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EXECUTIVE SUMMARY

The primary purpose of this report is to present an independent evaluation of the oil and
natural gas potential of Sandoval County (see Figure 1 for the location of the county within New
Mexico). The need for this evaluation was triggered by an applictidnll an oil exploration
well in the Rio Rancho area that would have targeted the Upper Cretaceous Mancos Shale.
Although oil and natural gas have been produced from the northwestern part of the county since
t he 1tBeSp@osed well, if successfwouldresultin the first oil production from the
southern part of the county and more specifically, from the Albuquerque BaSiandoval
County, the Albuquerque Basmrelatively deep where present in the county and contains up to
4,000 ft of Tertary sediments. Sandstones in the upper parts of the Tertiary section form aquifers
thatsupply much of the drinking water to the urban communities that cover the Rio Rancho and
Bemalillo areas. The quality of the water decreases substantially in theeranldilower parts of
the Tertiary section. Concerns have arisen as to the effect of oil drilling and production activities
on groundwater supplies. These concerns led to two additional purposes for this report, one of
which was to describe the occurrenod guality of groundwater throughout the county. The
other additional purpose is to provide an overview of modeswdalildrilling and production
technologies and to provide a review of the possible effects of these technologies on aquifers
within the county.

Sandoval County is located in northwestern New Mexico (Figure 1). Several major
geologic elements are present within the coufitye mostvisibly obvious of these elements
visible are the three mountain rand€sgure 2) The Sierra Nacimiento in thrth-central part
of the county separates the San Juan Basin on the west from the Jemez volcanic field on the east.
It is the only one of the three mountain ranges that is entirely present within the ddhwn8an
Pedro Mountains are present just nartlthe Sierra Nacimientdut the majority of this
mountain range is present to the east in southernmost Rio Arriba Cohatgierra Nacimiento
and San Pedro Mountains form a geologic unit in which Precambrian basement rocks are
exposed along the highparts of the mountains. Pennsylvanian and Permian sedimentary rocks
are exposed along the eastern slopes of the mountains, having been eroded from the higher areas.
Steep faults separate the mountain ranges from the San Juan Basin to the west. The mountain
ranges have zero to very low oil and natural gas potential. Cretaceous sedimentary rocks,
including the Mancos Shale, have produced the vast majority of oil and natural gas in the
northwestern part of the county and have been eroded from the mountais. rfEimg Jurassic
Entrada Sandstone, which has produced small volumes of oil from the San Juan Basin, is present
on the flanks of the mountain ranges in some places butaosyttave been breached by erosion
so that Entrada potential is low where it hasrbpreserved on the mountain flankke
Pennsylvanian and Permian strata exposed extensively on the eastern flanks of the mountains
have poor petroleum sourceck potential, rendering the oil and gas potential of these strata low.
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Figure 1. Locatiorof Sandoval County within New Mexico.
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Figure 2. Outline of Sandoval County, showing major geologic elements within the county. Also
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The Sandia Mountains areckted in the southeastern part of the county. Most of the
Sandias are located to the south in Bernalillo Courttg. geology of the Sandia Mountains is
similar to the geology of the Sierra Nacimiento from an oil and gas perspective. The mountains
are boundd on the west by steeply dipping faults that separate the mountain range from the
Albuquergque Basin. Precambrian rocks are exposed in the higher parts of the maunctains
Pennsylvaniaand Permian sedimentary rocks are exposed along the eastern flardagems
strikingly similar to those applicable in the Sierra Nacimiento, the oil and natural gas potential of

the Sandia Mountains zero to very low.

All of the mountain ranges in Sandoval County are sparsely populated. The aquifer
systems are diversathin them, but generally consist of shallow alluvial aquifers with shallow
depthsto-water, fracturedPennsylvanian and Permiamestone aquiferthat, once again, have



shallow depths and shallow water tables, and isolated fractured bedrock aquifers that are small in
area, generally have deep water tables and generally have deep well completion depths. If oil and
gas development was to occur insthegion, it is highly susceptible to surface contamination
because of shallow water tables. However, given the sparse population and the low oil and gas
potential of the regions, there is a low risk of contamination affecting populations.

The southeastefftank of the San Juan Basoecupies northwestern and wesintral
Sandoval County (Figure 2)his is the part of the county that has been productive of oil and
natural gas since the 19506s. Most of the pro
county and along the northern boundary of the county. Within the San Juan Basin part of
Sandoval County, most productive wells are locatedin 20 miles of the Rio Arriba county
line. Production has been obtained mainly from Upper Cretaceous stratheMlancos Shale
having contributed most of the oil production. The main oil productive zone is the Mancos C,
which lies at the base of the Upper Mancos Shidie Mancos Gs 3,500 ft to 5,400 ft deep
where it is productivelhe Jurassic Entrada Sandstdras contributed minor production from
small scattered oil reservoifglore scattered production has been established further to the
southeast to approximately 25 miles south of the Rio Arriba countgrides west of the Rio
PuercoOil and gas poterdl decreases southward primarily because petroleum source rocks,
including the Mancos Shale, become less mature in this direction. In the far northwestern part of
the county, Cretaceous and Jurassic source rocks have been thermally matured into the lower
part of the oil window and are at the stage of optimum oil generation. As one moves to the south
and southeast, burial depths of sotnoek bearing strata become shallower and thermally
maturity of the source rocks decreases. As the divide (or trandigbmgen the San Juan and
Albuquerque Basins is reached, source rocks in the Cretaceous and Jurassic sections have
become progressively less mature and oil and natural gas potential becomes correspondingly
low.

Establishment of adequate levels of oil pratthhn from the Mancos has always required
artificial fracturing. Since 1950, hydraulic fracturing has been used to initiate artificial fractures
in vertical wells Within the last 6 years, wells have been drilled horizongaitysubsequently
hydraulicallyfracturedthrough the Mancos Shale reservoirs. This has resulted in significantly
increased production when compared to vertically drilled wells. Thus far, horizontal drilling in
the Mancos has been confined to the far northwestern part of Sandoval @udigiyod results
(profitable oil and gas productiohave been obtained. Horizontal drilling has not thus far been
applied farther to the southeast near the southeastern limit of established Mancos production. It is
not clear if horizontal drilling will b economically viable in this area where the Mancos has only
been matured to the uppermost part of the oil window.

