcfd, 197 BW, 43°API with Reda pump

Red Shale w/thin stringers of sand
Massive sandstone w/shaley stringers
Gray, dense limestone w/shaley stringers
Black Shale

Syenite

Fractured 3413 — 3515 with 76,000 gals crude, 120,000# sand.

Max Pressure 1350 psi; Ave. Pressure 310 psi; Ave. Injection Rate: 54 BPM

Tubing pump

85 BO, 60.8 Mcf, , 197 bbls Water GOR: 715 cu. ft/bbl
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Annual Production at Kerr-McGee #24 Navajo (695), Arizona (1978 - 2013)
NW NW 32-36N-30E Dineh-bi-Keyah Field, Apache County
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Figure 33: Annual Production at Kerr-McGee #24 Navajo (Permit 695), Arizona (1978-2013)

Cum Qil: 296,949 BBL
Cum Gas: 55,775 MCF

Cum Water: 1,095,988 BBL
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WELLS IN CLOSE PROXIMITY

The wells drilled in close proximity to the BECI wells in Navajo county will also be investigated. Primarily
this study will examine the pertinent well historical data, including drilling and completion techniques
employed to determine the reservoir characteristics and also production drivers for these wells.

Lydia Johnson Trustee #2 — Permit 097

The Lydia Johnson Trustee #2 well is located in SW NE; Sec 33, Twp 14N, Range 20E Navajo County,
Arizona. It was drilled to a total depth of 1540 feet in 1959. The following formations were encountered
at these depths:

Chinle Conglomerate: Surface

Top of Coconino: 315 feet
Base of Coconino: 555 feet
Salt Section: 715 feet
Fort Apache: 1510 feet

Perforations were made within the Fort Apache at the following interval: 1517 — 1523 with 4 shots per
feet. The well was acidized with 2000 gals acid. Oil shows were reported in the Fort Apache as well as
slight gas and distillate. This well was plugged and abandoned in December, 1963.
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Lockhart Aztec #1

The Lockhart Aztec #1 well is located in Sec 33, Twp 14N, Range 20E Navajo County, Arizona. The
elevation at the well site is about 6000 feet above sea level. The well was drilled to a total depth of 3734
feet in June 1949 where it reached the base of the granite formation.

This well was drilled by L.M Lockhart of Los Angeles. It was cored continuously from 1678 feet to 2181
feet, and from 3492 feet to the bottom. Core recovery was nearly 90% and an unusually accurate picture
of the encountered formations is available. The following formations were encountered at these depths:

Coconino: Surface

Supai: 550 feet
Fort Apache Zone of Upper Supai: 1520 feet
Bottom Fort Apache: 1750 feet
Middle Supai: 2160 feet
Lower Supai 2480 feet
Intra-formation conglomerate 3015 feet
Pennsylvanian Formation 3024 feet
Mississippian Formation 3650 feet
Devonian Formation 3685 feet
Total Depth 3734 feet

Electric resistivity and gamma ray logs were run after the completion of the well. A drill stem test was
run from 1678 to 1742 feet with negative results. The well was plugged and abandoned without any
thorough formation tests made.

The marine formations of the Permian, Pennsylvanian, Mississippian and Devonian age are all
considered as source beds for petroleum because of their high content of organic material. Many small
oil shows were reportedly encountered from 1500 to about 3700 feet. There were also indications of gas
and some smell of distillate.

Core analyses were reported to show two zones with petroliferous possibilities: One from 1540 to 1750
feet and the second from 3590 to 3700 feet. Both zones are in “tight” limestone formations, i.e.
formations which will give up their petroleum content only upon the application of heavy dosages of
acid. The drill stem test run from 1678 to 1742 feet was in the first possible aforementioned zone. It
showed an 18 minute blow of air and a strong distillate smell but nothing more. Core analyses of this
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zone show a low porosity and low permeability zone —“tight”, however the oil saturation of the pore
space is over 25%. Similar oil saturation exists in the second zone at 3590 to 3700 feet.

While the formations penetrated in these two zones are admittedly “tight”, the percentage of saturation
of the available pore space warrants the thorough testing of these two sections with adequate shooting
and intense acidization.

The electric log of this well is reported to be very similar to the Dove Cree Field and the Boundary Butt
Field discovery well electric logs. The discovery well in Boundary Butte Field was initially abandoned as a
dry hole because of the “tight” appearance of the limestones. Subsequent shooting and heavy
acidization made this an excellent producing well and opened up a new field.

Recommendations were made to test the two zones by shooting and heavy acidizing. However, the well
was never shot and acidized to test the identified possible petroleum zones. The well was plugged and
abandoned on June 6th, 1949 — three days after completion (Heindl, 1949).
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Core Analysis of Lockhart Aztec #1 Well

Core analyses, electric log, solubility tests were employed to identify important zones that have the
possibility of oil and gas production in this well.

Three potential oil and gas horizons were indicated by these tests as follows:

Zone 1: The top of the Fort Apache zone of the Upper Supai formation at 1520 feet. The cuttings from
1520 — 1628 feet showed oil stains however, this section was not cored. Core samples were taken from
1678 to 1741 feet with 100% core recovery of the 63 feet core. Core analysis of this section shows a
dolomitic limestone with a weighted average porosity of 3.5%; average oil saturation of 32.6% and 70%
solubility in acid. Permeability tests indicated a high capacity of the section.

Zone 2: Within the Pennsylvanian zone, from 3150 to 3600 feet there is an interval the upper part of
which consists of lime showing only minor fractures with local zones of saturation. From 3452 to 3513
feet, laboratory tests indicate a saturation ranging between 0 to 12.8% and acid solubility range of 57%
to 92%, with an average of 70%. From 3513 to 3600 feet alternating shales, limestones and sandstones
show minor fracturing and a small saturation in the cores. It was recommended that the whole zone, an
aggregate of 400 feet may be worth a test in future wells.

Zone 3: Major fracturing was noted within the Mississippian formation — a brecciated, hard, red, gritty
conglomerate from 3610 to 3640 feet.

Core analysis from 3657 to 3685 feet shows continuous oil saturation ranging from 3.6% to 41.4%; and
an acid solubility from 76.5% to 89.5%. Effective porosity of this zone ranges from 1.1% to 5.5% and
major fracturing is plainly visible.

Core analyses of Devonian cores from a depth of 3685 to 3708 feet indicate oil saturation ranging from 0
to 14.5% with a weighted average of 9.6%; acid solubility from 38.9% to 89.4% with a greater portion of
the zone averaging better than 74.3%.

The high porosity and saturation indicated by core analyses in zones 1 and 3, together with the high
solubility of the formations in each zone and the presence of major fractures give these two zones a high
potential value as oil and gas horizons. With modern methods of well completion and development no
well having the indications shown by this well should be abandoned, without a proper well treatment
with acid and, as indicated in this case, implemented by shooting to loosen the formation and make it
more susceptible to acid.

78



Oil and Gas; and Helium Production Potential of Oil and Gas Assets in Navajo County, Arizona.
Blackstone Exploration Company Inc.

Olufela Olukoga, Reservoir Engineering Consultant

From the foregoing facts it is obvious that acidizing offers excellent possibilities of developing
commercial production of oil and gas in at least two horizons in the Lockhard No. 1 well. It is therefore
recommended that after drilling out the plug and cleaning the well the following steps be taken:

Zone 3:

It is suggested that 5.5 inch casing be set at 3605 feet and cemented with at least 250 sacks of cement
and preferably 300 sacks. It is then desirable to shoot the formation with 250 quarts of nitroglycerin.
The well should then be thoroughly cleaned out and a production test made. If the shot fails to develop
commercial production of oil or gas it will serve to form lines of fracturing in a deep zone surrounding
the borehole which will permit the acid to penetrate deeper into the formation. This should be applied
in at least two or preferably three stages. The first should be no more than 1,000 gallons. After that the
well should be thoroughly cleaned out and a production test made. The second stage should be with
3,000 gallons. If a third stage is necessary then 10,000 gallons should be applied, cleaned out and tested.

Zone 1:

This zone, from 1520 to 1741 feet, is also a most attractive one. If zone 3 should fail to develop into a
commercial zone after acid treatment the same procedure should be followed with zone 1.

After recovering as much casing as possible above the cemented section a bridge plug should be set at
1750 feet. The casing should be set at 1520 feet and cemented with 250 sacks of cement. There will
then remain 230 feet of open hold which should be shot with 350 quarts of nitroglycerin, cleaned out
and tested. If results are negative or unsatisfactory then a three stage acid treatment should be applied
with the first stage being 1,000 gallons; the second 5,000 gallons and the third if necessary not more
than 10,000 gallons. It is important that the well be cleaned out and tested after each stage. Then if the
results of any one stage are satisfactory the others can be eliminated.

Even should the results of the third and deepest zone prove satisfactory it may be found desirable to
treat the zone 1 interval. In such case the casing should be perforated with from 300 to 400 perforations
opposite the interval from 1520 to 1741 feet. Then the recommended acid treatment should be applied.

Although carbonate rocks, such as limestones, are not all equally soluble in acid, where properly applied,
the acid produces amazing results even where the formations have as barely a color of oil or a faint gas
odor while drilling. Acid enlarges the pores and creates cavities in limestone, especially where major
fracturing exists. The deeper the acid penetrates the formations away from the bore hole the greater
the pores become permitting a freer flow of oil and gas. Hence the advisability of acidizing in two or
three stages, each stage with a greater amount of acid than the preceding one.

It is not possible to estimate the amount of oil or gas that acid treatment will develop on relatively
similar formations in widely separated areas. Comparisons may prove unsatisfactory. In order to point
out what the proper application of acid can do, however, it may not be amiss to cite the development of
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a well in the Boundary Buttes area of Northeastern Arizona and Southeastern Utah which is now
producing from Hermosa limestone, the geological equivalent of the formation in the lower zone of the
Lockhart well.

Byrd-Frost’s English #1, located in C NE1/4 NW1/4 Section 22 Twp 43S Range 22E, San Juan County,
Utah, topped the Hermosa formation of the Pennsylvanian at 3790 feet. The lime core showing oil and
gas. Laboratory tests of the core did not show good porosity. A drill stem test, however, from 4625 to
4677 feet, open 1.5 hours, had gas at the surface in ten minutes estimated at 250,000 cubic feet per
day.

The zone was treated with acid through 200 perforations in the casing. The first stage of 1,000 gallons
did not produce any additional gas. The second treatment with 2,000 gallons increased the flow of gas
from 8 million to 10 million cubic feet per day. The last stage of 10,000 gallons developed the flow of gas
to an actual measurement of 20 million cubic feet per day with a small amount of high gravity oil.
(Further discussion of the English #1 is carried out in subsequent pages).

Laboratory tests of the cores from the two horizons (Zones 3 and 1) mentioned above in the Lockhart #1
well indicate that the three stage acid treatment recommended has better than an average chance of
developing commercial production. Both zones are equally important and both should be tested
(Larrazolo Jr., 1949)

Gas Analysis

The gas show from 1635 — 1735 feet in the Lockhart #1 well was collected and sampled. The results of
the analysis indicated the gas composition to be helium (0.28%); methane (24.6%); nitrogen (69.9%);
and the dry gas - 372 BTU/CU.FT. This gas analysis was performed in June, 1949.

A second gas analysis was carried out in October 1962. This yielded comparable gas composition results
13 years later. The gas composition was reported to be helium (0.267%); methane (23.8%); nitrogen
(70.7%) and dry gas — 357 BTU/CU.FT.
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Figure 34 (a): Induction log for Lockhart Atzec #1 showing Zone 1: 1520 — 1741; core samples obtained
from 1678 - 1741
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Figure 34 (b): Induction log for Lockhart Atzec #1 showing Zone 2: 3150 — 3600, core samples obtained
from 3452 — 3519; and Zone 3: 3610 — 3640, core samples obtained from 3657 — 3685

Figure 34 (a) and (b) showing the induction logs for Lockhart Atzec #1 indicating Zones 1, 2 and 3 from
which cores were obtained and analyzed.

An earlier report on the Lockhart #1 Aztec well was also discovered in the well file for this well. This
report, dated August 1949 was prepared by Ed D. Mckee, a Geologist based in Phoenix, Arizona.

Mckee (1949) reported on the stratigraphic geology of L.M. Lockhart #1 Aztec Well. Sec. 33, T14 N, R 20
E., Navajo County, Arizona, Elevation 6011 feet.

Also, Mckee described the stratigraphic column of the well based on well log, and examination of well
cores and samples as follows:
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Rock Description Formation
Sandstone, white, quartzitic, fine-grained Coconino
Shale, red brown, slity, calcareous, in sandstone
Anhydrite and gypsum in shale Supai
Sandstone, alternating with gypsum, anhydrite, halite
Shale, gray and brown, silty, dolomitic, massive
Anhydrite, mottled to white, hard, dense
Shale, gray brown, calcareous
Shale, red brown, halite inclusions; grading sown to anhydrite, halite,
sandstone, red shale
Dolomite, dark gray to black, silty, some black organic matter Fort Apache
Shale, gray, alternating with dolomite
Dolomite, brownish gray Base Ft. Apache
Shale, red brown, dolomitic
Halite, with beds of sandstone and anhydrite Base Up. Supai
Anhydrite, gray, massive with halite
Shale, red to chocolate brown, sandy, includes gypsum and minor
beds of sandstone
Shale, gray, highly micaceous, dolomitic
Dolomite, brown to gray brown, silty
Shale, gray, dolomitic, and some dolomite
Limestone, gray brown, shaly, dolomitic, with minor streaks of brown,
calcareous shale
Shale, brown, calcareous, hard, dense; some gypsum
Shale, brown, calcareous; streaks of brown limestone
Limestone, cherty, hard, silty, interbedded with calcareous, mottled
green shale

Shale, brown, calcareous, fractured, with anhydrite inclusions
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3015 Limestone conglomerate; smooth brown limestone pebbles in
lime matrix Base of Middle Supai

3020 Shale, blue gray, calcareous, slity

3040 Shale, brown, calcareous, small line pebbles

3090 Limestone, brown, silty, some fractures

3107 Shale, brown, calcareous

3121 Limestone, gray, very shaly

3127 Shale, brown, calcareous

3132 Limestone, dark gray, silty

3138 Shale, brown gray, calcareous

3141 Limestone, gray, very silty, nodular

3147 Limestone, aphanitic, gray, cherty, fractured

3156 Shale, dark brownish gray, calcareous

3166 Limestone, gray, silty, cherty

3175 Shale, dark gray to black, fossiliferous, calcareous, with minor
fractures

3184 Limestone, gray, massive, coarse grained, fossiliferous

3216 Shale, micaceous, silty, calcareous, minor fractures

3273 Shale, gray, silty, bentonitic, calcareous, with lime pebbles

3296 Limestone, gray, alternating with gray shale

3385 Shale, mottled, red brown, calcareous, nodular; and limestone,

thin, granular, shaly

3424 Limestone, gray, granular, silty, fossiliferous; some chert, minor fractures
3471 Sandstone, very fine grained, fractured, calcareous
3479 Limestone, gray, cherty, granular, minor fractures; grades down

into shaly limestone
3505 Shale, red brown, calcareous, micaceous, with beds of fossil limestone

3539 Sandstone, dark gray, hard, fine-grained, with purple shale partings
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3544 Limestone, light gray, coarse-grained, silty, with shaly partings and gray

brown nodular shale

3575 Shale, red brown, calcareous, fossiliferous

3610 Shale, red, silty, mottled, with subangular granite fragments

3641 Sandstone, very shaly, fine to medium-grained, calcareous; some limestone
inclusions

3650 Limestone, dolomitic, silty, massive, with minor fractures

3657 Limestone, dolomitic, granular, sandy, with vugs of white crystalline limestone,

major fractures

3685 Limestone, dolomitic, gray green, with thin gnarly beds of sandy shale
3708 Sandstone, fine-grained, calcareous
3724 Granite, biotite, weathered Pre-Cambrian

Most if not all of the sedimentary strata encountered in the well are of Pennsylvanian and Permian age.
Pre-Cambrian granite was encountered at the bottom and a small thickness of Devonian and
Mississippian strata may possibly rest upon it, though the writer believes that Pennsylvanian beds
extend down to the granite. It is important to note that this well is located on the margin of a basin of
Pennsylvanian age and near the center of the deepest basin of Permian age (3200 feet) in Arizona.

Zones that show Oil Concentrations

According to core analysis by Stanolind Oil and Gas Company the following zones were found to contain
oil (Analysis made by the research department in Tulsa):

1678 —1741
2873 -3129
3175-3449
3452 - 3515
3657 -3708
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Zones of Porosity and High Resistivity from Electric Log
The induction log prepared by Schlumberger indicates the following:

1. Porous zone in limestone with high resistivity from 1510 to 1730 feet.

2. Various zones if porosity and high resistivity in limestone indicated between 2873 and 3565 feet,

3. Zone in limestone between 3657 and 3708 indicates a porous zone of high resistivity related to
area of major fracturing observed in the cores.

Zones of Observed Fracture:
Based on physical observation, the following zones of fracture in limestone were noted:

1. Minor fracturing in limestone 1678 — 1741 feet.
2. Minor fracturing in limestone and shale 2873 — 3515 feet.
3. Major fracturing in limestone 3657 — 3704 feet.

Conclusions: The most favorable zone for testing based on field examination of cores, cuttings,
induction well log and lab analysis of core appears to be between 3600 — 3708 feet. A second favorable
zone for testing is indicated between 1510 and 1730 feet. Third zone is between 2873 — 3565 feet.
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English #1, S22 T43S R22E
The English 1 is located in Sec 22, Twp 43S, R 22 E in San Juan County, Utah with 5415 feet elevation.
This well was completed June 10, 1948.

Formation Record for this well:

Depth Thickness Formation

0-525' 525’ Sandstone; white, med to crs
525'-740’ 215’ Sandstone with red shale

740’ —930’ 190’ Shale; sandy, with traces pink limestone
930’ - 1340’ 410’ Shale; red to purple

1340' — 1405’ 165’ Sand; red and white, v. crs.

1405’ — 1645’ 240’ Shale, red, with some sand
1645'—-1770' 125’ Sand, white, to grey med.

1770' — 2040’ 270’ Shale, red and sand lenses

2040’ — 3055’ 1015’ Shale; red-green, with minor

amounts of limestone, anhydrite and chert
3055’ — 4480’ 1425’ Limestone; grey to red, silty, with heavy
beds of fine micaceous sandstone
4480' - 5270’ 790’ Limestone; tan to brown, med grained
to fine, fossiliferous in part. Some beds of
black calcareous shale. Nodules of black
and orange chert
5270'-5510' 240’ Limestone; tan f. xtIn, with considerable

green and red shale

5510’ - 5870’ 360’ Limestone; white, med. to crs. xtln, cherty
5870'-6055 ' 185’ Limestone; shaley with some beds white sandstone
6055’ — 6090’ 35’ Limestone; brn, with increasing amts of quartz
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The following potential productive zones were encountered in this well:

1. 4620 to 4675 feet
2. 4780 to 4825 feet
3. 5100 to 5150 feet
4. 5200 to 5300 feet

5. 5150 to 5650 feet
Well Treatment performed on February 1, 1949:
The well was acidized with 20,000 gallons in zones below 4670 feet
Well plugged back to 4670 feet.
Further acidizing with 13,000 gallons through perforations 4620 to 4670 feet.

Production: 25,000 Mcf/d
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Figure 35: Induction Log for English #1, San Juan County, Utah showing perforation depth at 4620 to
4670 feet.
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BECI Wells
The report will now focus on the four wells currently drilled by Blackstone Exploration Company Inc.

These wells include the:
Rocking Chair Ranch #1,
Rocking Chair Ranch #2,
Rocking Chair Ranch #3 and
Rocking Chair Ranch #4.
These wells have been drilled and logged with both mud logs and electrical induction logs.

The well logs for each well will be evaluated and possible hydrocarbon zones will be identified and
recommended for completion.
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ROCKING CHAIR #1
Location: SEC 5-T13N-R23E

NAVAJO COUNTY, ARIZONIA, USA

Drilling Completed: 3-06-2016

API#: 02-017-20109

Ground Elevation (ft): 5826.9 K.B. Elevation (ft): 5827

Total Depth: 2218 (ft)
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Figure 36 (a): Mud log for Rocking Chair Ranch #1 showing possible reservoir — Zone 1 (1336 — 1374
feet).
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Figure 36 (b): Induction log for Rocking Chair Ranch #1 showing possible reservoir — Zone 1 (1336 — 1374
feet).

Possible productive zone indicated at 1336 — 1374 feet. Formation thickness is 38 feet.

This zone shows high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 36 (a) and (b) above.
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Figure 37 (a): Mud log for Rocking Chair Ranch #1 showing possible reservoir — Zone 2 (1450 — 1500
feet).
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Figure 37 (b): Induction log for Rocking Chair Ranch #1 showing possible reservoir — Zone 2 (1450 — 1500
feet).

Possible productive zone indicated at 1450 — 1500 feet. Formation thickness is 50 feet.

This zone shows high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 37 (a) and (b) above.
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Figure 38 (a): Mud log for Rocking Chair Ranch #1 showing possible reservoir — Zone 3 (1610 — 1626
feet).
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Figure 38 (b): Induction log for Rocking Chair Ranch #1 showing possible reservoir — Zone 3 (1610 — 1626
feet).

Possible productive zone indicated at 1610 — 1626 feet. Formation thickness is 16 feet.

This zone shows high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 38 (a) and (b) above.
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Figure 39 (a): Mud log for Rocking Chair Ranch #1 showing possible reservoir — Zone 4 (1970 — 1992
feet).
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Figure 39 (b): Induction log for Rocking Chair Ranch #1 showing possible reservoir — Zone 4 (1970 — 1992
feet).

