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OIL AND GAS DEVELOPMENT AND PRODUCTION,
EASTERN SAN JUAN BASIN
by
E ME R Y C . A R N O L D
New Mexico Oil Conservation Commission
Aztec, New Mexico

DEVELOPMENT AND PRODUCTION SUMMARY
Oil and gas production in the eastern portion of the San
Juan Basin is confined to Rio Arriba and Sandoval Counties
with by far the major portion coming from Rio Arriba
C o un t y . M o s t o f t he d r y g as p r od u c e d i n Sa n J ua n B a s i n
occurs in stratigraphic reservoirs in the Pictured Cliffs Sandstone, Mesaverde Group and Dakota Formation all of Upper
Cretaceous age. Minor amounts of dry gas are produced from
sand and coal zones in the Fruitland Formation, in what has
been designated as the "Chacra" Formation and from the
Gallup Sandstone. Rio Arriba and Sandoval County gas production is confined to the above listed formations; although,
in the western part of the basin additional gas has been found
in the Farmington Sandstone and in Pennsylvanian, Mississippian and Devonian strata. In Rio Arriba County, oil is produced from several Gallup zones, from fractured zones in the
Mancos Shale on the extreme east edge of the basin, from the
Da k ot a F orm a t io n i n S ou t h er n R i o A rr ib a C ou n t y a nd f ro m
the Mesaverde Group in small areas south of the Blanco Mesaverde Gas Pool. Sandoval County also produces a small
amount of oil from the Mesaverde Group, Gallup Sandstone,
Dakota Formation and the Entrada Sandstone.
Total dry and casing head gas production in Rio Arriba
County in 1973 was 178.65 billion cubic feet. This production
came from a total of 3742 producing wells, 3438 of which were
classed as dry gas wells. Gas production from Sandoval County
totaled 1.04 billion cubic feet. This production came from a
total of 86 wells, 52 of which were classed as dry gas wells.
Total dry gas prod uction for Northwestern New Mexico in
1973 was 550.12 billion cubic feet; thus, the eastern half of
the San Juan Basin produced 32.7% of that total. Oil production in R io Ar rib a County f o r 1 9 7 3 w a s 1 , 6 1 5 , 7 3 5 b a r re l s
fr o m 3 0 4 p ro d u ci n g w e l l s. O i l a nd c o n d e n sa t e p ro d u c t io n
from northwest New Mexico in 1973 totaled 7,569,550
barrels; thus, the eastern half of the San Juan Basin produced
24% of that total. Tables 1 and 2 list cumulative production
totals for all oil and gas pools in the San Juan Basin. Tables 3
and 4 list oil and gas production totals for Rio Arriba County.

MAJOR PRODUCING STRATIGRAPHIC UNITS
Fruitland Formation
The Fruitland Formation has not produced significant
amounts of gas in Rio Arriba County. However, several wells
have been completed in the northern part of the county in
Township 30 North, Ranges 5 West and 6 West, and Township
32 North, Range 5 West. Although two pools have been established by the New Mexico Oil Conservation Commission, production has been insignificant. Presently only three wells are
producing from the Fruitland in Rio Arriba County and cumu l a t iv e p r o d u c t io n t h r ou g h 1 9 7 2 w a s o n l y 1 0 8 , 2 0 7 MC F .
However, there is considerable interest in future gas develop
ment of known gas reserves in the area. As in most San Juan
Basin reservoirs, controlling mechanisms are primarily strati-

graphic, with gas occurring in lenticular sandstones and in
coals. Open hole completions result in wells which produce
large amounts of water with the gas, and production problems
develop because the water logs off the gas production. It is
difficult to define zones that should be perforated to produce
the gas with minimum water production, if casing is installed
through the formation. Improved logging techniques may provide a clue to successful exploitation of gas reserves in the
Fruitland.