Within the Colorado Plate&ban Juan Basiand the transition to the southeast toward the
Albuquerque Basin, the primary aquifers are in\adiLifill (shallow well depths and deptio-
water), the San Jose Formation (shallow well depths and diepivester) and the Ojo Alamo
Formation (shallow well depths and dejpohwater).Secondary aquifers are present in isolated
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parts of the Nacimiento Fmation, fractured volcanic rocks and in fractured Cretaceous
sandstones. These have variable well depths and deptleter. The region is sparsely

populated, with the major towns present along the front obitiea NacimientoSeveral

thousand feet adfedimentary rock existsetweerthe primary aquifers and the likely target
petroleunreservoirs, including thick intervals of shale. The thickness and low permeability of
rocks between aquifers and reservoirs means that the region has low susceptiphisartd

leakage of brines and organic contaminants from the reservoir into the aquifer. The region has
extensive historical oil and gas development, opening the possibility of upward flow along old,
leaky boreholes during hydraulic fracturing, creatimgaderate susceptibility to contamination

along this flow path. Shallow water tables and shallow well depths make the aquifers moderately
to highly susceptible to surface contamination from oil and gas operations. However, the sparsity
of population makedhe overall contamination risk low. Carepetroleum operatiorghould be

taken around homes, towns and streams.

The northern part of the Albuquerque Basin extends northward into-cenittal
Sandoval County from Bernalillo and Valencia Countidss rifted basin is extensively faulted
and is formed bgown-droppedfault blocks that are shallowest on the western and eastern
flanks of the basin and become progressively deeper in the direction of a centrabudinth
trending axisIn addition, the centralxis of the basin is substantially deeper to the south in
Bernalillo and Valencia Countie$he faults that form the basin developed mostly during the
Tertiary. As a result, Cretaceous strata, which are the principal ojesmmpdoductive strata in
the San Juan Basin, are deepest along the central axis of the basin and shallowest in the
shallower fault blocks along the eastern and western basin margins. Tertiary sediments, including
sands, conglomerates and shales, are also thickest along the bastitaimghe Sandoval
County part of the Albugerque Basin the Tertiary section is more than 4,000 ft thick along the
basin axis. To the south in Bernalillo Counfertiary sediments exceed 17,000 ft in thickness.
The Mancos C, which is the main targetdoitling in northwestern Sandoval County, is
thermally immature where it has been preserved in the shallow fault blocks on the eastern and
western flanks of th8andoval County part of tHmsin.It has not generated oil in these areas
and will be nonprodctive. Further towards the center of the basimere it has been buried more
deeply, the Mancos C has been matured to the uppermost part of the oil window and is in the
early stages of oil generation. The Mancos C production will be less than optimaéendlt
maturity leves suggest that it may be comparable to Mancos C production at the southeastern
limit of production in the San Juan Basin where the Mancos C has also been matured to the
uppermost part of the oil windown a narrow area along the basixis, which is roughly
coincident with the Rio Grande, the Mancos C is buried more deeply and has been matured to the
lower part of the oil window or perhaps even into the thermogenic gas window.

Perhapsanoptimal target for oil exploration in tHeandoval County part of the
Albuquergue Basin is the Jurassic Entrada Sandstone. The Entrada is present at greater depths
than the Mancos. The Todilto limestones, which are the source rocks for oil reservoired in the



Entrada, are thermally more mature thia® Mancos and approach optimum thermal maturity.

The Entrada is a conventional oil resentbatis highly porous and permeable. Because of the

high porosity and permeability, any oil accumulations that may be present within the Entrada
could be develogd by vertical, as opposed to horizontal wells. In a highly permeable reservoir
such as the Entrada, hydraulic fracturing is not required to initiate adequate levels of production.

Deeper targets in Triassic, Permian and Pennsylvanian strata withirbinguarque
Basin are likely to be barren of oil and gaithough they are thermally mature, there do not
appear to be any appreciable volumes of petroleum source rocks present within these strata.
Therefore, no oil or gas has been generated and nonesvatelsent.

The major aquifers in the Albuquerque Basin are in alluvium, asdviaralolder basin
fill sand units. The older units include the Arroyo Ojito and Cerro Conejo Formations west of the
Rio Grande valley, the Sierra Ladrones Formation alonguilseof the valley, anthe piedmont
Sierra Ladrones Formation along the base of the Sandia Mour8aireral thousand feet of
sedimenthese unit§rom potentialtargetpetroleunreservoirs, making upward flow of
contaminantgn the drinking water aquifeunlikely. However, the faults and fractures of the
region do show signs of being permeable in some locations, making them a moderately
susceptible flow path. The area has few existing deep oil and gas wells, so the Albuquerque
Basin has low susceptibyito flow up leaky boreholes.

The Albuquerque Basin is, in places, highly susceptible to surface contamination. In the
modern Rio Grande valley, water tables-BIDft bgs below ground surfagend well depths
(<200 ft)are shallow, making the modern Rio Grande valley highly susceptible to surface
contamination. The water table becomes deeper away from the valley, either to the east or west,
where depth to water increaseséveral hundred feethese regions have lowsaeptibility to
surface contamination.

However, in Sandovalounty, the Albuquerque Basin contains much of the northern
Albuquergque Metropolitan Area, several Pueblos, and a dense string of small agricultural
communities lining the Rio Grande. Most of taeommunities are reliant on groundwater as
their sole source of drinking wat€&onsequently the risk of contamination associated with oll
and gas operations is higjraccidental spills and leaks can have serious consequences for nearby
water users.

To thenortheast, the Albuquerqigasin underlies the Jemdiountainsvolcanic field.
Northeastern Sandoval County has been very sparsely drilled. Therefore, the subsurface geology
of this part of the county is poorly understodte very limited data indicatbdat Triassic,

Permian and Pennsylvania strata, are present below the volcani®ubteat strata of Jurassic
and Cretaceous age appear to be alieght west but may be present to the.ddstvever, the
intense heat associated with Tertiary and Quatg volcanic activityand accompanying
pervasive volcanic intrusion in the subsurfat@yhave acted to naturally crackyapreviously
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existing oil into natural gas. Furthermore, the rising volcanic magmas carried substantial
volumes of carbon dioxide,hich exsolved from the rising magmas. This carbon dioxide enters
reservoirs that the magmas come in contact with and dilutes any hydrocarbon gases that may be
present. This produces gases with low heatingesthatare commercially undesirable.

Therefore the oil and gas potential of northeastern Sandoval County is low.

Around the Jemelklountains wlcanicfield in Sandoval County, aquifers are generally in
alluvium along the valleys or locally in fractured volcanic rocks. The alluvial aquifers have
shallonv water tables and shallow well depths, making them highly susceptible to surface
contamination. The fractured aquifers are highly variable in well depth and depth to water. The
low oil and gas potential and the relatively low population density of therregsult ina low
risk of contaminationOnce again, homes, communities and streams should be avoided during
oil and gasilevelopment.