Possible productive zone indicated at 1970 — 1992 feet (based on mud log readings). Formation
thickness is 22 feet

This zone shows high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 39 (a) and (b) above.
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ROCKING CHAIR RANCH #2
SECTION: 13-T14N-R19E

NAVAJO COUNTY, ARIZONA

API# 02-017-20110

ELEVATIONS: KB: 5854’ GL: 5845’

(DRILLING MEASURED FROM KB)

TOTAL DEPTH: RTD: 2689’ LTD: 2684’  Drilling Completed: January 6, 2016
05-03-2016: Perforating the upper-Supai zones in the RCR02.
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Figure 40 (a): Induction log for Rocking Chair Ranch #2 showing possible reservoir — Zone 1 (1170 — 1179
feet).

Possible productive zone indicated at 1170 — 1179 feet. Formation thickness 9 feet.
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This is a zone showing high resistivity on the electric log in Figure 40 (a) above.
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Figure 41 (a): Mud log for Rocking Chair Ranch #2 showing possible reservoir — Zone 2 (1344 — 1360
feet).
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Figure 41 (b): Induction log for Rocking Chair Ranch #2 showing possible reservoir — Zone 2 (1344 — 1360
feet).

Possible productive zone indicated at 1344 — 1360 feet. Formation thickness is 16 feet.

This zone shows high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 41 (a) and (b) above.
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Figure 42 (a): Mud log for Rocking Chair Ranch #2 showing possible reservoir — Zone 3 (1450 — 1550
feet).
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Figure 42 (b): Induction log for Rocking Chair Ranch #2 showing possible reservoir — Zone 3 (1450 — 1550

feet).

Possible productive zone indicated at 1450 — 1550 feet. Formation thickness is 100 feet.
This zone shows high resistivity on the electric log and high gas readings on the mud log as indicated in

Figure 42 (a) and (b) above.
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Figure 43 (a): Mud log for Rocking Chair Ranch #2 showing possible reservoir — Zone 4 (1620 — 1632
feet).
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Figure 43 (b): Induction log for Rocking Chair Ranch #2 showing possible reservoir — Zone 4 (1620 — 1632
feet).

Possible productive zone indicated at 1620 — 1632 feet. Formation thickness is 12 feet.

This zone shows high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 43 (a) and (b) above.
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Figure 44 (a): Mud log for Rocking Chair Ranch #2 showing possible reservoir — Zones 5 and 6 (1820 —
1836 feet; 1940 — 1966 feet).
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Figure 44 (b): Induction log for Rocking Chair Ranch #2 showing possible reservoir — Zones 5 and 6 (1820
— 1836 feet; 1940 — 1966 feet).

Possible productive zones indicated at 1820 — 1836 feet; and 1940 — 1966 feet. Formation thicknesses
are 16 and 26 feet respectively.

These zones show high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 44 (a) and (b) above. It is important to note that the mud logs have high readings throughout the
interval (1820 to 1966 feet). The lithologies through these intervals are predominantly anhydrite, shale
and limestone. These intervals can be acidized and fractured.

106



Oil and Gas; and Helium Production Potential of Oil and Gas Assets in Navajo County, Arizona.
Blackstone Exploration Company Inc.

Olufela Olukoga, Reservoir Engineering Consultant

ROCKING CHAIR RANCH #3
SECTION 21-14N-R19E

Location: Navajo County, Arizona
Drilling Completed: 4-27-2016.
Total Depth (TD): 2223'.
Perforations:

1559'-1565'

1546'-1554'

1532'-1542'

1526’-1532'
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Figure 45 (a): Mud log for Rocking Chair Ranch #3 showing possible reservoir — Zones 1 and 2 (1030 —
1050 feet; and 1148 — 1162 feet).
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Figure 45(b): Induction log for Rocking Chair Ranch #3 showing possible reservoir — Zones 1 and 2 (1030
— 1050 feet; and 1148 — 1162 feet).

Possible productive zones indicated at 1030 — 1050 feet; and 1148 — 1162 feet. Formation thicknesses
are 20 and 14 feet respectively.

These zones show high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 45 (a) and (b) above.
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Figure 46 (a): Mud log for Rocking Chair Ranch #3 showing possible reservoir — Zones 3 and 4 (1212 -
1220 feet; and 1250 — 1268 feet).
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Figure 46(b): Induction log for Rocking Chair Ranch #3 showing possible reservoir — Zones 3 and 4 (1212
— 1220 feet; and 1250 — 1268 feet).

Possible productive zones indicated at 1212 — 1220 feet; and 1250 — 1268 feet. Formation thicknesses
are 8 and 18 feet respectively.

These zones show high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 46 (a) and (b) above.
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Figure 47 (a): Mud log for Rocking Chair Ranch #3 showing possible reservoir — Zones 5 and 6 (1488 —
1496 feet; and 1506 — 1674 feet).
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Figure 47 (b): Induction log for Rocking Chair Ranch #3 showing possible reservoir — Zones 5 and 6 (1488
— 1496 feet; and 1506 — 1674 feet).

Possible productive zones indicated at 1488 — 1496 feet; and 1506 — 1674 feet. Formation thicknesses
are 8 and 168 feet respectively

These zones show high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 47 (a) and (b) above.
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Figure 48 (a): Mud log for Rocking Chair Ranch #3 showing possible reservoir — Zones 7 and 8 (1840 —
1856 feet; and 1980 — 1992 feet).
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Figure 48 (b): Induction log for Rocking Chair Ranch #3 showing possible reservoir — Zones 7 and 8 (1840
— 1856 feet; and 1980 — 1992 feet).

Possible productive zones indicated at 1840 — 1856 feet; and 1980 — 1992 feet. Formation thicknesses
are 16 and 12 feet respectively

These zones show high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 48 (a) and (b) above. Note the gas show from the top (1840 feet) to the bottom (1992 feet) of the
mud log section.
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Figure 49 (a): Mud log for Rocking Chair Ranch #4 showing possible reservoir — Zones 1; 2; 3 and 4 (1052
— 1070 feet; 1106 — 1112 feet; 1140 — 1150 feet; and 1160 — 1190 feet).
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Figure 49 (b): Induction log for Rocking Chair Ranch #4 showing possible reservoir — Zones 1; 2; 3 and 4
(1052 — 1070 feet; 1106 — 1112 feet; 1140 — 1150 feet; and 1160 — 1190 feet).

Possible productive zones indicated at 1052 — 1070 feet; 1106 — 1112 feet; 1140 — 1150 feet; 1160 —
1190 feet. Formation thicknesses are 18; 6; 10 and 30 feet respectively

These zones show high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 49 (a) and (b) above. Note the gas show from the top (1052 feet) to the bottom (1190 feet) of the
mud log section.
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Figure 50 (a): Mud log for Rocking Chair Ranch #4 showing possible reservoir — Zones land 2 (1200 —
1224 feet; and 1264 — 1290 feet).
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Figure 50 (b): Induction log for Rocking Chair Ranch #4 showing possible reservoir — Zones 1and 2 (1200
— 1224 feet; and 1264 — 1290 feet).

Possible productive zones indicated at 1200 — 1224 feet; and 1264 — 1290 feet. Formation thicknesses
are 24 and 26 feet respectively

These zones show high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 50 (a) and (b) above.
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Figure 51 (a): Mud log for Rocking Chair Ranch #4 showing possible reservoir — Zone 3 (1400 — 1550
feet).
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Figure 51 (b): Induction log for Rocking Chair Ranch #4 showing possible reservoir — Zone 3 (1400 — 1550
feet).

Possible productive zone indicated at 1400 — 1550 feet. Formation thickness is 150 feet.

This zone shows high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 51 (a) and (b) above.
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Figure 52 (a): Mud log for Rocking Chair Ranch #4 showing possible reservoir — Zones 4 and 5 (1550 —
1570 feet, and 1580 — 1704 feet).
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Figure 52 (b): Induction log for Rocking Chair Ranch #4 showing possible reservoir — Zones 4 and 5 (1550
— 1570 feet, and 1580 — 1704 feet).

Possible productive zones indicated at 1550 — 1570 feet, and 1580 — 1704 feet. Formation thicknesses
are 20 and 124 feet respectively

These zones show high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 52 (a) and (b) above.
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Figure 53 (a): Mud log for Rocking Chair Ranch #4 showing possible reservoir — Zone 6 (1716 — 1820
feet).
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Figure 53 (b): Induction log for Rocking Chair Ranch #4 showing possible reservoir — Zone 6 (1716 — 1820
feet).
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Possible productive formation indicated at 1716 — 1820 feet. Formation thickness is 104 feet.

This zone shows high resistivity on the electric log and high gas readings on the mud log as indicated in
Figure 53 (a) and (b) above.
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Summary of Well Evaluation

The following wells drilled by Blackstone Exploration Company Inc. (BECI); -Rocking Chair Ranch #1, #2
,#3 and #4 were evaluated. The mud log and induction logs for each well indicated multiple zones in
each well that can potentially be hydrocarbon bearing reservoir rocks. Each identified zone will need to
be isolated and tested to determine the production performance of each zone. The dominant lithology
in these wells is limestone or carbonate, with shales; and evaporites including anhydrite, gypsum. These
identified zones will need to be stimulated with acid and fractured to recover the oil and gas (including
helium) that are contained in these tight reservoir rocks.

Rocking Chair Ranch #1

e Zone 1: 1336 — 1374 feet. Formation thickness is 38 feet.
e Zone 2: 1450 — 1500 feet. Formation thickness is 50 feet.
e Zone 3:1610 — 1626 feet. Formation thickness is 16 feet.
e Zone 4: 1970 - 1992 feet. Formation thickness is 22 feet

This well has 4 possible productive zones with a total thickness of 126 feet.

Rocking Chair Ranch #2

e Zone 1:1170 - 1179 feet. Formation thickness 9 feet.

e Zone 2:1344 — 1360 feet. Formation thickness is 16 feet.
e Zone 3: 1450 — 1550 feet. Formation thickness is 100 feet.
e Zone 4:1620 — 1632 feet. Formation thickness is 12 feet.
e Zone 5:1820 — 1836 feet. Formation thickness is 16 feet.
e Zone 6: 1940 — 1966 feet. Formation thickness is 26 feet

This well has 6 possible productive zones with a total thickness of 179 feet.

Rocking Chair Ranch #3

e Zone 1: 1030 — 1050 feet. Formation thickness is 20 feet.
e Zone 2:1148 — 1162 feet. Formation thickness is 14 feet.
e Zone 3:1212 —1220 feet. Formation thickness is 8 feet.

e Zone 4:1250 — 1268 feet. Formation thickness is 18 feet.
e Zone 5: 1488 — 1496 feet. Formation thickness is 8 feet.

e Zone 6: 1506 — 1674 feet. Formation thickness is 168 feet.
e Zone 7: 1840 — 1856 feet. Formation thickness is 16 feet.
e Zone 8:1980 — 1992 feet. Formation thickness is 12 feet.
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This well has 8 possible productive zones with a total thickness of 264 feet.

Rocking Chair Ranch #4

e Zone 1: 1052 — 1070 feet. Formation thickness is 18 feet.

e Zone 2:1106 — 1112 feet. Formation thickness is 6 feet.

e Zone 3:1140 - 1150 feet. Formation thickness is 10 feet.

e Zone 4:1160— 1190 feet. Formation thickness is 30 feet.

e Zone5: 1200 — 1224 feet. Formation thickness is 24 feet.

e Zone 6: 1264 — 1290 feet. Formation thickness is 26 feet.

e Zone 7:1400 — 1550 feet. Formation thickness is 150 feet.
e Zone 8: 1550 — 1570 feet. Formation thickness is 20 feet.

e 7Zone 9:1580 — 1704 feet. Formation thickness is 124 feet.
e Zone 10: 1716 — 1820 feet. Formation thickness is 104 feet.

This well has 10 possible productive zones with a total thickness of 512 feet.

Vertical wells will need to be drilled to determine the extent of the lateral extent of the identified
reservoir rocks in the area. Horizontal wells that will result in improved contact with the reservoir rocks
and an increase in recoverable reserves can then be subsequently drilled to develop the field.
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Gas Analysis for BECI wells

The gas produced from the Rocking Ranch #1 and Rocking Ranch #4 wells were collected and sent to the
lab and analyzed to determine their respective compositions. Two sets of samples for each well were
collected and analyzed. Both samples for each well confirm the presence of helium gas in each well. The
two samples from the Rocking Ranch #1 have helium concentration of 0.186% and 0.163% respectively.
Also, both samples from the Rocking Ranch #4 show concentrations of 0.157% and 0.184% respectively.
The gas samples also exhibit low dry gas content of 177.2 and 199.3 BTU for both Rocking Ranch #4; and
321.2 and 286.5 BTU for the Rocking Ranch #1.

This confirms the presence of helium gas in the shallower Permian rocks in the leasehold area.

It is anticipated from core reports of wells in the surrounding vicinity that higher concentrations of
helium will be encountered in the deeper Devonian zones.
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OXYGEN
NATURAL GAS ANALYSIS REPORT
GPA 2145-09
Sampled by: Analyzed by:
Blackstone Exploration Caraway Analytical, Inc
PO Box 940 P. O. Box 2137
Holbrook, Arizona 86025 Liberal, Kansas 67905
Phone: Phone: 620-482-2371
Fax: Fax: 620-626-7108
Lab Number: 20160800 Analyzed:
05/02/16
Sample From: ROCKING CHAIR RANCH #1 Pressure:
Producer: BLACKSTONE EXPLORATION Temperature:
Date: Location: 5-13-20
Time: County: NAJAVO
Sampler: ROGER MARTIN State: ARIZONA
Source: #3 Formation: FT
APACHE
Mole % GPM
Helium He: 0.186 0.000
Hydrogen H2: 0.053 0.000
Oxygen 02: 3.369 0.000
Nitrogen N2: 63.933 0.000
Carbon Dioxide CO2: 6.576 0.000
Methane Cl: 21.485 0.000
Ethane C2: 2.600 0.975
Propane C3: 1.240 0.465
Iso Butane iC4: 0.148 0.045
Normal Butane nC4: 0.227 0.072
Iso Pentane iC5: 0.056 0.015
Normal Pentane nC5: 0.044 0.012
Hexanes Plus Co+: 0.083 0.019
TOTAL: 100.000 1.604
Z Fact: 0.9999
SP.GR.: 0.9338
BTU (SAT) : 315.6 @ 14.73 psia
BTU (DRY) : 321.2 @ 14.73 psia
OCTANE RATING: 32.2
COMMENTS : HIGH CO2 Oxygen 3.369

ANALYZED TWICE
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OXYGEN
NATURAL GAS ANALYSIS REPORT
GPA 2145-09
Sampled by: Analyzed by:
Blackstone Exploration Caraway Analytical, Inc
PO Box 940 P. O. Box 2137
Holbrook, Arizona 86025 Liberal, Kansas 67905
Phone: Phone: 620-482-2371
Fax: Fax: 620-626-7108
Lab Number: 20160801 Analyzed:
05/02/16
Sample From: ROCKING CHAIR RANCH #1 Pressure:
Producer: BLACKSTONE EXPLORATION Temperature:
Date: Location: 5-13-20
Time: County: NAJAVO
Sampler: ROGER MARTIN State: ARIZONA
Source: #3 Formation: FT
APACHE
Mole % GPM
Helium He: 0.163 0.000
Hydrogen H2: 0.050 0.000
Oxygen 02: 5.280 0.000
Nitrogen N2: 65.743 0.000
Carbon Dioxide CO2: 5.567 0.000
Methane Cl: 19.353 0.000
Ethane C2: 2.274 0.853
Propane C3: 1.087 0.407
Iso Butane iC4: 0.130 0.040
Normal Butane nC4: 0.198 0.063
Iso Pentane iC5: 0.049 0.013
Normal Pentane nC5: 0.038 0.011
Hexanes Plus Co+: 0.068 0.016
TOTAL: 100.000 1.403
Z Fact: 0.9999
SP.GR.: 0.9378
BTU (SAT) : 281.5 @ 14.73 psia
BTU (DRY) : 286.5 @ 14.73 psia
OCTANE RATING: 28.9
COMMENTS : HIGH CO2 Oxygen 5.280

ANALYZED TWICE
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NATURAL GAS ANALYSIS REPORT
GPA 2145-09

Sampled by: Analyzed by:
Blackstone Exploration Caraway Analytical, Inc
PO Box 940 P. O. Box 2137
Holbrook, Arizona 86025 Liberal, Kansas 67905
Phone: Phone: 620-482-2371

Fax: Fax: 620-626-7108
Lab Number: 20161231 Analyzed:
06/23/16
Sample From: ROCKING CHAIR RANCH #4 Pressure:
Producer: BLACKSTONE EXPLORATION Temperature:
Date: Location: 27-14-
19
Time: County: NAJAVO
Sampler: ROGER MARTIN State: ARIZONA
Source: #1 Formation: FT
APACHE
Mole % GPM
Helium He: 0.157 0.000
Hydrogen H2: 0.000 0.000
Oxygen 02: 0.000 0.000
Nitrogen N2: 39.675 0.000
Carbon Dioxide C02: 45.413 0.000
Methane Cl: 12.775 0.000
Ethane C2: 1.180 0.443
Propane C3: 0.502 0.188
Iso Butane iC4: 0.073 0.022
Normal Butane nC4: 0.109 0.035
Iso Pentane iC5: 0.035 0.010
Normal Pentane nC5: 0.029 0.008
Hexanes Plus Co+: 0.052 0.012
TOTAL: 100.000 0.717
7 Fact: 0.9998
SP.GR.: 1.1722
BTU (SAT) : 174.1 @ 14.73 psia
BTU (DRY) : 177.2 @ 14.73 psia
OCTANE RATING: 18.5
COMMENTS : HIGH CO2 0.000
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NATURAL GAS ANALYSIS REPORT
GPA 2145-09

Sampled by: Analyzed by:
Blackstone Exploration Caraway Analytical, Inc
PO Box 940 P. O. Box 2137
Holbrook, Arizona 86025 Liberal, Kansas 67905
Phone: Phone: 620-482-2371

Fax: Fax: 620-626-7108
Lab Number: 20161232 Analyzed:
06/23/16
Sample From: ROCKING CHAIR RANCH #4 Pressure:
Producer: BLACKSTONE EXPLORATION Temperature:
Date: Location: 27-14-
19
Time: County: NAJAVO
Sampler: ROGER MARTIN State: ARIZONA
Source: #2 Formation: FT
APACHE
Mole % GPM
Helium He: 0.184 0.000
Hydrogen H2: 0.021 0.000
Oxygen 02: 0.000 0.000
Nitrogen N2: 44.764 0.000
Carbon Dioxide C02: 38.601 0.000
Methane Cl: 14.050 0.000
Ethane C2: 1.418 0.532
Propane C3: 0.616 0.231
Iso Butane iC4: 0.088 0.027
Normal Butane nC4: 0.131 0.042
Iso Pentane iC5: 0.040 0.011
Normal Pentane nC5: 0.031 0.009
Hexanes Plus Co+: 0.056 0.013
TOTAL: 100.000 0.864
Z Fact: 0.9999
SP.GR.: 1.1303
BTU (SAT) : 195.9 @ 14.73 psia
BTU (DRY) : 199.3 @ 14.73 psia
OCTANE RATING: 20.6
COMMENTS : HIGH CO2 0.000
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Observations from Pinta Dome field Drilling, Completion and Production

The Pinta Dome field is the field that produced the highest concentration of Helium in the United States.
The wells in the Pinta Dome area were drilled into the Coconino Sandstone. This sandstone body is
stratigraphically present in the Pinta Dome area of production at a depth ranging from 945 — 1000 feet.
The wells were vertical wells that were perforated and the gas was produced without further well
treatment.

Observations from DBK field Drilling, Completion and Production

The DBK field is the most productive oil and gas field in Arizona, accounting for over 75% of the State’s
total production. The wells that were drilled in the late 1960s and early 1970s were vertical wells that
targeted the intrusive igneous syenite sill within the Hermosa limestone and shale formation. These
wells were drilled and perforated at a depth ranging from 2800 — 2900 feet. It is reported that there had
been recorded oil and gas shows in cuttings when drilling through this formation earlier times. However,
as reported by the Geologist in charge of this discovery, it was further treatment of this zone with three
stage treatment (an initial acidizing and subsequent bigger frac ) that unlocked commercial quantities of
hydrocarbons. This well completion technique was applied to all the thirty-one (31) wells drilled in the
DBK and resulted in an average well production of 500,000 barrels each. Basically the good oil shows in
the formations at 2800 feet depth required appropriate well completion techniques of acidizing and
fracturing to unlock about 20 million barrels of oil.

More recently 2003, operators are deepening the wells in the DBK field to target the deeper Devonian
and Mississippian formations. The helium concentrations at this depth are reported to be higher than
those produced along with the oil and gas at shallower depths.

Recommendations for BECI Wells
Implementation of the observations from drilling and completions of wells in the vicinity; particularly
the completion techniques applied to the DBK field have to be employed in the BECI drilling area.

Also, the possible productive zones identified in each of the wells drilled and subsequent wells will have
to be acidized and fractured to unlock the oil and gas reserves in these tight rocks.

The extent of the reservoir rocks in the field will need to be determined to understand rock
compartmentalization in this area

The influence of the volcanism (which makes this region a complex geological one) in this area will need
to be understood to aid in the exploration for oil, natural gas and helium gas reserves in the area and
the region as a whole.
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There is reportedly a correlation between volcanism and helium reserves. This need to be further
investigated and understood in this area as observed both in the DBK field and Pinta Dome area (See
Figure 54 for an illustration of an earth model that can be applied to this area).

Incorporating seismic data, regional studies, 3-d earth and reservoir modeling will greatly improve the
knowledge of rock compartmentalization and uncover other intrusive igneous rocks in the area that
maybe productive reservoirs.

On-going data gathering, gas sampling while drilling, record of drilling activities, well logging, mud
logging, core samples and core data analysis must continue to be carried out to aid in the exploration
and production of oil and gas in the area.
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Intrusive or Plutonic, Processes and Bodies

The generic term for an intrusive igneous body is a pluton, and the rocks outside the pluton are called
the country rocks. The size and shape of plutons is generally somewhat speculative because erosion
exposes only a small portion of most bodies. Nonetheless, we have managed to accumulate
considerable data from more deeply eroded plutons, geophysical studies, and mining works. From these
we have classified plutonic bodies into a few common forms. These forms are grouped into tabular, or
sheet-like, bodies and non-tabular ones. Further classification is based on specific shapes and whether a
body cuts across the fabric (usually bedding) of the country rocks or whether it follows the external
structures. Crosscutting bodies are called discordant, and those that are intruded parallel to the country
rock structure are called concordant.