Pictured Cliffs Sandstone
A total of 1666 wells were producing gas from the Pictured
Cliffs Sandstone in Rio Arriba County as of January 1, 1974.
Of those 303 are producing from the Ballard Pool, 1016 from
the South Blanco Pool, 221 from the Tapacito Pool, 90 from
the Gavilan Pool, 9 from the Choza Mesa Pool, 21 from the
East Blanco Pool and 6 from undesignated pools. Most of the
wells are concentrated in the southern portion of the county,
and occur in trends extending east to west across nearly the
full width of the county. Many individual well capacities are
low due to low sand permeabilities. In all the pools, the gas has
accumulated in elongate, northwest-southeast trending beach
or near-shore sandstone bodies, which are separated somewhat
imperfectly by shale and siltstone trending in the same direction. The sandstone units terminate abruptly to the southwest
but wedge out gradually to the northeast in several of the
pools. Net pay thickness varies from 10 feet to 50 feet and
averages about 30 feet. Permeabilities vary widely but generally decrease as the sandstone units thin. Pictured Cliffs Sandstone coregraphs (Core Lab) show the following average values
for all wells in the San Juan Basin: range of producing thickness 8 to 72 feet, average 29 feet; permeability range 0-159
millidarcies, average 2.96 millidarcies; range of porosity 2.8%
to 32.2%, average 18.1%; average oil saturation 1.4%; average
water saturation 44% (Reneau and Harris, 1957).
Sandoval County has had some gas development in the
Pictured Cliffs Sandstone in Township 23 North, Ranges 2, 3,
and 4 West. Forty wells are now producing in the county with
37 being located in the Ballard Pool and 13 being located in
the South Blanco Pool.
Cumulative production from the Pictured Cliffs in the San
Juan Basin as of January 1, 1974 was 1.80 trillion cubic feet.
A p p r o x im a t e l y 8 3 1 .1 2 b i l l i o n f e e t o f t h a t w a s p r od u c e d in
Rio Arriba County and 14.31 billion cubic feet was produced
in Sandoval County. The eastern half of the basin has therefore contributed 47% of the basin total from Pictured Cliffs
Sandstone.

"Chacra" Formation
The term "Chacra Formation" has been applied by the oil
and gas industry to a sandy zone in the Lewis Shale ranging
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teristics, including permeabilities, are similar to those of the
Cliff House Sandstone; Sandstones are light medium gray, very
fine grained to fine grained, and well cemented. Well potentials
are in the range 500 MCFPD to 2000 MCFPD, averaging about
1000 MCFPD. Flow rates into the pipeline vary from 30
MCFPD to 500 MCFPD but average about 100 to 150
MCFPD.
Production from the "Chacra" has been confined to a
narrow belt not exceeding four miles in width, and trending
southeast to northwest across the central portion of the San
Juan Basin. The major development has been in Townships 25
North and 26 North, Ranges 5 West and 6 West in southern
Rio Arriba County. Depth of the zone within the producing
area ranges from 3000 to 4000 feet. Extensive exploration and
development fo the "Chacra" producing zone is now being
pursued along a northwest trending line extending as far north
as Township 29 North, and West to Range 11 West in San Juan
County. It will not be a major gas producing zone in the basin
but may provide several hundred additional producing gas
wells.
As of January 1, 1974, 158 wells were producing from the
"C h a cr a Z o n e " w i th 1 4 0 l o ca t e d in Rio Arr iba C o unty and
only 18 in San Juan County. Total cumulative production
from the Chacra Zone was 58.03 billion cubic feet with 56.75
b illion cub ic feet or 97 .8 % of that p rod uction com ing from
Rio Arriba County, primarily from wells in the Otero Chacra
Pool. The zone produces very little liquid with total condensate production totaling only 4700 barrels.

Mesaverde Group

from 600 to 800 feet above the top of the Cliff House Sandstone, as defined in the Blanco Mesaverde Gas Pool. The sandy
zone is normally from 130 to 200 feet thick and, in the best
producing areas, has two relatively clean sandstone developments, one at the top and one near the bottom, with gray
shale and silt between. The upper sandstone normally has
better development with the net effective pay zone ranging
from 10 to 40 feet thick. Net effective pay in the lower unit,
when present, seld om exceed s 20 feet. Sandstone charac-

