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ABSTRACT 

Thirty-one low-permeability gas-bearing sandstones in 15 sedimentary basins were surveyed tO delineate the major depositional 
systems and associated facies of each srratigraphic unit. The depositional system of each unit provides a basis of comparison between 
formations of different ages in different structural and sedimentary settings. Information was compiled on general attributes, economic 
factors. geologic parameters of the basin or trend. geologic and engineering parameters of the stratigraphic unit, a nd operating 
conditions at each formation or member. Results of this survey can be applied elsewhere to exploration of tight gas sandstone trends in 
other stratigraphic units with similar deposi tional systems. Tight gas sandstones reviewed here have blanket geometries and produce or 
could produce from strata having in situ permeabilities of 0 . 1 md or less, although gas may also be contained in more permeable 
horizons of the sandstones. Reservoirs vary from extensively developed gas plays (''Clinton"-Medina sandstone, Appalachian Basin) 
to active gas plays (Corcoran and Cozzette Sandstones, Piceance Creek Basin) to sparsely drilled units (Blair Formation. eastern 
Greater Green River Basin). 

Most of the blanket-geometry tight gas sandstones surveyed were classified as one of two marginal marine depositional systems: 
either a deltaic system or a barrier-strandplain system. A few additional tight gas reservoirs were classified as intracratonic shelf 
systems. One stratigraphic unit. t he Travis Peak Formation in the East Texas and North Louisiana Basins. represents an alluvial plain 
of braided-stream deposits having a marine-reworked distal margin. Although not specifically discussed, lagoonal, estuarine, and 
tidal-Oat systems may be·spatially related to the barrier-strand plain systems surveyed. The flu vial system was not represented in this 
survey because its sands are predominantly lenticular. 

The Travis Peak Formation (and the equivalent Hosston Formation in the North Louisiana Basin) may provide new 
unconventional gas supplies from sand-rich deltaic systems. Technology resulting from development of the Travis Peak could be 
applied to continued development of the Lower Silurian Tuscarora Sandstone and equivalent Medina and "Clinton "sandstones in the 
Appalachian Basin. 

T he Frontier Formation is an areally extensive delta system that has potentia l for tight gas production in three Laramide-age 
basins: the Greater Green River Basin, the Wind River Basin. and the Big Horn Basin. This formation offers extrapolation potential 
both to other deltaic systems and to the Frontier itself within the three basins. The O lmos Formation (Maverick Basin), by analogy to 
an underly ing stratigraphic unit and by reference to limited available data, consists of wave-dominated deltas and strand plain deposits 
representing several smaller delta systems. 

Most of the tight gas sandstones investigated are dominantly regressive barrier-strand plain systems. Deltaic and offshore-bar sands 
may occur along st rike within a few of these units. Prograding sands of the regressive Mesaverde Group in several basins of the Rocky 
Mountain region constitute most of the barricr-strandplain depositional systems. 

Development of Mesaverde Group sands and the Pictured Cliffs Formation in the San Juan Basin more clearly extends existing 
production into adjacent tight areas than does current exploration in the Cozzette and Corcoran Sandstones of the Piceance Creek 
Basin. The Fox Hills Sandstone appears to have good reservoir continuity, as does the uppe r Almond Formation (G reater Green River 
Basi n). The Fox Hills currently produces in only one field: because of its good continuity. it may require structural closure to form a gas 
trap. More gas has been produced from the nonmarine lower Almond Fo rmation than from the blanket-geometry upper Almond. 

The Oriskany Sandstone (Appalachian Basin) was tentatively classified as a barrier-strand plain system, but its component facies 
are poorly known and it may have been affected by marine transgression. Conventional gas production from the Oriska ny has been 
extensive within the Appalachian Basin. but few data are available from tight areas. 

Shelf deposits of the Cleveland Formation and parts of the Cherokee Group (Anadarko Basin) and the Mancos "B"interval of the 
Mancos Shale ( Piceance Creek and Uinta Basins) a re good examples of the shelf depositional system. The Cleveland is thinncrthan the 
Mancos "B" and may have a thin deltaic package at its base. The Mancos "B" interval is probably the best example of a shelf 
depositional system included in this survey: however, the extrapolation potential of studies of shelf systems appears limited by the small 
number of formations of this type. 

Keywords: Gas. low-permeabili1y sands1one, deposi1ional sys1ems, Almond Forma1ion, Berea Sands1one, Blair Formation. Cleveland 
Formarion. Cliff' House Sands1one. "Clinton '~Medina sands1one. Corcoran Sandstone. Co11on Valley Sandstone. Cozzerte 
Sand.wane. Dak.ota Sandstone. Davis sandsrone. Fox Hills Sandstone. Frontier Forma1ion, Har1selle Sandstone. "J" Sandsrone, 
Mancos Shale. Muddy Sandsrone, Olmos Formarion. Oriskany Sandsume, Pictured Cliffs Sandstone, Poin1 Lookour Sands/One, 
Travis Peak Formarion . Tuscarora Sandstone 



INTRODUCTION 

PROJECT OVERVIEW 

Previous geologic and engineering studies have categorized 
low-permeability gas sandstones by external reservoir 
geometry. Kuuskraa and others (1978) differentiated lenticular 
and blanket reservoirs in basins across the country. The Western 
Gas Sands Project. funded by the U.S. Department of Energy in 
cooperation wit.h the U.S. Geological Survey. private industry. 
and various universities and national laboratories. has included 
research on many aspects of gas production from tight len ticular 
sands in the Uinta, Piceance Creek, and Greater Green River 
Basins. Elemen ts of the Western Gas Sands Project have 
included improved determination of the gas resource. geologic 
characterization of local areas, instrumentatio n research. reser
voir modeling, a nd improvement and application of production 
technology such as hydraulic fracturing. 

Some of the results of this project are applicable to reservoi rs 
of blanket geometry. but many are not. Each reservoir is a 
product of different modes of deposition and histories of burial. 
physical compaction, ccmentation. and possible subsequent 
deformation. Both internal and external geometry of a reservoir 
control the development of a hydrocarbon resource and 
strongly affect completion techniques. rate of resource recovery, 
and ultimate recovery per well and per field . Geologic 
variability complicates the exploitation of any reservoir. and it 
is probably even more significant in the recovery of gas from 
tight formations . 
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The present study. which was supported by the Gas 
Research Institute. aims to improve understanding of the 
occurrence, distribution. and recovery of gas from tight 
formations by compiling data on low-permeability blanket sand 
reservoirs. Tight gas sands described here either produce or 
could produce from strata having in situ permeabilities of 
0.1 md or less. Each formation surveyed may also contain gas 
in more permeable strata. Blanket-geometry sandstones have 
relatively good continuity in dip and strike directions over 
moderate distances. Near most wells. such sandstones do not 
have major sand-shale interfaces that interfere with hydraulic 
fracture stimulation. 

TECHNJCAL APPROACH 

This survey is a compilation of information on the geology, 
engineering parameters. economic factors. and operating 
conditions of gas-producing areas in selected basins ranging 
from the Appalachian Basin to several gas-prone basins of the 
Rocky Mountain region. Basins that were selected are either 
known to produce gas or contain gas shows in tight blanket
geometry formations. The info rmation compiled in this study 
includes the same parameters to the greatest extent possible 
from area to area. recognizing that areal differences exist in the 
available data. 

Blanket-geometry tight gas sands were reviewed from 
diverse sedimentary environments; the formations studied were 
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FIGURE J. Location map of blanket-geometry tight gas sands included in this survey. Numbers are keyed to 
table/. 
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divided into groups having common genetic depositional 
systems. This grouping by depositional systems allows 
comparison of geologic and engineering parameters from one 
gas-productive trend with those from another. The review of 
each stratigraphic unit therefore emphasizes the depositional 
system responsible for em placing the unit and the occurrence of 
analogous systems in other sedimentary basins. 

The assembly of data on 15 sedimentary basins required 
presenta ti on in a format that would allow comparison between 

areas (fig. I). Tables having a standard format were used to 
present data on each major stratigraphic uni t of the basins. 
Some stratigraphic units did not warrant data tables: sufficient 
data on others LO complete a set of tables were unavailable. 
These units are described in the text. A comparison of the 
depositional systems of all stratigraphic units follows 
presentation of the basic data. Data arc presented in geographic 
order from the Appalachian region through the southern and 
southwestern states to the Rocky Mountain region (table I). 

TABLE 1. Stratigraphic units and basins included in this survey. Number following unit indicates location in figure J. 

APPALACHIAN BASIN 
Oriskany Sandstone (I) 
Tuscarorn Sandstone (2) 
Ocrca Sandstone (3) 
··clinton"-Medina sandstone (4) 

BLACK WARRIOR BASIN 
Carter Sandstone (5) 
Hamclle Sandstone (6) 

ARKOMA BASIN AND 
OUACHITA MO UNTAIN 
PROVINCE (7) 

EAST TEXAS AND 
NORTH LOUISIANA 
BASINS 

Tnl\ i~ Pcu k (Hosston) Formation (8) 
Cotton Valley S;mdstone (9) 

AN ADARKO BASIN 
Cleveland Formation ( 10) 
Cherokee Group ( I I J 

FORT WORTH BASIN 
Dcivis sandMonc ( 12) 

MA VER I CK BASIN 
Olmos Forma tion ( I J) 
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S AN J UAN BAS IN 
Pictured Cliffs Sandstone ( 14) 
Cliff House Sandstone. Mcsaverde Group ( 15) 
Point Lookout Sandstone. Mcsaverde Group ( 16) 
Sa nos tee (.Juana Lopcl) Member. Mancos Shale ( 17) 
Dakota Sandstone ( 18) 

DENVER BASIN 
"J" Sandstone (19) 

PI CEANCE CREEK BAS IN 
Concttc Sand~tonc. Mes;svcrdc Group (20) 

Corcoran Sand~tonc. Mcsa\C~rdc Group (21) 
Manco~ "B" Shale (22) 

UINTA BASIN 
Sego Sandstone (23) 
Cm.tlcgmc Sandsrnnc (24) 
Mancos "13" Shale (25) 

GREATER GREEN RIV ER BASIN 
Fox Hi lls Sandswnc (26) 
Upper Almond Formation. Mesavcrde Group (27) 
Blair F<1r111at ion. Mcsuvcrdc Group (28) 
Frontier Forma tion (29) 

WIND RIVER AND BI G HORN BASINS 
Frontier Formation (30) 
Muddy Sandstone (31) 



METHODOLOGY 

DEFINITION OF VARIABLES 

Data on JI stratigraphic units in 15 sedimentary basins were 
collected for this study. Variables that were quantified include 
general attributes. economic fac tors. geologic parameters of the 
basin or trend, geologic and engineering parameters of the 
stratigraphic unit. and operating conditions for each formation 
or member. Variables within each category are listed in table 2. 

DATA SOURCES 

Applications by gas producers for tigh t formation 
designations under section 107 of the Natural Gas Pol icy Act 
(NGPA) and associated rules of the Federa l Energy Regulatory 

Commission (FERC) were the primary source of geologic and 
engineering data on tight gas reservoirs. Published reports 
rarely include specific data on porosity, permeability, water 
saturation, net pay thickness, production rates, and other key 
variables used to characterize the exact producing interval ofa 
tight formation. Consequently. applications in the lites of state 
regulatory agencies constitute the most complete data base on 
tight gas sands in the United States. 

Guidebooks prepared by the Wyomi ng Geologica l 
Association. the Rocky Mountain Association of Geologists, 
and many local and regional geological societies were another 
data source. These guidebooks include articles on the applied 
sedimentology of producing reservoi rs and frequently provided 
the geologic da ta needed to supple ment data from operator 
applica tions. Open-fi le reports of the U.S. Geol9gical Survey, 
produced as part of the Western Gas Sands Project, provided 
data on selected western basins. 

T AlJLE 2. Variables used to define /ow-permeability gas sandstones. 

GENERAL ATTRIBUTES 
Basin or trend 
Areal extent 
Interval thickness 
Depth range 

ECONOMIC FACTORS 
FE RC status 
Estimates of resource base 
Allcmptcd completions and degree of success 
Markets and pipeline avai lability 
Industry interest and leasing activi ty 

GEOLOGIC PARAMETERS -
BASIN OR TREND 

Structural and tectonic regime 
Regional thermal gradient 
Regional pressure gradient 
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GEOLOGIC PARAMETERS -
STRATIGRAPHIC UNIT 

Depositional system and genetic facies 
Textural maturity 
Mineralogy 
Diagenctic processes and cements 
Reservoir dimensions 
Pressure and temperature range 
Natural fractures 
Data availability 

ENGINEERING PARAMETERS -
STRA TlGRAPHIC UNIT 

Porosity and permeability 
Net pay th ickness 
Production and decline rates 
Typical water sarnration 
Formation Ouids 
Well stimulation attempts and success 
Typical logging practice and other techniques 
Development well spacing 

OPERATING CONDITIONS 
Terrain characteristics and accessibility 
Limiting weather conditions 



DEPOSITIONAL SYSTEMS 

DEPOSITIONAL SYSTEMS AS A 
COMMON FACTOR IN 
RESERVOIR CHARACTER 

The basic sedimentary framework of a basin can be 
understoqd by using lithogenetic facies as stratigraphic units. 
Each facies is a three-di mensional body of rock whose 
environmental origin can be inferred from a set of observable 
characteristics. These characteristics include external and 
internal geometry, sedimentary structures, lithology, organic 
content, stratigraphic relations, and associated sedimentary 
facies. A group of lithogenctic facies linked by depositional 
environment and associated processes is a "depositiona I system" 
(Fisher and McGowen, 1967). For example, a meandering 
f1uvial system may include channel, point-bar, and crevasse
splay facies, each of which would tend to have similar 
characteristics under a given available sediment supply and set 
of energy conditions. 

Each lithogenetic facics has certain attributes, including 
porosity, permeability, and spatial relations to other fac ies. that 
control or affect migration and distribution of hydrocarbons 
and thereby inOuence the potential of the facies as a 
hydrocarbon reservoir (Galloway and others, 1982). Although 
some properties derived from the depositional setting of a 
stratigraphic unit may have been modified in the subsurface by 
compaction and diagenesis, the overall sand-body geometry of 
the unit is largely unaffected over time. Thus, delineation of 
deposit ional systems can be used to characterize blanket
geometry tight gas sands; facies of some depositional systems 
will be dominantly lenticular. and facies of others will possess 
good lateral continuity. 

A depositional system is part of a .. systems tract" (Brown 
and Fisher, 1977), which may include, for example, fluvia l, 
dcltaic, shelf, and slope depositional systems. These coeval 
systems reflect a palcoslope from source-area to basi n-margin 
to deep-marine environments. Thus, understanding relations 
among depositional systems within a regional setting allows 
extrapolation of detailed loca li1.ed studies of a tight gas sand to 
wider areas. This extrapolation could be particularly important 
in the Rock) Mountain region, where well data are sometimes 
concentrated in limited basin-margin areas and where deeper 
basin flanks are o nly sparsely drilled. 

MAJOR D EPOSITIONAL SYSTEMS 

The nine principal elastic depositional systems reviewed by 
Fisher and Brown ( 1972) can be classified into three major 
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groups established by Selley ( 1978): continental, shoreline 
(marginal marine). and marine environments (table 3). Each of 
the nine systems can be divided into additional categories. For 
example, a fan delta has marine-reworked margins, including a 
d istal fan facies having a delta front and possibly marine bars. 
The nuvial system can be divided into several subclasses: 
braided streams, fine-grained meanderbelts, coarse-grained 
meanderbelts, and stabilized distributary channels. Each of 
these subclasses has distinctive sand-body geometry, texture, 
and distribution of interna l sedimentary structures. Similarly, 
deltas can be divided into river-dominated types that have 
digitate to lobate geometries and into wave-dominated types 
that have cuspate geometries. 

The study of modern depositional systems and their ancient 
counterparts has led to the development of models of major 
elastic depositional systems (Fisher and Brown , 1972; Brown 
and Fisher, 1977; Selley, 1978; Walker, 1979). Such models, 
combined with data on individual stratigraphic units. have been 
used in this survey to help interpret the geometry of tight sand 
reservoirs. The Western Gas Sands Project has included study 
of lenticular sands, many of which are f1uvial and were 
deposi ted in continental environments of the Upper Cretaceous 
Mesaverde Group in several Rocky Mountain basins. This 
survey found that blanket-geometry tight gas sands fo rmed 
mostly in marginal marine environments that include deltaic 
and barrier-strandplain systems. Some of these marginal marine 
deposits are part of regressive elastic wedges fed by the lenticular 
Ouvial systems of the Mesaverde Group. A few blanket
geometry sands were formed in intracratonic shelf systems. 

TABLE 3. Classification of elastic depositional systems 
by environment (after Fisher and Brown, 1972; 

Selley, 1978). 

CONTINENTAL ENVIRONMENTS 
Eolian systems 
l.acustrine systems 
Fluvie1l systems 
Tcrrigcnous fa n (alluvial fa n and fan-delta) systems 

S HORELINE (MA RGINAL MARINE) 
ENVIRONMENTS 

Della ~ystems 
Barricr-strandplain systems 
L1goon. bay. estuarine. and tidal-flat systems 

MARINE ENVIRONMENTS 
Continental and intracratonic shelf systems 
Continental and intracratonic slope and basinal systems 



BEREA SANDSTONE, APPALACHIAN BASIN 

The Berea Sandstone of the Lower Mississippian Pocono 
Group is the oldest Mississippian sandstone in the Appalachian 
Basin. The Berea varies from a medium- to line-grained 
sand~tone (Fayette and Raleigh Counties. West Virginia) to 
siltstone and line-grained sandstone, which may be interbeddcd 
with shale (Plateau region. western Virginia). Data base on the 
Berea Sandstone is fair, containing information from four 
applications for designa tion as a tight gas formation (table 4). 
Specific engineering data are limited: unstimulated !low rates 
have not been measured. and permeabilities are inferred, by 
comparison to a few porosity values that have corresponding 
permeabi lity values, to be commonly below 0.1 md (table 5). 

Depositional Systems 

The Berea Sandstone is part of a Lower Mississippian 
progradational elastic wedge that includes major sand-filled 
tluvia l channels, a delta plain. and a delta front. Characteristics 
of the depositional sys1em suggest that it was wave dominated 
(Donaldson and Shumaker, 1981 ). Two major tluviafaxes. the 
Gay-Fink and Cabin Creek Channels (Pepper and others. 1954). 
are located about 50 mi apart in north-cemral and south-central 
West Virginia. respectively. The Berea Sandstone exists in the 
subsurface of parts of eastern Ohio. western Pennsylvania. 
western West Virginia.and northeastern Kentucky and contains 
elements of both deltaic and barrier depositional systems. In out
crop and in quarries in Ohio. Berea sandstones are highly 
lenticular and are surrounded by the red Bedford Shale: these 
sandstones probably represent a tluvial channel facies. In other 
areas. barrier islands backed by lagoonal facies developed in an 
inferred delta-margin posiiion. The Second Berea sands1one of 
southeastern Ohio is this type of barrier facies and. a lthough 
entirely in the subsurface, has been extensively explored because 
of its gas producibility (Pepper and others, 1954). 

Larese ( 1974) found that the Cabin Creek and Gay-Fink 
Channels in central West Virginia grade westward into an 
extensive sheet-sand facies, indicating a regressive marine 
environment. Barrier-island and distributary-mouth-bar facies 
were found 10 be part of the Berea deltaic complex. In the 
undifferentiated Pocono - Maccrady Group formations, 
Williamson ( 1974) identified shoreface and strand plain faeies. 
Massive sandstone units having relatively sharp upper and 
lower contacts arc interpreted to be reworked, abandoned 
deltaic lobes (Williamson, 1974). After deposition of the Berea 
Sandstone, a marine transgression resulted in the deposition of 
the carbonaceous Sunbury Shale. The Sunbury is an excellent 
subsurface marker for delineating the Berea Sandstone: neither 
Williamson ( 1974) nor Larese ( 1974) noted the extent to which 
the Berea may have been reworked during transgression. 

Extrapolation Potential 

The Berea Sa ndstone is classified with deltaic systems and 
reworked deltas. The Carter Sandstone. the Davis sandstone, 
the Olmos Formation, and 1hc Blair Formation are also within 
this group (table 109). However. the Berea probably contains a 
greater proportion of Ouvial facies than do these other 
stratigraphic units. In addition to the Gay-Fink and Cabin 
Creek Ouvial axes. Ouvial channels were identified in southern 
West Virginia (Virginia-Caroline Della) and in northern Ohio 
(Berea Delta) (Pepper and others, 1954). 

The ex1rapola1ion potential of the Berea Sandstone system 
to the deltaic sys1ems of the other sandstones listed previously 
and to the Frontier deltaic system is fair to good. The 
proportion of preserved progradational deltaic and barrier
strandplai n facics to tluvial fac ies determines the proportion of 
blanket-geome1ry to lenticular-geometry sandstones present in 
the Beren Sandstone. 

TABLE 4. Tight gas sand areas of the Berea Sandstone in Virginia, West Virginia, and 
Ohio (Virginia Tight Sand Committee, 1981; West Virginia Tight Formation Committee, 

1981a, 1981b, and 1982; Hagar and Petzet, 1982a and 1982b). 

TOTAL 
GROSS AREA DEPTH PERMEABILITY 

COUNTIES (acres) (ft) (md) 

Virginia 

Dickenson. Lee. Scott. Wise. 768.000 3.356 (0 6.028 <O.I 
Russell. Buchanan. Tazewell 

W<'SI Virf[inia 

Fayette. Raleigh 1.024.000 2.766 <O.I 

Mercer. McDowell. Wyoming 832.000 2.766 <O.I 

Boone, Cabell. Kanawha. Lincoln. no dala no da1a <O. I 
Logan. Mingo. Putnam. Wayne 

Ohio 

Athens. Gallia. Meigs, Morgan. 2.580.000 1.200 to 2.000 0.0 12 10 0.2 15 
Muskingum. Perry 
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TABLE 5. Selected characteristics of the Berea Sandstone in 
Virginia and West Virginia (Virginia Tight Sand Committee, 1981; 
West Virginia Tight Formation Committee, J98Ja, 198Jb, and 1982). 

VIRGINIA 
Porosity: 2% to 8%. average 4% 
Permeability: <O. J md 
Water saturation: 8% to 50%. average 35% 
Oil production: none in application area 
Excluded areas: selected parts of four existing fields 

WEST VIRGINIA 
Porosity: average 7% to 8% or less 
Permeability: <O. J md 
Thickness: 5 to JOO ft. mostly 55 ft or thinner 
O il production: none in application area 
Excluded areas: field areas having >7.7% porosity or unstabilized flows >9 J Mcfd 

ORISKANY SANDSTONE, APPALACHIAN BASIN 

The Oriskany Sandstone, also termed the Ridgeley 
Sandstone. was deposited in the central Appalachian Basin 
during the Deerpark Stage of the Early Devonian. The regional 
stratigraphic re lations of the Oriskany Sandstone are illustrated 
on correlation diagrams of the center of the basin, parallel and 
perpendicular to depositional strike (figs. 2 and 3). 

The Oriskany is mostly a fossi liferous marine quartzarenite. 
Typically calcite cemented and locally quartz cemented, it is 
found as a conglomerate in its eastern facies. It has a distinctive 
megascopic fauna, which along with the calcite cement tends to 
leach away in outcrop to produce a friable, biomoldic 
sandstone; however. in the subsurface it is usually tightly 
cemented. About 40 percent of Oriskany production is from 
tight areas. It is estimated that more than 90 percent of the 
Oriskany Sandstone within the Appalachian Basin is tight, 
including inte rfield areas between conventional reservoirs. 