Tabular Intrusive Bodies Tabular intrusive bodies are simply magma that has filled a fracture. A
concordant tabular body is called a sill, and a discordant one is called a dike.

A sill occurs when magma exploits the planar weaknesses between sedimentary beds or other foliations,
and is injected along these zones (Figure 54).

A dike is a magma-filled fracture that cuts across bedding or other country rock structures.

A fracture is an ideal conduit for magma because fractures can penetrate deeply and form easily,
particularly in areas affected by extension or the force of a rising magma diapir. Clearly, magma could
not have been generated between two bedding layers, so a sill must be fed by a dike somewhere along
its length (unless the bedding dips steeply, and the sill is nearly vertical).

Dikes and sills are typically shallow and thin, occurring where the rocks are sufficiently brittle to fracture.
Although most dikes and sills are emplaced in a single event, some may have a history of multiple
injections. More than one stage of injection may occur because the dike or sill contracts as it cools,
leaving a weakened zone for later magmas. Alternatively, the ductility contrast between a dike or sill
and the country rock might make the contacts susceptible to localized deformation and later magmatic
injection. A body is described as multiple if all phases of injection are of the same composition and
composite if more than one rock type is represented. Dikes and sills can occur as solitary bodies, but
dikes, at least, more typically come in sets, reflecting the tendency for fractures to form in sets as a
brittle response to imposed stresses over an area.

Genetically related sets of numerous dikes or sills are called swarms. Dike swarms can consist of very
large numbers of individual dikes.
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Figure 54: lllustration of an earth model showing volcanic rock features (Winter, 2014).
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4
ARIZONA (— ROLEUM INFORMATION (" Twp 19n- 263
APACHE GO, il ROCKY MOUNTAIN i Eeg:‘liﬂ
FINTA DOME [p] OIL INFORMATION 1980 nfﬂ 193‘] Eﬁ'
" ofk: Eastern Pet. WELL #: 1 State-2  OWHWOD
. ELEV: 5734 Gr DSTS. & CORES: seup: B-30-60  compL: 9-16-60
+TOPS: Leg-Sample TD: 054 PB: 1040
Shinarump 811 No cores or testd G 8-5/8" @ 76 w/75
Moenkopi 819 45" @ 1040 w/100
Coconino 973 PERF: 974-991, 995-1000 w/2
per ft; abrasive jet
w/2 holes ea @ 977,
982,987,999%; s=d wir
proD, ZOREC*
Coconino 974-1000
INIT. PROD:
IFF 2002 HGFGPD, 1" ck,
1 hr test, CP T1#.
Contr: Monarch
3 Arlz 5-068260
! '}'rr .ﬂrr.rnr Lﬁl‘t an ln-i,;r I-l’mi'n Wells—Awk LUsr L1
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gl

ARIZONA e N Twp 19n-26e
APACHE COUNTY ' st ol m £} Section 2
PINTA DOME (D) OIL INFORMATION ne sw
. OPR: Eastern Pet. WELL #: 1 State-2
! ELEV: 5134 Gr. DSTS. & CORES: sPUD:  6-8-59 COMPL: 6-14-59
*TOPS:  Log-Somte 1D: 1054 PB:
2 Crd 987-99, rec 459, | csc.
Chinle surface bubbling gas. Crd 991- 8-5/8" @ 16 w/75
Chinle Conglomerate 711 1017, rec 26 sd bubbl-~ 44" @ 1041 w/100
Shinarump 811 ing gas, Crd 1017-1044| PERF-
Moenkoplp 819 tec 27 sd, tight, DST
Coconino 973 970-991, open 30 min,
gas gauged 552 MCFPD
after 30 min, rec 35
GCM, FP 63§, SIP (1 hi)
104%, HP 4594, PROD. ZONE:
INIT. PROD:
D&A.
i
| *For Electric Logs on Rocky Mountain Wells—Ask Us! A1-068240
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Eastern Petroleum Mo, -2 State {continued)

Fresent Status: Shut-In

Cores

Mo, 1 987 feet to 991 feet Cut & feet, recovered b feet,

2' Sandstone, buff, fine grained, subround to sub=
angular, firm, good porosity, fair
permeabilicy.

2' Sandstone, white, very fine grained, subround to
subangular, very flirm, fair porosity,
poor permeability.

Entlre core was bubbling gas.

Mo, 2 991 feet te 1017 feet Cut 26 feet, recovered 26 Feet.

2" Sandstone, buff, fline gralned, Subround to sSub-
angular, flrm, fair porosity and per-
maabl 11ty.

11" Sandstone, buff to brown, flne to medium grained,
subround to subamgular, good porosity
and permeability.”

7' Sandstone, buff te white, fine grained, subround
to subangular, fair porosity and per=
meabiiity.

&' Sandstone, buff, fine to medium grained, subround
to subangular, few red fipe to coarse

round grafns, some red clay on cross
bads .

Entire core 15 bleeding gas.
Sandstone |5 crossbedded.

Ho, 3 1017 feet to 1044 feet Cwt 26 feet, recovered I7 feet.
I'" Sandstone, tanm, Tine grained, round to subround,
. very Firm, low permeability, fair

poros | ty.
19" Sandstone, buff, fine grained, round to subreund,
firm, ’

7' Sandstone, buff, fine te n:diuq grained, subround
to subangular.

§' Sapndstone, ditto with small réd oxide stains. Some
grean shale Intercalated on bedding
planes.

Appears by tasting te be a salt water level at 1018
feet.

Drilh Stem Tests:

Ho. | 970 feet to 991 feet (Coconline sandstonel

Opan 30 minutes, hallum=nltregen gas to surface
immediately;
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Eastern Petroleum Ho. 1-2 State (centinued)

Flowed at the following rate:
5 minutes - 250 MECF/D
15 minutes - Z8& HCF/D
25 minutes - 323 HCF/D
310 minutes - 551 MCF/D
Started unloading mud which was prevliously lost in the
formation at the end of 27 minutes. The gas wolume was
increasing a8t the end of the test, Surface pressure
when gas analysis sample taken was 93 psig.
Recovered 35 feet of gas cut mud.
Shut=in time, Initial and final: 60 minutes.
Iinitial flowing pressure: 63 psig.
Final flowing pressure: 63 psig.
initlal shut=in pressure: 108 psig,
Final shut-in pressure: 106 psig.
Initial hydrostatic pressure: L3737 psig.
Final hydrostatic pressure: 459 psig.

EASTERN PETROLEUM CO. _No. 1-2 State

973 to 1010' - 37 feet.

with the following characteristics worked out from core
and log analysia:

AvOrage Porocitly .ccessecesccsses 14.8%

Average Pormeability....esesevees 171 md,

Average Water Saturation......... 47.8%
1010 to 1019' -~ 9 feet.

-with the following characteristlics devrived from core
analysis:

Average Porosl;x................. 14.2%

erage Pormeability.....eveeeses 93.4 md.
AVerage Water Saturation......... 68.1%
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ROBERT E. LAUTH
Conmilfing Geologlst

Fostem Petroleum (ompany
Stnte No, 1-2
Section 2, TIS, R/

Apache (ounty, Axigona

WL DITA

fatany: Surfuce 4o dotal depth - mud drilled
Spucd dote; June &, 1957
(bte dnilling completed: June 14, 1959
Initial production: Testing
Sunfnce casing: & 5/8% 8 76 feed with 75 sacks
Paoduetlon enslng: " 8 10471, 00 feet with 100 sachs
(antanctor: Fastean nilling ((ompany
Lensed aiy of Apache allling (ompany, Dewes, (alosado
Well location: ME - SW 7980 FIL & 198" AL, Section 3, Tomship 19
Nonth, Fange X faad, Apache (oundy, Arigona
Flevation: 5734 ground
540" notany bushing
Tatal depth: 1054 feet
Plug backr 7079 feet
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FoRmaTaw TOPS
Fonnation Deph 5“"’;?"
Suaface *
Gliﬂil mﬂ. ?"‘ .\III :‘f?g
Shinaaump HFWL g;, e #1321
w pd
(oconino 973" y 767
(ORRELATIH
Potn Fastemn Petn
Faaaztion LMM 1-10 Siate
50 219025 A 10-19H-28
+ 5044
hinle congl. +5029
Em;,., w767 #4768
Kean Mdjee
Foamtion l';:u ;“ﬁ:ﬁ Yo, 2 State
U 3mN 265 5 J-20N-260
rinle +50%0 5052
EmI:GL 773 o
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S(USSAN

The puspose of this nepoat ia 2o pacseni gealogleal infommation and
bosic dote concesndng the fastean Pedooleum (ompany, State Nou 7-2 well loonded
In the Bf S0P of Section 2, Tounship 19 Nonth, Range 25 fast, Apache (ounty,
Arigona.

Undea sunfnce plpe the hole uns dellled fo a depth of 1054 feet with
a 6 3% dnch Bit, A fredh vndex sand uns noted faom 224 do X1 feet. Lost
elroulation wns minon. Some mud wns loat af o depth of 367 feet and appuocl=
medaly 100 banrels of mud uns lost in the (oconino sandstone when fodal depth
s neached,

Foun and ene-half inch caslng uns set and cemented af 10414 fest
with 100 sachs of coment, Three cones and one deillston Lest wene faken in
the (oconino sandatone. Details of these will be given in the report. (ane-
| fil exomination of the semple cutfings weae made atf the wellsite at the fime
| of dallling.

i A Schlimbengen flectalonl-Jnduction Llog pos mun from unden sunface
| easing 20 a depth of 1051 feet. A micaolop uns mn from 85 do 1057 feet.

' Final fommation topas have been adjusted and ploked from electrical

| log curves nelated £o smple cutting examination and stratigraphle coaelation.

STRATIGRAHY

Adtached fo this aepont Ls the somple descrlption made by the uniten
from 70 foot and 5§ foot sample cudtings fon the intemul 200 4o 1054 feet.
._ The Lithalogy and connelation of the posstble producing hanigon
| (the (oconino smdatone) La discussed in the fallowing pasagraphs.
! The (hinle conglomerate saction Lo completely unten wet, and, hence,

wlll not be discuased,

. (oeondno sandatone 973" 4o 105" (penetrated 81 feat)
| The (oconine sondstone Ls maasive, buff in calon, and exhibiis cross
| bedding in the cores A taansltion gone exlsts which Ls composed of dank ed
| allty shales of the Moelopl stueahed with buff and tan coloned aexoshed sanid=
| atones of the (oconing, This gone is present faom 95 feet o 977 feets

3=
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|
!
|
Hy{wﬂ;ﬂﬂwaﬁﬂdiﬁmhamafﬁﬂmml
will be productive of helimnitiogm gas Uf his, nine feet La in the gas
unies Laanaiiion gone
- ﬂeq@uﬂh@-&”{aﬂjﬂﬂhﬂﬂ:fﬁﬂﬂmﬁpmm
:ﬁiﬂimmu{fmmwﬂa{m‘ﬂm@wﬁm
5 973 4o 1010 feet - 37 feet
| Avesage Porosldy « « « + » T 8
| Average Pemeability . . « 171 millidarcies
iL Avenage Hotes Satumation . 47.0%
! Fﬁ:imumh:fna;mem.&afnﬂoﬁnpmmwmd .
| 1010 40 1019 feet = § fect
| ﬂ“ﬂuﬂlwilly;?qﬁﬂ i
g Aveaage Pemeabilidy . + - 97, & millidnacleas
I Avenage iten Sadusatlon . 68, 7%
A comencial helbm-nitrogen producen con be made in the uppen
*ﬁfeﬂuﬁﬂnmﬁmﬁm Miniﬂuipnimﬁalag'.ﬁmbiumﬁuﬁdﬁ
| million cuble feet per day would be aessnable fo expect,

RECOMAAED (OVTLETIN FROCLARE

Foun and one-hal{ inch (00), 7-55, 9.5 b, and P-110, 15.70 Lb.
ueﬁmﬂpmadmimﬂdnﬁ?ﬂ#l.#ﬂ#u&ﬁﬁ?ﬂﬂmhﬂ,{m
| The fop of the flont collon Ls at 1019 feet. (etraligers vere placed on
| dhe shoe jolnt and just above the pay gone. Th:p{nngm,uqndia:#-ﬁ
| of 510 fest with clean unten, I La thought that the plup stopped ot this
ﬁhﬂbmuﬁﬁ:ﬂﬂn@tﬂﬁmwmdﬂEMnﬁpdwdhﬁ: l
. cament aathen than a Leah in dhe plpe.
] Thﬁ#mmyﬁa;#mmmmmm
: 7-55 9.5 b = bogo" ID
pg10, 151 lb = 7.82" 0

I| mmm@;##wﬂﬁamwm

| hale sathes than in any one 4pot, Jn datlling cement and aobbing, coutlon |

e ey o e el
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donclatone gone:
L’Mmtﬁt:mmiiﬂﬁeinpﬂfﬂeﬂwim&u{ﬂﬂ?’};
thene ia 9 feet of comeni fo daill sut. The bit aige in
mﬁmm&gﬂmﬁmmm
ﬂmimaﬁﬁap{pe, nmeip _?.Hinuﬁuhmiiﬁmging

e

2) Peaforate with 2 shata pen foot the intesvala 974 fo 991 and
995 4o 1004 feet,
perforaiions plus an edditional amouni fv penedraie bach

inde the mud invaded gone, appuwximsately 50 gallons
4 Load the hale with unter 2o help push the acid back into

the fommatlon, Allow #o set fon § 4o & houna

5) Senb wnter and acid buck wsing a Midsion dype suub aubbea
which will be flexible in the mixed string of pipe. Allow
the well to blow dag,

From the chametesistics of the electricnl=induction and micaalog
cone analysls and delllstem test dadn, the completion swuld be a natusal

L,
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| |
|
(O LUSANS i
Thia feat Ls consldened fo have adequately fested all the fomations |
peneinated,
The (veoning sondstone faom 973 do 1019 feet contdalns helivmenitrogen
pode i
¢ Ls necommended that the intemals 974 fo 991 and 995 #o 1004 fect |

be peafonated, The completion siould be o notuml one
An initial potential of 2 to 2 million cubic feet of gas pex day

Ls nensonable do expect,

i ?ﬁeﬂimwhwtﬂdhfﬂxﬁeumﬂ&ﬁnﬂgnﬁmﬂn;

this well study and respectfully submita this aepont.

Gt £ LA

Robeat §. Lauth
Gealogleal (onaeltond
funango, (alonads
Augurat 7, 1959
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(ORE ESCRIFTAN
fastem Peinoleunm (ompany
State No. T=2
Sectlon 2 TroN, RHE
Apache (ounty, Arlpona
Hlevation 570" astnay bushing

(one flo. 7 987 = 991 (ut 4 fesd, necovened § feet.
(oning time (minutes pen foot), 1, 2 3 2
2 Sendstone, buff, fine gained, sbround to subangulas, fim,
good panoslly, falr pemenbility,
2 Sandstone, white, vey fine pralned, subround to subangulas,
veay flm, foin poroslly, poar pesmeabilizy.
Fndire cone ens bubbling gas
(one fo. 2 991 = 1017 (ut X feet, necovered X feet,
ﬂuabqﬂm{miupuﬁnd, 24LH23320530 335
2215332223334 220
2 Sandstone, buff, fine gaained, subaound to subangular, fiss,
17" Sondatone, buff to baoun, fine fo medium gralned, subound
to adbangulan, good porosidy and pemesbility.
7 Sondstone, baff o white, fine grained, aubsound 4o sub- ]
angulas, fain porcaly and pemeshility.
6" Sarddstone, buff, fine fo medlum groined, abround do ssbangular,
ferr ned fine 4o coarse avund prains, some aed clay
on caodd beds,

fndine cone Ls bleeding gaa

Sandatone La eanasbedded,

' (one Mo, 3 1017 = 1064 (ut 26 feck, necovered 27 faet,

- (oning #lme (minutes pen foot), 3 3 3 2 2 3 23 23 3 3 3

242323233 K0%000302

1! Sondatone, fan, fine pralned, acnd fo subround, ‘vesy fiwm,
Low pemesbility, faln ponosity

R — ] -
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10" Sandatone, buff, fine grained, ound Zo subsound, {ire
7' Sondastone, buff, fine Lo medium groined, subround o subangular,
' 9" Sandatone, ditto with mall aed oxide stains Some gneen shale

Intercalated on bedding planes
Appecrs by tasting Lo be a salt water level at 1018 [feet.
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SAILE LESCRIPTN
fastem Petraleum (ompany
Stnte No, T=-2
Sechlon 2, TION, PGS

Amche (ounty, Axizona
Flevation 570" rodany bushing

Samples stant at 210 feet in #he (hinle fonmation,

210 = 2310 100 ailtstone and shale bnlchened, fnace of Limestone
uﬂ[unﬁnguhnfm%ﬁ

21 = 250 100 shale ned, gray, some Light green, in pant siléy,
.ﬁuﬂn;uﬁiizﬁnlpmhdm

290 = 200 100 shale ditfs, frace of wiite cayatalline Limesione

M) = 25 40 sandatone white, fine grained, well comented, mice-
covws, onlonreouws 0 shale ditdo,

20 - X0 60 sondatone ditte, hard and Light, teace of whife
eayatnlline Limestone, 40 shale ditfn, some baown
aildy.

X0 - 0 A sandatone white, clean, fine #o connse gurined,
dovae, subnound o engulan, 30 Limeatone white, aed,
myaﬁ:ﬁ.ﬂnﬁ

270 - o 100 sandetone white fo fan, predominately fine gralned,
loose, mlonscous

X - 20 1) sondatone ditdo, Some baoen asd cheat,

20 - ) Sample missing.

J - 310 5 aondafone ditto., 5 shale Light gasen, gaoy with
Limestone nodulea

310 - 30 Sample ditto,
caystalline. 2 shale ditdo,

330 - 340 & sondstone ditte. 10 Limestone white capstalline,
10 shale ditis,

340 - 350 100 shale Light grem, in poat micaceous, sandy, some

gaay and asd, alseo onlonesous
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7o - 360
360 = 370
370 - 3%
80 - 790
390 - oo

00 - 410

100 shale aa chove, in pant sandy,

100 shale ditdo,

& smdstone white 4o fan, fine #o mediim groined, pre-
dominately medium grained, loose. 40 shale ditto, Trace
100 sondstone ditto, predoninately fine grained, subraund
do abangular. Tasce of Limestone

Taace of dandatone, 100 shale balchk aed and Light green,
30 sandatone clean, fine o medlum ganined, loose, some
very fine grnined, sane aed and baoun chent. 70 shale
dittn, also lavendes,

Tance of sandastone ditio. 100 shole as above.

100 shale ditto, Taace of ned cheat.

Traace of sondstone white, medlm goined. 100 shale
chocalate ned, Light gaeen, slightly siliy.

100 shale ditta, chocalate ned, in pant finely micacesus
10 sandatone clean, fine fo medivm gralned, loose, mound
%0 shale ditdo, —

) andstone ditto, &) shale ditéo.

30 sandatone ditie, MMQMF

10 sandstone ditto, 90 shale ditte,

30 sondiione cleas, fine to connse gnained, subsownd to
abagulas, loose. Taace of gypam 70 shale gray,
aed, and lavenden

30 sondstane ditio, 70 shale ditto, Light green.

2 sondstone didfe, sme broun chend &) shale ditdo,
Light gacen.

2 sandatone ditt, some veay fine ganlned, white, wnll
comented, & shale ditto, Light green.

10 mndatone ditis, 90 shale ditdo, Light green.

J0 sandatone ned, clenn, fine £o medium guained, Laoase,
angulas, 70 shale ditts, much ned chart.

2 sandatone white do Light green, fine gralned, bound by
cloy comend, & shale didde,
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80 - 350
iqr - S50
860 - 870
§m - &
&8 - &0
&0 - 900
fag - 970

F10 = 920

90 - 930

W0 = 935

935 - 90

0 sandatone fon Lo clens, fine fo contse panlned, angie
dan, loose

100 sandatone ditto, some pebbles Some aed chead.

100 sandatone ditts, becoming fine panined. Some med
chend,

100 sondadone ditts, clens, predminotely coarse grained,
aubround £o angulan,

& sandstone ditto, 20 shale aed, finely grounded,

&0 sandstone ditte. 4 shale ned), gy, chocolofe aed,
e yollow chent.

40 sondstone as above, preduminately cwarse grained.

60 shale chocalate brown, ned, loyendes, Light gaeen,
aome chend,

30 sondatone ditto, much pebbles, subsound, also ed,
are! white, fine gasined, asndy mlcoceows 70 shale ditda,
& aondatone red, white, fine prained, micacesus, cement.
A shale aed, gy, green.

8 sondatone ditte, 2 shale ditto - taace of chocalate
@ sondatone ditte, % shale chocalete baon, finely
micaceous, finely sondy.

30 sondatone ditdo, some white fine gralned, 70 sale
ditta, veay dancy.

Taace of sandstone. fmmﬂﬂMcnyMﬁham
70 shale a4 above.