STRATIGRAPHY of OIL and GAS ZONES

Rocks and sediments in Sandoval County range in age from Precambrian to Recent.
Pennsylvanian, Permian, Triassic, Jurassic and Cretaceous strata are present throughout most of
the county and are underlain by Precambrian crystalline basemen{Fankss 3a, 3). The
Precambrian rocks are exposed in the Sierra NacimiSato Pedroral Sandia Mountains.
Tertiary-agesedimentary rockand sediments occur in thick sections in the Albuquerque Basin.
Tertiary-age basalt flows are present at the surface in the southwestern part of the county as are
small intrusive bodies of volcanic rocltgat have been exposed at the land surface by erosion.

The mosbbviousof these exposed intrusive bodies is Cabezon Adeknortheastern part of

the county is characterized by large complexes of Tertiary and Quaternary valo@dmiltitonic
igneous roks that form thelemez Mountains volcanic fiel@ihe subsurface geology lairge

portions ofthe northeastern part of the county is largely unknown because of a paucity of drill
holes that have penetrated rocks in the subsurface, but is most likely characterized by Paleozoic
and Mesozoic strata that have been intruded by Tertiary and Quatemaoysgocks.

The stratigraphy of the Precambrian and layered Paleozoic, Mesozoic and Tertiary strata
is summarized in Figurd and is portrayed ioross sections A 6 a-B dFigBres 4, 5
oversized versionis Appendix A. Tertiary-age strata in thelBuquerque Basin have different
nomenclature than Tertiagge strata in the San Juan Basin. The nomenclature of each basin is
portrayed in the cross sectiof®r more detailed descriptions of the sedimentary rocks in the
county, please refer to Molengarl 9 7 7 ) , O 6 S Ritigely (¥9@7), Greeh and Pigrson
(1977),Vincelette and Chittum (1981), Baars and Stevenson (1977), Jentgen (1977), Armstrong
and Mamet (1977), Kelley (1977), Woodward (1987), Connell and others (1998) and Connell
and others (199).
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w
¢ | STRATIGRAPHIC DESCRIPTION THICKNESS (ft)
< UN |TS {where not eroded at outcrop)
2500 ft i i rihwest
E‘ varied between San Juan Basin| nonmarine fluvial to alluvial sands, gravels and light- Sandov::acxtlzrzﬁg'lqgc% _520‘53 o
- and Albuquerque Basin (see to dark-gray lacustrine (lake) shales in Sandoval Co. part of
b= text) in Sandoval Co. part o
@ Albugergue Basin.
-
Kirtland Shale gray nonmarine shales and minor sandstone
150 - 400
- - carbonaceous shales and coals interbedded with
Fruitland Formation sandstones and siltstones
Pictured Cliffs Ss 90-130
dark-gray marine shales
o+t - - — 4 - — — — — — — — —
o marine-shelf sandstones interbedded with
ﬁ Chacra sands dark-gray marine shales 300 - 1600
[}
% dark-gray marine shales
—
CIiff House Ss coastal sandstones 10-100
Menefee Fm nenmarine fluvial sandstones, shale, coals 100 - 1000
g Point Lookout Ss coastal barrier sandstones 90-275
o
8 o Mancos A
E g dark: 1l hales with minor thin bed:
- — — — ark-gray marine shales minor thin beds
o «@ of fine-grained marine sheif sandstones 500 - 1000
o 8 Mancos B
Q =
- ©
o = =r-- - ™ T-"-""--" - - = - - =] - - - —
- A . . ]
@ dark-gray marine shales with more fine-grained
& Mancos C marine shlef sandstones than in Mancos A and 200 - 600
2 Mancos B
o upper Carlile shale dark-gray marine shales 120 - 500
@©
ﬁ Juana Lopez dark-gray marine shales with thin beds of marine shelf 60- 180
P sandstones & thin bedded detrital imestones
g lower Carlile shale dark-gray amrine shale. Discontinuous Semilla Ss 100 - 350
g in upper part
=
5 ?_{::Z';T;’;g dark-gray calcareous shale with thin limestone beds 15-30
§ Graneros Shale dark-gray marine shale. Laterally intertongues
with upper part of Dakota Sandstone
230-525
Dakota Sandstone marine sandstones interbedded with manne shales
Precambrian through Jurassic rocks
(see Fig. 3b, next page)

Figure 3a. Stratigraphic chart of Cretaceous and Tertiary rocks in Sandoval County, exclusive of
Tertiary volcanic and intrusive igneous rocks.
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AGE

STRATIGRAPHIC
UNITS

DESCRIPTION

THICKNESS (ft)

{where not eroded at outcrop)

Cretaceous through Tertiary rocks
(see Fig. 3a, previous page)

Morrison Fm nonmarine fluvial to lacustrine sandstones & shales 300 - 1000
o ] sands, siltstones and fine-grained silty sandstones
I Summerville Fm deposited on inland sabkhas, present as erosional 0-30
g remnants in subsurface
- . organic-rich lacustrine limestones
_3’ Todilto Fm overiain by anhydrite 5-125
Entrada Sandstone fine- o medium-grained well-sorted eolian sandsione 20-330
L
/2] . red nonmarine fluvial to lacustrine shale with
0 Chinle Fm sandstone lenses. Agua Zarca Sandstome Member 870 - 1200
,E present locally at base.
S
=
) maroon shales, present as erosional remnants
Bemal Formation in subsurface 50- 140
c !
o Glorieta Ss (north) fine- to medium-grained marine to marginal marine
San Andres Ls (south) sandstones (Glorieta); upper part of Glorieta transitions 40-130
E to San Andres marine limestone fowards the south
Q
o - red to orange marine shales, fine-grained
Yeso Formation sandstones & anhydrites 230-550
: nonmarine alluvial red shales and fine- to
Abo Formation coarse-grained sandstones 870 - 1660
c
8
c
g ine limestol red shales & sandstol
e marine limestones shales & sandstones
. 580 - 1500
; undivided with minor gray shales
1]
c
c
Q
o
- - - - marine limestone, present as erosional remnants 0-150
MISSISSIppIan in subsurface
= ranitic igneous rocks, monzonites, mafic igneous rocks,
Precambrian Ao, ;

metamorphosed sedimentary & volcanic rocks

Figure 3b. Stratigraphic chart of Precambrian through Jurassic rocks in Sandoval County.

13



8102/ peaypeosg "y

|2A8] BaS aAoqe 3 0009 = Wwnjeq
uo1}29s SSOJJ |BINJINNS e

Ay ]

R
£

e e A i

o o—
1

norg O 8159 vonessy
= So00z-th00r O 8699 UoneA3

ey s pue]

ot @ z51. voeAsr .
v 3 wy urd | ON Lpet
wnorong syoubew e USY U

o
14800 3anog | o
wnojonsg o5l

jseayjnog 1SOMyION
v v

Y23] 02IX3|\| MaN JO UOISIAIQ &

j08fo1d Ajunog |eropues $921n0saYy |eJauly pue AB0j0d9 Jo neaing OJIXBN MBN

‘uoneoo| Joj z ainbi4 938 AJuno) |eropues yBnoiy} UOHOSS SSOIO [BINJONIS JSEBYINOS-}SOMYUON “H dinbi4

14



Figure 5. West-east structural cross section through Sandoval County. See Figure 2 for location.