Structure 
The structural configuration of the top of the Oriskany 

Sandstone in the subsurface of the Appalachian P lateau has 
been mapped using a 1,000-ft contour interval (fig. 4). This large 
contour interval is not adequate to delineate all the major fold 
axes; these are shown in detail in figure 5, along with the major 
structural provinces that were used to subdivide Oriskany 
producing trends. The Oriskany trend occurs within four major 
structura l provinces. The Eastern Overthrust Belt, located 
between the Blue Ridge Front and the Allegheny Front, is 
characterized by intensely folded and thrust-faulted strata. The 
High Plateau Province extends westward to the limit of many 
folds . which are more numerous and have more structural relief 
than in areas farther west (fig. 4). The Low Plateau Province 
extends westward to the limit of any pronounced folding. which 
is about at the position of the Burning Springs ant icline. The 
Western Basin Province. the area west of the plateaus, is 
characterized by very gentle folding and litt le structural relief. 

Stratigraphy 
The Oriskany Sandstone is bounded ei ther above or below, 

or both, by unconformities (figs. 2 and 3); where these 

7 

unconformities merge, the Oriskany pinches out (fig. 6). The 
Oriskany pinch-out is a critical trapping mechanism 
(permeability barrier) in many Oriskany fields. 

The Oriskany Sandstone is underlain in many places by 
other sandstone units-Wildcat Valley Sandstone of Tennessee, 
Rocky Gap Sandstone of southwestern Virginia, Bois Blanc 
Sandstone of Pennsylvania and New York (figs. 2 and 3)
which have been mistaken for Oriskany. Occasionally, where 
the Oriskany Sandstone is absent, an adjacent sandstone (for 
example, Bois Blanc) has been referred to as Oriskany or 
credited with producing Oriskany gas. Figure 6 shows the limit 
of sandstones adjacent to the Oriskany horizon. Because these 
sandstones have often been misidentified in the subsurface and 
because it is not always possible to differentiate between the 
Oriskany and the other sandstones, all these sandstones are 
classified as Oriskany in this survey. 

The Deerpark Stage (fig. 7) is in places composed of units 
other than the Oriskany Sandstone, including the Helderberg 
Limestone and the Shriver Chert in Pennsylvania. In eastern 
New York, the Oriskany changes facies and develops into the 
Glenerie Limestone. Note that the ze ro Deerpark isopach in 
figure 7 does not coincide with the Oriskany pinch-out in 
figure 6. This is because figure 7 was based on a map by Oliver 
and others (1971 ), whereas the pinch-out shown on all other 
maps is based on more recent data. 

Distribution of Oriskany Sandstone Production 

The Oriskany pinch-out (fig. 8) is important to gas 
production because the producing fields that have well
developed intergranular poros ity exist near pinch-outs and are 
commonly stratigraphic traps at updip porosity-permeability 
barriers. Fracture porosity is also necessary for the 
accumulation of gas in the Oriskany Sandstone. Fields that 
produce from naturally fractured Oriskany reservoirs are 
located in the Low and High Plateau Provinces and in the 
Eastern Overthrust Belt. 

Because no operator applications for tight gas designation in 
the low-permeabili ty areas were available, data on the four 
structural provinces were selected from individual fie lds 



(tables 6 through 13). The first of these fields, the Elk-Poca 
(Sissonville area) Field (figs. 9 and 10), is the best-developed 
and largest field in the Western Basin Province; its inter
granular porosity and stratigraphic trap are characteristic 
of fields near the western pinch-out. 

The most productive fie lds in the Low P lateau Province are 
near the Oriskany pinch-out in Pennsylvania and New York. 
The best-docu mented field in this area is Elk Run Pool, which 
may actually be in the High Plateau Province but is considered 
a good example of t he fie lds at this pinch-out (fig. 11 ). These 
pinch-ou t fields characteristically have intergranular porosity, 
w hereas the Low P lateau fields that do not occur at t he pinch-
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TABLE 6. Oriskany Sandstone, Western Basin and Low Plateau Provinces, Appalachian Basin: 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBUTES 

Srrarigraphic unir I play 

Oriskany (Ridgeley) 
Sandstone. Deerpark 
S1agc. Lower Devonian. 

Area 

or producing areas, 40% 
are tigh1. Overall, 90% of 
1he basin area is tigh1, 
including in1erlicld areas 
between nontight fie lds. 

I. Western Basin 
Province. 

2. Low Plateau Province. 

GEOLOGIC PARAMETERS - BASIN/ TR EN D 

Thickness 

I. Range is 0 10 100 ft. The 
thickesl units a re found in the 
nonhern pan hand le of West 
Virginia. 

2. Range is from 0 fl in 
northern Pennsylvania and 
New York to more than 200 f1 
in sou1hwes1crn Pennsylvania. 

Depth 

I. Ra.ngc is from 
1,600 f1 in nonhcrn 
Ohio to more than 
5.000 ft in Wes! 
Virginia . In the Elk
Poca Field . ra ngc is 
4.900 10 5.300 fl. 

2. Range is from 
less than 1,700 ft in 
the northern parts 
of 1he province 10 
more than 8.000 ft 
in southwestern 
Pennsylvania and 
adjacent West 
Virginia. Al 1hc 
southern limi1 of 
the province, depth 
becomes somewha t 
shallower (6.000 ft). 

Structural/ tectonic setting Thermal gradiem Pressure gradie111 

I. 1l1e Western Basin Province is the area wes1 of the limit I. 1.1° to 1.8° Fl 100 ft. 
of promincn1 fold ing associated wi1h 1he Low Pla1cau fore-
la nd fo ldbelt. It coincides in West Virgin ia wi1h 1hc Burning 2. 0.9° to 2.00 F/ 100 ft. 
Springs anticline. Broad, open folds characterize 1his 
province. 

2. The Low Plateau Province is a foreland fold belt domi
nated by gent le fo lding. Faulting is rare. l11e wesiern part 
of the pro vi nee is bounded by 1hc Burning Springs anti
cline and the Wes1crn Basin Province. The High Plateau 
Province bounds the eas1crn margin. 

No data. 

Estimated 
resource base 

Es1imatc is 1.054 Tcf 
from Western Basin 
Province only. 

Stress regime 

Past deformation indi
ca1cs modcra1e to mild 
compression in 1hc Low 
Plateau Province and 
weak compression in 1bc 
Western Basin Province. 

Formation a11iwde, 
other data 

No addi1ional information. 
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TABLE 7. Oriskany Sandstone, Western Basin and Low Plateau Provinces, Appalachian Basin: Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/PLAY 

Depositional systems/facies 

Shallow marine sandstone, possibly a transgressive, 
reworked marine shoreline deposit. 

Typical reservoir dimensions 

I. Ranges from 0 to 60 ft in Elk-Poca Field, 
averages 40 ft. 

2. Ranges from 0 10 24 ft in Elk Run Pool. Other fields 
within this province typically have a gross perforated 
interval that ranges from 0 to 12 ft. The net pay volume 
within Elk Run Pool is 56, 700 acre-ft. 

Texture 

l. Fine- to coarse-grained. 
subangular 10 well-rounded sand
stone. 

2. Very line grained to mcdium
grained, subrounded. poorly 
sorted sandstone. Sporadically 
coarse grained. 

Pressure/ temperature 
of reservoir 

I. Average pressure is 1,940 psi. 
Average temperature is 125° F. 

2. The shut-in pressure recorded 
from the discovery well of Elk 
Run Pool was 3,960 psi. This well 
was ovcrprcssured , as arc many other 
Oriskany wells in west-central 
Pennsylvania. 

Mineralogy 

Sand grains a rc composed of 
quartz: however, calcareous 
fossi ls are found in the uni!. 

Natural fracturing 

I. Generally present but poorly 
developed. 

2. Occasionally present but 
poorly developed. 

Abbreviations used in this report of terms related to hydrocarbon production 

Diagenesis 

Cemented primarily by calcite. 
cemented locally by silica (syntaxial 
quart7. overgrow1hs and pressure 
solution). Secondary clay mineral
ization is minor. 

Data availability 

Well cuttings. driller's logs. litho
logic logs. and geophysical well 
logs arc on file at the Wes t Virginia 
Geological and Economic Survey in 
Morgantown. West Virginia. and at 
1hc Pennsylvania Staie Geological 
Survey in Harrisburg. Pennsylvania. 

Def - billio11 cubic feet (gas): bopd - barrels of oil per day: bpd - barrels per day (liquid): bpm - barrels per minute: bwpd - barrel.~ of ll'ater per d/ly; 
JP • i11i1ial potential or initial prnduction; IPF - initial po1e111i<d.f1011·: K - permeability: Mcf - thousand wbicfeet (gas); Mcfd • thous/Ind cubic feet per 
day; md - 111illidarcy.1· ofperme/lbility: 1l1Mcf - 111ilfio11 c11bic/ee1 (gas); psi - pounds per square inch: scf - .wmulard cubic.feet (gas); Tcj - trillion cubicfet!t 
(g/ls); T STM - too small to measure (gas.flc>ll' during 11·e// testing). 
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TABLE 8. Oriskany Sandstone, Western Basin and Low Plateau Provinces, Appalachian Basin: Engineering parameters. 

EN GINEERING PARAMETERS 

Reservoir parameters 

I. lntergranular 
porosity ranges from 6% to 
22%. average is 15o/(l. 
Permeabi lity ranges from 
0.04 to 78.5 md, average 
is 25.5 md. indicating tight 
and nontight areas. 

2. Maximum porosity is 
20%. average is 7. 75%. 
From two core samples, 
pe rmeabil ities of 6. I and 
15.7 md were measured . 

Well stimulation techniques 

Net pay thickness 

I. In Elk-Poca Field. 
range is 10 to 20 ft. 

2. In Elk Run Pool, 
average is 9 ft. 

Before 1959. nit roglycerine shooting was the dominant 
st imulation method; however, since 1959, hydraulic 
fracturing has been the preferred method. One operator 
uses 500 g;il of 15% HCI and 60,000 lb of 20-40 mesh 
sand. 

Pre-stimulation 

I. For an unknown 
number of wells. 
range was 21 to 5.955 
Mcfd . average was 
750 Mcfd. For natur
ally produced wells. 
range was 100 to 
17.000 Mcfd, average 
was 5.235 Mcfd. 

2. For naturally 
produced wells, aver
age was 4,700 Mcfd. 

Success ratio 

I. Flow improve
ment rangesfrom 45% 
to 1.350%, average is 
900%. The percent
age of wells that 
were improved by 
stimulation tech
niques is not known. 

2. For 16 wells that 
were hyd rau lically 
fractured, the aver
age production 
increase was 360%. 

Production rates 

Post-stimulation 

I. For an unknown 
number of wells 
(drilled after 1959), 
range was 100 10 

11.800 Mcfd , average 
was 1,485 Mcfd . 

2. Ave rage of frac
tured wells was 7,860 
Mcfd. 

Well spacing 

I. 160 acres. 

2. Approximately 
140 acres. There was 
no set spacing regu
lat ion within these 
provinces for devel
opment before 
1973. 

Decline rates 

No data. 

Comments 

Formation fluids 

I. Small amounts 
of liquid hydroca r
bon were produced 
initially from the 
Elk-Poca Field dis
covery well; how
ever. the well soon 
produced only gas. 
All other wells pro
duce only gas. 

2. No liquid 
hydrocarbons 
observed. 

Water saturation 

I. No data. 

2. In low-ptiros ity 
areas, average is 55%. 
Where there is higher 
porosity, ii is typically 
less, ranging from 
10% to 25%. 

The depositiona l systems and facies of the Oriskany Sandstone are 
poorly documented . 



/ ABLE 9. Oriskany Sandstone, Westem Basin and Low Plateau Provinces, Appalachian Basin: 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

I. Applications arc 
being prepared for 
areas in West Virginia. 

2. Applica1ions arc 
being prepared for 
areas in West Virginia 
and possibly in 
Pennsylvania. 

Attempted complnions 

I. In Elk-Poca Field 
( 165,000 acres), 1herc have 
been 1,035 attempwd com
pletions. Approximately 
80 to 100 other fields 
exist, but they a re gen
era lly much smaller. and 
the total a1tempted com
pletio1h for these fields 
have not been calculated. 

2. In Elk Run Pool. which 
is representative of this 
province, there have been 
47 attempted completions. 
Approximately 60 fi elds 
exist in this province. the 
largest of which covers 
9.000 acres. 

OPERATING CONDITIONS 

Physiography 

In 1hc Appalachian 
Highlands physiographic 
suhdivision. Hi lls to 
the wesl have 300 to 
500 ft or local relief. 
high hills to the cast 
have 500 to 1,000 ft of 
local relief. 

Climatic conditions 

Mclin <Jnnual precipitation 
llf 40 IO 48 inches. locally 
more than 48 inches in 
ccn1ral West Virginia. 
Moderate Slimmers and 
winters, colder at higher 
elevations. Drilling may 
cease during winter months. 

Success ratio 

I. Success rat io for the 
Elk-Poca Field is 85% (889 
out of 1,035). 

2. Success ratio for the 
representa tive Elk Run Pool 
is 94% (44 out of 47). 

Accessibility 

If existing roads do not give 
access to an area , new roads 
can be easily built. Permits 
are necessary. Generally no 
1errain res1rict ions. 

Drilling/ 
completion 
costs 

I. On the basis of drilling 
costs of $60/ ft. total 
drilling costs range from 
SI00.000 to $300.000 per 
well. 

2. On thc basis of drilling 
costs of $60/ ft . tota l drill
ing costs range from 
$ I 00.000 to $500.000 per 
wel l. 

Marker owlets 

I. Most gas is purchased 
by Eas1 Ohio G;1s Co., 
Columbia Gas Transmission 
Corp .. and Consolidated Gas 
Corp. Pipelines arc in 
pliwc. 

2. Most gas is purchased 
by Peoples Natural Gas Co .. 
Columbia Gas Transmission 
Cl>rp .. and Consolidated Gas 
Supply Corp. Pipelines arc 
in place. 

Industry i111erest 

Moderate 10 low. 

EXTRAPOLATION POTENTIAL 

Difficult to assess because details on deposi tional systems 
;1 re lacking. Tends to be unique as a ve ry a really 
cxtcnsivc sand of possible shoreline and shallow marine 
origin reworked by m;irinc transgression. 

Comments 

Drilling and comple
tion services available 
for areas of Oriskany 
potential in the Ap
pll lachian Basin. 
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TABLE JO. Oriskany Sandstone, High Plateau Province and Eastern Overthrust Belt, Appalachian Basin: 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBUTES 

S1ra1igraphic unit/ play 

Oriskany (Ridgeley) Sand
stone, Deerpark Stage. 
Lower Devonian. 

Area 

Of producing areas, 40% 
arc tight. Overall, 90% of 
the basin area is tight , 
including interfield areas 
between nontight fields. 

I. High Pl<llea u 
Province. 

2. Eastern Overthrust 
Belt. 

GEOLOGIC PARAMETERS- BASIN/ TREND 

Struc/Ural/ tectonic setting 

Thickness 

I. Range varies from a 
maximum of more than 300 ft 
at the eastern edge of the 
province to JOO ft in the 
northern area of the province. 
It thins to <tlmost 0 ft at the 
southern edge of the province. 

2. Range is 0 to 300 ft. The 
thickest accumulations are in 
western Maryland. 

Depth 

I. Range is 7,000 
to 9,000 ft within 
the province: how
ever. at the eastern 
boundary. the 
Oriskany Sandstone 
abruptly shallows 
to 3,000 ft. 

2. Range is 0 to 
more than 12,000 ft 
because of thrust 
fau lting. Generally, 
depths are almost 
always more than 
7,500 ft. 

77iermal gradiem Pressure gradle111 

I. The High Plateau Province is distinguished from the I. 1.1° to 1.8° F/ JOO ft. No data . 
Low Plateau Province to the west primarily by the much 
greater occurrence and degree of relief and fo lding. II lies to 2. J.4° to 2.2° F/ JOO ft. 
the west of the Eastern Overthrust Belt and has the highest 
general elevation in the centra l Appalachians. It covers the 
eastern pa n of the fore land foldbc lt. 

2. The Eastern Ovcrth rust Belt coincides with the Appala
chian Valley and Ridge Province. It is distinguished from 
the High Plateau Province by its intensely folded str.ata 
and by the presence of east-over-west thrust faulting. 111e 
Allegheny Front forms the western edge of this province. The 
eastern boundary is defined by outcrops of Grenville-age 
basement rncks known as the Blue Ridge Front. 

Estimated 
resource base 

No data . 

Stress regime 

Past deforma tion indi
cates moderate compres
sion in the High Plateau 
Province and strong 
compression in the 
Eastern 01·erthrust Belt. 

Formarion attitude, 
other da/l/ 

No addi tional information. 



TABLE 11. Oriskany Sandstone, High Plateau Province and Eastern Overthrust Belt, Appalachian Basin: 

GEOLOGIC PARAMETERS - UNIT/PLAY 

Depositional systemsflacies 

Shallow marine sandstone, possibly a transgressive, 
reworked marine shoreline deposit. 

Typical reservoir dimensions 

I. In Glady Fie ld. average gross perforated in terva l 
is 150 ft. 

2 In Lost River Field, average reservoir thickness 
is 265 ft. 

Geologic parameters. 

Texture 

Fine- to coarse-grained, sub
angular to rounded , poorly 
sorted sandstone. Locally 
conglomeratic. In the 
Eastern Overthrust Belt, 
shale. limestone. and 
siltstone intcrbeds occur. 

Pressure/ temperature 
of reservoir 

I. Average pressure is 
2,050 psi. Average temperature 
is 167° F. 

2. Average pressure is 
2,205 psi. Avemge tempera
ture is 132° F . 

Mineralogy 

Sand grains arc primarily quartz; 
however, calcareous fossils are 
found in the unit. 

Natural fracturing 

Generally considered to be 
necessary for production within 
these p rovinces . lt is fairly well 
developed in several areas. 

Diagenesis 

Cemented primarily by calcite and 
some secondary c lays. 

Data availability 

Well c uttings. dri ller's logs. litho
logic logs. and geophysical well 
logs arc generally avai lab le at the 
West Virginia Geological and Eco
nomic Survey in Morgantown. West 
Virginia . and at the Pennsylvania 
State Geological Survey in 
Harrisburg. Pennsylvania . 



TABLE 12. Oriskany Sandstone, High Plateau Province and Eastern Overthrust Belt, Appalachian Basin: 

ENGINEERING PARAMETERS 

Reservoir parameters 

I. Not available fqr Glady 
Field. One core was 1aken in 
the field; it is on file at 1he 
West Virginia Geological and 
Economic Survey. Because 
fraciure porosiiy is generally 
necessary for gas produc1ion 
in this province, bo1h 
imergranular porosity and 
permeabili1y mus1 be 
quite low. 

2. Same as above. One core 
was taken from Lost River 
Field; it is on file at the 
West Virginia Geological and 
Economic Survey. 

Well stimulation techniques 

Net pay thickness 

I. Average is 150 fl. 

2. Average is 265 ft. 

J. Most wells have been hydraulically fractured; some have 
been acidized. 

2. Most wells have been acidized. 

Engineering parameters. 

Pre-stimulation 

I. For wells that 
were fractured , 
natural now ranged 
from a show of gas 
to 4,225 Mcfd; 
average was 1,300 
Mcfd. 

2. For wells that 
were acidized, natu
ral llow ranged from 
75 10 16,200 Mcfd; 
average was 5.120 
Mcfd. 

Success ratio 

I. Hydraulic frac
turing improved 
production from 55% 
10 3,270%; average 
is 830%. 

2. Acidizing im
proved production 
from 53% to 2,960%; 
average is 704%. 

Production rates 

Post-stimulation 

I. Range was 94 10 
25,500 Mcfd; average 
was 5,100 Mcfd . 

2. Range was 1,500 
to 44,000 Mcfd; aver
age was 10,950 Mcfd. 

Well spacing 

I. In Glady Field, 
440 acres. 

2. In Los1 River 
Field, 540 acres. 
There was no set 
spacing regulation in 
1hese provinces for 
development before 
1973. 

Decline rates 

No da1a. 

Comments 

Formation fluids 

I. No liquid hydro
carbon production 
reported. 

2. No liquid hydro
carbon produc1ion 
reported. 

Water saturarion 

No data. 

The deposi1ional systems and facies of the Oriskany Sandstone are poorly 
documented. 
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TABLE 13. Oriskany Sandstone, High Plateau Province and Eastem Overthrust Belt, Appalachian Basin: 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

I. Applicat ions are 
being pre pa red for 
areas in West Virginia 
and possibly in 
Pennsylvania. 

2. No applications. 

Attempted completions 

I. A representa ti ve field 
in the province. Glady Field . 
has had 33 a11empted com
plet ions in the Oriskany. 
Approximately 50 to 60 
fields are in this province. 
covering from a few 
hu1idred to I 5.000 acres. 

2. A represen tative field 
in this province. the Lost 
River Field. has had 13 
allcmpted completions in 
the Oriskany. Approxi
mately 12 such fields a re 
in the province: each 
licld covers less than 
8.000 acres. 

OPERATING CONDITIONS 

Physiograph_1· 

I. In the Appalachian 
Highlands physiographic 
subdivision. Maximum 
relief is about 3.000 ft , 
and it is most promi
ncm on the eastern 
edge of this mature. 
highly dissected plateau 
province. 

2. A highly dissected 
fold and thrust belt 
having maximum relief 
of abom 3.000 ft. 

Climatic conditions 

Mean annual precipitation 
of 40 tO 48 inches. locally 
more than 48 inches in 
central West Virginia. 
Moderate summers and 
winters. colder at higher 
elevations, Drilling may 
cease during wimcr 
months. 

Success ratio 

I. For Glady Field. the 
success ratio is 94% (31 out 
or 33). Subsequent USC of 
the fie ld for storage has 
necessitated the drilling of 
26 more wells. 

2. For Lost River Field. 
. the success rati(l is 85<Jt 
(l l outoflJ). 

Accessibility 

Roads can be built into 
areas not already served by 
existing roads. Permits a rc 
necessary. Access may be 
limited in the eastern High 
Plate<1u Province by rough 
te rrain. 

Drilling I 
completion 
costs Market outlets 

I. Most gas is purchased 

Industry i111erest 

I. Moderate to low. I. On the basis of 
drilling costs of $60/ ft, 
total drill ing costs range 
from $420.000 to $540.000. 
Increased costs arc in
curred al(lng the eastern 
ma rgin of the province 
because of terrain 
restrictions. 

by Peoples Natura l Gas Co., 
Columbi;1 Gas Transmission 
Corp .. and Consolidated Gas 
Supply Corp. 

2. High leasing and 
seismic activity but 
low dri lling activity. 

2. Because of drilling 
problems associa ted with 
vertical strata and rough 
topography. d rilling costs 
could range from $60/ fl 
to $120/ ft: therefore. 
maximum drilling cos t.~ 

could approach $1.5 million. 

2. Most gas is purchased 
by Columbia Gas Trans
mission Corp . 

EXTRAPOLATION POTENTIAL 

Difficult to assess because detail on deposit ional systems 
is lacking. Tends to be unique as a very areally extensive 
sand of possible sl1orelinc and shallow marine origin 
reworked by marine transgression. 

Comme111s 

Drill ing and comple
tion services <1vai lablc 
for areas (lf Oriskany 
potentia I in the 
Appalachian Basin. 