Trace of white, fine grained sndstone. 100 shale aa
above - choealate bawun, finely micaceous

& sandatone vhite 2o Light green, fine ganined, and
well comented. & shale ditto, chocalode baoun ond

10 andstone ditto. 90 shale ditfo, chocalate baoun,
and finely micaceous

J0 sndstone Light gresn and gaay, fine grained, mloa-
cedus, 0 shale ditte - chocalnte baoun, finely mica-
Coniide

% sondatone dits, also aed and veay fine ganined,

&0 sale ditdo,
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| 90 - 945 30 sandstone ditto, 70 shale ditis, sme lavendes, some .i
| chent, ':
L g5 - 90 10 sandstone ditte, 90 shale chocolate basun, mlonceous.
9% - 955 10 aondatone aed, veny fine grained, micocesus W-"““{E’g
: diddo, g
| 955 ~ 98D 0 sandstone as above, some fan and veny fine gaalned. |
[ 70 shale ditto.
960 - 965 50 sandatone ditde, 50 shale ditio.

| 965 - G0 10 sondatone white do buff, fine grained, submnd to

subengulan, 60 smdstone aed, veay fine gralned, '
30 shale aed £o baoun.

| gm0 - 975 Taace of white sondstone, 10 sondstone baown, ned, very
~ fine grained, 90 shale chocolate bacun, gray, green.
el 975 - 980 30 sandstone buff, fine grained, subround to subangular.
7 shale aad, alas chocalate baoun, in pant veny sandy,
mlcaresitd.
98 - 985 0 sandstone eleax, hﬁﬁnnﬁmpﬁhﬁ&a&ﬁmﬂ-ﬁ:ﬂaﬁ—

angulan, 40 sale red as above.
(ire, sample @ 585 & sndatone didfs, A shele ted s obove

87 - 991 Sae (one Now T,

997 = 1017 See (oae No. 2
| 1017 - 10% See (one No. 3.

10 = 1054 100 sandatone buff; finc 4o mediun ganined, subround Zo
| asbangulan,

i Nade: thiﬁtmtepﬂh-‘.ﬂ'}ﬁ'mnamﬁm‘, Ltmﬁlmfﬂu!nj[ﬂ-iniaﬁ
plpe ens in the siring uhick was not dollied in, ALL somple neconds
l and dallling ime necoads have been connected fon his dapth discre-
i pancy.
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Eastern Petroleum 1-28 State - Permit 88 Well Files
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Formation Tops Scout Sample E. Log Rimaﬂti_
_____Shinarump 761
__MHoenkopi 201 —
___Qoconino . o 835
County, Arlzona MO %_‘il o
Dp=<%F EASTERY PETROLEUN 3
- Wali: Stats "'"'ﬂ — 3
Les: tee. 23 T 20N Fe FOE
Cowd. GEOFEL GEOFSL A= MWE —
C' Cug. Siam Thapth Courpmnit Gn Fille
- Bad | M IE] S0 |
k [} _Josp | 100 5.::
B - I e
Comp/abd_ Gu@l=0
: ] . e jogl PRIOSE
— _— ——4 §E15005 O SEGOIFXE |
“ - - Por. Hor. ..—.—*
) Geelegicel Tops Seeut Samp. E. Log Friea
. sT) - ~
_m_&e:l;.mm%d =21+60, as ¥ !
b, 1091%, PD =
- ¥ . 1000 ﬂmg_m;_L
_svb 200 HCF ~gal. ‘
_Re msﬂﬂﬁﬂ :
__sub 19T HMCF. :
_Subd dry. !
_Ri —
_ggd. 3583 WCF,

Core Analysis, DST cha- . - : —
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R et — —~
S

Py

N
=

ARTZONA o, AOLENM INFORMATION =, Twp 20n-26e
APACHE CO. (:H- HOEEY MOUNTAIN L SH;:J'D‘; 28
FINTA DOME (D) GiL LM FCAMA TN 66D njﬂ- 660 W,."'-E
ork: Eastern Pet, WELL #1 1-28 State OWWO

. TELEV: 5703 KB DSTS. & CORES. | SPUD: G—L—E0) COMPL: 9—10-00
*TOFS:  Log-Spmpe TR 1091 FB: 1051
Shinarump Tl cig: 8-5/8% @ 98 w/50
Moenkopi 801 Ho cores or tastas 46" @ 1024 w/100
Coconing 935 FERF: 937-1000 w/2 per ft,

FROD.ZCNE: Qoconino 937-1000

mIT.rROD IFF 9016 MCFGFD,
3/4" ¢k, SICP 100§.

. ®¥ECprr ftg from 1660 nfs 1660 w/e

U *For Ereciele Logs on Koeky Mowwtain Welli—Auk [fF Arlz 4-068250
JEEP— - L
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PIELb_.._?Jnm_nuue

OPERATO! n_mmcmjurpumtm___nunnmswm:ﬂluxm
Federal, State, or indian Leas: Number

or Lessar's Name if Foe Lease. State WELL NO__ 1-28
sunvey_ . T-20H, R-26E o8 counTy__Apache
LOCATION... —

... Gas TOTAL DEPTH ___1091'
TYPE OF WE (Helivm m“ TR _
ALLOWABLE (If Assigned) Hone
LAST PRODUCTION TEST oIl LT (Bble) WATER 1] . {Bbls.)

 GAs.— BB (MCF) DATE OF TEST— _2-5-72

PRODUCING HORIZON._ Coconino Sand __ PRODUCING FROM___ 937" To__ 1000

1. COMEPLETE CASING RECORD.
§-5/8" = cepented with 50 gx at 487.

4-1/2" - eemented with 150 sx ar 1051'.

___PEID 1051'. -

2. FULL DETAILS OF PROPOSED PLAN OF WORK
1. Sat cement retainer at 880'.

2. Squeeze 50 sx cement below retainer. Equalize 20 sx cepent from &B0-680".
3, Full tubing

&, Fill casing to surface with
5. Ereect 4" pipe marker as per Bule 202-A7.

T£ well is io be abandoned, does proposed work eonform with requirements of Rule20z7___ _ Y€8  1f not, cutline
propesed procedure above.

DATE COMMENCING OFERATIONS 'Elr-\m approval. o

MAME OF PERSON DOING WORK § - ADDHRESS.

CORRESPONDENCE SHOULD BE SENT TO: C. 1. Breeden LC-’;;?? Mﬁh—.—

Address
March 1, 1977

k]
STATE OF ARIZONA
[.,,.. w..mjj__'z:L H ort s Gae TATEOE ARZONA o

STATEOF_ARIZONA

Applicaticn 16 Abardon and Flug
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Eastern Fetroleum Mo. 1-28 State (continued)

Present Status: Shut=In

Cores:

Ho. | 940 feet to 956 feet Cut 16 feet, recovered 16 feet

2' Sandstone, red to tan, streaked with light green

' and red sandy shale. -

1* Sandstone, tan to brown, fine grained, hard, sub-
round to subanguler streaked with thin
green shale.

13' Sandstone, buff to brown, fine grained, hard, sub-
round to subangular, good porosity and
permegbillty becomlng medium grafined
towards the base.

Entire core was bubbling gas.

Vertical fractures from 943 to 946,

Mo. 2 956 Feet to 969 feet - Cut 13 feet, recovered 13 faet
' Sandstone, buff, fine to medium gralned, subround,
. good poresity and permeablliity.
5! Sandstone, buff, flne to madium gralned, subrgund,
very much c¢ross bedding.
L' Sandstone, ditto, some aeolian fluting In the sand-
stoné. i
Entire core bubbling gas, vertical -fractures 956 - 960
and 968 - 969. .

Ho., 3 969 feet to 978 feet Cut 3 feet, recovered 9 feet
4' Sandstone, buff, fine to medMum prained, subround
"to stubsngular,+Firm, falr porosity and
permeabl 1 ity; very $light oil staln.
£!' Sandstope, buff, ditto, goed porosity and perm=-
) eability.

Driil Stem Tests:

Ho. 1 940 feet to 956 feet {Coconino sandstone)

Open twe hours, helfum-nitrogen gas to surface
immediately; flowed at the'fo’l lowing rate:

30 minutes - 83 HCF/D

60 minutes - 106 MCF /D"

90 minutes - 118 HCF/D

120 minutes - 118 HCF/D
This test would probably have been much better, but
epproximately 60 barrels of mud with about 18% lost
circulation materlal was lost in the formation just
prier to testing. Surface pressure, when gas analysis

camnim taken, was &0 psla,
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BASTERN PETH.
B.5.T. Ho. 1

_1-28 State
940 to 956 Open 2 Iours

Bood blow Immed. Gauged: %g Mln&taﬂ
g,u it
120 "

Recoverad: 35' Gas ont drlg nmd.

IHP - 468

e = 4

I5IF |1 hr)l= 9

FSIP {1 hr)- 934

IFP - 15

FFY - 3
Note:

[

83 MOFG/D
105 MCFG/D
118 MCFG/D
118 MCFG/D

This test would probably have been much better buti

thars was loat approxtmately 60 bbls of mud in the
formation and thgpmud’hnd approximately 20% lost

eirenlation material inm it.

38 feot of the Coconino was cored.

It had an average Porosity of 13.8%

Average Permpability of &7 Millldaroys
Average Water Satur, of 39.9% %

The log shows T8 feet of pay with these characteristics:

There is an additional 20pfeet of pay with slightly higher

water saturation.
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GUEOGKAL ((WALETAN RERURT
FASTERY PETROE M ((FPAYY
SHTE AD. 1-28
Section 25, TaW, RXGE
Apache (ounty, Anizona

FN 88

Gy Robeat {, Lauth
Geological (onaultand
fhemenen. Cofonndn
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ROBERT E. LAUTH
Conmulting Gealogist

GELOMIAL (OPFLETIN REFORT
fastem Petroleum (ompany
State No. 1-28
Section 28, TanV, RAKE

Apache (oundy, Aslgona

WL DATA

Ratany: JSunface o total depth - mud drilled
Spud dote: June 17, 1959
fote dailling completed: June 2, 1959
Initial production: Tedting
Sunface cosing: &8 58 B 48 feet with S sachs
Paoduction enaing: " 6 1051.2 feet with 100 scha
Leased nig of Apache nilling (ompany, denves, (alonado
Well location: S5F - 5 660" FL & 660" F,
Seetion 25, Tounshlp 20 Noath, Range 26 fast,
Apache (oundy, Arizona
flevation: 5696" ground
5703" aotany bushing
Total depth: 1097 feet
Plug back: 1051 feet
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FOPMTIN TORS
Foamation Depth Eleveition
(hinle Suaface -rﬁ
(hinle congl. 674 *
Shinanunp congl, 761 \fﬁ wigh2
M &”.]ﬂi#ll.-" =
(ocontno 935 | #4768
(ORRGATIN

Fomation  (astem Petr. Caaten Peln.

138 Stote 1-2 State

5E 2B-W-26F S 2 79N=26F
(hinle eongl. + 5029 + 5029
((econdno +4768 767
Fonsation — fastemn Petn, Kerx Mcjee

1=6 Sdnte No. T Reede

HE 6-190=26¢ X Z7-ai-2
Chinle compl. #4991 - s
(oconino #4713 aa/

168

Thichneas
761"
Mf
Jﬂ'
134

fastem Petr
1-10 State

NE T0-19H=-265
#5004

Kenn Mdree
No. 2 Fee
Nl 35-200=-26F
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Foamation Kean Mdree Kean Melree Kean Md e
No. 7 Sdate No, 2 Sdate No. 7 Sdate
SW peaW-265 5 FieIW-25f Sl 7265
(hinle m.m;:l:. + SN0 »5052 5077
(oconine w773 »H782 #7660
Foamadion Kean ficen Kean ficiyee
No. & Stade No. 7 Fee
(hinle congl. + 5006 #5067
(oconino H7T5 +4787

HNode: ~ On Kean Mclee No. 2 Fee in Sec 35-2W-20F there Ls a
discaspancy dn elevatlons The one wsed heee Ls
5732'KB.  The ather elevation given by Kear-Mogee Lo
5671'KB.
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S USSAN

?hﬂw#afﬂdamﬂhiﬂptm;mwiﬂfnmﬂdﬂ
and baic dufn concemning the fnsten Petrwolesm (ompany State Mo 1=35 well
located in the S - SE of Section 3, Tounship 2 Nonth, ange 26 fast, Apache
(oundy, Axigona.

Unden sunface pipe the hole mo deilled 2o a depth of 1097 feet
with a 6 3% inch bit. A fresh water sond vna noted from 262 to M7 feed,
((onsidesble mud, approximately 400 barrels wns lost in the (oconino pay gone
while coning and deilling.

Four and one-half inch casing wnas et and camended af 10571, 2 feet
f;.mdlwnimmﬂ}dﬁrmmha,{m Thaee cones and one
duillstan fest wene doken in the (oconino amdsione. The entire pay gone wns
not coned die fo excessive loas of mud while coning, Details of the cones
and daillstom test will be given in the aepont. (areful exmination of the
smple cuttings wea made ot the wellslte of the time of dailling.

A Schlumberger Flectrlonl-Tnduction log uns sum faom unden surfoce

 onslng do a depth of 1075 feet. A micaalog vas aun from 750 2o 1077 feet.
| Firal fosmilon fops have been adjusted and picked from electrical
i@mmﬁnﬂdﬁ:mﬂemﬂiﬂpmmﬂwm

| STRATIGARY

| Abtached 40 #hia aepont Lo the somple description made by the

| uniden foom 10 foot and § foot somple cuttings fon the intewal 5 to 1090 fest.
The Lithalogy and carnelation of the possible producing horlgon

(the (oconinssmndatone) Lo discussed in the fallowing pasagraphs.

: The (hinle conglomeate section Ls completely wnten wet and will

| not be disciased.

| ((oconina sandstone 4935 20 091" [penetmated 155 feet)

] The (ocondno sndatone Ls masive, buff in cales, and exhibits

' canas~bedding in the cores. A Zeansition gone exlsts which Ls eomposed of

- buff and don caloned fine gaained sndstones of the (oconino strenhed with

| dank ned sllty and micaceous shales of the Moenfopi fosmation. This gone Ls

| present from G171 4o 935 fect.
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@@m@ﬁmw@i@ianmﬂﬂ;ﬂﬁﬁ i
of sandstone which will be puwdictive of helivmnitrogen saa (f dhiq
fwendy feet is in the gos-untea tamsition gone g

The uppen sevendy-eight foof gone hos the following chasacleaistics
which are avesged from cone and electrlonl-micralog analysias.

935 £o 1013 feet - 78 feet

ﬂi’mﬂ.ﬂwlltlrl!rj‘ﬂ
Hmugtf“anmﬁ'ﬂi-fy. e o s o OF millidoreies
ﬂvaupzﬁhfa:.i!ﬂhul!{ﬂl+ .o 9

the same poroaity; a Little highen permenbility and approximately GO enten i
antusndion.

An analysls of the gas smple doken on the deillstem test in dhe
uppen 16 feat of this section and sent fo the funeau of Mines in Amanillo,
Texas had dhe following analysla:

Helism . « o 4 v 6 o o o o s & 6%
Mﬂﬂgﬂlt IR .3?.?.‘1'
= .85
Methane . « o « « o 5 o o 0.7%
Aagon o o v o s 0 s v w00 DGR

Tadel TOOLOR

A comencial heliumwnitrogen producen con be mode in the uppea
| 78 feet of (oconino smdstone. An initlal potential in excess of five million
- cuble feet of gos pen day wuld be rensonable 4o expect.

RACORYALED (OFL TN PROCAIURE
Foun andd one-half inch (WY, F=55 9.5 4k and P-170, 1510 b wsed
. casing und set and cemended al 1057.2 fead with 100 sachs of comend, (hly
| one jolnt X5 58 feet in Length of P-110, 1570 Ib casing wns wsed, J¢ is
the boitom joint and below the lowest possible pay pone. The asmuinden of
the plpe is 7-55 9.5 1b, A floot shoe uns used. The dop of the float Ls
at 1051 feet. (entaaligers were placed at 1026, 954 and 938,55 feet ne

apectively, The plug s pomped doan fo the top of the Moot swe with cleat
unden.

-5~
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The falloning procechne Ls ecomended in completing #he (oconino |
sandafone poner |
1) Penfosate with 2 shota pea foot the intemwnl 937
2o 1005 feet (68 feet),
2] thsh with nud acid sufficient fo coven completely
all penforations plus an additional amount to
poetaate back into the mud invaded gone, approxi- :
mately 160 pallona '
jff.aﬂfﬂzhieﬂﬂmiuiﬂﬁdplauﬁﬁeaﬂiﬁm !
into the formation, Allow to set fon & 4o 12 houra
&) Sunb wnten and acid back. Allow the well 4o blow
day.

Faom the chanacteristies of the electaical=induction and micralog,
cone analysls and drillsten feat datn, the completion should be a natural one.

Because 900 bawals of mul with codton seed hulls and fibers wene
be neceasany,

(OMCLUISANS

This test Ls consldened 1o have adeguntely tested all the fon-
mations penedeated,

The (oeonine sandatone from 935 40 1077 feet contning helium=
| nltugen gad
; Jt La aeconmended $hat the internl 937 4o 1005 feet be penfor-
' aded, The zompledion should be o netural one.
I An initial patential in exceas of 5 million cubic feet of gos pen
| day is aesonable 4o expect,

The uniter expresses Als appreclation fon the oppontunity of making

st & Bl

Robeat £, Lawth
Gealoploal (onsultnnt
Lurango, (alosds
Augucat 13, 1957
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{one No. 7

Em:ﬁ"ﬂ- 2

(one fo. 3

(ORE QESCRIFTIN |
{natern Petnolewn (ompany
Sdate Na, 7-28
Section 2, TaW, RAE

Apache (ounty, Asigona
Elevatlon 5703" notuny bushing

e - 955 (wt 16 feed, necoversd 16 feet. ;
(oting time (minutes pen foodl 6, 3, 5 5 5 3 % 6 % 5 5 |
%34 4 & Lost cleculotion, pulled cone barnel,

2' Sandstone, ned do don, streched with Light green and aed sandy
shale

7' Sondatone, fan do buown, fine gagined, haad, sbround fo aub-
angulne, sénenked with thin green shale,

13" Sandstone, buff fo baoun, fine pasined, hasd, subaound fo
aubangulas, gooc! porosity and pemneahilily becoming
mediiim ganined founnds the base

fndlne cane wna bubbling gas

Veatloal fractunes faom 943 4o 46,

956 = 969 (ud 17 feed, recoversd 1} feet.

(oning time (minutes pex foot) 7, 7, 7, 43, 3 5 % % 4 K

5 3 2 (on baeel jome.

4 Sancatons, buff, fine fo mediim ganined, subaound, good
enoas bedding.

4" Sondstone, didto, some aeslian fluting in the sondatone.

968 - 969,

969 = 978 (ut 9 feet, aecovesed 7 feet.

(onlng Lime (minutes per food) 4 5 4 5 6 % 4 13, 74 Lost

elrnculation, pullel core barrel,

47 Sondastone, buff, fine o medium groined, subround fo subengulas,
ﬂfdﬂﬁﬂd‘l‘ﬂpﬂnﬂ“ﬂ#w%ﬁ
il #lnin.

5" Sandatone, buff, ditfo, pood poaoalty and pesmechility,

e e e 5 T . 57
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faatean Pednaleum (ompany
Sinte No. T=28

| Sectlon 2, T2, P2

1 Apache (ounty, Asipona

H flemtion SH13"  aodany bushing

— i

05T Naw 7 G40 = 956 (((oconine sandatone)
flowed at the fallowing rate:
30 minutes - & AFD
&0 mirates - 105 N F/0
A minctes = 118 AFD
120 minutea - 118 MF/D
r This dest wuld puobahly have been much bettes but approximately
&0 baanels of mud with about 188 load clrewlation matealal wms
lost in the fonmation just palon do festing. Sunface pressune,
when gns enalyals sample fnken, uns 50 palg.
Recovened 35 feet of gns cuf mud,
Sud=in £ime, initial ond final: &) minutes
_ . Initial floving pressner T4 paig.
i_ Final flowing pressune; 16 paig.
‘; Initial shuctmin pressne: 57 paig.
| Final sudein pressune: 87 paig
| Initial hplostadic pressune: 458 palg.
| Final hydrostatic pressune: 457 pals.
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&1 - 65

| GE -G8

660 - 670

H @Fm

680 - 690
630 = 700
700 = 710
710 = 720
720 - 730
730 = 7h0

740« 750
7% - 760

760 - 770
770 = 780

78 - 790
790 - 800
800 - 810

810 - S0

10 amndatone as above, fer conrse clenr graina, |
% shale ditfo,

30 dondlatone eleme fo ned veuy fine gaained fo coanse
pnined, 70 shale Light green and lavender. Traace of
ned ehord,

Tanee of sndatone elozn, very fine grained, loose

100 shale Light gacen, gray, lavendes, and ned,

10 sondatone ditto, some coanse gaalna W0 shole ditts,
poon sample, Lot of caving.
angulan fo subsound, 50 shale diddo,

30 sandstone ditto, 70 shale Light gaeen with veny much
fine graina of sondatone, alsw mudstone conglonescte. i
100 sondstone clean, conrse grained, angulas, loose ]
Taace of Limestone and chent conglomenate).

% sondatone neddish, fine fo medivm prained, loose,
oecasional connde pebble. 70 shale ned micacesws

70 aandatone ditdo. 30 shale didte, also green Trace
of gy eagatalline Limestone,

Tmce of sandstone ditdo, 700 shale ditts, predominately
ned, finely anenceous. Taace of yellow shole,

10 wndatone ditto, 90 shale baich ned, finely anemaceous. |
Trace of sondatone. 700 shale Light creen and grag |
Taace of pellow shale, some ned,

100 shale ditte. Taace of broun cheat

30 mndstone clean fo ned, connse gained, pebbles

70 shale ditda, Troce of colcife

&) andatone connse = conglomenote. 40 shale gany, e,
LR TER

A sondafone didde, 5 shale baick do dwcalate aed,
finely micnceows and sandy

70 sandatone white, fine fo coarse grolned, well conented,
90 shole as above,

20 mndefone na above, ecenslonal pebble. 70 shale
chooalate baoen, soma gangy

Trace of sondstone. 100 shale chocalote buown, aleo geay,
micnceows, fauce of Limestone

" TROBERT E LAUTH
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&30 - S Tnace of sondatone. WX shale ditto.

B - A5 1 shale didéa,

G = Sty 10 sondstone gneen, fine ganined, cemented with el crasia

canent., 90 shale diddo,

| &g - & Trace of sondatone ditdo, 100 shale chocolote xed.

870 - 83 30 sanclstone e, veay fine yaained, shaly and sildy,
ocopsional pebble. JU shole ditie, some groy and gaeen.