New Mexico Bureau of Geology and Mineral Resources
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GEOLOGICAL STRUCTURE

The major structural elements of Sandoval County (Figure 2) are the mountain ranges
(Sierra Nacimiento, San Pedvpuntains, Sandia Mountains), the San Juan Basin in the
northwest, the Albuguerque Basin in the secghtral part of the county, the divifer
transition)between the Albuquerque and San Joasins in the southwest part of the county, and
the Valles Calera and surrounding Jempuntainsvolcanic field in the northeast. The Hagan
Embaymenbf the Espanola Basin pokes its nose intosthigheastern moptrt of the county
just to the northeast of the Sandia Mountains.

The southeastern end of the SamJBasin is present in northwestern Sandoval County.
Strata rise to the southeast out of the San Juan Basin and are truncated at the land surface as they
reach the divide between the San Juan and Albuquerque Basins (Figueesize versiom
Appendix A). To the east, the boundary between the San Juan Basin and the Sierra
Nacimiento/San Pedro Mountains is formed by the reverse faults that brought the Precambrian
cores of the mountain ranges upward where they overlook Cretaceous arstafdtrat infill
the San Juan Basin (Figuredversize versiom Appendix A; Woodward, 1987). The Puerco
fault belt (Kelley, 1977) extends northeasuuthwest across the divide between the San Juan and
Albuquerque Basins. The Puerco fault belt consistsseries of normal faults, most of which
are downthrown toward the west (Hunt, 1936).

The Sierra Nacimiento and the San Pedro Mountains are formed by large upthrown fault
blocks bounded on their western sides by the reverse faults that separate these mountains from
the San Juan Basin. The mountain blocks dip eastward. Outcrops vary famBrien
basement rocks along the mountain crests to Pennsylvanian and Permian strata on the eastern
flanks of the mountains. The Pennsylvanian and Permian strata dip eastward and dive under the
Tertiary- to Quaternaryaged volcanic rocks of the Jemdpuntainsvolcanic field to the east.

The Vallescaldera forms the center of the JemMauntainsvolcanic field. Within the Valles
caldera, more than 6,000 ft of volcanic rocks are present and extend from the land surface
downwardinto thesubsurfacel' he subsrtiace structure and stratigraphy of Sandoval County east
of the Sierra Nacimiento are poorly understood because of a scarcity of exploratory wells over
most of this areautside of blocks that have seen geothermal exploratory drilling

The Sandia Mountasextend northward from Bernalillo County into southeastern
Sandoval CountyThe Sandia Mountains aseparated from the Albuquerque Basin on the west
by normal faults that havdlown-dropped the Precambrian rocks exposed along the mountain
face deep intohe basin. From the crest of the Sandias, rocks dip eastward into the subsurface.
The eastern flank of the mountains is covered by Pennsylvanian and Permian strata. At the
northeastern end of the Sandia Mountains northeast of Placitas, Pennsylvaniamaawl Pe
strata dip into the Hagan embayment where they are overlain by Triassic, Jurassic, Cretaceous
and Tertiary strata.
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The Albuquerque Basin lies west of the Sandia Mountains. The northern part of the basin
extends into southentral Sandoval Counffrigure 2;Figure  oversize version iAppendix
A). Although it appears relatively simple on the surface, the Albuquerque Basin is structurally
complex in the subsurface. Connell (2BPBresented several eagést geologic cross sections
that depict tk basin in the subsurface. Rocks exposed in outcrops east and west of the basin have
beendowndroppednto the basin by a series of faults on the east and west sides of the basin,
forming a stair step geometrihe faults are listric; that is they flatten with degim cross
sectionBB 6 of t thatcuts eastivest acrioss the Albuquerque Basin (Figureersize
versionin Appendix A), the major faults seen on Contf2008bp s cr oss secti ons a
vertical lines, a consequence of the vertical exaggeration needed to display the details of the
stratigraphy. Black and Hiss (1984) presented a more generalizetleshstross section
through the northern part of the Albuquerque Bésatcuts throughtie Shell No. 1 Santa Fe
Pacific well, which is shown ioross secton B 6 of t hi s ,overgzevetsio Fi gur e
Appendix A). The Mancos C unit, which is the primarymibductive stratum in the Sandoval
County part of the San Juan Basin, is pnés¢ depths of more than 7,000 ft in the Sandoval
County part of the Albuquerque Basin (FigureVersize versiom Appendix A). To the south
in Bernalillo County, the basin becomes much deeper and depth to the Mancos C is more than
17,500 ft. The basiformed during Late Tertiary rifting and as the fault blocks within the basin
subsided the basin was infilled with Tertiary sediments derived from bordering highlands. As a
result the Tertiary strata, whi déepecpansiofdhen t he
basin. The Tertiary section has a maximum thickness of more than 4,000 ft in Sandoval County
(Figure 8 oversize version iAppendix A). To the south in Bernalillo County, the Tertiary
attains a maximum thickness of 17,780 ft in thellSte. 1 West Mesa Federal well, an
unsuccessful exploratory test drilled in Section 24, T11N, R1E in 1981 that encountered
substantial gas shows. See Black (1982) for a discussion of this well.

OIL and GAS PRODUCTION

Oil and natural gas have beenproded f r om Sandoval County sin
lists cumulative production in the county through the end of 2017 as well as annual production of
oil, natural gas, and oilfield waters during 2017. There are currently 533 active oil and gas wells
in thecounty. A total of 1138 wells have been drilled in the county; 261 have been productive of
gas and 390 have been productive of oil. A list of the wells drilled in the county that includes
selected data for each well is given in the dataBaselovalwells.bs which is presented in
Appendix B.

Production has been established from the northwestern part of the county, from areas
north of the town of San Luis and, except for one well, west of the Rio Puerco. Gas has been
produced from the Fruitland Formatid@rétaceous), the Pictured Cliffs Sandstone (Late
Cretaceous), and the Chacra sandstone interval within the Lewis Shale (Late Cretaceous). Oil
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and associated gas have been produced from the Menefee Formation (Late Cretaceous), the
Upper MancosShale Late Cretaceous), the Lower Mancos Shale (Late Cretaceous), the Dakota
Sandstone (Earlizate Cretaceous), and the Entrada Sandstone (Jurassic). The following sections
describe the nature of the oil and production in each of the aforementioneptagtad units
(Aformationso) .

Table 1. Cumulative and annual 2017 production of oil, natural gas, and oilfield water from Sandoval BOunty.
barrels 0il:MCFG, thousand ftnatural gasBW, barrels water. Data are through the end of 2017. Data from 1994
through 2017 obtained from the website of the New Mexico Oil Conservation Division. Data prior to 1994 obtained
from published 1993 Annual Report of the New Mexico Oil & Gas Engineering Committee.