TUSCARORA SANDSTONE, APPALACHIAN BASIN 

The Lower Silurian Tuscarora Sa ndstone is a blanket 
deposit that correlates wi th the Medina Group in western New 
York and northwestern Pennsylvania and with the info rma l 
"Clinton" sands of eastern Ohio. The Tuscarora Sandstone is of 
interest to this investigatio n of tight gas production because of 
the well-established productive trends in these two areas. No 
applications to designate the Tuscarora as a tight formation 
have been filed. and data on the unit arc very li mited because of 
little development outside of the "Clinton "-Medina trend ( D. G. 
Patchen. persona l communication. 1982). The Tuscarora Sand
stone was included in this su rvey because it is a well-defined. 
widespread uni t ha ving tight gas potential: however. presenta
tion of a fu ll set of data was not possible. 

Stratigraphy 

The sa ndy facies of the Tuscarora Sandstone. which is the 
prominent ridge-former throughout the Valley and Ridge 
Province, extends from central Pennsylvania to the New River in 
Virginia (fig. 14). Southwest of the New River, the sandy facies 
is referred to as the Clinch Sandstone: southwest of Clinch 
Mountain, Tennessee, the unit becomes shalier a nd hematitic 
and grades into the lower part of the Rockwood Formation 
(fig. 2). In the subsurface. the sandy facies is referred to as 
Tuscarora in West Virginia, centra l and southwestern Penn
sylva nia. and western Maryland and as Clinch in eastern 
Kentucky. Farther west in the subsurface of Kentucky. the 
Clinch Sandstone becomes more calcareous and dolomitic and 
is called the Brassfield Formation. To the east in the 
Ma ssanutten synclinorium of northern Virginia. the Tuscarora 
Sandstone merges with overlying Middle Silurian sandstones. 
such as the Keefer, to form a single sandstone uni t of Early a nd 
Middle Silurian age called the Massanuttcn Sandstone. A 
similar relation exists in eastern Pennsylvania. northern New 
Jersey, and southeastern New York. In those areas, the Lower 
Silurian stra ta become conglomeratic and merge with younger 
sandstones. This Lower and Midd le Silurian conglomeratic 
sandstone is called the Shawangunk Formation or, along Green 
Pond Mountain in New Jersey, the Green Pond Conglomera te. 

The Lower Silurian is divided into several formations in 
western ew York, northwestern Pennsylvania. and eastern 
Ohio. In ew York, the Lower Silurian Medina (Albion) Group 
is composed of. from base to top. the Whirlpool Sandstone, the 
Manitoulin Dolomite. the Cabot Head Shale, and the Grimsby 
Sa ndstone. 111is terminology is also used to describe these units 
in northwestern Pennsylvania (Piotrowski, 198 I). In Ohio, 
these same units, with minor modification, make up the 
Cata ract Group, which also includes the Thorold Sandstone at 
the top: all of these units are Lower Silurian (Knight, 1969). In 
Ohio, eastern Kentucky, a nd western West Virginia, the 
Tuscarora Sandstone and equivalent strata are informally 
called "Clinton" sand. These sands arc not related to the Midd le 
Silurian Clinton Formation or to the Clinton Group of New 
York. Pennsylvania. and West Virginia. 

Thickness and Lithology 

Lower Silurian strata generally thicken and coarsen toward 
the cast and southeast. Throughout most of the Valley and 
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Ridge Province, these strata arc almost consistently composed 
of quart7.arenite that is sporad ically conglomeratic. They 
become shalier and thinner westward (fig. 15)and eventually, in 
Ohi o and Kentucky, grade into limestone and dolomite. The 
Tuscarora Sandstone is mostly cemented by secondary quartz 
overgrowths. which produce a very durable orthoquartzite that 
forms resistant ridges in outcrop. The sandy facies called 
Tuscarora in the central Appalachian Basin is the primary focus 
of this review. 

Depositional Systems 

Because of the lack of fossi ls (except for the trace fossi ls 
Arihrophycus and Sko/i1hos). there has been much controversy 
over the depositional environment of the Tuscarora Sandstone. 
Interpretations have ranged from fluvia l or alluvial (Yeakel, 
1962) to marginal marine (Amsden. 1955; Folk, 1960). Some 
researchers have suggested that the Tuscarora was deposited 
under varied conditions ranging from deep marine (offshore 
shelf) to nonmarine (Diccchio. 1973; Hayes. 1974). It is 
generally agreed that the Tuscarora is more marine to the west 
a nd more non marine to the cast. The position of the shoreline is 
a matter of controversy; however. it is reasonable to expect that 
a t least part of the Tusca rora Sandstone is marine in the areas 
where it is prod uctive. Paleocurrent measurements indicate 
westward transport of sed iment from an eastern source area 
(Yeakel. 1962; Whisonant. 1977), a nd recent work has suggested 
that part of the Tuscarora Sandstone in Pennsylvania was 
deposited as a fan-delta system (Cotter. 1982a). 

Tuscarora Sandstone Reservoirs 

The Tuscarora Sandstone typically has very low 
intergranular porosity, but in Clay County. West Virginia, 
porosity may be as high as 12.7 percent (Patchen, 1969; 
Piotrowski, 1981). Production depends on a well-developed 
system of natural fractures. Heald and Andregg (1960) 
att ributed the low porosity to the high degree of cementation by 
quartz overgrowths. They found that high porosity coincided 
wit h areas in which clay coatings on quarti. grains prohibited 
syntaxial overgrowths and with areas of high gas content (Heald 
and Andregg. 1960). Whole-core permeabilit ies ranged from 
less than 0.1 to 12.2 md (Patchen, 1969): presumably, in situ 
permeabilities would be substantially less. 

Structural entrapment formed Tuscarora reservoirs, which 
a rc usually along anticlina l highs. In West Virginia, ini tial 
potential flow (IPF) values for commercial wells ranged from 
2 to 26,400 Mcfd (average 3.650 Mcfd). The 10 wells that are 
known to have been completed naturally had initial production 
rates of 2 to 22.000 Mcfd (average 4,415 Mcfd). The eight 
fractured wells had !PF values of 47 10 4.004 Mcfd (average 
1.043 Mcfd}. Three wells were shot (stimulated by explosives) 
and had I PF values of 29 to 76 Mcfd (average 46 Mcfd) after 
shooting. One well (Tucker 38, West Virginia) was acid iz.ed and 
had a n IP F va lue of 26,400 Mcfd . the highest initial production 
rate of any of the Tusca rora wells (Cardwell, 1977). However, 
I PF rates are commonly much higher than are stabiliz.cd flow 
rates. 



Gas produced from the Tuscarora Sandstone typically has a 
low Btu rating, ranging from 352 to 990 Btu/ ftJ (average 
800 Btu/ ft3) (Patchen. 1969; Cardwell, 1977; Piotrowski,-1981). 
Tuscarora gas typically has a high nitrogen content; nitrogen 
values are as high as 23 percent from the Devils Elbow Field and 
Heyn Pool in Pennsylvania (fig. 16) (Piotrowski, 1981), from all 
the wells in the productive area of north-central West Virginia, 
and from a well in Wayne County, West Virginia (Patchen, 
1969; Cardwell, 1977). Tuscarora gas from wells in Roane, 
Jackson, Kanawha, and Fayette Counties. West Virginia, 
typically has a carbon dioxide content as high as 83 percent. 
Carbon dioxide stripped from the gas produced from the 
Tuscarora Sandstone in Kanawha County is now used in 
enhanced recovery operations in the Granny Creek Field 
(Mississippian Big lnjun) of Clay County, West Virginia. 
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In the Devils Elbow Field and the Heyn Pool in 
Pennsylvania, drilling depths to Tuscarora reservoirs range 
from I I.I 00 to 11,500 ft. In northern West Virginia (Monon
gahela, Preston. and Tucker Counties). drilling depths are 
from 6.600 to 9.800 ft. Across southern West Virginia (from 
Cabell to Fayette Counties). drilling depths through the 
Tuscarora Sandstone range from 4,700 to 9.300 ft. In Indian 
Creek Field in Kanawha County, West Virginia, the range is 
from 6,300 to 6. 700 ft. 

The only areas in which Tuscarora development is active 
today are the Devils Elbow Field in Pennsylvan ia and areas in 
Kanawha County, West Virginia. The presence of noncom
bustible gas in some parts of the Tuscarora Sandstone 
may be a drawback to future production (D. G. Patchen, 
persona I communication, 1982). 
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"CLINTON"-MEDINA SANDSTONE, APPALACHIAN BASIN 

The "Clinton"-Medina sandstone of Early Silurian age in 
the Appalachian Basin is a major tight gas sand. The "Clinton .. _ 
Medina sands arc generally equivalent to the Tuscarora 
Sandstone. Data have been compiled on three areas where 
"Clinton"-Mcdina tight gas occurs: in eastern Ohio (tables 14 
through 17). in northwestern Pennsylvania (tables 18 through 
21). and in western cw York (tables 22 through 25). 

Stratigraphy 

Lower Silurian strata of the central Appalachian Basin 
genera lly become thicker and coarser toward the cast and 
thinner, finer, and more ca lcareous toward the wesl (fig. 14). In 
the western part of the basin, sha le is often the dominanl 
lithology and limestone is common: sandstone typically 
composes a minor part of the section. These sandstones. 
informally referred to as the "Clinton"-Medina sandstone, are 
the most important hydrocarbon reservoirs in the western part 
of the basin. Areas of "Clinton "-Medina production are shown 
in figure 17. 

As noted previously, Lower Silurian stratigraphic 
nomenclature varies from state to state (fig. 18). The use of the 
term "Clinton" for the sequence of Lower Silurian sandstones 
implies an incorrect correlation; the "Clinton" of this report has 
no relation to the Clinton in the eastern part of the Appalachian 
Basin. Another source of confusion is the term "Medina." In 
New York, the Medina Group is everything above the 
Ordovician (Queenston) and below the Thorold. In West 
Virginia and Ohio, the term "Medina" has been used to refer to 
the Upper Ordovician Queenston Shale or Juniata (Red 
Medina) Formation and to the Lower Silurian Tuscarora or 
Whirlpool (White Medina) Sandstones. Drillers tend 'to follow 
the latter designation. which is largely obsolete. 

The term "Clinton"-Medina . therefore, has a double 
mean ing. The package of middle Lower Silurian sands, which is 
called "Clinton" in Ohio and called Medina in New York, is 
over a widespread area ca lled "Clinton"-Medina. In Ohio. 
where production from the Lower Si lurian and Upper 
Ordovician comes from either the "Clinton" or the underlying 
Medina, the gross producing package is referred to as the 
"Clinton"-Medina. 

As shown in figures 19 and 20, the Lower Silurian elastic 
sediments have blanket distribution throughout the basin. In 
1he areas of interest to this report. these strata are deltaic and are 
characterized by shale containing discontinuous. broadly 
lenticular ("Clinton "-Medina) sand bodies. The individual 
"Clinton "-Medina sandstone reservoirs are multiply stacked 
and nol laterally extensive; therefore, they should not be 
referred to strictly as a blanket sand. 

The "Clinton"-Medina is either pending approval as or has 
been designated a tigh1 formation 1hroughout most of its 
productive area. In five counties in eastern Ohio (Meigs, 
Washington, Monroe. Belmont, and Jefferson Counties). the 
"Clinton" sandstone is classified as tight but has not produced. 
In four cou n1ics in Cen tra l Ohio (Fairfield, Licking, Knox, and 
Richland Counties), the "Clin ton" is very productive and 
apparently so porous (intergranular) and permeable that it does 
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not qualify as a tight formation. There is minor "Clinton" 
production in Greenup, Boyd. and Lawrence Counties. 
Kentucky. 

Depositional Sysrems 

The Medina Group in New York was deposited as a 
westward-prograding deltaic system. Similarly, the Medina 
Group in Pennsylvania is deltaie in origin, grading laterally into 
sandy shelf deposits. Diecchio (I 982a) suggested, however. that 
the recent work of Cotter ( 1982a. l 982b) provides new 
information on the relative position of the deltaic and shelf 
facics. Apparently. further regional eva luation is needed to 
better define the pa leogeogra phy. 

In Ohio. the Albion Group, also termed the Cataract 
Formation (fig. 18). was deposited as a deltaic system; it 
commonly consists of multiple, coalescing. lenticular 
sa ndstones and siltstones that were deposited as channel sands, 
river mouth bars. longshore bars, and reworked beach ridges 
(Ohio Department of Natural Resources. 1980). Although the 
sands arc typically len1icular. cross sections by Overbey and 
Henniger ( 1971) show 1hat 1hese units are broadly lenticular 
and. having stacked and laterally juxtaposed units. can 
approach a blanket configuration. Diecehio ( 1982a). recouniing 
Knight ( 1969), reported that in northeas1ern Ohio the 
Whirlpool Sandstone (fig. 18) isa strand plain deposit. the lower 
Cabot Head Shale is a prodelta shale. the Cabot Head ("White 
Clinton') and the Grimsby ("Red Clinton") Sandstones arc 
distributary-channel sequences, and the Thorold Sandstone 
("Stray Clinton") represents a 1ransition (no specific facies 
described) into prodelta deposits of the upper Cabot Head 
Shale. Overbey and Henniger ( 1971) suggested that the Thorold 
Sandstone in eastern Ohio is a marine shelf deposit. 

Most researchers concur that the "Clinton"-Medina 
sandstone represents a dcltaic sequence forming the distal part 
of the Taconic elastic wedge (Diecchio, l 982a). Recent work by 
Cotter ( 1982a) on the equivalent Tuscarora Sandstone (fig. 18) 
implied the ex istence of a fan delta having proximal braided 
fluvia l facies. marginal marine srrandplai n and dcltaic 
components. and a marine shelf having sand waves and bars. 
The proportion of progradational strandplain or delta-front 
facies (blanket geometry) lO channel-mouth-bar or offshore-bar 
facies (lenticular) will affect the overall reservoir geometry in 
part of the "Clinton "-Medina trend. The analogy between the 
"Clinton"-Mcdina trend and the Travis Peak dcltaic system is 
strong; it appears that both may be, in part. fan-del1a complexes. 

Exrrapolarion Porential 

The "Clinton"-Medina tight gas trend is extensively drilled 
in New York, Pennsylvania, and Ohio, and development 
continues at a relatively high ra1e. Most of the wells tapping 
a single stratigraphic unit for tight gas produce from the 
"Clinton"-Medina. making up the largest number of the 
5, 160 tight gas wells in Ohio (AA PG Explorer. 1982). Research 
on the Travis Peak Formation in East Texas and North 
Louisiana may permit more efficient exploitation of the 
"Clinton "- Medina sandstone and the equivalent. less developed 
Tuscarora Sandsto ne. 
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TABLE 14. "Clinton"-Medina sandstone (Albion Group), eastern Ohio, Appalachian Basin: 
General attributes and geologic parameters of the trend. 

G ENERAL ATTRIBUTES 

Stratigraphic unit/ play 

"Clinton"-Mcd ina sand 
stone. Albion Group. 
eastern Ohio, 
Lower Silurian. 

Area 

In eastern Ohio, a rea is 
mostly east of the 83rd 
meridian and east of a line 
from Lorain County (north) 
to Lawrence County 
(south). 

GEOLOGIC PARAM ETERS • BASIN/TREND 

Structural/ tectonic setting 

This area lies primarily in the relatively undeformed 
Western Basin Province of the Appalachian Basin. 
Stratigraphic section thins ioward the Findlay Arch 
in west-<:entra l Ohio. 

Thickness 

Albion Group is 220 ft th ick in 
southeastern Ohio, thinning to 
the wes t and north, and about 
120 ft thick at the western 
limit of production. 

Depth 

Depth to top of 
"Packer Shell" is more 
than 7,000 ft in 
eastern Ohio to 
slight ly more than 
1.000 ft at the 
western limit of 
production. 

Thermal gradient Pressure gradient 

1.0° to 1.8° Fi I 00 ft. No data. 

Estimated 
resource base 

No data. Not included in 
Ni1tional Petroleum 
Council ( 1980) study. 

Stress regime 

No specific data. May be 
weakly compressional in 
extreme eastern Ohio 
toward the deformed 
parts of the Appalachian 
Basin. 

Formation a11itude. 
other data 

Regional dip is southeast at 
50 ft/mi. 



TABLE 15. "Clinton"-Medina sandstone (A lbion Group), eastern Ohio, Appalachian Basin: Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/ PLAY 

Deposition(ll .1:i1stems/f(lcies 

Generally deltaic 10 marginal marine strand plain and 
shallow marine facies associated wiih the distal pan 
of the elastic wedge resu lting from 1hc Taconic orogeny. 
Sandstones arc lenticular to broadly lenticular and 
approach blanket geo metry as a consequence of stacking 
and la teral juxtaposition of multis tory sand bodies. 
Best blanket gcornciries may be associated with barrier 
and strand plain facies. whereas channel-mouth and 
offshore bars tend to be lenticular. 

Typical reservoir dimensions 

Ner sandsrone reaches a maximum of 90 ft in eastern 
Ohio but pinches out 10 zero 10 the west. Dimensions 
of reservoirs may be <1dcquate only for one well or may 
include up to a 535-mil area (East Canton Field). 

Texture 

Very fine grained 10 fine-grained 
sandstone, angular to subangular, 
having interbeds of siltstone and 
sha le. 

Pressure/ temper(lture 
of reservoir 

Reservoir pressure varies from 
1, 100 to 1,390 psi in rwo wells in 
Stark and Wayne Counries, Ohio. 
No temperature dara. 

Minernlogy 

The White, Red, and S tray 
"Clinton" sands of central Ohio 
arc 76% 10 90% dctrita l quart;.,, 
1% to 4% rock fragments, 1% to 
5% feldspar and other minerals. 
2% to 10% clay. and 2% to 19% 
cement. 

Natural frapuring 

Present, but most observed naru
ral fracrures are healed. 

Di(lgenesis 

Quartz. calci te. hemat ite, and 
lesser amounts of clay. siderite. 
and unkeri tc have cemented the 
"Clinton" sandstones. Balance 
of quart7. vs. caki tc cement varies 
loca ll y. 

Data availability 

Data on a varicry of ages and 
qualities of dri llcr·s and wirelinc 
logs arc available. 



TABLE 16. "Clinton"-Medina sandstone (Albion Group), eastern Ohio, Appalachian Basin: 
Engineering parameters. 

ENGINEERING PARAMETERS 

Reservoir parame1ers 

Average poros ity is 8%. range 
is 6% to 12%. rarely as low 
as 3%. For 25 permeabi lity 
values, range is 0.011 to 
J.63 md, average is 0.19 md ; 
however, only 8 of the 25 
values were larger than 0. I md. 

Well s1imulation 1echniques 

Ne1 pay rhickness 

Average is 30 ft. range is 9 to 
63 ft. 

Hydraulic fracturing. Nitroglycerine shooting formerly 
was common. No details on current techniques. 

Pre-s1imula1ion 

Usually TSTM. 

Success ratio 

140% increase in 
discovery well of 
Canton gas pool. 

Produc1ion rares 

Post-stimularion 

Fo r 10 wel ls. average 
was 60 Mcfd, range 
was 20 io 120 Mcfd. 

Well spacing 

Rangesfrom80 to JOO 
acres in Perry County; 
46 acres in Canton gas 
pool. 

Dedine rates 

No data . 

Comments 

Traps are stratigraphic. 

Formaiion fluids 

Oil is produced in 
some areas. 

Water saturaiion 

20% 10 35% in 
reservoirs having 
6% porosity. 

TABLE 17. "Clinton"-Medina sandstone (A lbion Group), eastern Ohio, Appalachian Basin: 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

Approved by FERC for 
all or part of 35 coun
ties in Ohio. including 
S eastern counties 
that have not yet 
produced from the 
"Clinton"-Medina 
sandstone. 

A/tempted comple1ions 

Approximately 500 oil and 
gas pools. More than 5.000 
wells produce from tight gas 
sands in Ohio, most of which 
a re from the "Clinton"-· 
Medina sandstone. 

OPERATING CONDITIONS 

Physiography 

In the Appalachian 
Plateaus physiographic 
subdivision. Local 
relief commonly up to 
300 f't. greater in some 
arc;is . 

Clima1ic condi1ions 

Humid. temperate. Most 
drilling operations cease 
during winter months. 

Success ratio 

As of late 1980, the success 
ratio was 98% (2,405 out of 
2,459). 

Accessibility 

Terrain does not restrict 
explorat ion activities . 

Drilling/ 
completion 
costs 

$60.000 in cenll"d i Ohio to 
$420.000 at the unit's 
deepest point in eastern 
Ohio (d rilling costs only). 

Market ourle1s 

Many pipelines exist in the 
area, including those of 
Columbia Gas of Ohio, 
Columbia Gas Transmission 
Corp .. Consolidated Gas 
Supply Corp., East Ohio Gas 
Co .. and National Gas and 
Oil Corp. 

EXTRAPOLATION POTENTIAL 

Industry interest 

High. 70% of 1981 
well comple tions in 
Ohio were in the 
"Clinton "-Med ina 
sandstone. 

Comments 

Good. Major deha having margina l mMine and 
shallow marine facics extend ing into Pennsylvania, New 
York, and West Virginia. Similar facies expected in 
deeper Tuscarora cquiv<1 lcnt to the e;1s t in the 
Appalachian Basin and in the Travis Peak Formation of 
the East Texas Basin. 

All drilling and com
pletion services read
ily available because 
of existing oil and gas 
production. 



TABLE 18. "Clinton"-Medina sandstone (Medina Group), northwestem Pennsylvania, Appalachian Basin: 

GENERAL ATTRIBUTES 

Stratigraphic unit/ play 

"Clinton"-Medina sand
stone, Medina Group, 
northwestern Pennsyl
vania. Lower Silurian. 

Area 

In Pennsylvania, area is in 
primarily five counties: 
Eric, Crawford , Mercer, 
Venango, and Warren. 

GEOLOGIC PARAMETERS - BASIN/TREND 

Structural/ tectonic selling 

This area lies in the relatively undeformed Western 
Basin Province of the Appalachian Basin. 

General attributes and geologic parameters of the trend. 

111ickness 

Varies from 150 ft to more 
than 200 ft, north to south. 
The Grimsby Sandstone within 
the Medina Group varies from 
80 to 180 ft across the area. 

Depth 

Depth to top of 
Medina Group is 
2,500 ft along Lake 
Erie to more than 
7,000 ft in the south
east corner of 
Venango County, 
Pennsylvania. 

Thermal gradient Pressure gradient 

1.2° to 1.7° F/ 100 ft. No data. 

Estimated 
resource base 

No data. Not' included in 
National Petroleum 
Counci l (1980) study. 
Tota l Medina production 
in Pennsylvania was 
45 Bcf at end of 1980. 

Stress regime 

No specific data. May be 
weakly compressional. 

Formation altitude, 
other data 

Regional dip is southeast. 

TABLE 19. "Clinton"-Medina sandstone (Medina Group), northwestern Pennsylvania, Appalachian Basin: 

GEOLOGIC PARAMETERS - UNIT/PLAY 

Depositional systems/facies 

Generally deltaie to marginal marine strand plain and 
shallow marine facies, as indicated for "Clinton"
Medina in Ohio. Recent work implies that the 
Medina Group in northwestern Pennsylvania is west 
(seaward) of equivalent marginal marine shore line 
facies, but exact stratigraphic relationships have not 
been determined. 

Typical reservoir dimensions 

The Grimsby Sandstone is 80 to 180 ft thick: 
dimensions range from field areas covered by a 
single well to areas of approximately 375 mi1. 

Geologic parameters. 