& - 8

&0 - 00

o

- ot andatone ditdo, in pont micarecus &) shale ditdo,
- 10 sondatone didts, some elenn, fine gralned, and loose
% shole ditde, Taace of yellow shale
- 5 100 shale chocalate baoun end grap Tazce of aed cheat,
W5 - 910 10 sandsfone white, medism ganined wifh much cloy eementd.
i Taace of uhlte, fine grained, micnceous §0 shale ditds,
| 910 - 915 10 sandatone ditdo, 70 Limestone white capedalline,
57 sale as above
915 - 930 10 sandatone ditto, Taace of aood bees, fine grained,
and hand sondstone, 70 shale red and gasy in pant veay
=.Wk+. sandy.
;,Jﬁ'?a:-ges 70 sandatone tan o asoi been colon, very fine gaained do
hard gnd tight. 30 shale varlcoloned
925 = 430 70 sanlstone ditfo. JO shale ned o chocolate to mico-
CEMLA
9w - 935 10 sandatone ditte, sed, 90 shole aed, micaceows, and
qlw}"‘w, 935 - ¢ 30 smedgtone ditto, don, 0 shale ned, micaccows, and
Aoy = i anndi
d |75 min el smmple 30 sndstone fon colossl do buff, fine gralned, and well
& e cmmied, F7 shole ed, micaceows, and sondy, sandstone
! ia probubly dn atacoks in dule
| 90 - 95% See (one Ho. 1.
L 956 - 969 See (one fo. 2
. 967 - 978 See (one Ho. 1
i‘fﬁ?-‘?@_ﬁ 100 sandatone buff, fine fo medivm grained, and fim
| Lot of envinga
285 - 990 100 sondstone diddo. Lot of eavinga
e | 990 - 995 100 sondatone ditts, beconng fimer and compoct, Laods
: of cawings
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]

I

e s R

g5 = o)
IO = J005
105 - 1070
1o - 1015
s - 10
1030 - 1025
1025 = 1030
1030 - 1035
135 - 1040
T = 045
fobs - 105
o5 - 1955
1055 = e

JOS0 = P05
1065 = 1077

M = 1075
1075 ~ 1030
fodn = 1088

1085 - 1070

. Total depth

100 aandsdone ditda. Lod of eavinga

Taace of sandstone, mgummcmiﬂ-ﬂ

2 sondatone. T preen chloaitic metealol. 50 shale, i

ol i

80 aardistone buff, fine £o medlm grained, good ponoeliy

and pemenbilidy, A yreen chloaitic motenial (basalt?).

Immtwmﬁ.ﬁa '

fm.ﬂ-mletﬂm fiam, fain ponnasidy ond permeabllidy |

2 sandatone very flne ganined to aeprownd. &) shale

Light pale-pron, (cavinga). :

30 aondstone ditds, some buff, fine #o medlum grained,

M#Mﬂtmmm A shale oo above

(eavings). - -

10 sandatone didds, mnﬁmwing.u.

100 sandstone buff, ,’.Lua!nnuﬂumpuhﬁﬂmﬂaﬁa
Looka wet. Much cavinga

700 sandstone ditts, looks wet, much cawings

100 sandatone ditto, looks wef, much eavings

100 sondatone ditte, loohs wet, alight sliy toste, much

cavingas

100 smdatone diddo, looks wet, mech cavings

100 swondatone ditfo, in pant inon stoined, looka wet,
stLlL much shole cavinga,

100 sendstone ditto, wuch Luon stain, looks wet, and fastes
saldy, ruch eovinga

100 sandatone didts, such iwon sfain, looks wef, and fnsles
salty much covings

100 sondatone ditly, much ison afodn, looks wef, fostes
aalty, end much cavdnga

100 sondastone diéte, 44U much cavings, some ned shale.
1o’
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Kerr- McGee 2 Fee - Permit 039 Well Files
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< - h ﬁ . . : —
July 10, 1957 I Kerr-dolies 011 Industries, Ince
imion Total Depth Diameter Casing Production | Pay Zone Your Deeignated Name
See & Hge
NENWSE ’ a" 2861 | SIP 9943 1000 '-10201 State #2
5 3L-2UN-26E ilgii: Prgm ?_HSI Soo | 3t 2ip0 s | 1120r- 112l
m 1
= }25%: Em ﬁ: 6113' SIP 9%.1 10271-11001 State #1
8 5/B* 8lo'] Eat. 10,0800 MF
6 578 15301
2500" “ID 10 3/u" 1181 | SIF 99.3
B e _ﬁ- FBID bi 12231 | Eat, 100 MOF | 95619801 Foe §1
; -26E EY TD - 8 5/8" 17kt | SIP 99.3 1010t -10161 State #3
& %’éz- PBTD 5 1f2" 11921 | Est. 140 MCF .
-26E 61 TD - 8 5/8% 1671} SIP 9645 ‘8321-4361 State Fh
’/32-20“ g';al PBID S 3/2n 828t | Emt, MCF
H LA I 8 5/a" 1701 SIP 993 9601-10061 Fos #2
l/ 35-200-26E 1006 2 %2. RS

Completion reports £ilsd November 17, 1956, on the Stats #1, 2 md Fee #1, formerly called Macis #1, 2 and 3.
State #3, L and Fes §2 £iled on July 20, 1957,

These reports should give you more complete information.
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Kerr-McGee #1 Barfoot-State Well Files
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Kerr-McGee #1 Barfoot-State
- -2

T. D, « 1087' Float Collar @ 1052'

Tops Ker-McGee B, Brown
Shinarump 714 781
Moenkopi 805 805
Coconino 984 984

Cas zone: 984 to 1034 « 50'
Perfs: 4 per foot Super Dyna Jets between 986 and 1008°

Casing pressure: 107.3#
Temp. at well head = 60°F,

Rate Flow on test:

» Orfi .25 Casing pres - 103.3 ~ 136MCF
i%-tubing e .50 &.P - B86.8 -~ 449 MCF
3 JI5 " - 61.2 - 732 MCF
» 1.00 ¥ - 40.0 - 933 MCF

Porosity = 12%
Water Saturation = 38%
Helium = 8.24%

Casing record: 7 5/8" (26.4#) @ 195.08' w/70 sx.
B 44 (9.5#) @ 1076.29' w/140 sx.

Produced a total of 95 MCF gas in a 4-hour test.
Water tahle - 1034°'

Calculated open flow rate -~ 1160 MCF

N 23%
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Reserve Report for the Kerr-McGee Barfoot State 1
Sapt. 19, 1963

Spoctor and Johnson

705 Cuaranty Bank Bldg.

Phoenix 12, Arizons

Atten: Mr. A. B. Spector

Tie: Yolumetric reserve

helium study of the
Barfoot property in
Apache County, Arizona

Daar Sir:

The velumetric reserves of net recoverable heliom under
Section 32-T2ON-R2ZTE., Apache County, Arlsoma is calculated
to bo 48,000 MCF, The present well head price for pure helium
avorages 58,12 per MCF. Based on these figures, the total re-
eoverabls helium value is placed at $390,000.00, Thia breaks
down into the following: (Rounded out to nearest 1000)

Barfoot interest - 40% = B156,000
Kerr-McGea ™ - 40% - 156,000
State Royslty - 15?4 - 49,000
5 & 7T " = Ti% - 29,000

Many factors ware used to arrive at these conslupiona,
Gaologic structure and h{ﬂrulugin data had to be used to arrive
at the amount of productive acrvage in the lease.

A ghort, general discuseiom on the data used in these
ponolusions are discussed balow:

Porosity" The reported pomosity of the Barfoot well was 12%.
Eaata:ﬂ §§a Sﬁnta Férhad 13,5% and the #14 Santa
Fa had 14.5%. Other wella in the field vanged up
to 17% porosity. The 13.5% [igure used in these
ocaloulations are considered rolatively conservative
by fiald-wide averiges.

Con t Gores of the Barfoot well showed an average of
8% water saturation., This is higher than average
due to core analysis below the 1082 foot level.
Fisld wide water saturation about 30% at Pinta and
Navajo Springs and this value was used.

Acreage: A total acroege in the lease is 640 aores. A total
of 480 meves was nsed in the evaluation as hnlng
productive. By applylng hydroleogic data with the
atructurel features, the northesstern part of Sec-
tinn is not expected to be productiva.
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Recovery factor: A recove factor of 85% waes used, however,
B bolieved that about all of the gas will be
recoverad by water drive and the usa of a compreas—

or. If all of the gas ia recovered the value of
this lease will increase by 15%.

Nitrogen & Argon: The total gas is composed of ahout 90% Ni-
trogen and 0,6% Argon. Although they have comBor-
oial wvalue, these gasses are not being processed
at the Kerr-McGee plant. The Nitrogen 1s being used
as o ooolant in the heliom recovery process and a
value should be placed on it.

The volumstric reserves given are believed to ba reason-
able and accourate with present geologiecal and enginesring
data, More comtrol to the north of the Barfoot well may in-
dicate more productive acee than was used in the evaluation.

An inerease in the price of helium at the well head will also
increase the value of the property.

Reservoir data and pertinemt values are shown on the

following dats sheet. These data were used im the caloula-
tions,

Vary truly yours,

Silas C, Brown
Registered geologist

GChih

184



Oil and Gas; and Helium Production Potential of Oil and Gas Assets in Navajo County, Arizona.

Blackstone Exploration Company Inc.

Olufela Olukoga, Reservoir Engineering Consultant

DATA SHEET
RESERVOIR DATA & ESTIMATES
OF HELIUM RESERVES

Field: Navajo Springs ReservoiriCoconino 58. Interval386-1034
County:_Apache State: Arizona

Company :Korr-McGee & Location:_Section 32-T20N-R2TE.
ario

1. Total area of lease ---- - 640 acres,
2, Total productive area e -__380 acroea.
. Thickness of pay ==____48 feat. _
4, Volums of pay -— cemmme=15,000 AcTe/ft.
" 5, Met helium par acre=foot - i,2 MCF
6., Net heliom under lease 48 000 MCF i
7. Average productive porosity - _18.5% i
8. Conate Water -——- B0k
9, Heservoir Temperature --- - . 89°F
10. Prosent Casing pressure -- 103.3  peig.
11. Specific gravity of gaa 0.907
1%. Original gas in reservoir = ===550,000 MCF
13, Net Helium @ 8.24% 48,000 MCF
‘14. Recovery factor B5%

15, Value of recoverable helium & $8.12 per MCF -——-—835%0,000

16. Value of Barfoot interests - 40% - $156,000

Note: all values and volumes are at 15,025 paig and O009F
Moet values were rounded to neareat 1000. ; j
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Kerr-McGee 1 Fee - Permit 10 Well Files
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Kerr McGee 3A State — Permit 349 Well Files
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Kerr-McGee 4 State — Permit 38 Well Files
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¥ x
COUNTY _ Apache —'}-ﬂ!*{' Pinta {3-#me—r  LEASE WO. _ state 2113
WELL HAME K:IT-HE.GB&,L_J'S':M.E |}
LOCAT IO MWW 5W HE SEC 32 TWE 20 RANGE 26E I-‘ODT&OE.!_-' _165!] FHNL. 2310 FEL
T STATUS GebbTwEediA U d FPTAL
ELEY 5504" @R ISTSE®  SPUD DATE Smfy=57 COMF. DATE 5-10-57 ﬁm 815"
* per logs & completion report

CONTRACTOR .

CASIHG SLZE DEFTH CEHENT LINER SIZE & DEPTH DRILLED BY ROTARY ®

a sram 167" LoD sx HA DRLILLED BY CABLE TOOL

5 172" BI8" 200 sx PRODUCTIVE RESERVOIR

. INITTAL PRODICTION Coconioo
— 1PF 420 MCFPD (Helivm) open flow

SOURCE
FORMATTON TOPS DEPTHS L.L. E.L, REHARES
ELECTRIC LOGS _ PERFORATED INTERVALS PROD. INTERVALS| SAMPLE Log
ORN; Radicactivity 828-F32 SAMFLE DESCRF.
fcmnt locate log flle) mﬁ:ﬂﬂi’ﬂs
D5Ts
“}
REMARKS Producing Helium Well, Shut fn presgure 96,58 APP. TD PLUG *--‘;:/
PLUCGGING REP.
e COMP. REPORT ¥
= T —————— I ———
WATEE WELL ACCEPTED BY

BOWD CO. Firemen's Ips, Co,

BOWD WO. _ |88 98 10=%24

DATE
BOWD AMT, § 25,000 CAMCELLED ORGANTZATION REBORT X
FILING RECEIPT _ RAYASE none LOG. PLAT x WELL BOOK ¥ PLAT BOOK X
ATT WO, 200/~ 85 /36 DATE ISSUED  4-1-57 DEDICATION _ all
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i .
ANTZOVHA ™ FaRE TN Twp 20n-T6
APACHE COUNTY ( nnn:'f HOUMTAIN G 3‘:_“;‘;’“ a2
il IMFOREHATION n ne
— mﬁ-m:mm WELL #: 4 5o’ !
TELEV, GSRHET. * SR ¥R D5TS. & CORES: SPUD: 5-7-57 COMFL: §- -5
“Tors: Lop-Songd ™ g gan T
O B-5/8 @ 165
Cocomino B28 I.&-é,ﬁ w /200
FERF:
j9plHT ¥E 233 Ml
He
PROD. TONE:
IHIT. PRl Flowed &t maxlmum
raeg 1680 MCFGPD, IPF 420
MOFGFD, (beHum, ofmogen, carbon
dioaise).
Ad-TEH
*Far Elrcteic Lage on Kocdy Mowslain Well—Auh Dl
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] 2-27-67

Teleon, Mr. Otto Barton

Ra: Eerr-McGee #4A State
84 HE 312-20W-26E, Apacha County
Fermit 378

prilled to. 834 EB

) Ran 4%" J55 casing, set at 833.66 KB, eirculated 150 sax
j cament

pecforated 798-800 KB, 4 shots per foot

Regults: about 3JOMCF line pressure per day
{about 45 MCF if wide openm
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R T-ERTTRY S 1T ERTr T . 0 COARBE.AEE . * an .Mu.lL.ll LS YUBRY VAT BYTLERITIC .ATF . TS
- e R RESIBUAL EATURATION A [ H
Lo T eeamEamiaTY FOROTITY| . - FER EENT PORE _spsmFLl DELCRIPTION * .-

1 “'ljt IOARCYS "l g v : T TOTAL WF AND MEMARNE E
. - S - . -
. LR PER CENT |- &k } WATER .

o IGNEOUS, .
2 IGMECDS, ¢ e
- IGNEOUS, . .
-7 TONEOUS. -kt
- -IONEOUS.
» TGNEOUS. -

32,1y

h3:7° .

#37.5°
6 -

. .IGNEOUS, =
- IGHEOUS, .+
.. TGNEQUS.. .
o IGREGIB. -
I IGHEDUS-'

- TGNEOUS.. .
- IGHEOCUS, ~
IG}mous. B
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EXHIBIT NO.3
"LOG & COMPLETION
FOR TYPicaL WELL"

KERR-MCGEE

NAVAJO NO. 2.

CORE 3000-3178
£f  3060-3114
IPP 2856 BOPD

March 2 to 12, 19AT

Ferforated 3060" to 3114' with 2 JSPF. ' Pumped 500
gals 10% acetic acid into formaticn. . 7

Recovered 105 barrels load oll and acld water ip G
hours swabbing., Recovered only Four borrels dur.in&
last two hours swabbing off bottom, Had 35 barrels
aeld water and load oll to recover. Shut 1n overnite .

Swabbed nine barrels of oil. Loaded hole with oll and
fraced well with 22,000 11 L
E e Ll i B gallons crude oll end 20,0008

Ran tubing to 3084', Swabbed back B6 :
01l in three days. 5 barrels load |

Ran Reda pump. Produced 2857 barrels of oll in 24
hours,  Fluid stending 1100' above PMT .
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Kerr McGee #3X Navajo: Permit 386 Well Files
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. L., L.} o R
L RO . |
i - i . o Yoo . i
i ; B ' s i
P . S CORE LABORATORIES. ING, - L i
p. o cam ) H P ’ Peerolewm Reservoir Enginzering - S _Pag: Mol :
. ’ DALLAS, TEXAS . e b
| ¥ . ¥
A ' CORE ANALYSIS RESULTS S N
= ) . : 21 .
b ' Company__KERR-YCCEE O]L M Focmation HERKOSA ‘ g** - “;":"_'mm Ii
* NgeL__ BAVAJO #3( , Core Trpe— Ifcg # SOLITS TEL e SPRYGRLIN |
. Fad__ LUCEA : Diilling o R i
ro Fi — EIZ. Tier. 19920z, Location_ SEC-32 T}étc-ggnn |
. County ~ Lithological Abbreviations . [ ’
p - PARDT . BDT riag -t CATETALLLEE L 'l.l:::“"" . ::‘.:::.':-,u. TR T,
. pmae C o mmee $:-'3-'-'-'-7-'1'n- Towiw  bemem SN . Wewewer  wmetwewr s/

LiME i - aTPRyE-aVE FRAN LI RO P EAE T T —  pampE GISEAIPTIEN. | - ]
RAMMLE oEFTH PERMEARILITY | PORGRITY rea eenIrent . AMD REMARES © . . i
UL - FEET - - """"i"“" FNMT_I—_— - — H

X B R R .- . T C i

1. 38 .0,25 123 13.8 .37.h BIOTITE RICH VOGESITE. *© ... . .
ol - 006 10.9 LY  L6.8  BIOTITE RICH VOOESITE. =
. 3Me-l3 - 000 ¢ 116 . 16  36.2 . BIOTITE RICH VOGESITE. . ...
L SIRE . 933 132 12,9 37.9 BIOTITE RICH VOOESITE. =~
el L ea2 129, 132 357 BIOTITE RIOR VOORSE.. . |
a8 k9 . . .81 . 16 1.0 30,8 BIORITE RICH VOOESITE.. ~.° -

3us0-51 .. 0,28 - Ah2 IL3 . 31,7 BIOTITE RICH VOGESITE.

Casess L ea - Ba 12,2 3kl BIOTITE RICK VOUBSITE. -
.. 3swess - 009 131 1LL L2 BIOTITE RIGH VOCESITE.. |
. % 3186-87 . - 0,06 - . L8 12,7 k6.2 BIOTITE RICH VOOESITE. " .
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| CORE ANALYSIS RESULTS -

' i
. N .
. Company__ KERR-MCCEE IL_COMPANY Formation__ HERMOSA Eile _R2-3-2190 H
el MNAVAJO ;ﬁr \ Core Type_ /e * _ Dulc Repon_ 32667
. Fidd LUCKA ) Drilling Fluid___- LOY SOLYDS JEL __ Analysts STRICKLIN
" County___ APACHE ARIZ. __ Eley. 79920r, Tocstion_ SEC,32=TI6N-R3QE

' Lithological Abbreviations ,

- phmEa RS BoLoe T Awaynakyll . Ll EARRT R e L e ] AL RS P PETTTT T I PP
AL BN e FompLGE i ATE- CUsE [ — - S - B el W T veay-n)
MHEE-L - g ST AR LIFERDME - riEal EL LA ERARE-CAE dmAnUpAs - AL YWY sl TLBLITIE-ATY 'll--‘fl‘

L DEFTH FEREEARILITY rONGBITY ""-‘:L“‘:-T-:“‘-!‘-:‘-“’" ' BANPUE GESCAIFTION

Wumate: rEETY ""“'if“er' win CERT Biv = :,“:""‘: AhE RLMAREE

wx. * b - . .

1 3k27-28 0,01 <0.01 9.y k.l - 76.5 THIS ROCK IS A BIOTITE RICH VOGESITE,
2 Ih28-29. - D01, <001 9.3 L3 8§1.5 AND BELONGS TO THE SYEMITE IANPROPHYRE
3 3429-30. <001 0,01 8,2 ° 5.7 - 75.0 GROUP OF IONEOUS ROCKS.THIS ENTIRE CORE
h 7 3h30-31 0,01 <01 9.4 10,5 --73.6 IS ROCK OF THIS TYPE.. :
£ - 3N-32. <001 . <0.01 9.8 11.4° ' 67.7 #SAMPISS §2&3 ARE BOTH FRACTURED VERTICALL
6 - 3L32-13 | <001 , 0,01 10.0 12,3} - 72.5 & SAMPLE 45 HAS HORIZ. PARTING PLANES,
7 - 3333 ‘0,01 0.0l 9.7 17.7 . 6L.3 PROBABLY SANIDINE XLYIZATION.
8 IL3h=35 0,01 - <0.01 8.3 15,3 - 63.7 VEAT. FRACTURE.
g 3h35-36 c.By 0,01 9.9 8.1 T1.8 HAIR LINE V/F.
10 W36-37 . 0.0l - 0.01 B, 3.2 - “76.5 HORIZ, PARTING PIANE.
, ;.21 C33r-38 . «0.01 0,01 9.0 2.6 . 81.8 HORIZ, PARTING PLAKE. .
- 3.2

13 7.1

il

15

15

17

18

1

343839 ' 0,01 - <001 T. .2 +‘B2.0 HORIZ. PARTING PLAKE.
©OA39k0 - DOL - <001 7.6 1 . 77.7 HORTZ PARTING PLAME,
Aho-h1 0,01 = <01 8,1 121" . 70.5 V/PR.
. ﬂihl-hz- ‘ognl * -d:l..Dl 9-1 1219 e 6&-3 Vﬂ’.
“T32-l3 . 0.5 . «0,01 8.7 b8 . 62,3 HAIR LINE V/F.
S3hh3-bh . <0.01 - <0.0L 9.2 12,3 .. 58.5 MATR LINE V/F.
S 18..  3Lhl-LS <001 "<0.0L 6.0 11.9.° . 51.9 HORIZ, PARTING PIANE,
19 34L5-héE 0,01 <0.01 B.8 12,6 -..- 52.8 ; v
20 ALE-LT - - 001 0.0 9.2 220481 0 L
217 3bhp-hE° 0,01 | <0.0111.2 13, . h8.2

. 5
o2 c3hhB-ly . 0,00 - 0,01 22,3 | 13.6 o
-~ 23 34l9-50 - 0,70 -<0,0110,§ -12,5  L2.2 HAIR LIKE V/F, L
J 2y ©  3i50-51° © <0,0b 0.0 12.1°7.11.L . L6.6 HOREZ, PARTING PLANE. .
3 Lo e o
3 :
6
&

b .26 - 3L52-53 0,01 - <0.0L 10.L .
obo27 - 3L53-5h 0,01 ' =<0,01 10,6 .
i'1- 28 3L5E-55-  «D,01  <D.0L 1.5 13.6 - _
Yoy 29 2|y55=56 <001 0.0 9.5 0,2 . 68.3 )

$i- 30 356-57 0,0l 0.0 9.2 . T.h' ~£9.5 HORIZ, PARTING PLANE.