The Mesaverde Group as defined in the Blanco Mesaverde
Gas Pool is composed of three formations, the Cliff House
Sandstone, Menefee Formation and Point Lookout Sandstone.
The major portion of dry gas produced comes from the Cliff
House and Point Lookout Sandstones, although sand and coals
in the Menefee also contribute gas. The Blanco Mesaverde Pool
is a stratigraphic reservoir about 70 miles long and 40 miles
wide. Porosities of the Mesaverde sandstones range from 4 to
14% and average about 9%. Average permeability of the Cliff
House is 0.9 millidarcy; the Point Lookout average about 2
millidarcys (Pritchard, 1957). Natural fracturing influences
well productivity.
The Mesaverde Group has contributed more gas than any
other unit in Rio Arriba County. Of the 919 wells completed
in the Mesaverde Group in Rio Arriba County 906 are in the
Blanco Mesaverde Pool. Of the 2095 wells producing in this
pool as of December, 1973, 43.2% are located in Rio Arriba
County. Of the 3.71 trillion cubic feet of gas produced from
this pool to January 1, 1974, 1.06 trillion cubic feet or 28.6%
came from Rio Arriba County. Thus, Mesaverd e reservoir
characteristics in Rio Arriba County are somewhat inferior to
those of that portion of the pool located in San Juan County.
Pay sands in the Cliff House and Point Lookout thin from west
to east in the Blanco Pool. Total Mesaverde net effective pay
in Townships 29 and 30 North, Ranges 8, 9 and 10 West in
north central San Juan County reaches a thickness of 150 feet
and averages 120 feet. Net effective pay gradually thins eastward; at the Rio Arriba County line (Range 7 West) maximum
thickness is 120 feet and average thickness is 100 feet, and at
the eastern portion of Range 6 West maximum thickness is 90
feet and average thickness is 60 feet. However, a lobe which
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extends into Township 27 north, Ranges 4 and 5 West reaches a
thickness of 100 feet and averages about 80 feet.

Gallup Sandstone
The term "Gallup" has been used in the oil and gas industry
to identify a series of generally thin, lenticular sandstone units
at the Niobrara level of the Mancos Shale. The subsurface
sandstone units are generally correlative with the Gallup Sandstone which outcrops on the south and west sides of the San
Juan Basin; however, the subsurface sandstones were deposited
some distance offshore and are not continuous with
the Gallup identified in the outcrop. The sandstone lenses are
encased in impermeable shale; in individual sandbars gas occurs
up dip to the southwest and oil occurs down dip to the northeast. Ten oil and gas reservoirs have been discovered and
developed in Rio Arriba County. In all of these reservoirs the
sandstones are thin, fine grained, and have low permeabilities,
and are poorer quality reservoirs than Gallup reservoirs such as
Bisti, Totah, Cha Cha, and the Horseshoe Gallup Pools, in San
Juan County. Production is from a series of thin sandstone
lenses which occur in a three hundred foot section, with
individual lenses being separated by 20 to 40 feet of shale. The
section is located from 700 to 1000 feet above the top of the
Dakota Sandstone. Producing depths range from 5200 to 6000
feet in the developed pools. Some operators have perforated
several thin sand stringers distributed throughout a 300 feet
section of a single well bore.
Oil and gas cumulative production for Gallup pools is listed
in Tables 1-4. Three of the Gallup pools in Rio Arriba County
are defined by the New Mexico Oil Conservation Commission
as oil pools. Four are defined as gas pools and three as associated oil and gas pools. The associated pools (Tapacito, Devils
Fork, and Escrito Gallup pools) were so designated because of
the wide variation in producing characteristics; some have
relatively low gas oil ratios and others are essentially gas wells.
The Devils Fork Gallup Pool, which was developed in the early
1960's, proved to have a well defined gas-oil contact in a
single, well-developed sandbar. A volumetric formula was
devised to prorate the production, which was designed to provide for equal withdrawals from the oil and gas zones. Eighty
acre spacing was established for oil wells and 320 acre spacing
for gas wells, with the definition between oil and gas wells set
at a gas/oil ratio of 30,000 cubic feet of gas per barrel of oil.
The same definition and spacing has been used in the Tapacito
and Escrito Pools; however, it has not been practical to utilize
a volumetric formula in these pools since production does not
come from a single sand lens, and oil and gas contacts cannot
be established easily. Gas and oil production in these two
pools is related by a limiting gas/oil ratio of 2000 cubic feet of
gas per barrel of oil; gas wells which are spaced on 320 acres
receive proportionately larger gas production in relation to
acreage assigned. The South Blanco, Lybrook and Otero Pools
are classified and spaced as oil pools, and BS Mesa, Largo,
Lindrith and Wildhorse Pools are classified as gas pools and
developed on 160 acre spacing.
Individual pool cumulative production is shown in Tables 3
and 4. Gallup producing zones in Rio Arriba County have
produced 11,282,683 barrels of oil and gas well liquids and
122.36 billion cubic feet of dry and casinghead gas as of
January 1, 1974. This production has come from 239 wells.
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Mancos Shale
Commercial oil production has been developed in Mancos
Shale in the extreme northwest portion of the San Juan Basin
at the Verde Pool and on the extreme east edge of the basin at
the Boulder, West Puerto Chiquito and East Puerto Chiquito
pools. Production is in areas where flexure of the strata has
created fracture systems which provide an oil trap with sufficient permeability. The Boulder Mancos Pool in the eastern
portion of T. 28 N., R. 1 W. was discovered in 1961. Twentyfive wells have been produced in this pool on 80 acre spacing