Texture 

Grimsby Sandstone is fine to 

medium grained. subrounded to 
subangular, moderately well 
sorted, interbedded with shale 
and si lty shale. Whirlpool 
Sandstone is fine to medium 
grained, subangular, 
moderately well sorted. 

Pressure/ temperature 
of reservoir 

Pressure range is mostly 700 to 
1,400 psi but may vary from 
50 to 1,885 psi (for I, 155 mea
surements in 5 counties). 
Average temper,uure is 108° F ; 
range is 95° to 1200 F. 

Mineralogy 

Quartz sandstone. No detailed 
data. 

Natura/fracturing 

Probably present but extent of 
contribution to production is 
not known and is thought to 
be minor. 

Diagenesis 

Quartz cement in Whirlpool 
Sandstone. Quartz cement having 
some hematite and clay in 1he 
Grimsby. No detai led diagenetic 
studies. 

Data availability 

Data on a variety of ages and 
qualities of driller's and wireline logs 
are available . 
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TABLE 20. "Clinton"-Medina sandstone (Medina Group), northwestern Pennsylvania, Appalachian Basin: 

ENGINEERING PARAMETERS 

Reservoir parameters Net pay thickness 

Porosity range is 9% to 12% No data. 
to the northwest. 6% to 9% to 
the southeast. May be as low 
as 3%. Average permeabil ity 
is 0.050 md . range is 0.0005 
to 0.159 md. 

Well stimulation techniques 

Hydrnul ic fracturing. No de tails on techniques. 

Engineering parameters. 

Pre-stimulation 

Approximately 81% 
of completions ini
tia II y had no flow or 
OowTSTM. 

Success ratio 

Generally successful: 
see post-stimulation 
production ra tes. 

Production rates 

Post-stimulation 

or 1.155 wells. 28% 
had flow up to 
499 Mcfd. 21% had 
Oow up to 999 Mela. 
30% had flow up to 
1.999 Mcfd. and 21% 
had flow of 2.000 
Mcfd or more. 

Well spacing 

No spacing require
ments: ranges from 
120 to 160 acres in 
one field. 

Decline rates Formation .fluids Water saturation 

No darn. Some Med ina wells No data . 
produce water and 
liquid hydrocarbons: 
no data on relat ion to 
gas production. 

Comments 

Traps are st ratigraphic. occurring where sands have greater in tcrgranular 
porosity. 



TABLE 21. "Clinton"-Medina sandstone (Medina Group), northwestern Pennsylvania, Appalachian Basin: 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC stmus 

Approved by FERC for 
Eric, Crawford. 
Mercer. Venango, and 
Warren Counties. 
Pennsylvania. 

A11empted completions 

Approximately 50 Medina 
gas pools in northwestern 
Pennsylvania. 

OPERATING CONDITIONS 

Physiography 

In the Appalachian 
Plateaus physiographic 
subdivision. Local 
rel ief commonly up to 
300 ft. greater in some 
areas. 

Climatic conditions 

Humid, temperate. Most 
drill ing operations cease 
during winter months. 

Success ratio 

As of late 1980. success 
ratio was 88% (1, 186 out of 
1,352). 

Accessibility 

Terrain does not restrict 
exploration activi ties. 
Permits required to cut 
new roads. 

Drilling/ 
completion 
costs Market owlets Industry interest 

S 150,000 to $420,000, 
depending on dep th 
(drilling costs only). 

Primarily pipelines of 
Nat ional Fuel Gas Supply 
Co.: to a lesser extent, Con
solidated Gas Supply. 
Peoples N<iturnl Gas 

High. IOOo/c. increase 
in drilling since tight 
fo rmation designation 
in effect. or 53 new 
fields or pools dis
covered in Pennsyl
vania during 1980. 

Co., Diversified 
Natural Resources. and 
Columbia Gas of 
Pennsylvania. 

EXTRAPOLATION POTENTIAL 

Good . Major de lta having marginal marine and 
shallow marine facics extending into Ohio. New York, 
and West Virginia. Similar facics expected in deeper 
Tuscarora equivalent 10 the south and southwest in the 
Appalachian Basin and in the Travis Pc<i k Formation of 
the East Texas Basin. 

29 were in the 
Medina. 

Comments 

All drill ing and 
complet ion services 
readi ly available 
because of existing oil 
and gas production. 
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TABLE 22. "Clinton"-Medina sandstone (Medina Group), western New York, Appalachian Basin: 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBUTES 

Stratigraphic unit / play 

"Clinton"-Medina sand
stone (Med ina Group). 
western New York, 
Lower Silurian. 

Area 

In western New York. area 
is in parts of 12 counties: 
Chautauqua, Cattaraugus. 
Allegany, Eric , Wyoming, 
Genesee. Livingston. 
Ontario, Yates, Seneca. 
Cayuga, and Tompkins. 

GEOLOGIC PARAMETERS - BASIN/ TREND 

Structural/ tectonic setting 

TI1is area lies primarily in the relatively undeformed 
Western Basin P rovince of the Appalachian Basin. A small 
part of Cattaraugus County and most of Allegany County. 
New York. arc in the Low Plateau Province. which is 
characteriz.cd by increased low-re lief folding. 

Thickness 

Medina Group varies from 
180 ft (southern Chautauqua 
County) to nearly complete 
pinch-out in northern Cayuga 
County. Grimsby 
Sandstone is thickest ( 150 ft) 
in southeastern Allegany 
County and th ins to the west , 
north, and eas1. 

Depth 

Depth to top of 
Medina Group varies 
from 7.000 ft in 
southeas tern 
Allegany County. 
New·York, to out
crop just south of 
Lake Ontario. Pro
duction occurs as 
shallow as 1,000 ft. 

Thermal gradient Pressure gradient 

1.0° to 2.1° F/ 100 ft. No data. 

Estimated 
resource base 

No data. Not included in 
Nat ional Petroleum 
Council ( 1980) study. 

Stress regime 

Mild res idua l compressive 
stress resu lting from 
Appalachian deformation. 

Formation attitude. 
other data 

Regional dip is southeast in 
the northern counties and 
south in the western part 
of the area near Lake Erie. 
Rates of dip average 40 to 
60 ft / mi and may approach 
125 ft / mi. Southern 
Cattaraugus and Allegany 
Counties. New York. are 
structurally more complex 
than other areas. 



TA BLE 23. "C/inton"-Medina sandstone (Medina Group), western New York, Appalachian Basin: Geologic p arameters. 

GEOLOGIC PARAMETERS - UNIT/ PLAY 

Depositional systems/facies 

Generally westward-prograding. deltaic to marginal 
marine strand plain and shallow marine facies. as 
indicated for "Clinton 00-Med ina in Ohio. The Whirl
pool Sandstone may be a beach or bar sand. and the 
Grimsby Sandstone in western New York may include 
distributary-channcl sands. among other facics. 

Typical reservoir dimensions 

Grimsby Sandstone. the primary producing un it, is 
90 to 150 ft thick. Fields contain single producing 
wells or range up to 120 mi2 in a·rca. 

Texture 

Grimsby Sandstone is medium to 
fine grained. well rounded. Whirl
pool Sandstone is fine to coarse 
grained. 

Pressure/ 1emperature 
of reservoir 

Average pressure is 600 ps i: range 
is 340 to 1.020 psi in nine wells 
(not necessarily discovery wells so 
may be below initial reservoir 
pressure). Temperature is up to 
J00° F in nine wells (depth no t 
specified). 

Mineralogy 

Sandstone is predominantly 
quartz having some heavy miner
als. especia lly magnetite. 

Natura/fracturing 

Probably present but extent of 
contribution to production is no t 
known and is thought to be 
minor. 

Diagenesis 

Both Whirlpool and Grimsby 
Sandstones arc usua lly quartz 
cemented and contain rare calcite 
cement. The Grimsby contains 
hematite as grain coatings and 
interst itial c<;ment. 

Data availabili1y 

Data on a variety of ages and 
quality of d riller's and wireli;ie logs 
are available. 



TABLE 24. "Clinton"-Medina sandstone (Medina Group}, western New York, Appalachian Basin: Engineering parameters. 

ENGINEERING PARAMETERS 

Reservoir parame1ers 

Average porosity is 7.1%: 
range is 2.6% to 10. 1% for 
unknown number of wells. 
Permeability is 0.0455 to 
0.087 md fo r data from 
255 wells. probably revised 
to rencct in situ conditions. 
Original average (not in situ) 
was 0. 13 md. 

Well stimulation techniques 

Ne1 pay thickness 

No data . 

Hydra ulic fracturing. No details on techniques. 

Pre-stimulation 

Limited data. Range 
was 58 to 6.000 Mcfd 
for four we lls drilled 
in 1956-1971. 

Success ratio 

No data. 

Produc1ion ra1es 

Pos1-stimulation 

Limited data. Range 
was 80 to 2,700 Mcfd 
for 14 wells drilled in 
1956-197 1. No pre
stimul11tio11 rates 
available for these 
wells. 

Well spacing 

Variable; as low as 
180 acres. 

Decline ra1es 

No data. 

Comments 

Formation fluids 

Occasional shows of 
oil or condensate. 

Wa1er sawra1ion 

No da ta. 

Traps arc stra tigraphic. occurring where sands have great intcrgranular 
porosity. Low-relief siructurcs may enhance gas production. 



TABLE 25. "Cli11to11"-Medina sandstone (Medina Group}, western New York, Appalachian Basi11: 
Economic factors, operating conditions, and extrapolatio11 potential. 

ECONOMIC FACTORS 

FERC status 

Approved by FERC for 
Chautauqua and 
Cattaraugus Counties. 
New York. 

Attempted completions 

Approximately 40 Medina 
gas pools or fields in 
western New York. 

OPERATING CONDITIONS 

Physiography 

In the Appalachian 
Plateaus and Central 
Lowlands physio
graphic subdivisions. 
Local relief commonly 
up io 300 ft, grea ter in 
some areas. 

Climatic conditions 

Humid, temperate. Most 
drilling operations cease 
during winter months. 

Success ratio 

63% of 51 wells for Med ina 
Group in combination with 
the underlying Ordovician 
Queenston Formation (no 
separate data). 

Accessibility 

Terrain docs not res trict 
explorntion act ivities. 
Permits required to cut new 
roads. 

Drilling/ 
completion 
costs Market owlets Industry interest 

$60,000 to $420.000. 
depending on depth 
(drill ing costs only). 

Medina gas is purchased by 
Columbia Gas Tmnsmission 
Corp. and National Fuel Gas 
Supply Co. 

High. Even before the 
tight fo rmation desig
nation in 1979, 81% of 
the gas produced in 
New York State was 
from the Med ina. 

EXTRAPOLATION POTENTIAL 

Good. Major de lta having marginal marine and 
shallow marine facics extending into Pennsylvania, Ohio, 
and West Virginia. Similar fac ics expected in deeper 
Tuscarora equivalent to the south and southwest in the 
Appalachian Basin and in the Travis Peak Formation of 
the East Texas Basin. 

Commems 

All drilling and com
pletion services read
ily available because 
of existing oil and gas 
production. 



CARTER AND HARTSELLE SANDSTONES, BLACK WARRIOR BASIN 

The Carter and Hartselle Sandstones are members of the 
Upper Mississippian Parkwood Formation and Floyd Shale. 
respectively (fig. 21 ). The Carter Sandstone is commonly 
described as a fine- to medium-grained sandstone. in part 
argillaccous: the Hartselle Sandstone is a very fine grained to 
medium-grained sandstone having siltstone and shale interbeds. 
The Hartselle Sandstone has been approved as a tight gas 
sand by the State Oi l and Gas Board of Alabama ( 1981 ). No 
application has been filed for designation of the Carter 
Sandstone. The data base on both units is fair for the 
engineering parameters but good for the geologic setting as a 
result of recent publications by Mack and others (1981) and 
Thomas and Mack ( 1982). Da ta tables have been prepared only 
for the Hartselle Sa ndstone (tab les 26 though 29). 

Structure 
The Black Warrior Basin of northwestern Alabama and 

northeastern Mississippi is bounded on the north by the 
Nashvi lle and 07.ark domes, on the southeast by the Appa
lachian Mountains, and on the southwest by the Ouachita 
structural trend. Mesozoic and Tertiary strata of the Mississippi 
Embayment and the Gulf Coastal Plain cover two-thirds of the 
basin. The basin was part of the stable continental interior 
during most of Paleozoic time, when it received a thick sequence 
of carbonate and elastic sediments: elastics predominated with 
the start of the Late Mississippian (Pike, 1968). The Hartselle 
Sandstone was deposited on the East Warrior platform of the 
basin (Thomas and Mack. 1982). 

Stratigraphy 
The Parkwood Formation and the Floyd Shale are part of 

the Upper Mississip pian Chester Series. The Ha rtselle 
Sandstone Member is the uppermost sand in the Floyd. and the 
Carter Sandstone Member is the lowermost sand in the 
Park wood Formation (fig. 21 ). The Carter and other sands of 
the Parkwood contribute about 90 percent of the total gas 
prod uced in the Black Warrior Basin (R. Peterson. personal 
communication, 1982). The Chester Series thickens from 800 ft 
in the outcrop area across northwest Alabama to about 2. 100 ft 
toward the southwestern part of the basin. 

Depositional Systems 
Terrigenous elastic sediments of the Floyd Shale and 

Park wood Formation accumulated mostly in the rapidly 
subsiding part of the basin adjacent to the Ouachita source area 
(Horne and others. 1976). The Hartselle Sandstone, however. is 
found on the much shallower east Warrior platform. Thomas 
and Mack ( 1982) interpreted the Hartselle as a northwest
trending barrier-island system that was bordered on the 
northeast by a shallow shelf containing a series of sand bars. 
Reworking and migration of the bars were controlled by storm 
processes. The shelf and bar facies pinches out to the east into a 
regional carbonate facies. Landward (southwestward), the 
ba rrier system pinches out into possibly a shallow marine bay or 
lagoonal mud represented by the Floyd Shale (Thomas and 
Mack. 1982). Provenance studies (Mack and 9thers, 1981; 
Thomas and Mack, 1982) suggested that the Ha rtselle and 
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Park wood elastic scdimenb originated to the southwest of the 
Black Warrior Basin in the Appalachian-Ouachita orogenic 
belt: however. Cleaves and Broussard (1980)suggested that the 
Hartselle Sandstone had a north or northwest source. 
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Thomas and Mack (1982) presented reasonably complete 
evidence, based on extensive outcrop studies, for the origin of 
the Hartselle Sandstone: however, they gave no subsurface data 
from which to judge the regional lateral continui ty of the 
Hartselle. A generalized isoli th of the Hartselle shows a thick 
in Walker County, Alabama (fig. 22). The thin, upward
coarsening sequence overlai n by a blocky sand unit shown on 
logs from Walker and Winston Counties, Alabama. is 
consistent with a barrier or deltaic origin (figs. 23 and 24). 
Minor transgressions and decreases in sand supply could 
account for the thin breaks within the thick sand package 
ind icated by gamma-ray - neutro n logs (fig. 24). 

Sandstones of the Parkwood Formation were deposited by 
northeast-prograding deltas, indicating a sediment supply from 
the southwest (Thomas and Mack, 1982). The Park wood. which 
is less mature tha n the Hartselle Sandstone, is composed of 
lithareni tes to sublitharent ies (Mack and other , 198 1). The 
Carter Sandstone may be made up of barrier a nd ba r sands 

wi thin the Parkwood deltaic system ( R. Peterson. personal 
communication, 1982). Other Parkwood sandstones are delta
front or dis tributary sands that were formed during individual 
cycles of deltaic progradation (Thomas. 1979). 

The Carter Sandstone as an Unconventional 
Gas Sand 

Much of the conventional gas produced in the Black 
Warrior Basi n is from the better developed sands, such as the 
offshore-bar facies. of the Carte r Sandstone. Thinner shee t 
sands between the bars are likely to have more lateral continuity 
than the bar sands; accompanied by an increase in fine-grained 
elastic sedime nts, the sheet sands would tend to form a blanket
geometry. low-permeability reservoir. Reservoi r characteristics 
of intcrfield areas a re unknown ( R. Peterson, personal 
commu nication. 1982). but these areas ma y represent an 
important un tested resource. 
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GENERAL ATTRIBUTES 

S1ra1igraphic unit/ play 

Hartselle Sands1one Mem
ber of the Floyd Shale. 
Upper Mississippian. 

A rea 

A designated area in paris 
of Tl 1-17S, R4-IOW in 
Winston and Walker 
Counties. Alabama. is 
approximately 996 mil. 

GEOLOGIC PARAMETERS - BASIN/TREND 

S1ructural/ 1ee10nie selling 

The designated area lies in the northeaste rn part of the 
Black Warrior fore land basin on the Warrior Platform. The 
basin is bounded to the north by the Ozark and Nashville 
domes , 10 the south and cast by 1he Appalachian Fold 
Bell , a nd lo the south and west by the Ouachita sa lient. 

TABLE 26. Hartselle Sandstone, Black Warrior Basin: 
General attributes and geologic parameters of the trend. 

711iekness Depth 
Eviimated 
resource base 

Forma1ion a11i1ude, 
other data 

Range is 0 10 150 ft from the 
sou1hwes1 part 10 the cenlcr 
of the application area. 

Range is 3,400 to 
1,000 ft from south 
10 north in the 
designa ted area. 

No dala. Not inc luded in No add itional informali on. 

Thermal gradient Pressure gradiem 

1.0° 10 1.8° Fi I 00 ft. No data. 

National Petroleum Coun-
cil (1980) or Kuusk raa and 
others ( 1981 ). 
R. Peterson (personal 
communicadon, 1982) 
cs1ima1cd 0. 1 to 0.5 Tcf. 
primari ly for blanket 
sands in the basin other 
1han in the Hartselle 
Sandstone. 

S1ress regime 

Compressional s tresses 
result ing from Appa
lachian and Ouachi ta 
fo ldi ng and thrust 
faulting. 
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TABLE 27. Hartselle Sandstone, Black Warrior Basin: Geologic parameters. 

GEOLOGIC PARAMETERS · UNIT/PLAY 

Depositional systems/fades 

Deposited by a northwest-trending, linear barrier
island complex and an associated offshore-bar 
system. The barrier-island facics includes shoreface 
and foreshore sandstones, as well as occasional tidal 
channels. The offshore-bar system represents 
reworking of the upper barrier-island facies during 
a regional net transgression. 

Typical reservoir dimensions 

No data. 

Texture 

Ranges from very fine gra ined to 
coarse-grained but generally finc
grained sa ndstone, which is well 
sorted. well rounded. and 
occasionally interbedded 
wilh mudstone. 

Pressure/temperature 
of reservoir 

No dala. 

Mineralogy 

Primari ly quartz (average more 
than 90%) having lrnces of 
potassium fe ldspar. p lagioclase, 
chert, and various types of rock 
fragmenls that include meta
morphic. shale. sandstone, 
grani tic, and volcanic types. 
Sandstone in the designated area 
is approximately 2% clay 
(montmorillonite). 

Na rural fracturing 

Locally present in Jasper Field 
within the designated area. This 
field is excluded from the desig
nated application area. 

Diagenesis 

Cemented primarily by calci le or 
silica. or both. 

Data availability 

Limited core. SP-resistivity and 
G R-<lensi1y or G R-ncu1ron make up 
the typical log suite. 



TABLE 28. Hartselle Sandstone, Black Warrior Basin: Engineering parameters. 

ENGINEERING PARAMETERS 

Reservoir paramelers Net pay thickness 

Calculated from one core No data. 
analysis. permeability to air is 
0.099 md; calculated from six 
wells, average permeability is 
0.0515 md. range is 0.0020 to 
0.0938 md. Calculated from six 
wells and core analysis of one 
well, average porosity is 5%. 
range is 0% to l 5%. 

Pre-.wimu/ation 

For 40 to 45 wells. 
pre-stimulation now 
was no t present or 
TSTM. 

Well stimu/a1ion techniques Success ratio 

Stimulation techniques before 1970 used explosives de tonated No data. 
in the borehole. Current techniques use hydraul ic fracture 
treatment involving a mix of 70% nitrogen foam and KCI. 
methanol. and water and various quanti ties of sand proppant. 
Average design specifications unavailable. 

Produc1ion ra1es 

Post-stimulation 

Rates obtained from 
pre- I 970 stimulation 
techniques ranged 
from 50 to 100 Mcfd. 

Well spacing 

320 acres. 

Decline ra/es 

No data. 

Comments 

Formation fluids 

No recorded liquid 
hydrocarbon pro
duction. 

Water saturation 

Average is 87%, range 
is Oqf to !00% for six 
wells . 

Fewer tight sand applications submitted than in other states. Data 
generally limited. 



TABLE 29. Hartselle Sandstone, Black Warrior Basin: 
Economic factors, operating conditions, and extrapolation potential. 

ECON OMIC FACTORS 

FERC status Attempted completions Success ratio 

One application ap
proved by State. 

Approxima1ely 45, excluding 55% basimyide in 1979. 
Jasper Field. 

OPERATING CONDITIONS 

Physiography 

Open hills of the East
ern Interior Uplands 
and Basins physiograph
ic subdivision. Less 
than half of the area is 
gently sloping. Local 
re lief of 300 to 500 ft. 

Climatic conditions 

Humid having mean annual 
precipitation of 48 to 
56 inches. Moderately hot 
summers, mild winters. No 
climatic restrictions on 
exploration ac tivity. 

Accessibility 

No access problems 
described in application; 
probably no major 
limitations. 

Drilling/ 
completion 
costs 

Average stimulation costs 
are $20,000: range is 
$18,000 to $50,000 (date 
unknown for these cost 
es timates). 

Market outlets 

Limited. Short spur of a 
Southern Natural Gas Co. 
pipeline extends only into 
southeastern Walker 
County, Alabama. As of 
early 1980, 55 wells were 
awaiting pipeline connec
tion in Alabama . 

EXTRAPOLATION POTENTIAL 

Fair to good. Expected 10 be similar to barrier and bar 
f'acics of regressive marginal marine uni1s of the Mesa
vcrdc Group. Rates of sediment input probably lower 
tha n those of Late Cretaceous deposition in Rocky 
Mountain basins. ln1racra1onic dcposilional selling 
somewhat similar between Cretaceous se<1way and parts 
of Paleozoic basin and platform. 

lndus//y interest 

Low to modera te. 
One FERC application 
and generally in
creased interest in the 
Black Warrior Basin. 

Comments 

The Black Warrior 
Basin has been drilled 
primarily by indepen
dents and small 
companies. 



ARKOMA BASIN, OKLAHOMA AND ARKANSAS 

The Arkoma Basin of eastern Oklahoma and western 
Arkansas is a Paleozoic basin trending approximately east to 
west; it lies along the Ouachita structural front and is 
overlapped by Coastal Plain sediments to the east (Branan, 
1968). Although new wildcat successes have been announced, 
exploration activity within the Arkoma Basin has been 
relatively low in past years (Mccaslin, 1982). However, 
exploration may increase, fostered in part bya new 285-mi-long, 
20-inch pipeline, known as the Ozark Gas Transmission System, 
through the basin. Ozark Gas Pipeline, which bui lt the system, 
hopes to tap I. 5 to 2.0 Tcf of gas reserves and potential resources 
within the basin (Oi l and Gas Journal, 1982). 