AT ) | 3457-58 .01 .<0,01 2.7  B8.8. "732

Ui 32 345859  «0.01 ‘0.0l 9.3 2.8 76.5 HORIZ, PARTING PLAE,

P © 335960 0.ty ;0,01 9.3 - 2.5 . 80.5 HAIR LDME V/F, & HORIZ PARTING Pm»:a.
©ALB0-6L L D01 <D.0L 9.7 2.5 83,4 v/, & HORIZ. PARTING PLME.. T

12
g 1
3% 28 C3L51-52 0 <0,0F  <0.01 10,k 12,
’ 1
15,

J3h61-62 <001 0,01 10,2 3,7 - 81.3
Ih62-63 <001 D01 96 TG
3463-6h ©0.01 .<0.0L10.0 &6 -
36L-65 0,01 <0.0110.8 - 5.6
65-66 " T0,01 0,01 1L.2° 0.2
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Yo eam : . '~ , | CORE LABORATORIES. INc. - I : .
- Co Pecrolewm Reservnir Engineering . L te " PageNo__ .2
DALLAS, TEXAS o .

CORE ANALYSIS RESULTS

' ' o i‘nmmrn;- HERR-YCGEZ OIL COMPANY Formation BERMOSA File RPH3—2190 .

el - NAVAJO #3-X Care Type o/ © _ Date Report__3=26=67 3
. Fidd LUCKA Drilling Fluid___ L0% SOLIDS JEL __ Anal STRICKLIN |
" County___ APACHE crte ARIZ.  Elev. 79720GT. Loction SEC.32-T36N-RI0E - ;
_ ' Lithological' Abbreviations L _ y
AR BD " 14 81 1% anavgayty. kT IM';’-I-‘ . FimE-FN ERTATALL TN - Rk ey - . M'Il::-:ll: ::III:.TI'IIO
R WSt mAWL.. Ml Dmee  SmeellU SR, dmmnews DY

' lm ) AFTH '. : PERMEARILIFY POACITY) “‘::‘::;:‘rwp;:'(lm - . EANME DINCRLPTION
' wussen . eEmT . HiLLIBARCYS " h FOTLL . ARG mEsARKE

TS T

Lo o 3466-67 - 0Lk . <0.01 10.2 0.2° . B2.0°
oyl G 3L67-88 - 0.0l 001 9.6 0.2

6 HAIR LINE V/F, HORIZ PARTING PLAIE. =
Chz T 3L6Rg9 «0.0L - 001 9.7 - 2.6° -?ﬁ.g_
0.

e h} .o 3116'9-?0 <001 ﬂ!ﬁl 7-3 . Do] ?g- ]

- bt 370-T1 - <0,01 . <001 10,0 0.2 - T5.

i© b - 3u7-72 - 0,01 ' <0.01 9.1 0.2 73.5  HORIZ. PARTIKG PLAKE. -

Lé 372-73 <001 - <0.01 10,1 _ 3.k - 68,7  HORIZ. PARTING PLAMNE.. - -

-t b7 3L73-Th <001 : «0,0110.1 © 0.2 ..79.0  HORIZ. PARTING PLAME. = .~ -

+ B8 a47k-75 - <0.01  -0.01 8,k 0.2 77.5 - HORIZ, PARTING PLANE. |
il b9 37576 <0.01 <001 8.8 . 0.0 854" VR . R
o] sa T 37e=77 <001 0.0 9.5 0.3 75.3 0 V. L S :
ip B 3477-70 © <0.01 .01 8.1 . 0.2 T6.9° . R I TP
) o 52 ’ 31]?5"'?9 "ﬂ‘.Dl . 0,01 9-3 D-B'I. _.&5&5 . ._- 5-_‘ Y -

- 83, . .3k-80 <001 <001 7.6 - 00 TR L LT St
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Lydia Johnson Trustee #2 — Permit 097 Well Files
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g C 1

e
County HMNavajo
Area _Fnowflake Anficline

J"—" Lease Ho. %ﬁﬁﬂm
sl

Well I

Hame Lydia t L) 2
# : 2,540 L’J‘ﬁ'ﬂwlul _
Locatlon _ 3W NE Sec 33 Twp 14K Range _ 20F Footage BL. L H
il Spud Complete Total ;
Elev @27 GE 6012 KD pate _ 51 Abandon _12-16-63 Depth _1540 |
TN T""z.'ﬁ*u-t st (Scst i p o T A Approx. i
ontracter: i |

Cost %_

Drilled by Rotary____

Cabla Tool _ =~
_ LCasing Size Depth eme

Production H;rizan
10 10- =

I i ‘lﬁt;.ll'.i Initial Production P& .ﬂ..

el ctorapd Lo A M Sally .49_1_-,;,-7"!-!,_.-

! HEI_H}]III{S: d in Ft. ache

rec sli_gas &
— distill. ( gas TSTM: would mot burn)

Elu;. : il Sample Log. . —
of AL T Sample Descript

Applic Plugging Completion Sample Set =
te Plub _yx Record _X  Report - i Cores il

Water well - accepted by

Bond Co. i ] i i A

& Ho. Stuckey Tnsurapce sgenoy nf eie ek b

fond Am't $_2.500 i

Cancelled _12-31-630rganization Report _x
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WELL HISTORY

In the drilling of this wall , caverns and flssures were encountered
from the surface to a depth of approximately 315 feet. The base of the Coconlno
sand eccurred at a depth of approximately 555 faet; and the top of the salt section
socurrad 715 feet. It wos nacessary to drill @ 10" diameter hole and 7 casing
was ploced to o depth of 200" to prevent the losing of the driiiing fluld into the
Coeonine sand,

A 6 1/4" diameter hols was drilled to total depth and new 4 1/2"
0.D,, 9.5 lhs. J=55 casing was run to total depth and cemanted with 100 sacks
of Portland cement. The one hundrad sacks used to cement the 4 1/2" coslng
would reach from the bottom of the hole to a point approximately 700 fest from
tha surface of tha ground.

Prior to the running and cementing of the 4 1/2" coiing, the 7¢
caslng was pulled from the wall, At some later date, approximately 3 [eints of
7" casing wos pleced In the well outside the 4 1/2" cosling and three or four
sacks of cement wers placed around It of tha tep.

In the drliling of this wall, no water bearing formation was encountered
untll u dapth of 595 faet. A vty smell amount of water was logged es 2 ballen,
which would be something lass than 100 gailors.

Tha mechanical completion and fomations drilled ore grephically
represantad in Figure 1.
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DUPLICATE
& REPORT

TRUESDAIL LABORATORIES, INC.

L ; @J 4101-4107 N. FIGUEROA STREET
CHEMISTS - BACTERIOLOGISTS - ENGINEERS P Ry

LOS ANBELES 608
CAPITOL B-4148

CLIENT L. H. Bell & Asaosiates

DATE Octebsr 3, 1960

1505 Rast Thomas Reoad

Whoenix, Avisona RECEIVED September 28, 1960
SAMPLE Twe bottles of gas as swbmitted LABORATORY NO, 49468

by the Client,
INVESTIGATION

Gas chrometographic analysis of eash.

RESULTS

Asslysis by gas chremafpgraphy on s silies gel solumn st 51°C.
shows the fellowing arganic tematitwents:

fasple t Swmple 2
Wethase . . .. ... A . e
Biheee: oo AR s iy e
Poopems . o & v s s _ oBOR T, L e
Carbon Bloxide . . . 1.1% R N

215



Oil and Gas; and Helium Production Potential of Oil and Gas Assets in Navajo County, Arizona.

Blackstone Exploration Company Inc.

Olufela Olukoga, Reservoir Engineering Consultant

DUPLICATE

® REPORT @

TRUESDAIL LABORATORIES, INC.

=

: 4101-4107 N. FIGUEROA BTREET
CHEMISTS - BACTERIOLOBISTE - ENGINEERS P Py Las ARGELES &8
CAMTOL B-4140

cLieNnT W« . Boll & Associstes

DATE Octeber 3, 1960
1505 East Thomes Read
Fheanix, Arisona RECEIVED Septesber 28, 1960
SAMPLE Twe bottlies of gas as submitted LABORATORY NO. 49468
by the Qlient,
INVESTIGATION

Gas chromatographis saalysis of sash.

RESULTS

Asalysis by chrematography en a silics gol eolumn st 51°C.
shows the bnulu erganic comstitwents:

Sasple Semple 2
Mothass . . . . . .. AL o A
Bthese .. ..... LA . o0&
Propess . . . ... s LR 1.6%
Carbon Dlexide . . . L1 R R
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Lockhart Aztec #1 Well Files
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T = REPORT OF ANALYSIS ]
F.5. - 1151d s, M=396594 oH .30 085, PRES. a5 CAaL PRES. “hE. 6
STATE- AR ZOMS COUNTY- MAVAID
FIELE: - HILUCAT WELL MAME-  LOCEHART AZTEC ROe 1
LOCATION-  SEC. 33, Tlak, RZDE CWHER= ARK-LA EXPLORATION CO.
i .
DATE COMPLETED- s FOES DATE SAMPLED- 3734 :t?
-
SAMPLED BY-  LDREW HUGHES V
HAME OF PRODUCING FORMATION-
DEPTH I FEET- THICKEMESS M FEET=
SHUT 1M WELLHEAD PRES., PSIC— " QFEN FLOW, MCF/D=
CHECK OF DATA-
THE WELL DATA ARE ACCURATE, ) WITHOUT CORRECTION, | | A% CORRECTED ABONE,
REMERKS-
L

ANALYSIS-
METHAME 2 B T MORMAL FEMTAME 1 QY GEM 0.0
ETHAME 3,7 W ISOPEMTAME G.0 % ARGON 1
FROPAME L5 % CYCLOPEMTANE TRAGE % HYDROGEN =1
HORMAL BUTAME Wi Bh HUEANES FLUS 1 % H25 0.0
1SOBUTANE s f T MITROGEN 65 %% coz © TRACE
SPECIFIC GRAY « fiEL HELILM « 2B

TOTAL 1001

3TZ.

EALCULATED GEOSS BTUSCU. FT., DRY AT &0 DEG. F AND 30 I MERCURY= ale

PERMISSION FOR RELEASE:

Parmission is hareby gronted for the Bureou of Mines o relacsa the cbowe data, fogp
by other cperators o3 publc leformation asd op porti of o series of popens on Ak
Fields, stoles, or regice.

ﬁfﬁrﬁ#{"r a‘?gﬂ; e £ - f&f COMPAN
Fwn /435~ (755 e,
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Hh=1 Hevised 6-26-38
FEFORT OF AMALYSIS

Stare_ ATizoma F.89 Ho, A6TD
County Hsvalo Field
Well Owner_Aatec fand & Cottle Qo Hame, L. N, Lockhert Wo, 3 —_—
Location: Sec. 33 T. 144 R _NE Date Completed )
ke Open Flow__MCF/D Wallhead Pressure p.8.1.§.
- Froducing Stratum:
Depth te {feat): Thickness (fest):
Stratigraphic Positlon of Producing Forastion -
: Sampled: Date: By:
: Mass Spectromerer Run Ho. TT6E Date of Run Lo/ 3/ 62
. Analysis: . ' :
lE' Hethane 3.8 1 Mormal Panthans Trace 1 " Ouygen Trace 3
; Ethane 3.2 1 Leocpentang - Q.1 T f""lﬂﬂ,._..,__E__...l
2 Propane 1.1 1 Cyclopsntane Trace ] Heliom 0.267 1
" Normal Butase_ 9.3 1 Haxanes Flus 0.1 3 Hydrogen__ 0.0 1
A 0.3 Hitrogen 70.7 1 o : In.: _
e
';i-;': Caleulated gross B.t u.fcu. fr., dry st 80°F. and ™ marcury 357 Total
= CHECK OF BATL: ?" r‘::;:: :::r:::.ul::“: { } ‘A corrested l-'lﬂrl

PEFHISSION POR PUBLICATION: )

Permission L hereby granted for the Buresa of Mines to publish the above data,
together with similar data relsased by other opetators, s parts of & seriss of papers
on analyses of gases from various flslds, ststes, or reglons.

Company,

L TR R
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QJI)P:?/ 0. A. LARRAZOLG, JR.
Petrolemm Geologlat
Phane 2-8459 254 Eortar Hldg.
dlbuguergque, He M.

Septenmber 6, 1049

¥r, W. H, Wapsk
FL3 W. Lathsapl 3t.,
Fhoenix, Arlzofd.

Dear Sir:

forsuant to your reguest made through Mr. D. M. Faro-

baa, of the Btanslind 041 Gas Co., I want to Winslow, Ariz=
ona on jogust 28th., and therae, through the :wrtu; of Er. Fare=-
bes, sxamined cores, logs, laboratory tasts -T.-:.l rom tha L=
ekhArt No. 1 Aztea wall &rilled in section 33 T 14 N R 20 By

~RHavals County, Arizoma. I returpsd to Albuguerque tha same
afternoen bringing with ma all the documantary evidenta confel=
ning the well which was kilndly furmished me by Mr. Farebos.

Althmigh time has not ttad an sxpneinaticon of the
. ares in wilch the well was drilled it is evidect from stroo-
tore maps ard regional g:-lnlan; thot the teat wos drililed cn ede-
ate poaloploal atructara. al nmugrﬁm of the area &8
r::mﬂE:ﬂ b¥ Mr. Charles §. Lavingtem in bis repart of the re=
gion and by Mr. Farebes perscnally to me, coupled with the atrue-
tural fastures as mapped, certeinly merited the test. The
rasnlts nf the Lookhard fo. 1 well amply confirned the cpinions
of thase two gentleméan. ,

The wall started in the Cosoning sandstona of Per=

mian ags, The suceesding underlying formgtions wera topped
at tha following deptha:

Part Apache Zan at e
f ma of Tppar fap
E ToE EREpLes) 1540 :
from Elsstric Log) 1520
Bottan Fort Apacha L7500 =
Niddle Supal 21 n
Lower Bupoi 2aBp ®
Intra=formatioca aanFlomaTata 0Ly to 3024 £,
Fannaylvanian foergatlion Jo2d 1t.
Mipsigaiplan A A6
Berontian W gEﬂ
Tatal Depth 7

t is necassaTy to describae the log of the wall
in dateil. !h.uhiu;lj%{tlnt Taatores of the well are the Zonas
wlilsh the core analyses, elsstric log; solnbllity teste, etc.,
oo worthy off further trestment to test the poasibility of
ail and gas production.

There are thras potantial oll and gas horlzons io-
dicated By thezs tests, as followsi
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Zond ls The cleckric lep ploked up  the top of tha
Fort Apache gone of tha uppar Bupal formatlen at 1920 Tt.
from 1520 feot to 1628 feab the cuttings showed oil stainos-
thlz section wae not cored. Froo LEFR &0 1741, & thicknase
af 63 feat, the section was corpd ond a cors recovery of 1
wag obteinad, Tho core aoaly=is of this eestlon, copy of whieh
you have, shows & dojoritic lloestoor wlith a welghted ATaTaRgm
poresity of 1,58;.average oil saturation of 32.6% and 70§ 20l

ubility 1 aeld. Permeabdlity tests indicoted & high capacity
of tha sectiom.

Zona 2. Pram J150 to 3400 feet thers i3 m zome the
wpper part of which eomaists of lime showlpg only sdoor frocs-
tures with locel zones of saturation. Prem 3452 te 3?‘&;““
laboratory tosts ipdiente a saturation of from O to 12, rrd
8 #olubility in acid of fran 7% to 02, with an average of
0¥, From 3913 to 3600 fest plternating shnlae, linestopes And

gandstonas ghow minor fracturiop aod & sEall saturation in tho
COTEE s

The whole zopa, an aggregate of 400 feat, may be worth
a test in foture wells 1f contepplated tests in the Lockhart Fo 1
wall pre soocasefial. In this well howaver, the zooe does oot sesm
of enough importance to Justify the cost of s tharough test.

Zons J. from 3610 to W40 Feet m 'h?ﬂﬂiﬂ-‘ttﬁ% hard, red,
eritty conglomerate; in which mo core Tecovery wns obtal "

may contaln major fracturing.

From 1657 to 1685 fest the core anelysis shows continous
ol satiration ranglng from .68 to 41,48 and o solobdlity io acld
of from 76.5% ta B0.5%. Effective perosity of this gona Tanges
from 1.1% to 5.5% and major frecturing is plainiy visible.

From 3685 te a depth of 3708 feet core analypes indicats
o1l skturation of from O to 14.5% with a eighted average of 9.0%;
polubility in acid of from 38.08 to 09.4% amd the greater porticm
of the zone aversging botter than 74.3%.

Tha high proeosity and satoraticon indiceted By core
paE 1 wones 1 and ﬁ, togsthar with the high solobility
af forgationg in aach zona ond the prasemoa of oajor frastar=
glwva these two zopes a high potential value as oll and gas hori-
ponE, With modern mothods of well soEpletlon and davelopment oo
wmall bowing the 1nidsaticns #hewn by this well should be abacdoned
without & proper treatoesot with acid and, a8 Indlcated in this

ChEa, inplaoented by shooting o leosen ‘El‘.'I.E' formation arpdl maks
it more sascephible to acld.

From the foregoing fecis it is obricos that acldizlng
offers excellent popsibdlities of developing oommeralsnl producs=
tipn of ofl anl gRe im et lemst two horipons in the Lockhard FHo. 1

well. I%t 18 therefers reccrmended that after drilllng out the
Plug and cleaning the well the following steps be token:

Fabe 3.

Tt is sugpested that S inch caslpg be set at 3605 faob
and eemonted with at least 250 sacks of cament and preferably
300 speks. I L4 than desirabls to shoot the forsmation with 250
quarty of nitro-glycerine. The well shoild then be threopghly
¢cleanad ocut and a production test made, If the shot falls to
develop commerclnl preduction of ofl or gas 1€ will serve 10 Cform

1lipss of fracturing in & deep zome sorrounding the bore b which
will parmit the acid pmt-r-L despar. Thia should b lpﬁgﬂﬂ in
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&t lesst two and prafersbly thres stpges. The first should be no
more than 1000 pallone. After that the well should be thoroughly
oleaned out and a production test msde. The secomd =tags shonld

Ba sith 3000 gallens. If n third stapge 18 necossary then 16,000

pollens should be applisd, eleansd cut and tapted.

Tona l.

Thip goma, from 1920 to 1741 fest, 18 also & oDost aki-
rabtive one. IT ot 3 phould fall to 4131511:-9 inte & ccansreinl

gone after meld treatmsnt the same prosedurs should be fellowad
with zcné La

After Tecowering a&# mich casing as possitla above Lhe
cenented mection & bridge plug should be sok at 1750 fest, The
casing shoold ba set at lﬁgﬂ- faat pnd ceo=nbed with 250 sscks
of censnt. Thara will then remein 230 feat of open hola which
should be sbot with 350 quarks of nitro-glycerine, clesnsd out
and tested, 1f results are negative or unsatisfactory then a
three atape Acld treotment should be epplied with the first
stage balcp 1000 gellonsy the se¢opd %,000 gallonx and the thd rd
if peesssary mot more thas 10,000 gellons. It 18 imporiant that
the well be cleapsd out snd testsd after ench stage. Thon if

the remalts of &ry ope stope Are satlsrfactory the others csm be
elimirmtad .

Evsn shonld the rasoits of the third ond despest rona
prove eatiafactory it may be found desireable o Trest the

¥one 1 interval. In such case the gazing should be perfersated o
with from 300 to 400 perforations opposlte the interval froB
1520 to 1741 feat. Then the recompendsd acld treatment should

be applisd, Ebooting, of ecourze, would be eliminated in such
i oREE.

Although carbonoterceks, such as linestones, ars mot
all aqually scluble in acid, whePs pToperly uﬁl‘lud Ehe acid
produces amazing results even where the formaticns have bog
berely & colar of il or & falnt gas odor while drllling.
Aeid eplarges the pores and creates eavitles in limestons, es-
preclally where major fracturing exlsts. The desper tha meid
penatrates the formatlops awey from the bore hole the greater
the cotlets, or pofes, Lacomd fnmituu: & Freer flow of oll
ar¥l gas. Bonae tl‘.’m E.E.v:l.a“h.'l_'l ty of acldizing in two or three

stages, each stage with a greater smoont of a¢ld than the precas-
ding ofim.

it is not posslbls to estimpte the amoont of odl or
gag that meid drontment will develop oo relatively similar for-
paticos in widaly separated aress. Coaparisdnd may prova une
satisfastory, In ordar to podnt cut what the proper applica-
tion of acld ¢an do, however, 1t may oot ke amlss to city tha
dewalopasnt of @ wall in the Boundsry Pubtes ares oF moTth-
sagtarn Arizons and soutbeaster Dtah which is oow predusing

from Bermosa limestone the gelogleal equivelsnt of the formation
in tha lower zone of the Lockhart well.