at producing depths ranging from 3300 to 5300 feet in steeply
dipping strata. The pool has exhibited an excellent fracture
system, and many wells have had initial potentials in excess of
100 barrels per day, with several wells exceeding 500 barrels
per day. Rapid production decline and low per well cumulative
production totals indicated that drilling density was too close.
Better overall economics would have been experienced if fewer
wells had been drilled and if an attempt had been made to
maintain higher reservoir pressures during early production.
Cumulative p rod uction to January 1, 197 4 was 1 ,6 35,56 8
barrels, for an average production of 65,423 barrels per well.
The Puerto Chiquito Pool (central and western portions of
Townships 26 North and 27 North, Range 1 East) was
discovered in 1960 and designated by the New Mexico Oil
Conservation in 1963. After further development, Benson
Montin-Greer Drilling Corporation, who has operated the
major portion of the pool since discovery, called a hearing
before the Commission in order to abolish the original Puerto
Chiquito Pool and to establish two pools, the East Puerto
Chiquito and West Puerto Chiquito pools. The pools represent
tw o sep arate fracture areas. One hundred and sixty acre
spacing was established in the East Puerto Chiquito Pool and
320 acre spacing was established in West Puerto Chiquito Pool.
Present pool boundaries are shown in Figure 1. Based upon
recommendation of the operator, large spacing areas were
established for both pools to provide for orderly future
development. Because the fracture systems extend vertically
through much of the Niobrara Member of the Mancos Shale,
the vertical limits for the pools is fixed as the entire Niobrara
Member.
Operations in the Puerto Chiquito area have provided a classic
example of how to properly develop and produce a fractured
shale reservoir. Wells have been carefully located and
prudently produced in order to enhance optimum recovery.
T h e p r i m a r y p r o d u c i n g m e c h a n i sm i n t h e P u e r t o C h i q u i t o
Pool is gravity drainage. The operator has determined that
ultimate recovery of oil from such a reservoir is substantially
increased if production rates are controlled, high gas-oil ratio
wells are not produced, and reservoir pressures are maintained
as high as possible. In the West Puerto Chiquito Pool a pressure
maintenance program has been initiated by the re-injection of
produced gas into four up dip wells. The net result has been to
insure excellent recovery of the oil in place.
As of January 1, 1974, 35 completed wells were located in
the East Puerto Chiquito Pool. Nineteen of them were being
pumped and 16 had been shut in. Cumulative production for
this pool was 2,866,431 barrels. The West Puerto Chiquito
Pool had contained 15 completed wells, with 11 producing
and 4 being used as gas injection wells. Cumulative production
for this pool was 4,695,817 barrels.