The main gas reservoirs in the Arkoma Basi n are Lower 
Pennsylvanian sandstones; additional reservoirs are in the 
Mississippian Chester Series (fig. 25). Some older Pa leozoic 
strata have also yielded gas. The entire basin is a dry gas 
province, having little or no associated oil production 
( McCaslin, 1982). Gromer ( 1981 ) prepared a geologic overview 
of the basin and a review of selected producing fields. 
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The blanket-geometry gas reservoirs of the Arkoma Basin 
include the Spiro Sandstone within the Atokan Group and the 
Cromwell Sandstone of the Morrowan Group. The Spiro is the 
unit of greater interest; it represents marginal ma rine 
environments that underwent redistribution of sand by a 
northward marine transgression across the basin (Gromer, 
1981 ). No detailed description of the depositional systems of the 
Spiro Sandstone was found. Other Atokan sands above the 
Spiro are lenticular. Branan ( 1968) and Gromer (198 1) 
described these two blanket sands, noting that the Spiro is 
already an importa nt producer throughout the basin from 
depths of 3,000 to 12,000 ft. Permeability of the Spiro varies 
widely even within a single fie ld, from near zero to greater 
than JOO md, and porosity may vary from 5.4 to 23.3 percent in 
the same area (Six, 1968). Thus, it appears that the Spiro Sand
stone ranges from a conventional to an unconventional 
reservoir. 

FIGURE 25. Partial stratigraphic column of the 
Arkoma Basin, Oklahoma and Arkansas {from 
Gromer, 1981). 



TRAVIS PEAK FORMATION, EAST TEXAS AND 
NORTH LOUISIANA BASINS 

The Lower Cretaceous Travis Peak Formation within the 
East Texas and North Louisiana Basins consists of very fine 
grained to fine-grained sandstones. The Travis Peak Formation 
direct ly overlies the Cotton Valley Sandstone (fig. 26). The 
T ravis Peak has been termed the Hosston Formation, primarily 
in Louisiana. The data base on the Travis Peak Formation is 
good; information was obtained from tight sand applications 
and several publications (tables 30 through 33). A com
prehensive analysis of the Travis Peak Formation in parts of 
seven counties in East Texas and Louisiana, using modern 
concepts of depositional systems, was done by McGowen and 
Harris (in press). 

Exploration of the Travis Peak, or Hosston, Formation 
extends into the Mississippi salt basin of northeastern Louisiana 
and Mississippi (Weaver and Smitherman, 1978). The Hosston 
reservoirs in that basin are relatively deep ( 14,000 ft and deeper); 
some have pe rmeabilities greater than 0.1 md. In Mississippi, an 
FERC-approved tight sand designation for the Hosston has 
been given for only one well. The well is in Jefferson Davis 
County; permeability is 0.075 md and depth to the top of the 
formation is 14,460 ft (Hagar and Petzel , !982a). 

Structure 

The structural setting of the East Texas and North Louisiana 
Basins is summarized in the section that follows on the Cotton 
Valley Sandstone (p. 69). Deposition of the Travis Peak 
Formation, like that of the Cotton Valley, is thought to have 
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resulted from tilting of rift-margin blocks toward the incipient 
Gulf of Mexico and concurrent erosion of these blocks. A 
structure-contour map on top of the Travis Peak indicates 
depths of 1,000 to more than 10,000 ft in the East Texas area 
(fig. 27). 

Stratigraphy 

The Travis Peak Formation is Early Cretaceous in age and 
overlies the Cotton Valley Sandstone. In Louisiana a thin 
limestone, the Knowles Limestone, marks the boundary 
between the Cotton Valley Sandstone and the overlying Travis 
Peaf< Formation; however, the Knowles Limestone does not 
extend through all of the East Texas Basin (M. K. McGowen, 
personal communication, 1982). The top of the Travis Peak 
Formation is transitional, having marine-reworked elastic 
sediments overlain by carbonates of the Pettet (Sligo) Member 
of the lower Glen Rose Formation, which was deposited as part 
of a major marine transgression. Subunits of the Travis Peak 
Formation were not delineated either in previous studies or in 
the tight sand applications. The base of the Travis Peak contains 
a chert-pebble conglomerate in some areas; contact between the 
Travis Peak and the Cotton Valley sandstones varies from 
conformable to unconformable (Nichols and others, 1968). 

Depositional Systems 

The Early Jurassic in East Texas and North Louisiana was 
dominated by deposition of carbonates, evaporitcs, and 
mudstones. The first major influx of terrigenous elastic 
sediments into these areas occurred during the Late Jurassic 
(Cotton Valley)'and the Early Cretaceous (Travis Peak). In East 
Texas, the terrigenous elastic sediments were supplied by many 
small rivers rather than by one or two major rivers, as in 
Louisiana and Mississippi. A major source of the Travis Peak 
Formation and the Cotton Valley Sandstone appears to have 
been older sedimentary rocks surrou nding the East Texas and 
North Louisiana Basins. Sandstones in the Travis Peak are 
texturally mature quartzareni tes and s ubarkoses (McGowen 
and Harris, in press). 

The Travis Peak Formation has been examined in detail in 
the northwestern part of the East Texas Basin by McGowcn and 
Harris (in press) and over the entire basin in a general manner by 
Bushaw ( 1968). Bushaw showed the progression of environ
ments of three informal intervals of the Travis Peak Formation 
that resulted in the deposition of the Pettet (Sligo) Limestone 
(fig. 28). The interpretation of the larger area is consistent 
with the interpretation by McGowen and Marris (in press) of 
the Travis Peak as a system of coalescing deltas that prograded 
from the west, northwest, and north. The distal part of these 
deltas included a transition zone between subaeria I and 
subaq ueous depositional environments wherein delta-front 
sediments may be reworked into bars. spits, and shoals, most 
commonly when individual deltaic lobes are abandoned. 
Basinward of the transition zone, a subaqueous delta front 
develops; the configuration of the transition and subaqueous 
zones in Modern deltas varies with wave energy and with the 



width of the marine shelf (Galloway. 1976; Wescott and 
Eth ridge, 1980). 

A genera li1ed regional cross section through the Travis Peak 
shows a thick, sand-dominated wedge of sediment probably 
composed mainly of braided-stream deposits (fig. 29). Braided 
streams form a continuous. laterally extensive sand sheet 
wherein shales are patchy and discontinuous(Walker and Cant. 
1979). On a local scale. sands from the braided-stream facies 
show lateral continuity consistent with their deposition as 
longitudinal and transverse bars. This implies thickening and 
thinning of individual beds within sand packages from well to 
well (fig. 30). Where the braided-stream facies has been 
reworked by marine transgression or where the delta enters the 
marine environmen t, lateral continuity of beds probably is 
greater, but it is not necessarily similar in both dip and strike 
directions. 

Travis Peak Formation Well Data Profile 

Consistent wi th nationwide variations in drilling act ivity 
during the past.several years, the number of gas completions in 
the Travis Peak Formation increased from 1978 through 1980 

ancl then leveled off in 1981 (fig. 31). The depths to the top of 
perforated intervals of wells in the Travis Peak show a broad 
peak between 7.000 and 9,000 ft; few wells have upper 
perforations as deep as 11.000 fl (fig. 32). The mean perforated 
interval of 191 wells is 312 ft; interval thickness ranges from 2 to 
2.265 ft. The mean I PF of 183 gas wells was 5.249 Mcfd; range 
was 67 to 31,000 Mcfd. It should be noted that IPF rates arc 
often higher than stabilized or partly s tabilized gas flow rates. 
Gas-oil ratio is noted in table 32; where condensate is produced, 
its A Pl gravity is predominantly between 50° and 60°. High 
A Pl gravity and light color values were frequently ci ted in tight 
gas applications as evidence that liquids produced with gas arc 
actua lly in a gaseous state under reservoir conditions. 

About one-third of the fracture treatments used on 398 pro
ducing gas wells in the Travis Peak Formation involved sand 
and gelled flu id, and one-thi rd involved sand and water-based 
fluid. Acidization was noted in the WHCS file on 11 percent of 
the trea tments, but this figure may be low because of incomplete 
reporting. Only 1.5 percent of the treatments used foam. In the 
future. the number of foam treatments may increase to avoid 
formation damage caused by swelling of water-sensitive clays. 

0 ZO 40 60 OOmi 
t--~-+~~+-~--11--~-I 

0 32 64 96 128km 

Contour Interval : 11000 fl 

FIGURE 27. Generalized structure contours 0 11 top of the Travis Peak Formation, 
East Texas Basin (from Railroad Commission of Texas, /98lb). 
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FIGURE 28. Facies tracts of the (a) lower, (b) middle, and (c) upper Travis Peak - Pettet (Sligo) Formations (after 
Bushaw, 1968). 
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FIGURE 31. Distribution of gas wells completed from 1965to 1981 in the Travis Peak 
Formation. 
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TABLE 30. Travis Peak Formation, East Texas and North Louisiana Basins: 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBUTES 

Stratigraphic unit / play 

Travis Peak (Hosston) 
Formation. Lower Creta
ceous. 

Area 

By analogy to the Cotton 
Valley Sandstone. possible 
productive and specula
tive are<ts of 6,000 mi2 

and 7,000 mi2 in Texas 
and Louisiana. respectively. 
Texas approval for tight 
formation designat ion 
applies t0 47 counties 
covering 35.830 mil in 
Railroad Commission 
Districts 5 and 6. 

GEOLOGIC PARAMETERS - BASIN/TREND 

S1ructural / 1ec1011ic selling 

In graben or structural sag formed along the margin of the 
Gulf of Mexico by con1inental rifling. Easi Texas Basin now 
bounded by major fault systems and the Sabine Upl ift. 

TI1ickness Depth 

Upper 200 ft of the forma
tion, which is 500 to 2,500 ft 
thick, is the most likely source 
of blanket-geometry sands 

Ranges from 
3. 100 ft in Lamar 
County, Texas. IO 

10.900 ft in 
southern Cherokee 
County, Texas, to 
the top of the for
mation. Depth lo 
top of Tr.ivis Peak 
ranges from 

in updip East Texas Basin. 

Thermal gradienl 

J.4° to 1.8° F/ 100 ft. 
mos1ly 1.6° to 
1.8° Fl lOOft. 

- 1,000 ft subsca on 
the northern and 
western basin mar
gins to -6.000 ft 
over the Sabine 
Upl ift to - I 1,000 ft 
on the southern 
basin margin and 
the deep central 
rart of !he basin. 

Pressure gradie111 

0.43 IO 0.59 psi / ft 
(mean is 0.50 rsi f ft) 
for eight zones in 
live Amoco wells in 
Cherokee and 
Nacogdoches 
Coumics, Texas. 

t s tima1ed 
resource base 

Maximum recoverable gas 
in place is 13.8 to 
17.3 Tel" if 12% to I 5'~i 
or the basin is ultimately 
productive. 

S1ress regime 

Tensional; local st ress 
variations caused by sail 
tectonics. 

Forma1io11 a/ti/Ude, 
01her claw 

Local variations in 
thickness ahd attitude 
owing to salt structurc(s). 
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TABLE 31. Travis Peak Formation, East Texas and North Louisiana Basins: Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/ PLAY 

Depositio11al systems/facies 

Lower Travis Peak: Alluvia l plain and marinc
in nucnccd delta margins on the southern 
edge of the basin. 

Middle Travis Peak: Alluvial plain and del ta en
vironments receded toward the north and northwest 
source areas. Fluvial to marginal marine 
environme111s represented. 

Upper Travis Peak: As trllnsgrcssion continued. 
marine-inlluenced delta margins r'etrcatcd to the 
northern parts of the basin and an open marine shelf 
occupied the central basin, receiving both terrigenous 
elas tics and some skeletal and ooli tic carbona te 
sediments. ·nib upper facies of the Travis Peak. 
dominated by shallow marine tr:insgrcssion. is of 
mo~t interc~t to tight gas sand development. Marine 
reworking has created strike-elongate sand thicks as 
well as ~hect like ~and~. thereby stacking both 
lenticular and blanket-geometry s.-ind bodies. 

Typical reservoir dimensions 

Mean gross perforated interval of 191 wells is 312 ft: 
range of interval thickness is 2 to 2.265 ft. 

Texture 

lnterbedded very fine gr.tined to 
fine-grained sandstone. shale, and 
some sandy. fossiliferous, ooli tic 
limestone. Well sorted in some 
areas. 

Pressure/ 1e111perature 
of reservoir 

Pressure rn ngc is 3. 920 to 6.000 
psi (mean is 4.866 psi) for eight 
zones in fi ve Amoco wells in 
Cherokee a nd Nitcogdochcs 
Counties, Texas. Temperature 
range is 190° to 272° F (mean is 
243° F) for eight 1ones in live 
Amoco wells in Cherokee and 
Nacogdoches Counties, Texas. 
Pressure range is J,200 to 3.JOO 
psi at 9,000 to 9,300 ft for two 
wells in Red River Parish. 
Louisiana. 

Mineralogy 

Quartz sandstone, possibly 
having some chert. Clay clasts 
present. In one well in Free-
stone County. Texas. a Travi> Peak 
core consisted of 44% qua rt7., with 
remaining grains consisting 
of chert. claystonc. and silty 
sha le. Colors vary from gray to 
tun to brownish red. 

Natural fracturing 

Contribution of natural fractu res 
is unknown but is generally 
considered minimal. 

Diage11esis 

Quar11 overgrowth> ;ind calcite 
cement red ucc primary porosity. 
Clay matrix is reported as minor, 
but sampling is limited. Data from 
one field suggest leaching of 
carbonate cements to form 
scco nda ry 1>orosi t y. 

Darn availabili1y 

Limited co.re. Exxon ha> Travis 
Peak core from 18 wells. rep
resenting 5 licld wells and 4 wild· 
cats. and pos>ibly has core from 
10 other wells. /\t lcm,t one core in 
application urea is in Louisiana. The 
primary log is SP-resis tivity: ;i sonic 
lug and a nc11 tro11-dcnsity log arc 
often run for porosi ty identificat ion. 



TABLE 32. Travis Peak Formation, East Texas and North Louisiana Basins: Engineering parameters. 

ENGINEERING PARAMETERS 

Re!;ervoir parameters 

Mean calculated in s itu perme
ability is 0.026 md for a group 
of 125 wells in Texas 1ha1 have 
not been stimula ted. Porosity 
ranges from 2% 10 9% for a 
group of wells from seven 
counties in Texas. 

Well stimulation techniques 

Net pay thickness 

Range is 30 to 86 ft (mean is 
48 ft) for eight zones in live 
Amoco wells in Cherokee 
and Nacogdoches Counties, 
Texas. Net pay of 31 and 
33 ft for two Mobil wells in 
Cherokee County. Texas. 

Massive hydraulic fracturing. often as multistage treatments, 
10 effectively treat all zones of interest. Techniques vary widely 
among operators: typical may be 500.000 lb sand in 200.000 
lo 300.000 gal nuid. 

Pre-stimulation 

Stabilized mean flow 
rate was 765 Mcfd for 
a group of 125 wells 
in Texas: as low as 
43 Mcfd for two 
Mobil wells in Chero
kee County. Texas. 

Success ratio 

An a verage 41 8% 
increase after fracture 
treatment for four 
wells reported in tight 
sand applications. 

Production rates 

Post-stimulation 

Range was 500 10 

1,500 Mcfd . 

Well spacing 

640-acre spacing in 
eight fields described 
in FERC applica
tions: two of these 
have optional 320-
acre spacing. 

Decline rates 

Decline from 940 10 

330 Mdd in 56 days 
for one stimulated 
well in Cherokee 
County, Texas, 
reported as typical. 
Rapid decli nc in first 
12 10 24 mo expec
ted for most wells . 

Comments 

Formation .f7uids 

High A Pl gravity con
densate is produced 
by some wells at rates 
less than 5 bpd in 
some areas but at 
rates of 10 to 20 bpd 
in other areas. Mean 

·gas-oil ratio of 287 
wells is 175.645: I. 

Water saturation 

Range is 29% 10 60%, 
average is 43% for 
e ight zones in live 
Amoco wells in 
Cherokee and 
Nacogdoches 
Counties. Texas. 

Amoco has reported the following specific data on production rates before 
and after massive hydmulic fracturing for four wells in Nacogdoches and 
Cherokee Counties. Texas: 

Depth Pre-stimulation Post-stimulation Permeability 
(fl) (Mcfd) (Mcfd) (calculated) 

8.560-8.652 475 900 0.032 

9.730-9.954 40 230 0.002 

9.130-9.164 373 900 0.027 

10.526-10.7 10 225 1.500 0.033 



TABLE 33. Travis Peak Formation, East Texas and North Louisiana Basins: 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

Two fie lds approved by 
Texas and FERC. A 
47-county area of East 
Texas approved by 
State on October 26. 
1981. All of Winn 
Parish and parts of 
three other parishes 
approved by Louisiana 
on November 24. 1981. 

Al/empted completions 

Approximately 1.239 com
pletio.ns in Railroad 
Commission of Texas 
Districts 5 and 6; 
676 were active as of May 
198 I. In Louisiana. 53 
Hosston penetrations are 
in the application area. 

OPERATING CONDITIONS 

Physiography 

Gently sloping Gulf 
Coastal Plain having 
JOO to 300 ft of local 
re lief and absolute 
elevations less than 
1.000 ft above sea 
level. 

Climatic conditions 

Subhumid to humid having 
44 to 56 inches mean annual 
precipitation. Hot summers. 
mild winters. Possible 
heavy rain from 
remnant tropical storms. 

Success ratio 

Sec table 37 for basinwidc 
data on gas wells. 

Accessibility 

No major terrain barriers. 
Heavy vegetation in some 
uncleared areas. Adequa te 
drainage must be provided 
for some sites. 

Drilling/ 
completion 
costs 

By analogy to costs for 
Cotton Val ley tests. prob
able costs a re $1.0 million 
to complete a deep 
(9.000-ft} well . 

Market owlets 

Well-established regional 
pipeline and gathering sys
tem. including Arkansas 
Louisiana Gas Co .. Lone 
Star Gas Co .. and Delhi 
Gas Pipeline Co. 

EXTRAPOLATION POTENTIAL 

Good. An areally extensive fan-delta system having 
marine-innuenced fan-delta margins and overlying 
transgressive marine deposits. Good analogy to the 
Silurian "Clinton"-Medina sands of New York. 
Pennsylvania. and Ohio. 

Industry interest 

High. A number of 
FERC appl ications. 
Potential tight sand 
designat ion by FERC 
for 47-county area in 
Texas and parts of four 
parishes in Louisiana 
would spur interest. 
Travis Peak gas poten
tial probably over
looked in many deeper 
Cotton Valley tests. 
Independents. small 
companies, and large 
companies arc active in 
East Texas and North 
Louisiana. 

Commems 

All drill ing and comple
tion se rviccs read i I y 
available in East Texas 
and North Louisiana. 



COTTON VALLEY SANDSTONE, EAST TEXAS AND 
NORTH LOUISIANA BASINS 

The Cot1on Valley Sandstone. deposited in the East Texas 
and 'orlh Louisiana Basins. forms 1hc upper pan of1he Cotton 
Valley Group of Late Jurassic age. Stratigraphic terminology 
varies across the area: for exam ple. the term "Schuler 
Formation" is frequently used fo r the Cotton Valley Sandstone. 
primarily in Louisiana (fig. 26). A major area of gas production 
in the Cot1on Valley Sandstone trends genera lly east to west 
across northern Louisia na into northeastern Texas. Gas was 
initially found during the 1940's in Louisia na in updip pinch
outs parallel to struct ural strike. Today, a productive area of 
5,805 mi2 ex ists across these 1wo stales (National Petroleum 
Council. 1980). lnitia I production was from very porous blanket 
sandstones. which were probably par! of wa ve-domina1ed deltas 
(Collins, 1980: Coleman a nd Coleman , 1981). This suggests that 
strandplain. barrier-island, and tidal-bar sands may be among 
the specific facies maki ng up reservoirs within the dcltaic 
depositional system. These facies probably include the more 
readily correlated blanket coastal sandstones, referred to by 
Collins (1980). that yield gas in drill-stem tests and are already 
highly commerciali1.ed. Aided by massive hydraulic fracturing 
and by incentive pricing in Texas. a second trend of low
pcrmeability sandstones has been developed int0 a major gas 
play. 

This second potential area of interest for tight gas in Cotton 
Valley sandstones is generally downdip of the more permeable 
sandstone trend and extends well into Texas. It covers an area of 
about 14.800 mi2. which includes a speculative, unevaluated 
region in the central and western parts of the East Texas Ba sin 
(fig. 33) (Na tional Petroleu m Council. 1980). The Oanks of the 
Sabine Uplift in Texas a nd Louisiana (fig. 34) are considered 
prime targets of tight gas exploration in the Cotton Valley 
Sandstone, but !he deeper part of the East Texas Basin is largely 
untested (Collins. 1980). The widespread low-permeabi lity 
reservoirs in the Cotton Valley Sandstone show less continuity 
than do the updip facics and are probably dista l to proximal 
delta-front deposits, possibly reworked during alternating 
regression and transgression of shifting delta margins. This 
has been established as the deposit ional system in the 
northwestern corner of the East Texas Basin by McGowen and 
Harris (in press); it might also be proposed as a first 
approximation of the depositional system in 01her areas that 
have not been studied in detail. 

The data base on the Cotton Valley Sandstone is good 
(tables 34 through 37): informa tion was obtained from 
applica tions for tigh1 gas designation in Texas (Railroad 
Commission of Texas. 1980)and in Louisiana ( Louisiana Office 
of Conservation. 1981). More data have been published 
recently about the subsurface Cotton Valley Sandstone than 
about mos! tight gas sands because of the exten t of its 
commercia lization. the development of fracture-treatment 
tech nology. and the additional operator interest generated by 
incentive pricing. Geologic studies (Sonnenberg, 1976; Frank, 
1978; Collins, 1980: Coleman a nd Coleman. 1981; McGowen 
and Harris, in press) and engineering studies (Jennings and 
Sprawls. 1977; Bos1ic and Graham, 1979: Tindell and others, 
1981: Meeha n and Pennington. 1982) have been done recently, 
but a detai led basinwidc stud y using modern concepts of 
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defining hydrocarbon rcscr\'oirs as genetic stratigraphic uni1s 
has no1 been published. 

Structure 

Kchlc (1971) iind Wood and Walper (1974) suggested that 
the interior salt basi ns of East Texas and North Louisiana were 
pan of a series of marginal grabens formed by continental 
rifting and 1he opening of the Gulf of Mexico. These basins arc 
bounded by major systems of down-to-the-basin faulting: the 
Mexia-Talco fau lt 7.one ((ig. 34) and the South Arkansas fault 
zone (northeast of area shown in fig. 34). Much of !he Cotton 
Valley gas explora ti on in the East Texas Basin has been near the 
Sabine Uplift, where the lop of the Collon Valley Group is 
encountered at 9.500 ft or deeper (fig. 35). Another relatively 
positive feature. the Monroe Uplift. is located in northeastern 
Louisiana (northeast of a rea shown in fig. 34) and forms part of 
the eastern boundary of the North Louisiana Basin in 
Morehouse. West Carroll, and East Carroll Parishes (fig. 35). 
Jurassic cvaporites in East Texas and orth Louisiana (Werner 
Anhydrite and Louann Salt) indicate early deposition in a 
restricted basin: limestone deposition (Smackover and Gilmer 
Limestones. fig. 26) indicates that more open marine conditions 
later occurred. The major influx of terrigenous elastic sedi
ments. which formed the Cotton Valley Sandstone and the 
Travis Peak Formation, resulted from tilling of the rift margin 
toward the basin: before that innux. crustal blocks may have 
been lilted away from the incipient rift (several authors 
summarized by McGowen and Harris, in press). 