Froat's Enplish Mo, 1, located in © W Eat-
tion 23 T 43 8 E 22 B., San Juan County, lItn]:Ertﬂpp the
Hermosa formatlon of Pennaylvendiesn at JPo0 feet. The lioo

eore showlnp ges end oll, Laberatory tepts of the cors 414
not shew good porogity, A drill sten test, howerer, from 4625
to 45677, open 1y hours; hed gas st the surfact io ten mimutes
getimnted at 250,000 suble feet per doy.
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The zons was treated with scid throogh 200 perforaticons
in thbe casing. The first stage of 1,000 gallons did ot produce
any additiooal gas. Tha second treatment with 2,000 gallons in=-
araesed the Tlow of gos to £rom eight million to tep million cuble
foet par day., The last stage of 10,000 gallons developed the flow
af gas to an actual meppuremont of million cuble faet per day.
At the tine of completion 1t waz also meking & small amcunt of
high gravity oil.

Laboratory tests of the cores from the two horizoos
penticned abore 1n the Lockbnrd Fo. 1 well indicots that the
thres stage acld trestmsnt recompended has tetter than an ever-
age chonce of developing conpesalal productlon. Both zooes ars
equally important and bBoth shonld be tested,; zooo Ho. 1 eTen it
tha acild has to be mpplisd through casing perforations,

Respectiully sobaftied,
plgned O, 4, Lerinzolt, Jr._
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Report to Lessrs. Je K, Eellopg ond e He east ,

Phoenix, Arizone
L ;'.'.."-F Fe gy [l
- 1m _'_'_‘_.._._._r

a--‘,r':l-‘rﬂ

1 SUBJECT; Stretigrashic geclogy of L. M. Lookhart, Voe 1 Aztes Vell,
Sec, 35, T 1¢ 1, R 20 B, Nevajo County, Arizons, Elsvetion 6011 Tt
11 INTROTDOCTION TO STRATIGRAFHIC COLULY AT VELLp The followlng
condensed description of the geolopgie strata represented hes
been compiled from the log of Stanolind 0il and Gne Comparny

and from exemingtion of well ceres snd SMples.

Feet
t: Top Hpolk Desceription Formation
0 Sandstone, white, quartaitio, fino-greined Fim
550 Shale, red brown, silty, celcarcons, in i
sandstons fiiinan up
2] Aphydrite sond gypsdam 1R 8
ggﬂ Enndydrrt.nna, alternating with gypsum, ashydrite,
halite 0
1070 Shale, gray end brovm, silty, dolomitic, masgive
1110 Arhydrite, mottled to white, herd, dence
1140 Halite, greding dovm imto enhydrite and shale
50 Shele ay brovn, csleoareous
ﬁm Eb,nla: f-rad brovm, halite inolusions ; groding
dovn te anhydrite, halite, sondstone, red
. s to black, silty, some blaok
i hlm:;iaﬂmht“k i ;| ;i Fort Apache
i 1870 Shale, gray, slterneting vith dolomite ::::b. ——
1678 Dolomite, browmish .15{?311 A s FE. Ap
1 | rod brown
'i;ﬁ Bl.:.;:!l.::, with hud; of sendstons end anhydrite Bese Ups Supal
2160 Avhydrite, gray, massive with halite
2175 Shale, red to chocolate brown, gsondy, includes
gum ond miner beds of ssndstone
2620 Shole, gray, highly micacsoue, delomitie
27550 Dolomits, brovm to gray browi, 61l i
2780 Shele, grey, dolomitic, ond some do ol ﬁtﬂ.th
2860 Limestone, gray brown, shaly, dolomitic,
minor streeks of brovm, cAleareous shale
2604 Shale, brovm, calearecus, hard, dense; someé

EypE
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Foot

to Top

2930
2938
2995
3015

3020
3040

3107
3121
3127
3132
3138
3141
3147
3156
3166
3176
3184
3216
3273

3296
3385

3424
3471
3479
3505
3539
3544

3575
3610

3641

Rook Desoription Formetion

Shale, brown, calcareous; streasks of brovmn
limestone
Limestone, chertp, hard, silty, interbedded
with cmlcoreous, mottled green shale
Shale, brown, osloareous, fractured, with
aphydrite inclusions ’
Limestone conglomerate; smooth brovm Base of / /

limestone pebbles in lime matrix tiddle Supel

Shale, blue gray, oalcareous, silty

Shale, brown, osloareous, soall line pebbles

Limestone, brown, silty, some frootures

Shele, brown, cnlcareous

Limestone, gray, very shaly

Shale, brown, celoareous

Linestone, dark gray, silty

Shale, brown gray, caloareous

Limestone, zray, very silty, nodular

Limestone, ephanitic, grey, cherty, fractured

Shale, dark brovmish grey, caleareous

Limestone, grey, silty, cherty

Shale, dark gray to black, fossiliferous,
caleeroous , vith minor fractures

Limestone, gray., massive, coarse grained,
fossiliferous

Shele, micaoeous, silty, celcareous; rinor
fractures

Shole, gray, silty, bentonitic, csloereous, with
lime pebbles

Limestone, grey, elternating vith gray shale

Shele, mottled, red browm, calcersous, noduler,
and 1imestone, thin, gramler shely

Linmestone, gray, grenuler, silty, fossiliferouss
some chert, minor fractures

Sendstone, very fine grained, froactured,
celcaroous

Linestone, gray, cherty, granular, minor fractures;
grades dovn into shaly limestone

Shale, red browm, coloereous, micaceous, with
beds of fossil limestone

Sendgtone, dark gray, herd, fine-grained, with
purple shale partings

Linestone, 1ight gray, coarse-grained, silty, with
shely partings end grey brown nodular shale

Shale, red browm, celcareous, fossiliferous

Shale, red, silty, mottled, with subangular grenite
fragnents

Sendstone, very shely, fine to medium-grained,
cnlcarecus; some limectone inclusions
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Faek
tuﬂ'l!n_ﬁ Roel: Degoription Formation
650 Linesgtone, dolomitie, =ilty, massive, with
pinor froctures
3667 Limestone, dolosltie, gronuler, sandy, with
vugs of white crystalline limestone,
major frastures
3685 Limestone, dolemitic, gray green, with thin
goarly beds of m 511.“1
3708 Emdstone, fine-gr s onloarecus
5724  Granite, biotite, westhered Pre-Cembrisn

S ————

111 AGE OF STRATA AND RELATION TO SEDIVENTARY BASIN; Mosk, 1T

not all, of the sedimentery strata encourtered in the well

are of Pennsylvanisn end Fermisn sges Pre-Cembrian grenite

was encountered st the bottom end a empll thiclkneas of
Devonian and Uissiseippisn strate may possibly rest upon it,

though the vriter believes that Pennsylvenisn beds oxtend

dovm to the grenites It is importent to note that this well

is loosted on the margin of = besin of Pennsylvenien ege and

pear the center of the deepest basin of Fermien ege (3200 feet)
in Arironas

IV ZONWES THAT SEOW OIL CORCEFTRATIONS: AMAocording to core anolysis
by Stenolind 0il and Ges Company the following romes were

found to comtain oil (Anslyses made by resesrch departmant in
: Tulsa) as per attached emslosurés

1678 - 1T4l
2873 - 3129
175 = 3449
3452 - 3615
3867 - 3708
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v ZOWES OF POROSITY AND HIGH RESISTIVITY FROM ELECTRIC LOGs

An electric log orepared by Slun'beréc Viell Surveying Corpora-
tion (see sttached) indicates the following:
(1) Porous zone in limostone with high resistivity
from 1510 to 1730 feete
(2) Various zones of porosity snd high resistivity
in limestone indicated between 2873 and 3565 feets
(3) Zone in limestone between 3657 end 3708 indicstes
a porous zone of high resistivity related to area
of major fracturing observed in the corese
VI ZONES OF OBSERVED FRACTURE: According to D. ¥, Ferebee, vho
was geologic observer for Stanolind 011 end Ges Compeny,
the following zones of fracture in limestone were noted.
(1) Minor frecturing in limestone 1678 - 1741 feete
(2) Minor fracturing in limestone and shale 2873 -
3515 foete
(3) Major frecturing in limeatone 3657 - 3704 feote
VII GENERAL CORCLUSIONS: Moat favorable zone for testing, besed on
field examination of cores and cuttings, on Slusmberger log of
well and on leb enolysis of core appears to be between 3IS00 -

3708 feets A second fevorable well for testing is indicated

petween 1510 snd 1730 feete Should a successful campletion

be made in either or both of these zones, further testing would

gseem to be warranted in the porous -sections of the gone between
2873 - 3565 feote
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VIII INCICSURES:

(1)
(2)
(3)

Slunberger deteil log of Lookhart No. 1 Aztec Wells
Slumberger generel log " ’ LR -
Core enalysis summaries " " L BEL S " by

Stmolind 0il and Gas Companye

Report submitted August 27, 1949

Eisree D). P77

Edwin D. McKee,
Geologist

Postoffioe Box 564
Flagstaff, Arizona
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L {

PNt ARIZONA STATE LAND DEPARYMENT A

Sundry Notices and Reports on Wells  Lease or

Permit No..cooieiccia i

Notice of Intention to drill ... Ry kA NRAA AN e i A fok e =] = g :
Motice of intention to change plans....

Hotice of date for test of water shut-off.
Report on reselt of test of water shut-off..
Notice of intention to re-drill or repair wel
Motice of intention to shool. ..
Subsequent record of shooting ...
Record of perforating casing..
Wotice of intention to pull or c-tlmmm nlter cm.ng.
Motice of intention to abandon well..._.
Subsequent report of abandenment...
Supplementury well history ..

U.ndmate_a'huveh:.r check mark nature of report, notice or other data)

_June 6, 10
Following iz a (Motice of intention to do work) on land unrler {permrt ducrlbed as fullw:s
{Report of work dene ) (lease )
Well No. .. LsM:lockhart TAztec Iand & Cattle e B Woe X e
Baerikan
.................................. Boobdon 33 R, 20 B,  O&SHEM
| 1305
The well is located ... 17948 fest () of . %W centeT jine and 6. feet
(W) of. Bast eeeeesrrsreeemen Jime OF
Section. 33, T. 14 H., B, 20 E,, OASHM, Fawalo Gmm Smfuh lmx mm
The elevation of the derrick floor above sea level is ... 6009 Tt pes st e o ek

DETAILS OF I'IM OF H‘ﬂlﬂ

{State names of an expected depth to objective sands; show sizes, weights, and lengths of proposed casings;
indicate mudding jobs, cementing points, and all other proposed work.)

¥ell wan mn-imuuutu.tammdjmkmmmmanmj. 1949,

Top of a pinkish blotite granite was reached at 3724'. Ho commerclal ofl or gas formations

L; 'l. :mumm
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Gontirmad from Front Page

powinet in sasks, To then place 26 sacks of cement on top of sawdust which will #411 holw
to 650 feet. !-utlmt off the 20" gonductor pipe ons foot sbove bottom of cellar., To weld

1 t top of 20" conductor pipe. To weld a 2' pipe to above plate which
:3.15:::::.;. n%lu:;g;'ﬂ:i u?lml as & marker for well whem celler filled. To fill eellar to

groucd level and level off location, The well to be phandoned in accordance with tha showe
degcribed program.
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Lockhart Aztec Core Report on the Fort Apache Formation

ST AN LD O+ G S &8

2 esearch brgﬂ"\"‘.
732
L. ¥. Lockhart Ei
Aztec #1 Lab. Wo . 2708 i
Wildcat Navajo County, Arizona Date Heported 4-18-48

Lo cation Bec. 33.T14NR 20 E Fx Date Received 4-12-48
Formation Analyzed Ft. Apache Zone upper Supal

Coring Data
fone 1678=1741
Start Coring 1678
Top o f Sand 1540
Fottom of Sand 1750
Stopped Cordingl741
Total Feet Cored 63
Total Feet Formatiomn 210
Recovery, Feet of TFormation 63
Hecover % of Formation 30.0

Type of Drilling Fluid (011 o r water Dase mue) Jel ¥ase with Sawdust
Filtrate Loss (CC. Fer Min. Apl) ===

Summary of Come Analysia

1 Content Extraction) o _ro giu
i 20 m(aEﬁlr Faet of Max. Ein. Wid. AVE. AV.
Sand 5{
1678-1741 63 10.2 ol 3.5 o

* For comparative purposes o nly. Not to be used in estimating
oil in place.

ferme i
i Feet of % Capacity
Zona Sand . HaxXe Nas « AVEs Ft. XD
1678-1741 63 |00 .05 +65 40,85
»Unlecs Noted Otherwise Fermeabilityes are Parallel To  JBeddi
Flaneg

i
¢ Indicates "Less than" > Indicates "Greater Than"

Letter o f transmittal by D.M.Fireheey no date mo file
With graphieal core analysis 1o H.
Acid Tesponse test to Tollow as supplement 10 this report.
ec: Lewie Finch, Jr., H. T. ¥o rley (2), C. F. Eedford,

Da M Firebee

231



Oil and Gas; and Helium Production Potential of Oil and Gas Assets in Navajo County, Arizona.

Blackstone Exploration Company Inc.

Olufela Olukoga, Reservoir Engineering Consultant
Lockhart Aztec Core Report on the Lower Supai Formation

L. K. Lockhart

e e ooty L |
. o Cou Arizons |
mnu Sec. o4 rnﬁu.mm Date Gegaiyed 5—E0=42

Formation Anslyzed Lower Supal Uerine Perm {Fmeoa®)
wipeiseippian (RedwallE)ew. 58807

Coring Data

Etart Coring EETS
Tup 6 T fand AR ai7e aﬂ
Fottom wof Sandll7hHg 3462 e
gtorped Coring 5120 452
Tota)l Fest Cored LA 100w &1
Total Peet o f

Formatiom £ =7 —_——
Eecowery Pl of

Faormation 61 B 61

b ot

fiae iom 7.4 21,0 ————

Type of Drilling Fluld fodl o © water hane mad] Jel end Sawdust
Filtrate Logs (CC per 30 min AFDO) High .
* Doss mot ipolude arilling interval of 202 .
as Posg Tot inelude Arilling imtervel of 177

fummary of Cere Analyels

0l Comtent (& Extractdon) . —
Zo ma ﬂﬁmn“f M. Eﬂ'ﬁ.m Wid. AVE. Eat. &

b e BT 51 8.0 £ ul 1.6 da 0
ﬁgﬁ-mﬂ TE 1.8 g vl -EE !Lé-g
S452-3513 61 4.7 s 1. 1 & -

* For comparative Purpoeec only; Wot to be u A in estimating o n ploce
reaabl . Millidereys CRps
Fe sy Puet of e i wid kvg Fit. XED
SETI-3150 a 4.48  +08 A 2.8
=i @ s = & -
o Eﬁ. 1 08 11e1 . wlHE 3 L0k p 2.7T6

rwigs Formenlilitles nre pars to Iedding Flane
u:é,’;..ndﬁmnqﬂ:thu Tham" » Indicates "Greater Than"

ILatteras o f tlﬂﬂtﬂﬁiﬂpﬂhﬂhﬂ| EI'M 1] rﬂ‘-

with graphicsal Sore ana B logEe

i s ntu.'tuitt; taet 1o Tallow d;rﬂn‘-mmt
Enmlﬁmh, Jlay HaT k3 rley {8 ¥ C-F-Hmﬂl .M. Farobod

By J. V. Bpurls ek
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Lockhart Aztec Core Report on the Mississipian/Devonian Formation

?"3 .:
|
L«H, Lockhart |
Aztec Ooit il Lab, o. 208 :
Fleld wuildeat Howvale Co . Arieans Tt miwﬂ s
Logation Sec. 33 Tl4N A20E Dinte Hﬂg;w.
Formation Analysed Misslselppland Tevonian? El. !
Coring Data ;
‘Toon AEET=-3685 PEES=-IT03
Btort Cerd 8T m&&ﬂ&
Top o § Hmﬁ I
Stopped Coring e TR
1 Faat Cored e =a
TTgtau:i. Feet Formatlon 323 L a
Teoovery Fact of
I‘nrmt-i:u 1B 2
'ncr; o
fimea Smt-'lnn ﬂ!ﬁ' —
of prllling Fluld Fel and Sawdupt
trate Loea®Cl per 30 mip. API) Hifh
#hpeps not inelude drilling interval o £ 7
o f Core Analysis
il gontent (B En.rm Fo o elty u-ﬂ'm
Ft. of
ZoTe Wet Sand px, Hn. Wid. AVE.
2.9
=85 16 BT 1.1 2.0
= = 16 < b .8 e
ﬁ‘nr comparative purposes only, Not 1o te osed in estimsting
placis
Farmealdlity* ——_— Killidnreys o T
- hm
Come Eand axe Wime Wkd. Av. b ]
T-EE ]I.:I.é BB 5L »10 1.%
ﬁs-:ﬂm ' 21 7a06 .06 ¢ 0B 1.

Letter tranomitial by D.M.Ferelee, dated E=1l=47 mo Tilu.

graphicnl core noalyels log.
EE.:]. teel Lo follow ne Supplesenis.
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Lockhart Aztec Core Report Summary on the Fort Apache Formation

- LIND Ol AND GAS C Al
; RESEARCH DEFARTHENT
EORE ANALYSS SUMMARY

L, M. Leckhart

. o, 2708
wie —ARbac — Arizons __.._._..:c; nmn—;“ﬁm:w—-
wioh . B Tl IE 0K DATE WECEEVES.. - =
" COMING DATA

sons 16T8-1T81

sramT Commen m

—rou o SAw 1750

ETORrED CORINE Yihd

TOTAL FEET CORED 6\3

TOTAL FEET OF FORMATION 210

i . FRET OF Tiow b3

WECONERY, T DF FORMATICN A0

SrFE OF CRILLING FLUID (O OR WATER BASE MuD) Jgl Bass with Sawdust
FILTRATE Lows (05, FEN 30 WIN. AR}

SUMMARY OF COREL ANALYEIER

AVERALSE
B =
Iimmm 63 10,2 o7 35 F-i

PERELANILITY® - = _
| wons e e
|
i
1678=1Tkl &3 27,00 <05 +55 W0.93

Ay Mo D A PamLE. To Boores FUGES
Sl wSATES CLEEE THART: B Insscavis EsSATER THART

Letter of transittal by D, H, Firebes, no date, oo flle
®ith igal core aneiyeis log.
neid f::inu test to follow ae supplement tothis report.

cot Lawis Fimsh, Jr
K T, E:-} {d"/
"

Pl
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Lockhart Aztec Core Report Summary on the Mississipian/Devonian Formation

B HOLIND OIL AND GAS ¥
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rme. iildcat, havaje Coumiy, irirooe P I T T
LOCATIEN. o oave wmcmven_beiml§
o s T mm__ﬂmm" e 59901
CORING DATA
rouz 3657-3685 J645-708
ATANT COMINE 65T 3605
TEF OF BAMD 3‘3&% 3645
BOTTOM SF BAMD 268 r— .
FETAL FEEY CORTD % * 23 L
TOTAL FEET OF FORMLTION ——
AECOVENY. FENT OF FOMMATION 16 4
RECOVERY, % OF PORMATION L2.3 —
TP OF DARLEM FLAD (0N 0N WATER -r';'l‘m
FRLTRATE LOWE [CF. PFER M NN, AP
# Dpes mot imelude drilling interwl of T°
SUMMARY OF CORE ANALYSH
O CONTINT (BY EXTRACTROMN)
o neT BanD vy ) e L
3
345785 16 5.7 L.l 2,4 2%.9 (
SFan Conralifivl Paabesn SeLy. Ner Te IS Ues i S5t On i P,
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Ty T RN MARL WM. WTE, AW, FEET K M, B,
Jes7-85 16 «B5 < J08 «10 1.60
3oas-me 2 <05 <.05 <.05 1.05

Sl NSRS CTETE. PEMSLLSLFTES b Palilis Te Sasees Fani

“f" lmpscaven VLS Tmaw™; " jpscaves —Ssravey Taam™i
Latber of transsittal by 0. M, Fersbes, -llhd bel=i9, mo file
¥ith graghieal eore enalysis lo:,

viher tests to follow & s lesente.

eti Lewis Finah, J

r
H. T. Kerley (&
o ¥ Dedford

237



Oil and Gas; and Helium Production Potential of Oil and Gas Assets in Navajo County, Arizona.

Blackstone Exploration Company Inc.

Olufela Olukoga, Reservoir Engineering Consultant

i
>

0 ST 4D OIL AND GAS COMPANY
( ' RESEARCH DEFARTHENT

CORE ANALYSIS DATA RECORD
L. K, Leckhart

s Wildesh . wwm Al - —— RS ST - can mo P08

— e _—M—’-" e o

- _— —— T = vomserrr % | wm ——— e, 1:«-—. ot
%57-99 | e 1 T4 | 924

W | s - @ | <2 133 | Ak | sl | w00

r Jo60-61 * .05 <05 1.7 %.9| 7.1 | 100.0

“ -6 - <05 1.9 15.7 8.3 | 00,0

I 69-T3 - <05 #H5 5.7 3.6 6.0 9.6

it 36Ty . <05 1.3 2%.9 | 7.1 | 1000

AL | 36e3-85 » <05 | <.05 2.4 7.2 | 32.8 | 100,0
3685-51 e <05 1.6 12,6 . | 1000

B| : o | e | g | | mes [

x 20004 . <05 9 .

® 370k-08

05 405 T 0.0 | 1000 |100.0

238



Oil and Gas; and Helium Production Potential of Oil and Gas Assets in Navajo County, Arizona.

Blackstone Exploration Company Inc.

Olufela Olukoga, Reservoir Engineering Consultant

- ARIZONA STATE LAND DEPAél"MENT

Sundry Notices and Reports on Wells  Lease or

Parrmit No. .o

Motice of intemtion to deill .. e e |
Metioe of intention to change plans. |
Notice of date for test of water shwb-0ff. oo T IS
Report an result of test of water shut-olf . .
HWotice of intention to re-drill or vepair well.

Natice of intention to shoot. ... ...
Subsequent record of shooting .
Record of perforating casing...
Hnﬂmnimhnhmhpﬂﬂmﬂhu'mulm r.n'nhﬂ.

Hotice of intention to abandon well ..

........................