Cumulative production as of | Annual production during
December 2017 2017
oil 17,938646 BO 1,362,028 BO
natural gas 142,842,314 MCFG 12,092,302 MCFG
water 99,248,378 BW 1,683,927 BW

Nacimiento Formation (Tertiary)

The Nacimiento Formation, with its interbedded lacustrine shales and fluvial to alluvial
sandstones, is not productive within Sandoval County. However it is mentioned because it is
productive from minor gas pools in the San Juan Basin. The nearest &doigas pool is
Gavilan Nacimiento (Dugan, 1983) which is located approximately 10 miles north of the
Sandoval Rio Arriba County line in Sec. 6, T24N, R1W and in Sec. 12, T24N, R2W. The pool
was productive from lenticular Nacimiento sandstones at dep®00 ft to 3450 ft. The pool
was discovered and brought into production during 1980. Production was obtained from three
wells, all of which have been plugged and abandoned. The source rocks for the gas may be dark
gray lacustrine shales in the Nacint@nAt the Arch gas pool in northeastern San Juan County,
Emmendorfer (1983) postulated that the gas source rock may be thin coal beds in the Nacimiento
Formationand that the gas migrated into adjacent sandstones after generation. Alternatively, the
gasmay be thermogenic and may have leaked upward from deeper sources such as the Fruitland
Formation. At any rate, gas discoveries within Tertiary strata in the San Juan Basin are spurious
and have been made while drilling wells for deeper objectives. liitis grobable that many
small noncommercial to marginally commercial gas accumulations in the Nacimiento have been
drilled through, not tested, and not even recognized in efforts to drill deeper, more prolific pay
zones (Broadhead, 1986).

Fruitland Format ion (Upper Cretaceous)

The Fruitland Formation, with its interbedded coals, shales and sandstones, has produced
natural gas prolifically within the San Juan Basin. Fruitland production has been obtained
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primarily from the coal beds with a relatively miramount of gas produced from the sandstones
(see Whitehead, 1993a). The most prolific Fruitland coal gas (or coalbed methane) production
has been obtained from the deep, northern part of the basin in northeastern San Juan and
northwestern Rio Arriba Coumts where the Fruitland has been buried more deeply. The deeper
burial results in greater thermal maturity of the coals and therefore greater yield per unit volume
of coal. Coalbeds are also thicker in the northern area than they are in Sandoval Coanty. Als
deeper burial results in greater fluid pressures within the cleat (natural fracture) systems of the
coals which results in increased gas storage capacity of the more deeply buried coals.

Gas has been produced from Fruitland coals in northwestern $h@mwnty (Fig. 9
oversize versiom Appendix A). Depth to productive Fruitland coals in the county varies from
400 to 800 ft. In most of the Sandoval wells, the productive interval is 10 to 20 ft thick.
Production of Fruitland gas in the county bega005. A cumulative 8.403,931 thousantl ft
gas has been produced. This represents 5.9% of total cumulative gas production in Sandoval
County. A total of 765,350 thousand glas were produced during 2017, which is 6.3% of the
total gas produced from the county during that year.

Pictured Cliffs Sandstone

The Pictured Cliffs Sandstone (Upper Cretaceous) is productive of gas in northwestern
Sandoval County (Fig. 1@versizeversionin Appendix A). Two Pictured Cliffs gas pools,
Ballard and Blanco South (Brown, 1978a; Brown, 1978b; Whitehead, 1993a), extend
southeastward into the county from Rio Arriba County. The Sandoval County parts of the gas
pools mark the southeastaxtent of Pictured Cliffs production in the San Juan Basin. The
northwestsoutheast outline of the gas pools follows the northaestheast trend of the
sandstone bodies that form the Pictured Cliffs reservoirs. In Sandoval County, depth to
productive Pitured Cliffs sandstones ranges from 2300 ft to 3200 ft in the Ballard pool and 2800
ft to 3100 ft in the Blanco South pool. Thickness of the productive interval ranges from 30 ft to
100 ft in the Ballard pool and 10 ft to 30 ft in the Blanco South poda.Ribtured Cliffs
reservoirs have been developed with vertical wells. The reservoir is hydraulically fractured in
order to initiate economic levels of production.

Lewis Shalei Chacra sandstones

The Lewis Shale (Upper Cretaceous) is productive of nagasain the northwesterrap
of Sandoval County (Fig. 11, oversize versioAppendix A). Production in the Lewis is
obtained from the Chacra sandstones which occur interbedded with shales approximately 300 ft
below the top of the Lewis. The Chacra intdris approximately 200 ft thick. The northwest
southeast trend of the productive Chacra wells follows the nortfssasteast trend of the
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Chacra sandstormdieswithin the Lewis. In Sandoval County, Chacra production is from the
Rusty Chacra gapool, which was discovered in 1975 (Kennedy, 1978). Depth to Chacra
production in the county ranges from 1200 ft to 1800 ft. In most wells approximately 100 ft of
the Chacra section has been perforated. The Rusty Chacra pool has been developeccualith verti
wells. Small hydraulic fracture treatments are necessary to initiate economic levels of
production. The fracture treatments increase production by about an order of magniide
times(see Kennedy, 1978).

Menefee Formation

The Menefee Formatiofupper Cretaceous) has been productive of oil from several
small oil pools scattered throughout northwestern Sandoval County (Fiover8ize versiom
Appendix A). Menefee production is obtained from small, isolated fluvial sandstone lenses
encased ishale. Trapping is entirely stratigraphic in most accumulations (Kennedy, 1978;
Prichard, 1978). At the San Luis and San Luis South pools the traps are combination structural
stratigraphic and are formed by drape of a fluvial sandstone channel ovet@atnuse
(Higgins, 1983a, 1983b). Depth to Menefee production in Sandoval County ranges from 4,200 ft
toward the northwest to 330 ft in the San Luis South pool at the southern limit of established
production. Reservoir sandst@range from 5 ft to 20 fihick and average about 10 ft thick.
Menefee oils are light with API gravities in the®46 45 range. The Menefee has been
developed with vertical wells. Most wells have been completed by perforating cased holes. Most
completions do not involve artifial fracturing but some wells have been hydraulically fractured
with a sanewater mixture.