A major area of influx of the Collon Valley elastic sed iments 
is inferred 10 be a deltaic depocenter in northeastern Louisiana; 
subsequent shore-parallel sediment transport was to the west 
(Thomas and Mann, 1966). Some researchers have suggested 
that this trans po rt system res ulted in deposition of the Terryvillc 
massive sa ndstone complex (equivalent to part of the Collon 
Valley Sandstone) (Thomas and Mann, 1966); others have 
inferred additional poi nts of del1aic input (Coleman and 
Coleman, 1981 ). Dip-oriented trends of high sand percent 
indicate that sedimen t sources existed in the northwestern part 
of the East Texas Basin during Cot1on Valley time (McGowen 
and Harris, in press). 

Salt tectonics played an important role in the structural 
history of the Eas1 Texas and North Louisiana Basins because 
sa lt structures grew actively from Jurassic to Tertiary time 
(Coleman and Coleman. 1981 ). Salt was mobilized in response 
to sediment loading, and in turn. salt structures inOuenced 
subsequent sedimentation. Complex fault patterns are often 
found surrounding salt structu res.especially piercement domes. 

Stratigraphy 

In !he terminology typically applied to East Texas, the name 
"Cotton Valley" describes a group as well as a limestone and a 
sandstone within that group (fig. 26). The terms "Haynesville" 
and "Schuler" are more frequent ly applied to northern 
Louisiana . The Schuler Formation, considered to be the updip 
eq uiva lent of the en tire Cotton Valley Group in Louisiana, 



includes red sandstone and shale and is locally conglomeratie 
(TI1omas and Ma nn. 1966). In Louisiana. the Knowles 
Limestone. an argillaceous limestone alternating with thin 
shales. forms the uppermost unit of the Cotton Valley Group 
(Thomas and Mann. 1966); this unit is present in parts of Texas. 
The Terryvillc Sandstone in Louisiana is equivalent. in part. to 

the Colton Valley Sandstone in Texas. T he Terryville and 
Cotton Valley Sandstones in Louisiana are frequently referred 
to by a n informa l nomenclature that varies locally. 

Depositional Systems 

The Terryvillc Sandstone was deposited in northern 
Louisiana as a complex of wave-dominated deltas having 
interdcltaic barrier-island a nd offshore-bar sequences (Th omas 
and Mann, 1966; Sonnenberg. 1976; Colema n and Coleman. 
1981 ). T hi n wedges of transgressive blanket sands were 
deposited landward of the ba rrier facies contemporaneous with 
dcltaie subsidence a nd were interspersed wi th lagoonal sha le. 
Coleman and Coleman ( 198 I) placed major dcltaic depoccnters 
in northeastern Louisiana and in the area of the Texas
Louisiana border. Detai led study would no doubt reveal 
addi tional sources of sediment. possi bly small deltas such as are 
now found on the Texas coast. prograding into lagoons and 
bays. 

Detailed studies of individual fields have been conducted 
and specific genetic facies have been identified, such as lower to 
upper barrier-island shoreface of the Davis and "B" sandstones 
(informal terminology) in Frierson Field. Louisiana. These 
units have an average permeability of 0.2 md. which would be 
even less under in situ conditions. Cementation by quanz and 
calcite in the Davis and incorporatio n of lime-mud ma trix in the 
"B" sandstone contribute to the low permeability (Sonnenberg. 
1976). In general, barrier-island shorefacc, offshore bar, and 
possibly delta front arc the major depositional environments of 
the updip Cotton Valley Sandstone in northern Louisiana. 

In the East Texas and the North Louisiana Basins, these 
same genetic fa cics probably a lso fo rm major reservoirs and 
potentia l reservoirs. Highly genera li zed regional cross sections 
indicate extensive basinwide accumu lation of sand in the 
Cotton Valley Sandstone (figs. 36 through 39). Many individua l 
sands show blocky Jog character, some having a thin. upward
coarsening base. in the downdip part of the north-south section 
and the eastern part oft he cast-west section. Such log character 
is expected of offshore-bar and ba rrier-island shoreface to 
fo reshore sequences. a lthough it is not unique to these facies. 
Massive sa nds at the western end of the section shown in fig
ure 37 and the northern end of the section shown in figure 38 
may be a braided nuvial facies. which is characteristic of a 
system supplying deltaic and barrier systems. 

Prodella, delta-front, and braided-stream facies have been 
identified in the Cotton Valley Group in the northwestern part 
of the East Texas Basin (McGowcn and Harris, in press). The 
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prodelta facies contains minor amounts of very fine grained 
sandstone and sil tstone. The delta-front deposits typically 
consist of inierbedded sandstone and mudstone having a few 
thin beds of sandy limestone. In the updip part of the study area 
of McGowen and Ha rris (in press), delta-front deposits are 
overlain by a thick wedge of braided-stream sediments; these 
sediments form part of the fan-delta system that deposited most 
of the tcrrigenous elastic sediments of the Cotton Valley Group. 

A percent-sand map of the Cotton Valley Sandstone along 
the northwestern margin of the basin shows dip-oriented trends 
of high sand content. indicating fluvia l axes (fig. 40). A net-sand 
map of this same area illustrates downdip. stri ke-parallel nct
sa nd thicks that arc coincide nt with an older carbonate shelf 
edge (fig. 41) (McGowen and Harris. in press). This strikc
para llcl pattern, when compa red to the distribution of marginal 
marine barrier and bar facies of northern Louisiana, suggests 
that the depositional environments of the East Texas and North 
Louisiana Basins may be simi lar. Individ ual sa nd bod ies of 
good lateral con1inuity a re more likely to fo rm in these marginal 
marine environmen1s. 

Hydraulic Fracturing and Other Technology 

Many of 1he technological innovations in hydraulic 
fracturing now being used were developed or improved since 
1972 during the completion of Cotton Valley tight gas reser
voirs (Jennings and Sprawls. 1977). Techniques to avoid kill ing 
wells with brine, to treat ind ividual pay zones. to improve 
cleanup by usi ng carbon dioxide. and to help recover the 
fracturing Ouid are among the methods now used in Co1ton 
Valley and many other tight gas well completions. T reatments 
vary in volume, nuid type, and injection rate. Comparison of 
fracture treatments used before 1975 (Jennings and Sprawls, 
1977) with those used as recently as 1980 (Tindel! and others. 
1981) shows that the volume ofnuids used in well t reatments has 
increased from genera lly less than 120.000 gal to 300.000 to 
400.000 gal. Simila rly, proppant quanti ties have increased from 
generall y less than 75,000 lb to as much as 600,000 to 800.000 lb. 
More da ta on well treatments are proba bly available fo r the 
Cotton Va lley Group than fo r any other unit; therefore, the 
Cotton Valley fo rms an excellent basis of compa rison for the 
aggressive frac ture treatment techniques being tried in other 
areas. 

Specia lized studies of Jog interpretation (Frank, 1978), 
pressure testing (Bostic and Graham, 1979). and numerical 
simulation of reservoirs (Meeha n and Pennington, 1982) have 
been published. However. all geologic and engineering 
problems encountered in Collon Valley tight gas production 
have not been solved. Consequently, studies of the Cotton 
Valley Sandstone will probably be a continuing source of 
information on technological innovations applicable to other 
low-permeability gas sands. 
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TABLE 34. Cotton Valley Sandstone, East Texas and North Louisiana Basins: 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBUTES 

Stratigraphic unit/play 

Couon Valley Sandstone. 
Cotton Valley Group, 
Upper J urassic. 

Area 

Productive area of 5,805 
mi! and speculat ive area 
of 7.460 mi 2 are in Texas 
and Louisiana (National 
Petroleum Council. 1980). 

GEOLOGIC PARAMETERS - BASIN/TREN D 

Structural/ tectonic selling 

In graben or structural sag formed along the margin of the 
Gulf of Mexico by continental rifting. East Texas Basin now 
bounded by major fau lt systems and the Sabine Uplift. The 
Cotton Valley Sandstone thins over the ancest ral Sabine 
Upl ift in Harrison and Panola Counties. Texas. 

Thickness Depth 

Sands in the low-permeability 
trend arc within an interval 
J,000 LO f,400 ft thick. 

Average drilling 
depths to the tOp of 
the Cotton Valley 
Sandstone arc 

Thermal gradie111 

1.4° to 1.8° Ff 100 fl. mostly 
1.6° 10 1.8° F / 100 ft. 
Nat ional Petroleum 
Council (1980) indicated 
250° Fat 9,000 ft. 

7 .000 ft in the 
north, 8.000 ft in 
the east, 10,000 to 
11.000 ft in the 
south. and 5.000 ft 
in the western parts 
of the East Texas 
Basin. Top of Cot
ton Valle~· Sand
stone ranges from 
-4.000 ft subsca on 
the northern and 
western margins of 
the basin to -7.500 
ft over the Sabine 
Uplift to - 13.000 ft 
on the southern 
basin ma rgin. 

Pressure gradie111 

No specific rcgiona 1 
data. National 
Petroleum Council 
(1980) indicated 
5,500 psi al 

9,000 f t. 

Estimated Formation allitude. 
resource base other data 

Maximum recoverable gas No additional information. 
is 12.816 Tcf in net pro-
d uctivc area of 1,026 mi2 

in Texas and Louisiana 
(National Petroleum 
Council. 1980). 

Stress regime 

Tensional; local stress 
variations caused by salt 
tectonics. 
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TABLE 35. Cotton Valley Sandstone, East Texas and North Louisiana Basins: Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/ PLAY 

Depositional systems/.(acies 

Derived from prograding fan dellas having associated 
braided-stream. delta-front , and prodelta environ
men ts. Source areas are toward the wes tern. north
wes tern, and northern margins of the East Texas 
Basin. Dip-oriented percent-sand pallcrns exist in 
Hopkins. Hunt, and eastern Kaufman Counties, Texas. 
changing to strike-aligned patterns (reworked 
marginal marine facies) in western Wood , Rains, Van 
Zandt. and north-central Henderson Counties, Texas. 
Collon Valley Sandstone in the adjacent North 
Louisiana Basin includes coastal barrier sands and 
marine bar sands likely derived from sources to the 
east. The latter form conventional Cotton Valley gas 
reservoirs; however, a broad tongue of low
permeability sandstone extends from north-centra I 
Louisiana into De Soto and Caddo Parishes, 
Louisiana. and into Harrison. Rusk. and Panola 
Counties. Texas. 

Typical reservoir dimensions 

Gross production intervals range as high as 600 to 
800 ft. 

Texture 

Fine-grained to very fine grained 
sandstone having minor mud 
ma trix. One sample reported as 
tightly packed and moderately 
well sorted. 

Pressure/ temperature 
of reservoir 

Amoco: Pressure is 5.500 psi at 
270° F. Kuuskraa and others 
(1981): Pressure is 6,000 psi at 
250° F. 

Mineralogy 

One core analysis reported 
71% quartz. 12% clay. 5% chert. 
5% dolomite (euhedral cement), 
4% feldspar (mostly plagioclase). 
and limonite and opaques. In 
general , the sandstone is quan z
areni1e 10 subarkose. 

Natural fracturing 

Contribution of nalural fractures 
is unknown; some zones are re
ported to be naturally frac tured. 
Fluid-loss treatment materials 
arc required in some wells. 

Diagenesis 

One core analysis reported. in order 
of format ion. 4uarti. overgrowths. 
dolomite. and cl;1y (mostly ch lorite). 
In Louisiana. calcite cements also 
reported, and calcite also likely in 
most Texas areas. Pressure solulion 
in quartz sand. 

Data availability 

Exxon has core from Cotton Valley 
and Bossier sands from 10 wells in 
Panola and Rusk Counties, Texas. In 
Louisiana, approximately i0% of 
wells penetrating the Couon Valley 
Group core some part of 1hc group, 
and 72 core analyses have been 
identified. 
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TABLE 36. Cotton Valley Sandstone, East Texas and North Louisiana Basins: Engineering parameters. 

ENGINEERING PARAM ETERS 

Reservoir parameters 

Mean permeability is 0.042 md 
for 126 wells primari ly in 
Harrison, Rusk. and Panola 
Counties, Texas. Overall. in 
si tu permeabilities of0.0053 to 
0.042 are expected, depend
ing on method of calculation. 
Average permeability for 302 
wells in Louisiana is 0.015 md. 
Porosity is typically 6% to 10%. 
loca lly up 10 18%. 

Well stimulation techniques 

Net pay thickness 

Kuuskraa and others (1981) 
reported 35 to 88 ft, ranging 
down to 20 ft at the margins 
of the trend. Another 
estimate is IOO ft in Carthage 
and East Bethany Fields. 

Massive hydraulic fracturing. often as multistage treatments, 
to effectively trea t all zones of interest. Techniques vary widely 
among operators: typical may be 500.000 lb sand in 200,000 
to 300,000 gal nuid injected in three to four stages. Some jobs 
arc much larger, using 2.0 lo 2.6 million lb sand. 

Pre-stimulation 

Average was 289 
Mcfd for 126 wells 
(primarily in Har
rison, Panola, and 
Rusk Counties, 
Texas) at an average 
depth of 10. I 87 fl. 
In some wells in Texas 
and Louisiana, 
TST M. 

Success ratio 

Typically 2 to 10 times 
improvement in pro
duction, depending 
on original perme
ability and formation 
damage. 

Production rates 

Post-stimulation 

500 to 1,500 Mcfd, 
some up to 2.500 
Mcfd. 

Well spacing 

640 acres. Some oper
ators believe spacing 
as low as 80 acres 
ultimately will be re
quired for drainage. 

Decline rates 

Rapid decline in first 
12 to 24 mo; no spe
cific data obtained on 
the trend as a whole. 
In Oak Hill Field. 
Rusk County. Texas, 
product ion decline 
averaged 46% for 27 
wells from I 10 6 mo 
after fracturing. 

Comments 

Formation .fluids 

Typica lly. no oil is 
produced from tight 
Conon Valley si1nds. 
Some condensate 
produced initially at 
20 to 40 bpd. Initia l 
water production pos
sible up 10 200 bpd. 
declining to 50 bpd 
after I to 2 yr. Some 
format ion waters con
tain 500 to 1.000 ppm 
iron. requiring special 
fracture fluids to 
avoid format ion dam
age by iron oxide 
precipitates. 

Water saturation 

Typ ica II y from less 
than 45'1(, IO 65%; 
may be difficult 10 

determine us ing 
conventional log 
analysis. 

Fracture treatments intersecting z.ones of salt water have led 10 production 
problems. Gas-water contacts arc difficult to determine. Ultimate well 
yields of 2 to 4 Bcf arc possible. 
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TABLE 37. Cotton Valley Sandstone, East Texas and North Louisiana Basins: 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

Approved by FERC for 
a 48-<:ounty area o f East 
Texas on October 24, 
1980. All or pare of 28 
parishes in Louisiana 
were approved by State 
(less certain existing 
fields) o n September 3, 
1981. 

A11emp1ed completions 

More than 930 gas wells 
completed in the Cotton 
Valley Group in Texas. 
More than 886 gas wells 
completed in the Collon 
Valley Group in Louisiana. 

OPERATING CONDITIONS 

Physiography 

Gently sloping Gulf 
Coastal Plain having 
JOO to 300 ft of local 
re lief and absolute 
elevations less than 
1,000 ft above sea 
level. 

Climatic condi1ions 

Subhumid to humid having 
44 to 56 inches mean annual 
precipitation. Ho t sum· 
mers, mild winte rs. Pos
sible heavy rain from rem
nant tropical storms. 

Success ra1io 

9.8% new field wildcats and 
48.4% new pool and deeper 
production wells, 1960-1977 
in Texas (National Petro
leum Counci l, 1980). 
8.3% new field wi ldcats and 
31.7% new pool and deeper 
production wells. 1960- 1977 
in Louisiana (National 
Petroleum Counci l. 1980). 

Accessibility 

No major terrain barriers. 
Heavy vege tation in some 
uncleared areas. Adequa te 
drainage must be provided 
for some si tes. 

Drilling/ 
completion 
COSIS 

Typical Collon Valley well 
approximate ly 10.000 ft 
deep will cost $1.2 million 
( 1981 dollars) to drill and 
complete. depending o n 
number of pay zones and 
fracture treatment used. 

Markel outlets 

Well-established regional 
pipeline and gathering sys
tem including Arkansas 
Louisiana Gas Co., Lone 
Star Gas Co., and Delhi 
Gas Pipeline Co. 

EXTRAPOLATION POTENTIAL 

Good. A thick and widespread forma1ion 
having lluvial. dclta ic, interdeltaic, and shallow marine 
components. indi vidually ana logous 10 01her vertically 
and areally more restricted formations. As a major 
progradatio nal sediment package, the Travis Peak, 
Frontier Formation. and "Clinton "-Medina sandstone 
have selected comparable auributes. 

lndus1ry i111eres1 

High, having incentive 
pricing approved in 
Texas and pending in 
Louisiana and having 
developing fraclLlre 
treatment technology. 

Commen1s 

All drilling and comple
tion services readily 
available in Eas1 Texas 
and North Louisiana. 



CLEVELAND FORMATION, ANADARKO BASIN 

The Cleveland Formation is a fine-grained sandstone of 
Pennsylvanian age that was deposited on the northern shelf of 
the Anadarko Basin (fig. 42). It is fo und in the subsurface of the 
northeast Texas Panhandle and extends into northwestern 
Oklahoma and the Ok lahoma Panhandle. No published studies 
specifically concerned with the Cleveland Formation were 
located. The area in which the formation is found isa mixed gas 
and oil to somewha t gas-prone province having many con
ventiona l reservoirs in Pennsylva nian and older Paleozoic 
rocks. The Cleveland Formation produces oil in some areas but 
rates of producti on arc low. probably reflecting poor reservoir 
qua lity. The dal!I base on the Cleveland Formation is fair to 
good (tables 38 through 41 }. 

Structure 

As ea rly as Middle Devonian time. the Amarillo-Wichita 
Uplift was a relatively positive feature; significant uplift 
occurred during the Late Mississippian through Early 
Pennsylvanian (Eddleman. 1961). After the late Morrowan 
Wichiia orogeny. large quantities of arkosic sediment (gra nite 
wash} were deposited along the rapidly su bsiding axis of the 
Anadarko Basin adjacent to the Amarillo-Wichita Uplift. A 
broad. stable platform north and northwest of the basin axis 
received carbonates. thin shales. and fine sands (Eddleman. 
1961 ). including the Cleveland Formation. It is thought that the 
elastic sources of the Cleveland Formation were to the west. 
north. and cast of this platform (Railroad Commission of 
Texas. 198 Id). 

Eastward tilting during Late Cretaceous time was the most 
recent major event affecting the Anadarko Basin (Eddleman. 
196 1 ). The present structure of the Cleveland Formation north 
of the Amarillo Uplift dips to the east and southeast: the top of 
the formation is less than 10.000 ft below the surface everywhere 
in the northeast Texas Panhandle (fig. 43). 

Stratigraphy 

The Cleveland Formation is most often classified as basal 
Missourian and has variously been considered part of either the 
Pleasanton Group (Nicholson and others. 1955; Cunningham. 
1961 ) or the Kansas City Group (Railroad Commission of 
Texas, 198 Id). A recent publication (Taylor and others, 1977) 
seems to have dispensed with the group terminology and used 
" Kansas City" as a formation name. Sediments of the Ka nsas 
City and Marmaton Groups above and below the Cleveland are 
considered undifferentiated. 
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The Cleveland Formation thickens across the northeast 
Texas Panhandle as it extends into the deeper central part of 
the Anadarko Basi n. Interval thickness ra_nges from 78 to 170 ft. 
In the same area. the Cleveland Formation becomes more 
shaly as it grades into granite wash off the north flank of the 
Amarillo-Wichita Uplift (figs. 44 through 46). The maxi mum 
forma tion thickness is 160 ft in the Shenandoah Oil Corp. No. I 
Grubbs well (fig. 45); however, net pay in the Cleveland 
Formation generally varies from JO to 40 ft. having an estimated 
maximum of 75 ft (M. K. Moshell. personal communication, 
1982). 

The most recent studies of the northeast Texas Panhandle 
{S. P. Dutton . persona l comm unication. 1982) have suggested 
that the Cleveland Formation is uppermost Desmoi nesian. 
Sample logs. paleontologic data, and geophysical well logs 
support this classification; the exact group designation is not 
significa nt to this st udy but helps to clarify the discussion 
of depositional systems that fo llows. 

Depositional Systems 

One study has suggested that the Cleveland Formation was 
deposited in a shelf environment (Rail road Commission of 
Texas. 198 Jd). This conclusion appears to be based primarily on 
the position of the Cleveland Formation in the Anadarko Basin. 
Detailed study of the unit itself, however. indicates that the 
Cleveland is bounded by sha les or limestones and was deposited 
north and northeast of the fan-delta and alluvial fan systems on 
the margins of the Amarillo-Wichita Uplift {figs. 47 and 48). 
Consequently. it appears that although sediments were 
deposited on a struct ural shelf. they were not necessa rily 
distributed only by shelf processes. Being a distal tongue of 
terrigenous elas tic sediments surrounded by carbonates and 
thin sha les. the Clevela nd Formation may be part ofa thin distal 
to proxima l delta-front sedimentary package. 

Generally. the cha racter of spontaneous potentia l (SP) logs 
in the Cleveland Formation is poorly developed . possi bly owing 
to the unit's high level ofccmcntation and low permeability. The 
SP logs that are of good character frequently show an upward
coa rsening seq uence followed by an upward-fining sequence. 
This cycle may consist of prodelta to delta-front environments 
followed by transgression and reworking by waves and currents. 
Thin distributary-channcl or distributary-mouth-bar deposits 
may be present {S. P. Dutton, personal communication, 1982). 
The Cleveland Formation is therefore thought to be a thin 
delta ic unit overlain by a thicker package of prodclta sediment 
that was distributed by shelf processes. 



u 
0 s 
..J 

~ 

PENNSYLVANIAN 

VIRGIL 
(CISCO) 

MISSOURI 
(CANYON) 

""' ""' VI 
za. 
:::l<:) 
<l 
CD 
<l 
~ 

t::l 
Zo,_ 
~<:> 
:x: 
VI 

Cun Q. 

5~ C> 
0 

""' Wo,_ 
E'.Je> 
0.. 

<:> 
z 
iija. 
z<:> 
<l 
..J 

>-.... 
u 
Vlo.. 
<le> 
VI 
z 
<l 
~ 

ch :z: 

Undifferentiated 

Topeka Is. 

Hoover- Elgin 

Oread Is. 

-- -Tonkawa ss. 

Undifferentiated 

Undifferentiated 

~~ ~ """',.,...,.,,..,u_nd_i_ff_er_en_t_io....,te"'d"""'"""'="""".,....,="""',......-
t--- -------i-'a.'"'""--+"'!![.,..'!.i;"";;.:_::;c_1 ... ev_.e_.lo._n.-.d_.ss ........ '~',...::~; ... )if..,;\\i ... )i!.,..'!''~i·'~~;~;'"':;i .. W .... 'i;) ... ':.'i_,i;~""f~; ... ,:':~_;.;"", ... ..._ ___________ _ 

DES MOINES 
<STRAWN) 

MORROW 

SPRINGER 

z 
~o.. Undi fferentiat ed 
~<:> 
a: 
<l 
:!: 

""' ""' ~ 
00.. 

Oswego Is. 

:!i"' Undifferent iated 
:i:: 
u 

ARKOSE 

FIGURE 42. Stratigraphic column of the Permsylvanian System in the Anadarko Basin, Texas (from 
Nicholson and others, 1955). 