(Indicate abowe b:.r nh-:c'k mark nature of mpﬂ:rt. hﬂl-'li-‘! or Iﬂ“l'El' d&tBJ

. Fabruary 18, .
Following is a (Mobice of intention to do werk) on lond under (permit) described as follows:
(Report of work done 3 {lease )
Well No. . LsM.Lockhart "Aztec Lend & Cettle Compeny, Itd," Wo. 1
Haclicn Tawzakip Hangm
. Bection 33 i bew, . B 200B, BESEM
P oot 47

The well is Toeated . 3798 . feet (8) of.. B =W center lime and..1308.5 feet

- TEEX
"""‘""" NWANE 5‘5" W) of. ... B8t . e Nit of
Section. 33,7 DLW, - R.20 B, - 038 - Newnjo County, Ssewfleke Ares, Arizone
The slevation of the dersick floor above sea ]lmﬂ is S5990 e Fent

DETAILS OF PLAN OF WORK
{State names of an expected depth to objective gands; show sizes, weights, and lengths of proposed casings;
indicate mudding jobs, cementing points, and all other proposed work.)
Broect to encounter objective formations from epprox. 2000" and will drill with rotary tocls

....................

to beow [y a d nt. uh]. furggfr 1,1 “ﬁ %} Frhﬁ Ewdﬂﬁ.n ; this arat 'um::l e
- s’&iu‘:ﬁﬂi_ﬁ? rﬁ?r:a Ehﬁﬁr J‘&E ﬂ% ¥ reﬁ?u?rﬁ;; E?:%#iun? new
- s !'.uea """ qn.,nt.!

“Bnd oot Téady for

s e By Ko A &:{M} .........
L ,-*-’.ﬂ: Ay oS 301-303 Subwey Terminel Blde,
7 South HilhStreet

------ - Address 1oe_Angeles 13, Qulifornia
Arizona Siabe Land Departesent Phone: WIchipsn 3657
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oG & q-3
EELENiHFAST-A 2 TR #1
{51 Lecihart-Aztse 1)

Lessalions Sae, 33, T. 10 BH.; R 20 Es Havaje Coumnty Camremicadr  Feb 1Ly
Klevotions WAL Tt  (HNRNEREEY) Cosplatad: 19U3 (7
T Fdp
Famt in Top Bl Duaeription Farmation
& Buyddatoms, white qeartsiiin, flne-geolsed Eu-am.'l.m
S50 Bhaln, red browo. slliy, Duimrun-ﬂ. in mendntons Supad
() Amgririte and pypaus in shals
Bzn Sapdsboos, altorsating wilh gypeen, onbrdrits, EBaiits
jilnp i) Bhaln, gray aod brown, eilfy, doloaible, maasiws
1110 pnhydeite, mobtled o wiite, bard, dmas
1140 Haltte, groding down Lote mmbpdrite end shile
125 Phala, groy hrmm, cdléarsoos
170 Hhale, rod brown, halits inelusicadi geafding dam t3
milpdrita, hallta, sandstooe, Fed abils
icha Diloalts, dark gesy be blsok, ellby, oom black eFgenle
mather hrimm
13Ta Sholn, groF, altarmnoting with dolealts o k.
1678 Dalrmits, brownlsh greoy ® Ft. Lpecia
1750 Ehale, red by, deleedtin auaat
17Ta Holite, with beds of sandstoss and anigdribe Dmpp lpe Sup
EL0 iy EEEFy Oaszive wilh haliis
i Shalm, ted %o chopolats browm, sandy, ischades
prpios ond mingr tesds of AndsGons
2620 Bhala, gray, highly miosescun, dolomi%ls
2755 Doleaite, brom te pray broesm, silby
2780 Ahals, gray, dolowitie, and some dolomlts
2860 Limanicom, grey Lpos, shaly, dolombibie, with mime®
ntreakn of brewE, cslescarns shals
2ali Sihnle, brown calepessos, hard, denss; scsk grpIm
2ol Stals, brown, celgarscnosy otrealm of Brom Lisestooe
2g3l laoneatons, chert, kard, silty, interbeddsd with
eeleavagon, Evttied gresn stale
2095 Shale, Ercim, calospecss, Freetursd, with sohpdeils incinedoos
xms Liswstors oonglomsrabsy amooth brown Bane of
lipkntens pobhles o lies sateix Middls Sopad
3o Sealo, bloe groy, saléaracus, allty
Jobo Fnale, brown, calcarecss, small liw paklilas
0 Linentome, brow, allty, some frachicds
L TEp Shale, brod, calBureons
1P Limontons, gi&f. WEEY Ahaly
T Srale, brown, Gl cdreoun
1132 Limewtons, dark gray, silty
3134 Srade, broum gray, calcamorl
nlx Llmaptonn, proy, wery silky, nodelir
kT Limiptons, Ephanitin, gray, cheely, Frectored
3156 Zhale, dark browmlah grey, eleubaeull
165 Limztons, gray, ailty, chertr
179 Reale, dark gray te black, loaailifarsun,
sloeresen, with mingr [raeciurse
Livaatens, groF, mesnim, searse gradmed, fosslllfsrons
176 Shals, minooeoua, piliy, salearecwsp minor fracturas
5T Shale, pray, sdlifr, bantenibls, u-n.'l.ummt:i.ﬂb'h. Lims pebbles
a9k Limsstons, gray, alitsrpatisg with groy o
3385 Shale, mottlsd, red brows, caloarsous, nedwlar; and lissstone, thins,
Eramiler
A, Limantone, ERay, geannlor, oilty, foesllifergusy some chark, oiser
Prasturan
amn Sanlalots, ¥ory [ina graioed, {rdastured, Galeareous
TR Timesboea, gray, charty, graumlac, alonor frackturen) grades down
inta shely Limestons
[ Ehals, red brown, osloacecas, sipecevon, with beds of foanil lisa-
atans
A8 Sandatons, dark grey, Eard, Cles=-grafosd, with paspls
nhals partings
Iehh Limsatons; 11ghk gesy, soarps-graimed, siliy, with shaly partings
and gray browp opdnlar shale

-]

5 dam ben
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LLOHHEAST-AZTED F1
ﬁ.-"u. Lonkhart-Atten §1] Eac. T3, Te 1k H., E. 20 E, Havajo Comiy

Feat ko Top

3575
3510

b5
JEHD
a7
3685

oA
ik

Rogk Irlln':l.'ip'lil:l'l:l Formation

fhale, Ted breoen, caloardcus, fopsililereus
Bhale, red, miliy, msottled, with sehangular graolts i
I'rageents i
Bardgtonn, vory shaly, fine to medius-grained, salearocosy
samy 1ipeetons Lloclosions
Lisentoon, dolomitie, silty, sesslse, with micer
fraoturas
Limentore, dolenitie, gramslar, saedy, with vags of
white crFatalline limstcss, major fracbares
Linestonn, dolositin, gray green, with thin garly
i 2wy e e
Semdatemay Tiea armous
Gran B, Il:lil:nﬂ‘h, #Hh,ﬂ'lli Fro-tiskrion

Enpert submltted August 2T, 1545,
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T if‘.-..l:.r;l_.
COLMETYT o I ATATE r . ToOLS i INFG, DM

Tiava o .f"'! Arigtona Botary

WELL

LM Toskhart-Aztee Tand and Cattle Co. #L (S A4/ &F & -r.’nd“) )

Lo 100 § of BN cente mualjuﬁf'ﬂ'nrﬂ ELEY. 50000 ground
m gE 33 1hH-208 A E S E %&j&q‘hﬁ_ WEL G011 Helly bush

ACTOR H
lap and G H Enjling, taol pushier
COMM, l CoMP, Y. D LP.
March 7, 199 | Jume 5, 1909 3T P
FOREATION RECORD

{sae reverss nide) CABING
0 200 condwetor
k'ia balow cellar I‘lﬂru-r._

1
i AciD BHOT :

mEMarke Dpill stem test FATA!=1TL2Y in Ft. hpeche seriez of Sopal I'mal;-im+ Mr bl f.'nrl
18 minutes; scar spell of distillate. Good shat—of .

Adjoining water well TO 593%, water pand from 555'=5550, water relses to Shﬁ’ maken gbout |
! 10 gpm. Ho sanple for EH-BJJ"BLI. taken but water is pnt.-u.'hl&...

L {SaAUT AEPORTE GN AEVERRE mow)

242




Oil and Gas; and Helium Production Potential of Oil and Gas Assets in Navajo County, Arizona.

Blackstone Exploration Company Inc.

Olufela Olukoga, Reservoir Engineering Consultant

13 Ear Ly Spudded Mar 7. Drlg @ 325. Kaibab on surface
to 1381, gandy silty phase. Lost clirculation
| @ 138" and again twice above 300%.
' 5 Apr 19 Drlg @ 1880 in brown marcon shales (supai)
. Base of Coconino at hB0'. See remarks on
- front re: drill stem teat.

284ppr 1,9 Drig @ 3028. Tough purple-black gritty shale,
: lime cement. No shows since drill stem test.
i 20 May 49 Drlg w/ slmost continuous wire-line cores at
! 36007, Margon limey shales with few questional
i oil stains. Core showed a few gas bubbles.

@iﬁwﬁﬂm&fﬁm -
L_‘ -reports Penna®t marine phase 3150'=3050. His .
1 i residue examinations show mreh higher % sol. -
matarials than previously reported. Much over |
S0% sol. i
26 May 49 Coring @ 36591, 3608-33, very hard chert & -
cgl. 3622-23 completely dulled one hard-faced |
bit. 3633-11-50, marcon sandy shales with |
lime streaks. Congiderable slickengzides.
3650-57 Coarse recrystallized? limestone w/
. shaley streaks.
. 6 dun L9 Complated June 5, 19L9. Granite @ 372li'.
i 0 3734'. Schlumberger gamns ray run June 5.
- B Jun 449 Cuttings and cores to MNA. .
Hole 20' off vertiecal at 34,007,
I} Eeet of 20" conductor nasinf_: set at I:n‘btm of

cellar; bottom of the L' is 21' below kelly bushing,
Flavation 6011Y,

teni to 60' 16" hole
60 =:1918% 11P hole
1918 - 3731' 9 5/8" hole
3731 - 3734 7 E/B"™ hola (core hole).

o e e T % (T —

-9

e g e ot i B e

L rm————

Well pluogged from TSO'-650' in hard shalas
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County Havalp
ArTea Hunt S

Leage No.

Well

Hame ~ -
ruorted By KWW Ol Cotw 1950, (Kelly-Weast) 1305 FEL ('re.2vao £,

Lonatinﬂmgﬁcag_*wp 14 WRange Z20REFootage L

o g il STl s

Spud " Completed Tatal 1ine
Bicy Date - Abandon _g-f.4 . Depth _ 3734 3
et ety L o At ;
Contragtoyxr: _ SRS - CoBE . § ¢ . ;
- ! brilled by Retary _*
Casing Size Dep:h Cement } Cable Tool . i
i Production Horizon E:

Initial Froductiom
P vales 35? b= TTE N J:ﬂ.frﬁrﬁ ga-.--"‘f:.-'_r.

___._.._-.‘PI__&__L!_,_&LM‘} it -ﬁ'r';; we ff g fagit contoniess/y

REMARKS ___Zpad Coconino _DsT in Ft. Apache
Supni 450 - plnu:l.:_;l.ﬂ_.nin._.__._
_Badeall) 3600 te

A€d F'md

3 i
.ﬁfnr-m’l v e wour "-""""—# 14 ]{,35 f_TSI- ur'uw‘!l pod # e 'FEJP.--pLIIf aas w Al TE .I'rd
=i .  —

'ﬁr"!‘w.:wrn.

El-.‘_f"p#‘ i
Elac. !“ Slnple Log _Am Strat /7 '—.Ff'
Logs édf?i'c‘;- A/aG (’R"""'“"'L 'Q‘ﬁ_f’-ﬂ' ‘E“‘ﬂ Sample Descrip. &
Applic = Pliigging " Completidd ' . Sample Snt.ﬂ' G i
to Plug Recotrd Beport - __ Cores _ BOA
- S i : ; : “rn e
Watery well - accepted by — — —.
Bond Co. _ T CET PT AT T TR - R .
LNo. e
ITENTI ST Date . ___

Bond Am't § __ Cencelled _ Organization Repntt
Filing Receipt "~ “Dated '~ " well“Béek ' Plat Book _

i F L S T LA i T A S W
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August 3, 19L9

Hr. J. H. Enllogg
th. . "1.- m
Phoenix, Arieons

(ariblasen 4

At your requeat the following letter report is sutmitied regerding
Four to test the L. K. Lookhart-Astec #1 well on Seqtion 33,
Temnship 1) Rorth, Range 20 Eaet, Havajo Oounty, Arisona:

Oardl ture

Tng wall is loopted on the Ancwflehke entlclins whiioch i8 euperd e sed
the larger Holbrook enticline. The olosure on the Snowllake antlaling

toaalf 1s fro@ 120 to 10 fost end the ologurs on the Holbrook anticlins

inorgases this alosire to over 300 feat, The Snowllele antloline covers

sn area of about 11 sQuare =ilag, The slavation et tho well sits is about
G000 above sas level. The satrupticsl location of the wall wae baped oo &
geologion) report by Mr. Silss C. Brown, fommerly with the U, 8. Osaloginal
Survey and now with the Ceneral Petroleus Corporation.

Oealogy-Stratigraphy

Tha gurfzee formetion st the well site ip the Kaibeb lioentons of Pare
mdan sga end the well successivaly panetrated the Cocondno sandstons
{Pervian), the Supai forsstion (Perwian), the Maco(?) limegtons (Pennsylven-
ian), the Redwell limegtons (¥iselssippien} and the Martin limestons (Devon-
ian). The well resched granite at 372" aad tottomed at ITILY.

Drilling fistory

=8

Thie well was drillsd L. E: Lockhert of Los Angeles. It was cored
almst continuously from 1678' to 2181 and from 2492 to the bottom. Core
recovery waa nesrly 508 and sn oougoelly aconrate plotuce of the encountered
forsations is awsilshla. Tho Stanclint 051 and Cos Cospuny, on agresmsnt
with L. W. Lookhart, had its geslogist, Hr, D. M. Farsbes, oo the well aluoat
continuously and in addition rsn @ veries of outting ond cors esnalymes,
Elsotric resistivity and gamms rey logs warw tun after the coapletion of
tha well, A drill stem test was run from 16787 to 17,2" with negative

roagulta. The well wes plugped snd sbandoned without eny thorewsh foreation
tasts belng made.

Patrolifercus Fomadbllitiea

The warine formetions of the Permian, Pennsylvanisn, Elssissipplan and
Devonlan age are all gonpidered as source bade for petroleum becauss of

their high content of orgenic materiel, Mgy small oll shows were anoount-.
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-2 -

ered from 1500' to s&bout 3700'. Thore were also indications of gas and some
smell of distillste.

cm-m;mpnmmwmosmnmcmnmunumm
sones with potrolifercus possibilities: One from 15L0' to 175" and the
second from 3590 to 3700'. Both are in “tight* limestons foraations, 1.0,
tmtimﬁ:nhdﬂdnupﬂuﬂpetmlmmtmtm]«umﬂ- appli-
cation of heavy dosages of acid. The drill stem test run from 15678° to
1742' was in the firgt possibility mentioned above. It showed sn 10 minute
Blow 67 @t ad & strong distillate svell byt nothing sore. Core
ol this sone show the porosity and permsability to be low, i.e. "tight®, tut

‘the pore spece is over 255, In the second sons, 3590

While the formations mmmmmuomummmw
'wt'.mmupofuhmuttMnuthpouwmh
the thorough testing of these two sections with sdequate shooting and
intanse acidisation.

The eleotric log of this well is reported to be very s to the
Dove Creek Field and Boundary Butte Field discowery well slectris logs.
mdimnw-uinmmmmldmmumyohmhndu.
drymhmofm'tmt'wmothhowm. Subsequant
mmmmumummm.mmmzm-nm
opened up & new {ield,

Proposed Development

m’ronmummumammmmmmdmw
Astec #1 well:

:

Both horisons will be teated.
The bottom of the well ia to be cemented wi ﬁm

th 250 of
cement from 3590" to 370" and then drilled out to 3700'. woll will

::bodmttm)”o'to%&' and heavily aoidized to make a thorough

If the bottom horison becomss & producer, it is proposed to drill a
second well in the imsediste vicinity to tast the upper horison betwesn
1540' and 1750' in a sisilar mennsr.

1f the Lotiom horizon does not produce, the upper horiscn will be
testad in a similar monner in the same hole.

The work will be done by reputable firms and supervised by Stanolind
041 and Gas Compeny representatives.

Commants
In that ©42 well was never shot and soidised, the State Land Depart-

o . Aty oor .7(
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-1=

feals the Loskhart-Astes §1 well has not yet received a therough
trio log, and 4n both written snd oral communicstion with geclogista
mﬂmﬂmﬂm,mimwmmﬂmmhmmtnw—

LEH 21
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English #1 , S22 T43S R22E Well File
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Foamy B HEAVE]O JNOLan AREnCy
0, 8, Lawn Orrice Window. Bock, Ariz,
) Bxnaar Mowies - 1=1%%=-Ind =7 180

_| Lasse on Prawrr vo Peosrecy ENELLED
- T -

| UNITED STATES

_—1 | DEPARTMENT OF THE INTERIOR
(RN S S —‘L | GEOLOGICAL SURVEY COPY
| .| —

| LOG OF OIL OR GAS WELL

LOCATE WELL COMRECTLY

Compuny WHestern Hatural Qas Company ... Address 823 Midland Tower, Midland, Iexas

Lessor or Tract . English- oo oreeee Fiedd . Wildeat. ... State NLab o
Well No, L. Bes 22T 438 R. 2Z1E Memrl:mi. ELBM. . County . S8 JeAR

Location 660 fLFﬂi taf B Line and 1950 lt .!'lﬂ H... Line of 22.—.#3&.-12& _______ IE.\!»an.:'lu.a"E.LI Ii-ili

Tha m]'-:nna.um gt\.cu herewith & n Eﬂmpbrt-r and eorrect record of the well and all work done thereon
so far as can be determined from all available records.

e
Date __ Fehtuwacy L, 196% Title...Petroleun. Enginges ...
The summnry on this page i for the condition of the well at above data,
Commenced deilling .. =30 1847 Finished drilling .. 6=10___ . .. 19 48
OIL OR GAS SANDS OR ZOMES
{ Demeta pa by &)
No. 1, from ... 8620.......... S % T Y [ TR Mo, 4, from ... 2200 ko 300 G,
Mo, 2, from ., T80, . . to 4EIS.. G e Moo By from o 53000 b L SBSDL G
No. 3, from 5-113!1 to -51-5-&---- el Mo B From e B e e
IMPORTANT WATER SANDS
No. 1, from o B0 L EBO L Now B IOm e B0 e
Mo, 2 from oo B e Moo d, fram o B e
CASING RECORD
ny | eht | Thege | ke At | Kbl of ahist imtumn_l Lt Furpase

13 3/81 30 | & Round. . Hu;.rlnr 288 Texas.

Fiat e reom o ru

[
2.;;1_:I.?WJEM'LM!"1'“ SRR iR o] 43

v AT BT
X :wu’. b e

| ETT I [ ST L AFSHEC TS JPH s i

MUDDING A.Nl:l' CEMENTING RECORD

wing | Whesst | Fumbersmsbyof sement Matnsdusd | Modgranty Aot o i sl
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13 ﬂfﬂ zasl ) 200
i.&..[&.'-...".ﬁ?_*‘; ............. 500....
Th0%0

e
:

Heaving plu.g:—-—‘vinl.erm]

%m ~Muterial.. ...

SRS B —— e —————

,ACID RECORD | =] _

B | Bl niged Frpliadve naed QGusnHiy Eids Bapdh shet Diwplh clenmed Gug '
Zﬂ,ﬂﬂ,ﬂ_ Llons in sobes . beloe 630, rmrmmms e m ] e rmmnn e s e em e | I
Well plugged.back. ol 4670 | ...... !

11,000 gallons. theu perforations. 4620n10.. Well complebed- o .| oo
TS UISED
Rotary tools were used from ... @ foet to .. 6090 fect, nnd from ... foot to .o, font
Cabie tools wereused feom . _feebto _ _____ __ fest, and from foet bo o fest
DATES
. Febroary. L. ... s 10 Put to producing .. Well shot dn .. 19.....

The production for the first 24 hours was
emulsion; ... S wabor; and % sediment.
Tf gns well, cu. {5, per 24 hours 25,000 MCE ..

e barrels of Auid of which . o owas oll; %

Girawity, "Bé. . : —
Gallens gascline per 1,000 cu. 6, of gas 1, 161 ... =

Rock pressure, lbs, per sg. m. o VAl
1 i EMFLOYFEES
_.Jim Beeves | ,Driller Moo P s DOBPEE covvnnnsmnsn oo onnennany LIFLLER
e M MeQlingon . — Diriller BN TTT- FYON 7Y 1) SRPRUU——— |
' FORMATION RECORD
FEOM - Tl TOTAL FEET PR MATHRN
| 525 525 Bandstone; white, med to cre.
515 | Tl 215 Sandstone wich red shale
T840 R L] 190 thale; sandy, with traces pink Llimestone
930 1340 10 Shale; red to purple
1340 | 1405 lb3 | Band; red & white, v. cras.
1405 | LG5 § 240 | Shale, red, with some sand
LE4S | 1770 | 125 | Sand, white, to grey med,
1770 2040 210 . Shale, red & sand lenses
2040 3055 1015 Shale; red § green, with minor amounts of
| limestone, anhydrite & Chert
3055 L4450 } 1425 {Limestone; grey to red, silty, with heavy
beds of fine micaceous sandstone
4iaB0 iz 790 Limestone; tan o brown, med prained to fine,
fossiliferous in part. Some beds of black
’ calcaresus shale, Nodules of black & orange
| chert.
izio | 5510 250 | Limestene; tan £. xtln, with considerable
green & red ahale
5510 ] SETD 360 j| Limestone; white, med. to crs, xtln, chercy
5EB70 I 6055 185 | Limestone; shaley with some beds white sandst
8055 090 35 i| Limestone; brn, with increasing amts of quartsi
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