Upper Mancos Shale

The Upper Mancos Shale has been productive of oil and associated gas from the
northwestern part of Sandoval County (kigl3, oversize versiom Appendix A). The Upper
Mancos is the most eproductive stratigraphic unit in the county. Almost all of the Upper
Mancos production has been obtained from vertical wells but almost 70 horizontal wells have
been completed in the Mancos. Most of the taorial wells have been drilled since 2012 but a
few pioneering horizontal wells were drilled

The Mancos C is the chief productive zone in the vertical wells, although many vertical
wells have been variously completed through intertras also include the lower part of the
Mancos B, as well as selected intervals within the Lower Mancos Shiaé¢eMancos C is 400 to
600 ft thick in the San Juan Basin part of Sandoval County (Figu@v&dsize versiom
Appendix A. Toward the southnd east, it is truncated at the outcrop as it rises out of the San
Juan Basin (Cross sectionA\o , F j ogeusizeever&iom Appendix A).The horizontal wells
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in the Mancosave all targeted the Mancos C. Oil production from horizontal Mancosiwells
the San Juan Basexceeds oil production from vertical Mancos wells by a multiple of 9.4
during the first 12 months of productiddalient data from eleven horizontal Mancow/€lls in
Sandoval County are presented in Table 2. All of the horizontal Mancos C wells in Sandoval
County are located in the far northwestern part of the counitgh marks the southeastern
extent of the Mancos Shale play in the San Juan Basin (Broadltdds).All of the productive
Mancos wells in the westentral part of the county in T1BLN, R24W, are verticalThe recent
and current Mancos Shale play in the San Juan Basin has utilized mostly horizontal wells

Depth to the Mancos C ranges from@)3t to 5,400 ft where it is productive in
Sandoval County (Fig., bversize versiom Appendix A). The Mancos C is deepest in the far
northwestern part of the county and rises to the southeast.

Table 2. Production data from eleven horizontally driNéghcos oil wells drilled in the Sandoval County part of the
San Juan BasiMBO, thousand barrels olIMCFG , million ft* natural gasMBW , thousand barrels water.

Operator, APl number Surface Hole Measured True Reservoir Completion First 12 months Cumulative
well number, Location depth vertical unit date production production
well name (section- township- (feet) depth (molyr) December 2016
range, county) (feet)

'WPX Energy No. 225H Chaco 2206-02H 30-043-21149 2-22N-6W, 10,219 5,344 Mancos C 8/2013 59 MBO + 72 MMCFG 105 MBO + 232 MMCFG + 18 MBW
Sandoval + 3 MBW

Encana No. 1H Lybrook A03-2206 30-043-21130 3-22N-6W, 9565 5,335 Mancos C 11/2012 |84 MBO + 275 MMCFG 144 MBO + 808 MMCFG + 14 MBW
Sandoval +5 MBW

Encana No. 1H Lybrook H03-21123 30-043-21123 3-22N-6W, 9,870 5,397 Mancos C 5/2013 62 MBO + 245 MMCFG 122 MBO + 844 MMCFG + 13 MBW
Sandoval +5 MBW

Encana No. 1H Lybrook D22-2206 30-043-21131 22-22N-6W, 10,350 5,311 Mancos C 12/2012 |27 MBO + 174 MMCFG 54 MBO + 548 MMCFG + 41 MBW
Sandoval +25 MBW

Encana No. 1H Lybrook H32-2306 30-043-21126 32-23N-6W. 12,575 5,652 Mancos C 6/2013 99 MBO + 553 MMCFG 174 MBO + 95 MMCFG + 27 MBW
Sandoval +13 MBW

Encana No. 1H Lybrook 132-2306 30-043-21129 32-23N-6W, 10,060 5,450 Mancos C 6/2013 48 MBO + 267 MMCFG 92 MBO + 812 MMCFG + 22 MBW
Sandoval +9 MBW

Encana No. 2H Lybrook 132-2306 30-043-21125 32-23N-6W, 10,204 5,434 Mancos C 6/2013 65 MBO + 253 MMCFG 112 MBO + 780 MMCFG + 27 MBW
Sandoval + 10 MBW

'WPX Energy No. 191 H Chaco 2306-19M 30-043-21139 19-23N-6W, 10,367 5,430 Mancos C 6/2013 56 MBO + 68 MMCFG 107 MBO + 334 MMCFG + 21 MBW
Sandoval +7 MBW

Encana No. 1H Lybrook H26-2307 30-043-21118 26-23N-7TW, 9,900 5,615 Mancos C 2/2013 53 MBO + 183 MMCFG 119 MBO + 741 MMCFG + 24 MBW
Sandoval +10 MBW

Encana No. 2H Lybrook H26-2307 30-043-21133 26-23N-7W, 9,640 5,255 Mancos C 2/2013 63 MBO + 343 MMCFG 101 MBO + 817 MMCFG + 77 MBW
Sandoval + 28 MBW

Encana No. 1H Lybrook H36-2307 30-043-21117 36-23N-7W, 9,985 5,607 Mancos C 3/2012 40 MBO + 115 MMCFG 94 MBO + 721 MMCFG + 25 MBW
Sandoval +11 MBW

Vertical wells are drilled through the Upper Mancos Shalendst wells, casing has
been set through the entire Mancos section within the well and selected sdesvaérforated.
In some cases, casihgs notbeenemplaced throughout the entire Mancos section and the
productive secti onhol ol eft uncased, or fiopen

Horizontal wells are first drilled vertically until the wellbore is just above the target zone
(Mancos C). At that point the drilling curves the wellbore until it is horizontal. At that point the
well is drilled horizontally. m manycase the wellis drilled horizontally for a distance of
approximately one mile, but the length of the horizontal segment of the well can be greater than
or less than one mile. In order to obtain economically viable volumes of production in a low
permeability reservoisuch as the Mancos, the reservoir must be hydraulically fractured
throughout the horizontal segment of the wellbore.
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Lower Mancos Shale

The Lower Mancos Shale is productive of oil and associated natural gas in northwestern
Sandoval County (Fig.5l oversize versiom Appendix A). Established production is mostly
confined to a narrow strip along the northernmost part of the county in T22N and T23N. In this
area, production is obtained from the Semilla Sandstone in the upper part of the Lower Mancos
shale Semilla production is commingled with production from the Mancos C as well as the
Upper Carlile shale, the Juana Lopez Member and sporadicathyifitervals in the Lower
Carlile that are below the Semilla and also from the Greenhorn Limestonecttyodtom the
Semilla, commingled with production from the Mancos C, is common to most of the Lower
Mancos wells shown in Figurés1Completion in other parts of the Lower Mancos Shale varies
from well to well. Because production from multiple zones mringled it is not possible to
determine what the contribution from the individual Lower Mancos units is. However because
the Semilla is the common unit to Lower Mancos production in most of the wells, it appears that
it is the dominant productive unit \kih the Lower Mancos. Depth to the Semilla is
approximately 6500 ft in the far northwestern part of the county.

The Lower Mancos has been developed by vertical wells. Small hydraulic fracture
treatments have been necessary to initiate economic leveaisdafgtion and have been routinely
used on all Lower Mancos wells.