85 



I 

I-HUTCHINSON - - - - -

: _____ _)_ ___ l 

I 

I L__ I 
I -J~~ --}------ --- -- i A:~ 
' ~\ , , ~Ir 
I I l 7soo x•l> 
' cANAotAN ~- l>'B I I (J)j:!: v ! : - 1 - -sooo/;:t> 
L _________ _______ L _______________ ~ --- ' ---- _____ I 

t 
i WHEELER I ~ 

0 5 10 15 

0 8 16 24 

Contour interval : 500 f t 

20mi 

32km 

I ~ I 
I___ ~ I 

I I ,......-. 

-- : /_ # I 

I 
-, 0) I 

TEXAS l -i ~i 
I~ I 

LLA 

I 
I 

I 
I f l _____ ------ - -- __ ____. 

FIGURE 43. Structure contours on top of the Cleveland Formation, northeast Texas Panhandle (from Railroad 
Commission of Texas, 198/d). 

86 



"' ~ 
c: 
0 

"' 

8 
NORTH 

160 

120 40 

8 
20 

__ _ -----_________ Ql.<LAljQ~-----------
! HANSFORD B f OCHILTREE TEXAS j LIPSCOMB 1 
I I ' : 
I ' I I 
! A I I A' : 
I I 
l I j I 
r---- ---i~::::.~~;:-;HEMPHl~L----1 
I ' lo 
j a' ,-------------l__ __ l-1 ~j~ 
. I , o;:o 

HUTCHINSON I 
1-; is: 

-----------L---------i--~-------f)> 

l '--, I ~ ~ L_: ! 
I TEXAS I L __ l __ ~ 

o 9 10 27mi , I 
o 16 32km !~~EEL~~----_l 

FIGURE 44. Index map of cross sections through the Cleveland 
Formation, Anadarko Basin. Cross section A -A' shown in figure 46 and 
B-B' in figure 45. 

Res. 

0 
u 

"" .!: ci. 
~ 

u 

zcii[I :0 

4 

O no horizontal 1.COle -

8' 
SOUTH 

d 
u 

"' 0 
<.!) 

dl~ .3 
5 ~g 
c ..... 
~~ ~ 
·- u 

~;; ~ 

FIGURE 45. North-south stratigraphic cross section B-B' through the Cleveland Formation, Anadarko Basin (from 
Railroad Commission of Texas, 1981d). Line of section shown in figure 44. 

87 



00 I 00 

A 
WEST 

d 
u d ci ci ci. u ci. ci. c> 0 0 0 8 c c> '-

d ·c c u u 8 u d u ;;::\() ·c ""' ""' .x u ""' ""' E "''Ii. ~ 
0 0 0 0 

er "' e e ~ 
0 E e 

~"- dS ~ er E .,, E E ::> E "' dS o " o.., 2 o- ()> 0 

- c::d :: ~ 0 
..c.., 

~~s 
.C·~ ~~s ~~d <n~o ~:c:S 
Cl)<:: • 

~ ~u 0 158 Oo:U 'O.,u 'O ;.;: '0~8 a. lS.o "O~~ 
~ ~"'e 

.. .,, c~ .. v>t'E ~~~ 
c!':::~ C::; GI g~~ c ':::E 8~g 

~~~ E~~ 
ocis~ oll:~ o ...... ~ 

.2~3 E"S;; E<J=: E~,;: E~=: E~u 

~~~ ::> § c: e .... ~ c3;;8 ch.~ o-...c oC\J.c - .... 8_ o -.. "' 
:r: :i:~ :f '~ i:5 ' i:5 '11o8 i:5~8 3,::; 011·.J 

SP\ II r· 
SP! 11 C: Res 

SP' F' 
5p· .. . . .. 

"' 
SP)ll f Res Ill \ SPI ll}R" SP~11 }-Res SPI 11;>Rtt 

~ .~ 
~
0

s991m 
----

"' 0 
0 
E 
0 
:!! 

t 6110)11,.:5 TOP ~ 11~ CLEVELAND Ill 
6262 ~ 6512 ' I 

I 7020/ 72821111( 7305) 76881 8018 

fl m 

200~ 160 
120 40 

80 20 
40 

O no l'IOtizontoJ scote -

FIGURE 46. East-west stratigraphic cross section A-A ' through the Cleveland Formation, Anadarko Basin (from Railroad 
Commission of Texas, J98Jd). Line of section shown in figure 44. Dept/rs slrown are drilling depths. 