Dakota Formation
The Basin Dakota Gas Pool, like the Blanco Mesaverde Pool,
is a huge stratigraphic gas reservoir with structure playing little
part in gas accumulation. The Dakota is productive over much
of the area occupied by the Blanco Mesaverde Pool; in addition, Dakota productive limits extend 12 to 15 miles southwest and 20 miles southeast of the Blanco Mesaverde Pool
boundary. However, productive sands in the Dakota pool are
less continuous. Dakota reservoir quality is also inferior to that
of the Mesaverde and average per acre reserves are smaller. Net
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effective pay in the Rio Arriba portion of the Basin Dakota
Pool ranges from 40 to 100 feet with the average thickness
being about 60 feet. Prorosities in Dakota pay sands range
from 7 to 11 percent and permeabilities average 0.15 millidarcys (Deischl, 1973). Fracturing, both natural and induced,
is necessary in order to attain commercial flow rates. Dakota
gas production has been excellent in some areas such as the
Angel Peak, Huerfano, and Gallegos Canyon areas in San Juan
County and the South Blanco, and Otero areas in Rio Arriba
County. Dakota gas wells on the average produce more liquids
than Mesaverde gas wells. In Southern Rio Arriba County
several areas of low ratio Dakota oil production have been
developed, primarily in Townships 24 North and 25 North,
Range 4 West. This oil is also a stratigraphic accumulation and
production rates are low, usually not exceeding 30 barrels per
well per day.
As of January 1, 1974, 2277 gas wells were producing from
the Basin Dakota Gas Pool. Of these 1582 are located in San
Juan County, 695 in Rio Arriba County and 1 in Sandoval
County. Production from the Basin Dakota Pool totaled 2.26
trillion cub ic feet with 1.73 trillion cub ic feet com ing from
San Juan County and 528.82 billion cubic feet coming from
Rio Arriba County. Of the wells in the Basin Dakota Pool 30.6
percent are located in Rio Arriba County and 23.4 percent of
the total cumulative production has come from Rio Arriba
County. Average production per well in the Basin Dakota Pool
as a whole is 993 million cubic feet, and in Rio Arriba County
the average per well production is 761 million cubic feet. Oil
and condensate production separated from the gas stream at
the well has totaled 22,571,000 barrels, with 17,513,000 barrels coming from San Juan County Wells and 5,058,000 barrels
coming from Rio Arriba County Wells. Three Dakota Polls in
Rio Arriba County have been designated as oil pools. These are
the Lindrith Pool (1 well), the Ojito Pool (3 wells), and the
Wildhorse Pool (2 wells). Total cumulative production from
these three pools to January 1, 1974 was 314,589 barrels of
oil and 1.06 billion cubic feet of casinghead gas.

FUTURE EXPLORATION
The largest factor in the determination of future exploration activity on the east side of the San Juan Basin is the
improving price schedule for both oil and gas. Some wildcat
drilling activity has continued along the northeast side of the
basin and in the Chama Embayment for a number of years.
Most of this exploration has been structure oriented. Shows of

oil and gas have been reported from wildcats drilled in the
Chama area but there has not been a successful commercial
completion. With prices improving this area should receive
increasing attention. Similarly, price increases will cause many
additional small producing oil and gas wells to be drilled to
Cretaceous stratigraphic production zones in areas which were
previously considered sub-marginal economic prospects.
The Entrada Sandstone has become a target for wildcat
drilling in the basin as a result of successful exploitation of the
Media Entrada Pool in T. 19 N., R. 3 W., Sandoval County by
Fluid Power Pump Company and Petro Lewis Corporation.
Localized thickening of the Entrada Sandstone plus some
structural nosing has provided an effective closure of about
125 feet in this pool. The height of the oil column varies from
10 to 45 feet above the oil water contact. The oil is 32.6
gravity and has a very high pour point of 90 ° to 92 ° Farenheit.
The oil is difficult to handle as production and transportation
equipment must be insulated. High production rates can only
be maintained by handling large volumes of water along with
the oil. In spite of these problems, the pool has been averaging
10,000 to 12,000 barrels of production per month and
cumulative production to January 1, 1974 was 492,255 barrels
from 7 wells. The Entrada Sandstone exhibits excellent porosity and permeability so potential reservoirs in this formation
will be eagerly sought.
Between 5000 and 6000 feet of sedimentary section below
the Dakota Sandstone is practically unexplored in the inner
San Juan Basin. Not more than 20 basement tests have been
drilled in an area 80 miles square. Rio Arriba County, within
the basin proper, has had only four tests. The Sandoval County
portion of the basin has had seven basement tests. It is clear
that additional deep exploration must be undertaken in the
future and undoubtedly it will be.
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