Dakota Sandstone

The Dakota Sandstone (Upper Cretaceous) is productive of oil and natural gas in far
northwestern Sandoval County (Fig, bversize versiom Appendix A). In this area ¢hDakota
is present at depths greater than 7000 ft. While production in many of the wells shown on Figure
16is from only the Dakota, Dakota production is commingled with production from sandstones
in the Graneros Shale in several of the svdéi some wds production from the Dakota is
commingled with production from the Lower and Upper Mancos Shales. Almost all of the
Dakota production in Sandoval County is obtained from the Lindrith West Galipta oll
pool in T2223N, R3W. Dakota reservoirs withthe Lindrith West pool consist of a series of
vertically stacked sandstone bodies with the vertical seal provided by the overlying Graneros
Shale (see Attebury, 1978). Although the overall perforated interval can be as thick as 150 ft, the
net thickness athe sandstone reservoirs averages approximately 40 ft. Natural fractures in the
Dakota sandstones appear to enhance production (Attebury, 1978). In spite of the presence of a
natural fracture network, well completion involves small hydraulic fractureresds in order to
establish economic levels of production.

31



e~ WENN MU 9T
e >, T 000'00¢°1
\ / WE W% W oa 68 8 b Zo0 q
N’ I £ u E E] my M e
- - B =
O Ty o [ Ipeiiion ] P
sy — A ~——
g = ~ )
R = g . TS
-~ = = >~ ~ R
cogeus0)deu o W 5y 0 </ :
) 3 Uening VevennAg e oy AP :
ll__il..sie“h ,. i
1 SOREROT 0N M oy dow U WO =
- - oo o F
a PP0 AN i 08 Ui ok ) ° Fi
4 L 10 pandas . \ F
| | | swosemonssoue coogese hawey ey dews s [ e 8 ,
] o o g~ ooy e . [ = 4%. - I
e ) W b epod o m A e ~
‘Sawpss ey pu esneny mpsped o[G0 L ; L |/ \ \
(swun pazaes) sy201 Burddorsin sods om \ =3 e ) I
: il Wi /M ; ;
4 i
1% =g . \
[ | e I S X
o | O s,
ﬁ; alvinvsM ([ Ndfo ,/ w \ i
= ﬁ NG G2
VN 5 /
N A If 8
{ | ! \
iﬂ | g
: «
5
1
g ’ —

~Nz

o

s||om aAnonpoud pue suojesjouad djeYg SOOUBI J19MOT

“ua218 ur umoys aeys sooury jo doimng

“SOOURY om0 3y} Ul suoneojiad Suised 1o $153) Wd)s-[[LIp 2AvY

oY) S[[OM 2ANONPoIdUN PUR *SOIURTY JIMOT A} UL SMOYS [10 YIIM S[[om
2anonpodun ‘SOOURTY JAMOT Ay} Woij [10 Jo danonpoid sjfam Suredrpur
“Auno) [eAopues Ul eleas J9p[o uasaid 10U SISOURY JOMOT )
QUM IO [EYS SOUTJY Jon0] Uy pajenauad daey jey S| ST 2Bk

32



lﬂ!n:us--.a
,,, ,82.8.
WE W W% oW oB %8 9 v Z O

oz
®

o

-xz

e BT

N —1\ | /

\ (
Vi
NV NP 4.r<w 3

I

“u2aiB 1yBLq

ur umoys eioye(] Jo dosomg) “ejode(] Ay ul suoneiopad Suises 10 $1s9)
WRIS-[[LIP 2ARY 1Ry} S[[2M danonpoidun pue eloNe(] AU Wodj [10 Jo 2anonpoid

w__g °>_u°=v°._ﬁ —v—.—ﬂ m:o_uﬂhuﬂr_a GuOv—NQ w:uB&:..:uo_v:_5560_u>ov=umiu.ahwuae_o.ﬁowan.onﬁﬂoﬁa

9 AUM 10 JUOISPULS LIONL(T Y P d axey ey s[ 91 nSLg

33



Entrada Sandstone

The Entrada Sandstone (Jurassic) is productive of oil from scattered wells in
northwestern Sandoval County (kige 17, oversize versiom Appendix A). Depth to the
Entrada is 5400 to 5500 ft in T19N, 3V where most of the production occurs and deepens to
approximately 8000 ft in the extreme northwestern part of the county. Oil accumulations are
formed by relict sand dunes that haverbpeeserved on the upper surface of the Entrada
(Vincelette and Chittum, 1981). These relict sand dunes formwayrclosure similar to that of
a structural dome. The overlying limestones and anhydrites of the Todilto Formation (Jurassic)
provide the vertal seal. The organiach Todilto limestones are the source rocks for the Entrada
oil. Entrada oil is moderately light with a gravity of about BRI and Entrada permeability is
high, ranging from about 200 millidarcies to about 400 millidarcies. &sualtrof the oil gravity
and high permeability, the reservoir is completed naturally with no hydraulic fracturing needed.
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PETROLEUM SOURCE ROCKS

Major petroleum source strata within the San Juan Basin that are present within Sandoval
County include the Cretacecage Lewis Shale, Menefee Formation and Mancos Shale as well
as the Jurassiage Todilto Limestone. In addition, the more deeply burieédtones and shales
of the Madera Group are present throughout most of the county and these strata are source rocks
in other parts of the San Juan Basin, especially in San Juan County where commercial oil and
natural gas production has been obtained. Téweid Shale, Menefee Formation and Mancos
Shale are petroleum source rocks in the northwestern part of Sandoval County where oil and
natural gas production has been established but these units lose their source capability in a
southeastward direction whetey become thermally immature. In the Sandoval County part of
the Albuquergue Basin these strata are also mostly thermally immature although the lowermost
parts of the Mancos Shale have entered the early stages of oil generation over large areas and are
at optimum thermal maturity only along the basin axis. Farther south in Bernalillo County where
the Albuquergue Basin is much deeper, the Cretaceous shales are within the thermogenic gas
window and any generated oil has been converted into natural ga3.odilie Limestone,
being buried more deeply than the Cretaceous units is thermally mature throughout most of the
county and contains egenerative organic matter. Pennsylvarsge strata of the Madera
Group, although long suspected to contain petrolsounce rocks and thermally mature where it
is present in the county contains insufficient organic matter to function as a major source rock.
Other strata including the Tertiary section in the Albuguerque Basin, the Jwagsdutorrison
Formation, the Trissicage Chinle Formation, and the Permé&ge Yeso and Abo Formations
contain insufficient organic matter to act as source rocks. In summary, petroleum source rocks
are present in the Cretaceous section in northwestern Sandoval County but these salosestrat
their thermal maturity and do not function as source rocks elsewhere in the county. The Todilto
Limestone is a thermally mature source rock that has generated oil over most of the area where it
is present in the county. Pennsylvanian strata inéle@ekt part of the sedimentary section are
thermally maturdout contain insufficient organic matter to function as petroleum source rocks. A
more detailed analysis and discussion of major source rock units follows. Supporting data in the
form of specializd source rock analyses on drill core and well cuttings are given in the Sandoval
County source rock databasaidovalsrcks.xls in Appendix B).

Lewis Shale

The Lewis Shale is the uppermost (shallowest) major Cretaceous shale unit within the San Juan
Basn. Present at depths of approximately 2,000 ft imtirthwestern mogiart of the county it

rises steadily to the southeast until it is exposed at the ground surface and truncated by erosion at
the outcrop just a few miles south of Cuba (Figures doudrsize versionsn Appendix A). In

the Albuguerque Basin in the sotglntral part of the county, the Lewis is present at various

depths in most of the deeper fault blocks (cross sections, FigureswrSize versions in

36



Appendix A). Although petroleum source rock data are not available for the Lewis in the
northwestern part of Sandoval County, the presence of commercial gas wells that are completed
in the Chacra section indicates that the Lewis has sufficient Total ©@arbon (TOC) and is
sufficiently mature to have generated gas in that area. Dube and others (2000) indicate that TOC
contents of Lewis shales elsewhere in the San Juan Basin range from 0.45% to 1.5% and average
approximately 1.0%, which is not espegrdiigh but is sufficient for petroleum generation.

There is only one analysis of organic matter type available from the Lewis Shale. That analysis is
from the Shell No. 1 Santa Fe well located in the Sandoval County part of the Albuquerque

Basin (see crossection BB 0 Figure 4 in Appendi x B). I n t h:
analysis and the Rodkval pyrolysis indicate the organic matter is a mixture epaoine types,

gasprone types, and negenerative inertinites.

Although the Lewis is almost caihly thermally mature in the northwestern part of the
county, it almost certainly becomes thermally immature, and therefore nongenerative, to the
southeasasthe outcrop belt is approached because the deeper Mancos shales are immature in
this area. Witm the Shell No. 1 Santa Fe well in the Albuquerque Basin, the Lewis is thermally
immature with a Thermal Alteration Index of only 1.5 so that all that can be hoped for is a low
grade resource of biogenic gas in this part of the Albuquerque Basin. THeddlSgical
Survey thermal model of the Shilb. 1 Santa Fe well as well as the Shell No. 3 Santa Fe well
also indicate that the Lewis Shale is thermally immature and therefore essentially nongenerative
in this northern, shallow part of the AlbuquerqueiB4see Johnson et al., 2001).

Menefee Formation

The Menefee Formation, with its interbedded nonmarine shales, coals and sandstones, is
a source rock for small oil reservoirs in Menefee sandstones in the northwestern part of Sandoval
County (Figire 12 oversize versiofin Appendix A).In the northwestern part &andoval
Countythe Menefee lies at a depth of 3,500 to 4,100 ft and has been matured into the upper part
of the oil window. Despite the relatively low level of thermal maturity, oils are ligtht AP1
gravities in the 4@16° range. As with the overlying Lewis shales, the Menefee gradually rises to
the southeast until it is truncated at the outcrop belt approximately 10 miles south of Cuba and
becomes thermally immature as with the underlying Mar&hale. As with the Lewis, the
Menefee has been removed by erosion from the southwestern part of Sandoval County as well as
from the Sierra Nacimiento and much of the eastern part of the county and from the Sandia
Mountains in the southeast. In the Allmegque Basin in the soutientral part of Sandoval
County, the Menefee is present at varying depths in the different fault bi©ass(section B
B OFjgure5in Appendix A). In the Shell No. 1 Santa Fe well it is present at depths of 3600 to
4400 ft ands thermally immature with a vitrinite reflectance,Ralue of only 0.50 and a
Thermal Alteration Index of only 1.5, indicating that it has not generated significant volumes of
oil or natural gas in the Sandoval County part of the Albuquerque Basitl.Sh&eological
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Survey thermal modeling of the Shell No. 1 Santa Fe well and the Shell No. 3 Santa Fe well
(Johnson et al., 2001) also indicates that the Menefee is thermally immature and nongenerative in
the Sandoval County part of the Albuquerque Bdsimther south in Bernalillo County where

the basin is much deeper, the UG®ological Survey thermal modeling indicates that the

Menefee is within the thermogenic gas zone and that any oil that may have been generated has
been thermally broken down intataral gas (Johnson et al., 2001).

Upper Mancos Shale

The Upper Mancos Shale is the major oil producing stratigraphic unit in the San Juan
Basin. MostMancosproductionin the San Juan Basiras been obtained from the MancaodrC
Sandoval Countthe Mancos C is the major g@roductive uniof all stratigraphic units,
including those shallower and deeper than the MariResent and current shale exploration has
been focused on the Mancos C (Broadhead, 2015). Oil is produced from the Mancos/@main
the northwestern part of the county with only a subsidiary amount of production obtained from
central part of the county (Figure,l®ersize versiom Appendix A). As such, evaluation of the
petroleum source rock properties of the Upper Mancos Shale is critical to the assessment of the
oil and natural gas potential of Sandoval County.

The Upper Mancos Shale in northwestern Sandoval County andiagjaneas of Rio
Arriba and San Juan Counties is thermally matbirgure 18 oversize versiom Appendix A)
and contains more than sufficient organic matter to have generated substantial amounts of oil and
natural gas. TOC is generally in the 1% to 3%gea Thermal maturity is in the lower part of the
oil window with R, values of 0.85% to 1.0% in the Mancos C and somewhat less, 0.75% to
0.87% in the shallower Mancos B. This places the shales in the Mancos C at a maturity level at
or near peak oil generah. Furthermore, the organic matter within the Mancos C in
northwestern Sandoval County is oil prone so that oil and associated gas would have been
generated upon maturation. These source rock characteristics, combined with the established
Mancos C produmon, provide a base to compare the Mancos C source rocks in the productive
part of Sandoval County with the Mancos C source rocks elsewhere in the county.

Similar to the shallower Cretaceous source rocks, the Mancos C becomes shallower as
one moves to #hsoutheast before it is truncated by erosion and absent south of its outcrop belt
approximately 15 miles south of Cuba. In the Shell No. 1 41 Wright well, located 10 miles south
of the southernmost Upper Mancos production, the Mancos C is thermally ireméttu a
Thermal Alteration Index of only 1.6. In between the area of immaturity and the area matured to
the lower oil window is an area where maturation has been into the upper oil window. This is
seen in the Dunigan No. 1 Santa Fe well which is locat&c. 31, T19N, R5W in northeastern
most McKinley County. In that well, TMAX in the Mancos B and Mancos C ranges frofit@29
435, indicating maturation into the upper oil window. Although data are somewhat limited, the
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