A' 
EAST 

ci. 
0 
u 

""' u 
e~ 
E-= 
_g~ . 
Cllc::;8 
'O~..o 
c -..E 

~~~ 
5;; . .J 

SPl l 1 "<:Res 

7920 



I 

I 
I 

I GRA~~-----t-21 
I I 28 

- WHEE~ER co I 

I 

i 
I 

L __ 

0 10 

0 16 

I 

I 
I 

I : 
__ _L _____ _J 

20mi 

32km 

FIGURE 47. Index map of cross section A-A' (fig. 48) through Gray, Wheeler, and 
Hemphill Counties, Texas (after Dutton, 1982). 

89 



A 
SOUTHWEST 

GRAY 

EXPLANATION 

Fo'~~·g] Gr'onite wosh 

~Limestone 

~Dolomite 

c;:) Sandstone 

D Shole 

\frill ' 
Crystolline basemen! 

48 

WHEELER 
MOBEETIE FIELD 

28 21 

0 
0 

10 km 

100 
500 

200 

tOOO 300 

I I m 

IOml 

44 

7000 
II 
I, 
~ 

HEMPHILL 

37 l6 

Iii 7500 
i·1 

h ~~~~t..__J; 
I: 

A' 
NORTHEAST 

25 23 

' ~ 1:1 
8000 -~ !~~-

---- -- 17 
BASIN 

~ SYSTEM 

~ 

FIGURE 48. Northeast-southwest stratigraphic cross section A-A ' showing facies of the 
Cleveland Formation, Anadarko Basin, Texas (after Dutton, 1982). Line of section shown in 
figure 47. 

90 



TABLE 38. Cleveland Formation, Anadarko Basin: 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBUTES 

S1ra1igraphic uni1 / play 

Cleveland Formation. 
Kansas City Group. 
Missourian and 
Pennsylvanian. 

Area 

Approximately 4.500 mi2 
gross area in all or part of 
seven counties in the 
Texas Panhandle. Probable 
additional area is in 
adjacen t Oklahoma . 

GEOLOGIC PARAMETERS· BASIN/ TREND 

S1ruc1ural/ 1ec1onic se11ing 

Deposited a long the northwest and northeast margins of the 
Anadarko Basin. Bounded to the south by the Amarillo
Wichita Uplift. 

Thickness Dep1h 

Across Hansford. Ochiltree, 
and Lipscomb Count ies. Texas, 
range is 80 to 170 ft. 

Depth to top of 
Cleveland ranges 
from -2,500 ft 
subsea (western 
Hansford County, 
Texas) to -9.700 ft 
subsea (Wheeler 
County, Texas). 
Depth to top of 
perforations ranges 
from 6.258 to 
9.439 ft; most 
perfora tions are 
shallower than 
8,000 ft. 

ave rage is 120 ft. 

Thermal gradient 

Less than I .'1? t0 

2.2° F / 100 ft . most ly 
1.4° to 2.0° F / 100 ft. 

Pressure gradient 

No data. Mud 
weights suggest 
normal hydrostatic 
g radien ts. 

Es1ima1ed 
resource base 

No data. 

S1ress regime 

Compressiona l: bounded 
on the south by high-angle 
reverse fault o f the 
Ama ri llo Uplift. 

Formation attitude, 
o ther data · 

Strike is north to northeast. 
Across northeast Texas Pan· 
handle, average dip is approx
imately 1° cast-southeast. 



TABLE 39. Cleveland Formation, Anadarko Basin: Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/ PLAY 

Depositional systems/facies 

Marine shelf environme111 having sources to the wes t. 
north. and cas t o ther than the Amarillo Uplift. Thin 
(20- lo 40-ft) dc ltaic unit possible al the base or ihe 
formation in some areas. represe111cd by upward
coarsening (possibly delta-front} to blocky (possibly 
distributary-bar} log charncters. Rest of unit may be 
shelf-dispersed sands near or at storm-wave base. 

Typical reservoir dimensions 

Areal extent is usually 25 lo 75 mil; however, 
opera tors have developed smaller reservoirs. 
Average thickness is 120 ft. 

Texture 

Fine-grained to ve ry fine gra ined. 
well-sorted sand. te nding to be 
tightly packed in diagenetic and 
dctrital clay matrix. 

Pressure/ temperature 
of reservoir 

Typically. origina l pressure range 
is 2,200 to 2.700 psi. and temper
ature range is 145° to 160° F. 

Mineralogy 

One core of 60 ft reported 65% 
quanz. 10% feldspa r (mostly 
plagioclase). 3% mica. plus 
heavy minerals and traces or 
chert and glauconite. Rest of 
sample consists of matrix and 
cements. 

Natura/fracturing 

No defini te ev idence of na tura l 
fracturing. 

Dia genesis 

Reduction o f poros ity and 
permeabil ity owing to. in order 
of abund;mce. quartz overgrowths. 
diagcnetic clay matrix. and calcite 
cement (on the basis of one 60-ft 
core). Quartz apparc111ly was the 
initia l cement. Feldspan; have been 
altered to clay. and biotite has been 
ii ltercd to chlo rite. 

Data availability 

Whole core seldom obtained. It is 
estimated that less than 1% of the 
Cleveland wells in the Texas 
Panhandle have been cored. Logs 
typically include dual induction 
resistivity and neutron density for 
porosity. 



TABLE 40. Cleveland Formation, Anadarko Basin: Engineering parameters. 

ENGINEERING PARAMETERS 

Reservoir parameters 

Median calculated in s.i tu 
permeability for 39 1 wells 
is 0.028 md. represent ing 
an unknown mixture of 
pre-stimulation and post· 
stimula tion well tests. 

Well s1i111ula1ion 1echniques 

Net pay thickness 

Average is 10 to 40 ft, 
maximum is estimated to 
be 75 n. 

Hydraulic fracturing. Typical procedure includesacidizing with 
3.000 gal of 7.5% H Cl and fracturing with 80,000 to 90.000 gal 
of 2% KCI water with cross-li nked polymer and 250.000 lb 
of 20-40 mesh sand . Pressures of 4,500 to 5.000 psi are used. 

Pre-stimula1ion 

Often TSTM 

Success rario 

Stimulation is com
monly successful. 

Production mtes 

Pos1-s1imularion 

Averngc of 396 wells 
now producing (may 
include data from a 
few no1Mti111ulated 
wells) was 218 Mcfd. 
stabilized now rate. 

Well spacing 

640 acres. 320 acres 
optional. Openuors 
are interested in 
lowering this to 
320 acres, 160 
;1crcs optional. 

Decline ra1es 

Approximately 56CJi, 
the first year followed 
by I 1%{yr for the 
life of the well. 

Commems 

Fomw 1io11.fl uids 

Minor anHlunt of con· 
dcnsatc proc.Juccc.J at 
less than 5 bpd{wcll. 

Warer sa /Uration 

30% lo 409'c for the 
usual pay 7.onc. 
Calcula ted values 
typically range from 
30% to 50% and 
up to IOO~i . 

Pre-stimulation now tests of adequate durat ion <1rc rare. An unknown 
number of wells have been plugged (owing to low permeability) before 
development and more widcsprc;id use of hydraulic fmcturing. 
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TABLE 41. Cleveland Formation, Anadarko Basin: Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

Approved by State for 
northeast Texas Pan
handle on November 30, 
1981. 

Attempted completions 

At least 507 total comple
tions in 6 counties; 439 
were active as of Au-
gust 198 I. 

OPERATING CONDITIONS 

Physiography 

Low-relief High Plains 
to escarpments and 
broken terrain along 
rivers and streams. 

Climatic conditions 

Semiarid to subhumid having 
18 to 24 inches mean annual 
precipitation. Rainfoll 
primarily during spring and 
summer as thunderstorms. 
Occasional rapid tempera
ture drops in late fall and 
winter caused by fronta l 
passages. Hot summers, 
moderately cold win ters. 

Success ratio 

Wildcat: no data. 
Infill: 80% to 90%, dropping 
toward the edges of a field. 

Accessibility 

Excellent access on High 
Pia ins. good in other a rcas. 
Roads typically at I-mi 
spacing on High Plains. 
No major terrain barriers. 

Drilling/ 
co1nple1ion 
costs Market outlets Industry interest 

Typical productive costs 
for an 8,000-ft Cleveland 
gas well arc $600,000 to 

$650.000 ( 1981 dollars). In 
addition, a $50.000 frac
ture treatment is required 

Many pipelines in place and 
healthy competition exists 
for the avai lable gas. Gas 

Moderate to high. 
One FERC applica
tion prepared by 
Diamond Shamrock 
and supported by 22 
other companies. 

( 198 1 dollars). 

is purchased fo r inter-
sta te sale. agricultural 
irrigation. fertili7.Cr plants, 
power generation, and 
residentia l use. 

EXTRAPOLATION POTENTIAL 

Fair. Very th in dcltaic package has no good analogy. 
Shelf sand having abundant clay matrix has analogy in 
the Mancos "B" (Piceance Basin), Mancos "B" (Uinta 
Basin). and Sanostee Member (San Juan Basin). although 
the Mancos "B" is much thicker. and the Sanostce is a 
calcarcni te- and calcite-cemented sandstone. 

Comments 

All drilling and com
pletion services read
ily available in the 
Oklahoma and Texas 
Panhandle areas. 



ATOKAN AND D ESMOINESIAN (PENNSYLVANIAN) SANDSTONES, 
ANADARKO BASIN, OKLAHOMA 

In the Anadarko Basin of western Ok lahoma. 
Pennsylvanian sands of the Atokan and Desmoinesian (Strawn) 
Series include several units for which tight gas applications have 
been filed. Among these units are undifferentiated Awkan 
sands. the Cherokee Group (undifferentia ted). and the Red 
Fork Sandstone (fig. 49). Applicable areas are primarily in 
counties bordering Texas. including Washita , Beckham. Custer. 
Roger Mills. and Caddo Counties. Oklahoma. Updip to the 
north and west of these coun ties. the Cherokee Group is a well
known productive unit consisting of lenticular sands deposited 
in nuvial channe ls. distributary bars. and offshore bars (Lyon. 
1971 ; Albano. 1975: Shipley. 1977). No published stratigraphic 
studies were found that deal directly with the area of tight gas 
sand applica tions. The Atokan and Desmoinesian sands of the 
Cherokee Group in the application areas are probably distal 
delta-front to shelf deposits. possibly overlapping a shelf break 
into the deeper Anadarko Basin adjacent to the Amarillo
Wichita Uplift (J. H. Nicholson, personal communication, 

... ... .. 

1982). The source of these sands is to the northwest and 
northeast rather than from the uplift (Evans. 1979). 

The application for the Red Fork Sandstone requested tight 
gas status for the largest area ( 1,080 mi2) of the several 
applications in western Oklahoma. The zone of interest has 
permeability of 0.008 to 0.014 md. porosity of 6 to 10 percent. 
and thickness of 10 to 20 ft; it occurs at a depth of 11, 100 to 
12,700 ft. Stimulation (fracture treatment) typically costs 
$ 150,000 (1981 dollars) per well, and 71 wells produce from the 
formation .within the application area. Other Pennsylvanian 
tight sands in western Oklahoma are thin and ge nera lly occur 
below 11.000 ft. Shall ower Pennsylvanian sands exist in 
southwestern Ok lahoma (fig. 49), but the Tonkawa Sandstone 
is oil prone and the Douglas Group, particularly the lower part, 
tends to be lenticular. having 10- to 20-ft-thick sand bodies 
lacking ·lateral continuity (J . H. Nicholson, personal com
munication. 1982). 
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DA VIS SANDSTONE, FORT WORTH BASIN 

The Davis sandstone of the Atoka Group is Early-Middle 
Pennsylvanian in age and was deposited in the northern Fort 
Worth Basin of North-Central Texas (figs. 50 and 5 1). An 
informal li thogenetic unit within the upper part of the Atoka 
Group (fig. 51), it has been interpreted as a system of coa lesced 
wave-dominated deltas. The Davis unit has not been a prime 
exploration target: it is tight and has been tested infrequently. 
Most Atoka n prod uction from tight, predominantly gas
bearing sandstones and conglomerates in the northern Fort 
Worth Basin has been from the lower Atoka Group (Thompson, 
1982). Cumulative production from the Atoka Group as a whole 
through 1977 was more than 408 Bcf of gas a nd 94 million bbl 
of oil. 

The data base on the Davis is poor {tables 42 through 45). 
Only two fields in northern Parker County prod uce from the 
Davis. suggesting that a potentia l gas province most likely 
would be confined to an area of about 300 mi2. 
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Structure 

The Fort Worth Basin. a Paleozoic foreland basin. is about 
20,000 mi2 in area. T he east-northeast part of the basin adjacent 
to the Ouachita thrust belt is deepest; the basin sha llows to the 
west and south. It is bo unded on the east by the Ouachita thrust 
belt, on t he north by the Red River - Electra and Muenster 
Arches, on the west by the Bend Arch. and on the south by 
the Llano Uplift (fig. 52) (Thompson, 1982). 

Within the basin, normal faults developed in response to 
extension as the basin subsided. In the north-central part oflhc 
basin, faults arc subparallc l to the Ouachita thrust belt; 
however, near the northern basin margin, faults become 
subparallel to the Red River - Electra and Muenster Arches. 
These faul ts arc downthrown toward the center of the basi n 
(Thompson. 1982). 

Stratigraphy 

The uplifts surrounding the Fort Worth Basin were the 
sources of the Pennsylvanian elastic sediments that filled the 
basin; a progressive westward shift of depocenters occurred in 
Midd le to La te Pen nsylvanian ti me. The Ouachita Uplift was 
the predominant source (Ng. 1979; Thompson. 1982); addi
tiona l sediment was shed from the Muenster Arch (Lovick and 
others, 1982). 

The Davis lithogenetic unit overlies a major fluv ially 
dominated fan-delta system in the lower Atoka Group. The 
unit itself consists primarily of sands and shales and a few 
thin limestones. These limestones are interpreted to be 
lacustri ne in origin and have a thick . strike-oriented geom
etry. Electric Jog patterns suggest concurrent progradation 
and aggradation (Thompson, 1982). T he Davis sandstone of 
Thompson ( 1982) is equivalent to the Pregnant Shale of 
Ng ( 1979). 

Depositional Systems 

The Davis sandsto ne has been in terpreted to be a wave
do minated system of coalesced chevron to arcuate deltas 
pri mari ly composed of coastal barrier facies (Thompson, 
1982). These fac ies may consist of barrier-island beach ridges 
or sand ridges on a stra ndplain that accreted parallel to the 
shoreline to form a sand-rich fac ies having excellent strike 
continui ty and moderately good dip co nti nuity. The Davis 
fac ies in the nort hern Fort Worth Basin include many coastal 
ba rriers in western Parker and southern Wise Counties that 
resulted from wa·ve redistribution of substa ntial amounts of 
sand along the delta margins (fig. 53) (Thompson. 1982). This 
dcltaic geometry suggests a period of tectonic quiescence 
and low sediment input, which resulted in the dominance 
of marine over flu vial processes. The post-Davis depositional 
system shows a return to a fluvia lly dominated, highly 
digitatc sandstone geometry. 
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TABLE 42. Davis sandstone, Fort Worth Basin: 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBlJTES 

Stratigraphic unit/ play 

Davis sandstone. Atoka 
Group, Lower-Midd le 
Pennsylvanian. 

Area 

Gas-prnne province con
sis ts generally of the 
no rthern one-third of 
Parke r County. Texas. or 
approximately 300 mi?. 

GEOLOGIC PARAMETERS - BASIN/ TREND 

Thickness 

Average is 400 ft in the nonh
centra l part of the basin. 
Thins to 20 ft in the north
western and northern parts 
of the basin; thins to many 
30-ft-thick units in the north
easte rn tO eastern parts of the 
basin. Major depocenter 
in Parker County. 

Depth 

Range is approxi
mately 4,800 to 
5,200 ft. 

Structural/ tectonic setting Thermal gradient Pressure gradien1 

This Paleozoic forclancl bas in is bounded on the eas t 1.2° to 1.6° F/ JOO ft. No data. 
by the Ouachita thrust belt , on the north by the Red River -
Electra and M ucnstcr Arches. on the west by the Bend 
Arch. and on the south by the Llano Uplift. 

Estimated 
resource base 

No data. 

Stress regime 

Compressional thrust belt 
margin on the eas t. 
Inferred normal faults 
wi thin ihe basin caused 
by extension during 
basin subsidence. 

Formation auitude, 
other da1a 

No add itional informat ion. 
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TABLE 43. Davis sandstone, Fort Worth Basin: Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/PLAY 

Depositional sysrems/facies 

Moderately progradational system of wave-dominated 
chevron- co arcuate-shaped deltas. Coastal barriers 
or sa nd-rich strandplains are the principal facies 
components. A period of tectonic quiescence and 
reduced sediment input marked the upper Atokan 
Davis in terval. result ing in the dominance of marine 
processes over the nuvial processes of the lower 
Atoka. Net-sandstone geometry is generally tabular, 
having a strike-oriented facies framework. 

Typical reservoir dimensions 

Generally unknown in northern half of Fort Worth 
Basin. 

Texture 

Shak to medium-grained to very 
fine gra ined sand having minor 
thin limestone stringers derived 
from a lacustrine delta-plain 
environment. 

Pressure/ remperarure 
of reservoir 

No data . 

Mineralogy 

Generally the Atoka Group 
consists of a 4uar11.-rich. feld
spathic litharcnite. No core 
from the Davis ~andstonc 

available. More fc ldspathic 
scdi men ts derived from the 
Muenster Arch. more quartz-rich 
sediments derived from the 
Ouachita thrust belt. 

Natural fracturing 

Extent unknown. 

TABLE 44. Davis sandstone, Fort Worth Basin: Engineering parameters. 

ENGINEERING PARAMETERS 

Production rares 

Reservoir parameters Ne1 pay thickness Pre-srimularion Pos1-srimula1ion Decline rates 

Generally expected perme- No data. No data. No data. No data. 
ability of less than 1.0 md and 
8% to 12% porosity. Porosity 
ranges from 3% to 6% in allu-
vial plain -coastal barrier facies 
and up to 15% in some deltaic 
sandstones. Bcuer porosity in 
upper one-fourth of Davis 
sandstone. 

Well stimulation techniques Success rario Well spacing Commems 

Diagenesis 

Compaction resulted in 
s tylolitiz.ation and development of 
pseudomarrix, development of 
quart?. overgrowths. dissolution 
of chen, feldspar, and rock 
fragments. and filling of pore space 
by carbonate cements. Minor amounts 
of authigenic kaolinite arc present. 

Dara availability 

Core unavailable. 

Formation .fluids 

Gas prone; only 
minor oil production. 

WatPr sarurarion 

No data. 

Hydraulic fracturing. One job in underlying Bend Conglom- No data. No data. No additional information. 
crate in Wisc County, Texas, used 506,000lb sand, 139.000gal 
foam, and 198.000 gal emulsion. 



TABLE 45. Davis sandstone, Fort Worth Basin: Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

No applications as of 
July 1983. 

Attempted completions 

Primari ly in two fields in 
Parker County, Texas. 

OPERATING CONDITIONS 

Physiography 

In the North-Central 
Prairies having up to 
300 to 500 ft of loc1ll 
relief. Most of a rea is 
gen tly sloping. 

Climatic condirions 

Continental climate having 
28 to 34 inches mean annual 
precipitation. Hot sum
mers, mild to moderately 
cold winters. Frequent 
spring thunderstorms. 

Success rario 

No data. 

Accessibility 

Good. Some locally steep 
scarps may result in minor 
te r rain restrict ions. 

Drilling/ 
completion 
costs Marker outlets Industry interesr 

No data. Pipelines in place as a result 
of existing gas product ion 
include those of South
weste rn Gas Pipeline Co. 
and Lone Star Gas Co. 

Probably low to mod
erate. No FERC ap
plications: overa ll 
data a ppear to be 
limited. Some infill 
and step-out well 
drilling for objectives 
below the Davis 
nourished during the 
mid- 1970's. 

EXTRAPOLATION POTENTIAL 

Fair to poor. Evaluat ion limited by incomplete data. 
Wave-dominated deltaic system has ana logies in the 
Olmos Formation of the Maverick Basin and deltaic parts 
of the Fox Hills Sandstone of the eastern Greater Green 
River Basin. The Fox Hills, however. probably includes 
more extensive interdel taic barrier facies. 

Comme111s 

Drilling and com
plet ion services 
available because of 
previous explo ration 
and current production 
from deeper horizons. 



OLMOS FORMATION, MAVERICK BASIN 

The Olmos Formation, which is Late Cretaceous in age, was 
deposited in the Maverick Basin of the Rio Grande Embayment 
(fig. 54). The subsurface of the Olmos Formation is primarily 
within seven counties of South Texas and part of adjacent 
Mexico (figs. 55 and 56). The Olmos Formation consists offine
grained to very fine grained silty sand interbedded with massive 
shales: some horizons contain disseminated grains of lignite and 
glauconite (Glover, 1955: Railroad Commission of Texas, 
198 la). The data base on the Olmos Formation is fair(tables46 
through 49): informa1ion on limited areas was obtained from 
tight formation applications. Published data specifically on the 
Olmos deal primarily with oil and associa1ed gas production 
(Dunham, 1954: Glover. 1955: Glover, 1956): no regional 
studies specifica lly on the Olmos Formation have been pub-
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lished recently. A report on the underlying San Miguel Formation 
(Weise, 1980) and limited data on diagenesis of the Olmos 
Formation (Guven and Jacka, 1981) do contain information 
valuable to this survey of gas in the Olmos. 

Structure 

The Maverick Basin in Texas is bounded by the Balcones 
Fault Zone and the San Marcos Arch (fig. 55). This arch was a 
mildly positive structure that subsided at a slower rate than did 
adjacent basins during Cretaceous sedimentation. Other 
boundaries are the Devils River Uplift and the Salado Arch. The 
most prominent structural feature within the basin is 1he 
southeastward-plunging Chittim Anticline, which is well 
defined by the outcrop of the Olmos Formation (fig. 56). Other 
than the Charlotte fau lt system, which is part of the hinge line of 
the Gulf Coast Basin, few large faults exist in the Maverick 
Basin. The Upper Cretaceous elastic sediments of the Maverick 
Basin do not include 1he thick shale units characteristic of the 
Gulf Coast Tertiary section and arc not cut by large growth 
faults (Weise. 1980). 

Stratigraphy 

The Olmos Formation is part of the Upper Cretaceous 
Taylor Group (fig. 54). Before deposi tion of the Taylor Group, 
carbona te sedimentation had been dominant in the Maverick 
Basin. The San Miguel. Olmos, and Escondido Formations are 
primarily terrigenous elastic units, however, and were derived 
from Late Cretaceous tectonic uplifts to the west and northwest 
(Weise, 1980). By Eocene 1ime, the Maverick Basin was largely 
filled and depocenters had shifted to the southeast within the 
Gulf Coast Basin (Pisasalc, 1980). 

There is no widely recogni7.ed nomenclature to describe the 
individual sand units within the Olmos Formation. An informal 
designation of sands as N-2 through N-5, having some upper 
and lower subdivisions, was used by Petro-Lewis Corp. and 
others in their applications for tight formation sta tus (Ra ilroad 
Commission of Texas, 198 la) (figs. 57 through 59). In that 
application area. the N-2 sa nd is relatively continuous and is 
apparently useful as a stratigraphic datum. 

Deposirional Sysrems 

The alternating sands and shales of the Olmos Formation 
are considered to be deltaic in origin, representing delta-plain 10 

distal deltaic environments. Associated shoreline deposits (no 
specific facies have been described) and shallow marine bar 
sands are a lso thought to exist (Railroad Commission of Texas, 
198 Ja). Generally, the N-3 and older sands are interpreted to be 
regressive: progradational patterns on S P logs of areas probably 
representing deltaic lobes support this contention. Logs of the 
N-4 and N-5 sands in the Trans Delta No. 3-18 and No. 6-7 Peuy 
wells (fig. 58) exhibit upward-coarsening sequences. The N-2 
sands are considered transgressive (Ra ilroad Commission of 
Texas, 198 la); however. in the area shown on figure 58. the N-2 
sand may consist of a progradational deltaic lobe and associated 
delta-margin facies capped by a transgressive marine shale. It 
seems likely 1hat only the uppermost part of the N-2 sand has 
been reworked by transgression, which resulted in a very sharp 
upper contact (fig. 59). 



No basinwidc a nalysis of depositiona l systems of the Olmos 
Formation has been done. but a study of the underlying Sa n 
Miguel Formation was completed by Weise ( 1980). T he San 
Miguel consists of wave'1ominated deltas reworked by marine 
processes and by physical and biological processes that occurred 
during subsequent transgression (Weise. 1980). Available data 
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suggest a similar depositional selling for the Olmos of ma ny 
deltaic sa ndstone bodies and incomplete barrier-st randplain 
sequences. This interpreta tion would be consistent with a study 
of the adjacent Olmos Formation in Mexico, where coals up to 
6 ft thick exist in a more proximal delta-plain environment 
with associated nuvial and lacustrine facies (Caffey, 1978). 
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GENERAL ATTRIBUTES 

Stratigraphic unit/ play 

Olmos Formation, Taylor 
Group, Upper Cretaceous. 

Area 

Gross basin area is ap
proximately 2.700 mi~. 

GEOLOGIC PARAMETERS - BASIN/ TREND 

Structural/ tectonic selling 

This basin b located in the Rio Grande Embayment of 
the Gulf Coast Basin. Distinct structural negative of the 
basin is bounded by the San Marcos Arch (northeast). 
the Balcones Faull Zone (north). the Devils River 
Uplift (nonhwcst), and the Salado Arch (west) (in 
Mexico). 

TABLE 46. Olmos Formation, Maverick Basin: 
General attributes and geologic parameters of the trend. 

T71ickness 

Range is 400 to 500 ft a1 
outcrop. 1.000 to 1,200 ft 
southeastward in subsurface. 
Sand-hearing interval is 400 to 
500 ft thick (southern Dimmit 
and northern Webb Counties. 
Texas). 

Depth 

Depth to top of 
Olmos Formation 
ra ngcs from sell level 
(eastern Maverick 
County, Texas) lo 
-6.000 ft subsca 
(southeastern Dimmit 
County. Texas). Range 
is 4.500 to 5.400 ft 
in northwestern Webb 
and southern Dimmit 
Counties. Texas. 
Production occurs 
as deep as 7 .200 ft. 

Thermal gradient Pressure gradient 

1.0° to 1.8° F 1100 ft. mostly No data. 
1.4° to 1.8° F/ 100 ft. 

Estimated 
resource base 

No data. 

Stress regime 

Mildly tensional: 
U ppcr Cretaceous 
elastics genera lly 
lack growth faults. 

Formation auirude. 
uther data 

Strike is north-south to 
northeast-southwest in 
northwestern Webb and 
~outhcrn Dimmit Counties. 
Texas. Dip is 1° easl
southcust. No major 
structural closures. 
minor faulting. 
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TABLE 47. Olmos Formation, Maverick Basin: Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/ PLAY 

Depositional systems/facies 

In Texas: Del ta-plain tO distal deltaic and shallow 
marine, including strand line and shal luw marine sand 
ridge in Segundo Field , Webb Cuunty. Lower Olmos 
(N-3 and o lder) was deposited in regress ive, probably 
delta ic environment; upper Olmos sands (younger 
than N-3) were reworked by marine transgression and 
have a more blanketlike geometry. Laterally. the 
Olmos is dcltaic in Maverick and parts of Zavala and 
Dimmit Counties; it shows greater reworking and 
more strike-aligned geometry toward Atascosa 
County and the San Marcos Arch. 

In Mexico: In adjacent parts of Rio Escondido Basin , 
the O lmos equivale nt is delta plain having fluvial. 
overbank, and possible lacustrine environments. 
Carbonaceous shales and coal beds are present in a 
setting more proximal than that of the Texas dcltaic 
deposits . 

Typical reservoir dimensions 

Top to base of perfora ted interval varies from less 
than 10 to 280 ft and is more commonly less than 
10 to JOO ft in 514 wells. 

Texture 

Fine-grained to very fine grained. 
si lty to shaly sand and alternat ing 
shale. Lignitic shale and coal 
beds in updip delta-plain environ
ments. Poorly sorted. limy sand 
and calcareous shale in Segundo 
Field , Webb County. Texas. 

Pressure/ temperarure 
of reservoir 

No data. 

Mineralogy 

On the basis of reported 
similarity to underlying San 
Miguel Formation in adjacent 
Mexico: 35% to 40% quartz, 25% 
to 30% fe ldspar, and 30% to 35% 
volcanic rock fragments . having 
va rying amounts of coal clasts 
and plant debris in delta-pla in 
environments updip. 

Natural fracturing 

Extent unknown. 

Diagenesis 

In adjacent Mexico. leaching of 
calcite cement and fe ldspars has 
crea ted some secondary porosi ty. 
Authigenic kaolin ite and ch lorite 
have, in places. reduced porosity. 
Similar diagencsis may be expected 
in the Maverick Basin. 

Dara availabiliry 

Lewis Energy Corp., Denver, 
Colorado, and Union Oil, Houston. 
Texas. have obtained core. but 
quantity is unknown. Log suite 
inc ludes SP-resistivity. 
GR-resist ivi ty, and compensated 
neutron-formation density logs. 



TABLE 48. Olmos Formation, Maverick Basin: Engineering parameters. 

ENGINEERING PARAMETERS 

Reservoir parameters 

In nor1hwes1ern Webb and 
southern Dimmit Counties. 
Texas. calculated in situ 
permeability for 42 wells 
(pre-stimulat ion) is 0.0335 md 
at median depth of 5.488 fc. 
For a sample of 107 wells. 
median pre-stimulation 
permeability is 0.072 md 
and median post-stimulation 
permeability is 0. 14 md. 

Well stimulmion techniques 

Net pay thickne.1~~ 

For 42 wells in Owen and 
Dos Hcrmanos Fields 
(north western Webb and 
southern Dimmit Counties. 
Texas). average is 35 ft. 
range is 12 to 81 fl. 

Hydraulic fractur ing a nd acidizing. 

Pre-stimulation 

TSTM for many wells. 
average was 25 Mcfd 
for 11 sclec1cd wells 
from al leas1 3 
fields. 

Success ratio 

Expected 2.5 times 
improvement as a 
result of fracture 
treatment. 

Production rates 

Post-stimulation 

Average was 86 Mcfd 
fo r 488 wells in 67 
fie lds (37 of which 
are I-well fie lds). 

Well spacing 

J 60 acres in several 
fields in Dimmit and 
Webb Counties, 
Texas. 

Decline rares 

No data. 

Comments 

Formation fluids 

Expected production 
of hydrocarbon 
liqu ids is less 1han 
I bpd . 

Water saturation 

Generally high in part 
of Segundo F ield. 
Webb County. Texas. 
where Union Oil uses 
65% as a practical 
uppe r limi1. 

Union Oil uses 12% density-log porosity as a practical minimum limi t of 
productive capabi lity in Segundo Fie ld . Webb County, Texas. T raps 
are generally updip sand pinch-outs lacking structural closure. 
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TABLE 49. Olmos Formation, Maverick Basin: Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

Approved by State for 
nonhwcstern Webb and 
southern Dimmit 
Counties. Texas. on 
October 26, 1981. 

Attempted completions 

At least 514 producing wells 
in trend . 

OPERATING CONDITIONS 

Physiography 

Mostly gently ro lling 
Nueces Plains (inner 
Coastal Plain) having 
I 00 to 300 ft of local 
rel ief. greater in some 
areas along the Nueces 
River. 

Climatic condit ions 

Semiarid having 20 to 25 
inches mean annual precipi
tation. Infrequent heavy 
rain from remnant tropical 
storms. Hot summers, mild 
winters. No climatic 
constrain ts on drilling 
operations. 

Success ratio 

No data. 

Accessibility 

Good . No terrain barriers. 
Most areas only sparsely 
vegetated by brush. 

Drilling/ 
completion 
costs Marker outlets Industry interest 

No data. Houston Pipel ine Co .. 
Valero Transmission Co .. 
Delhi Gas Pipeline Corp .. 
and Espern nza Transmission 
Co. have pipeline ne tworks 
wi thin the Maverick Basin. 

Moderate. Two FERC 
applications. 

EXTRAPOLATION POTENTIAL 

Fair. A small dc ltaic system probably h;iving many 
individual deltaic lobes subsequently subject to marine 
transgression. Ana logous to possible thih dcltaic sys tem 
an the base of the Cleveland Sandstone (Anadarko Basin). 
to the Davis sandstone. and to dcltaic components of 
the Fox Hills Sandstone (eastern Greater Green River 
Basin). Possible analogy to pam of the Frontier 
Formation. 

Comments 

Most drilling and pro
duction services readily 
available in South 
Texas. Basaltic plugs 
in the northern pan of 
the Maverick !,Jasin 
have caused differen
tial compaction and 
some thinning of Upper 
Cretaceous scd imems. 



PICTURED CLIFFS SANDSTONE, SAN JUAN BASIN 

The Pictured C liffs Sandstone consists of siltstone and very 
fine g ra ined to medium-grained sandstone of Late Cretaceous 
age (fig. 60). The data base on the Pictured Cliffs Sandstone is 
good (tables SO through 53); information was obtained from two 
applications for tight gas sand designation (New Mexico Oil 
Conservation Division, 198 la and 1982), from published 
articles. and from a report by consulting geologis t W. R. Speer 
( 1982). 
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Structure 

The San Juan Basin is a roughly circular, asymmetrical 
structural basin having a northwest-southeast-trending axial 
trace forming a gentle a rc along the northern edge of the basin 
(fig. 61 ). The southwest flank of the basin dips gently, whereas 
the north and northwest margins dip steeply. The basin 
developed d uring the Late Cretaceous-earlyTertiary Laramide 
orogeny. Volcanic activity in Arizona during Campanian time 
apparently marked the beginning of t he Laramide orogeny a nd 
supplied some of the sediments forming the Pictured Cliffs 
Sandstone (Cumella, 1981). The structura l boundaries of the 
San Juan Basin are listed in table 50. Epeirogenic uplift of t he 
Colorado Plateau, includ ing the San Juan Basin, took place in 
post-Laramide Tertiary time (Woodward and Callender, 1977). 

Stratigraphy 
Although the underlying marine Lewis Shale separates the 

Pictured Cliffs Sandstone from the older Mesaverde Group, the 
regressive marginal marine deposits of the Pictured Cliffs 
Sandstone resemble regressive sandstones of the Mesaverde. 
The final regression during the Cretaceous formed the Pictured 
Cliffs Sandstone; the overlying Fruitland Formation consists of 
fluvial and delta-plain sedimen ts and contains abundant coal 
deposits (Fassett and Hinds, 197 1). A prominent basa l coal 
interva l of the Frui tland direct ly overlies the Pictured Cliffs 
Sandstone (Peterson and othe rs. 1965). 

Depositional Systems 
The Pictured Cliffs Sandstone was deposited during the last 

regression of the Cretaceous epicontinental seaway as a sandy 
strandplain that prograded across the San Juan Basin area 
(Fassett, 1977: Cumella. 1981). Specific fac ies of the Pictured 
Cliffs include shoreface (thickly bedded. Ophiomorpha
burrowed sandstone). channeled estuarine a nd lagoonal 
deposits (med ium-bedded . cross-strat ified sandstone). and 
adjacent inner shelf deposits (in terbedded very fine grained 
sandstone and siltstone). Foreshore deposits were p robably 
destroyed during minor transgression, and lagoonal deposits 
beneath reworked barrier sands indicate barrier islands had 
formed (Cumella. l98 1). 

The Pictured Cliffs sandstones are lithareni tes to feldspathic 
litharenites containing abundan t volcanic rock fragments. The 
source for much of t his sediment is postulated to be a highland 
in southeastern Arizona raised d uring a Campanian tectonic 
event (Cumella, 1981 ). The latera l continuity of the Pictured 
Cliffs beds is relatively good because of the sandstone's origin as 
a progradationa l sandy strandplai n (figs. 62 a nd 63). The 
formation rises stratigraph ically and becomes younger from 
sout hwest to northeast across the basin (Fassett , 1977). 
Successive shoreline positions moved sporadically across the 
basin, resulting in steplike regress ive sandstone deposits. In 
areas where the relative rates of subsidence and sediment s upply 
remained in balance over a period of time, a thicker package of 
sand was deposited. This unus ually thick sand body has been 
termed a "bench " where it occu rs in the Poi nt Lookout and Cliff 
House Sandstones ( Hollenshead and Pritchard, 1961 ); the same 
terminology is used to describe the thicker sections of the 
Pictured Cliffs Sandstone. 
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TABLE 50. Pictured Cliffs Sandstolle, Sall Juan Basin: 
General attributes alld geologic parameters of the trend. 

GENERAL ATTRIBUTES 

Stratigraphic unit/ play 

Pictured Cliffs Sandstone, 
Upper Cretaceous. 

Area 

I. Northeast Blanco unit 
is 52.3 mi l in T30-3 IN. 
R6-8W in San Jua n and Rio 
Arriba Coumies. New 
Mexico. 

2. Largo Canyon tight 
gas area is 22.5 mil in 
T25-26N, R6-7W in Rio 
Arriba County. New 
Mexico. 

GEOLOGIC PARAMETERS - BASIN/ TREND 

Thickness 

Basinwide thickness range is 
50 10 400 ft. 

I. Range is 75 to 140 ft. 

2. Range is 65 co 115 ft. 
average is 91 ft. 

Structural/ tectonic selfing Thermal gradient 

The San Juan Basin is a roughly circular. asymmetrical 1.6° to 2.5° F/ 100 ft. 
structural basin having a northwest-southeast-t rending axia l 
trace formi ng an a rc along chc northern edge of the basin. 
Tectonic events that fo rmed the basin occurred principally 
during Late Cretaceous - early Tertiary (Laramide) time. 
Principal st ructures that bound the basin include the 
Hogback Monocline (west, northwest), the San Juan -
Archuleta Uplifts (north). the Nacimien10 Uplif! (east. 
southeast), the Pucrco fault 7.0ne (southeast), and the Chaco 
Slope and Zuni Uplift (south, southwest). 

Depth 

I. Range is 2.750 10 

3,500 ft . 

2. Range is 2,200 to 
2.800 ft. 

Pressure gradient 

No data. 

Esrimared 
resourcl' base 

I. 0.25 10 0.65 Ber/ well. 

2. 0.23 tO 0.40 Bcf/ wcll. 

No resource est imate for 
the entire trend. 

Stress regime 

Compressional in Late 
Cretaceous - ca rly 
Tertiary. Extensional on 
cas·tern side of basin in 
late Tertiary. 

Formarion alfitude. 
orher data 

No additional information. 
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GEOLOGIC PARAMETERS - UNIT/ PLAY 

Depositional systems/fades 

Deposition occurred during a net regression of the 
Upper Cretaceous epciric seaway as s trandplain , 
beach. and ncarshore bar deposits. This forma tion is 
time transgressive: progressive ly younger strata were 
deposited to the northeast as the seaway receded. 
When the shoreline stabilized for brief periods during 
net regression. additional winnowi ng of fines 
occurred. resulting in trends of better reservoir 
quali ty. 

Typical reservoir dimensions 

I. Gross pay range is 75 10 140 ft. 

2. Gross pay range is 75 to 80 ft. 

TABLE 51. Pictured Cliffs Sandstone, San Juan Basin: Geologic parameters. 

Texture 

I. Very line grained to med ium
grained sandstone. well sorted. 
a ng ular to subrounded . 

2. Fine-grained sandstone a nd 
siltstone. 

Pressure/ temperature 
of reservoir 

Pressure range is 1.375 to 
1,500 psi. Average temperature 
is 120° F. 

Mineralogy 

Quartz ranges from 18.5% to 
55%. averages 30%. Fe ldspa r ranges 
from 4% to 22%. averages 12%. 
A veragc plagioclase is 6.5%. 
Average K-feldspar is 5.5%. 
Rock fragments range from 
21 % to 50%. average 38%. Vol
canic rock fragments are most 
abundant, followed by meta
morphic and then sedimentary 
rock fragments. Minor amounts 
of mica (biotite. muscovite. and 
chlorite), plus minor glauconite. 
Dolomite grains are common. 
Calcite cement. 

Natural fracturing 

Occasiona lly encountered. no 
specific data. 

Diagenesis 

fairly: Dolomite gra ins precipi
tated a long with some sidcrik. 

Burial (pre-Laramide): Abundant 
ill itc-smccti te, re latively abundun t 
quan7. overgrowths. and patchy 
calcite. Minor development of 
secondary poros ity. 

During and after basin formation: 
Calcite extensive locally: kaolinite 
extensive at basin margin. 

Dara availability 

Limited core at current stage of 
develo pment. G R-resistivity and 
G R-dcnsi ty arc typical logs. 



TABLE 52. Pictured Cliffs Sandstone, San Juan Basin: Engineering parameters. 

ENGINEERING P ARAMETERS 

Reservoir parameters 

I. Permeability calculated 
from two wells ranges from 
0.0116 to 0.0030 md/ ft. 

2. Calculated from core 
analysis of six wells, perme
abili ty to air is 0.37 md, which 
corresponds to an in si tu per
meability of 0.007 md at 
2,387 ft. Also. calculated from 
six unstimulated flow tests 
(average flow is 13.7 Mcfd), 
permeability is 0.02 md. 

Well stimulation techniques 

Ner pay thickness 

I. Range is 40 to 
50 ft. 

2. Range is 30 to 
50 ft. 

Typical stimulations are sand and water (gel) hydraulic frac
turing techniques using approximately 50.000 gal fluid 
and 50,000 to 75,000 lb sand. However. fracture sizes and 

Pre-stimulation 

I. For seven pro
ducing wells, average 
production was 
27 Mcfd. 

2. On the basis of 
3-hour unstimulated 
flow test on seven 
wells , average flow was 
13. 7 Mcfd. These tests 
were run after an acid 
st imulation to clean 
the hole. 

Production rates 

Post-stimulation 

I. Range was 300 10 

1.600 Mcfd. 

2. Range was 335 to 
1,300 Mcfd. 

Success ratio Well spacing 

Very successful; how- I 60 acres. 
ever, no data arc 
available regarding 

techniques vary greatly among operators: some use more than percent improvement. 
100,000 gal fluid and approximately 200,000 lb sand. 

Decline rates 

I. 8% to 9%1 yr after 
stabilization. 

2. 7% to 14%/ yr. 

Comments 

For ma ti on .fluids 

I. When liquid 
hydrocarbons are 
produced , rates are 
less than 5 bpd . 

2. Liquid hydro
carbons are produced 
approximately 10% of 
the time. The highest 
rate is I. 9 bpd of 
condensate. 

Water saturation 

I. No specific data 
available, but it is 
generally higher than 
50%. 

2. Average is 78%. 

TI1e distribution of authigenic grain-coating clay is probably a major 
control on gas production by its effect on permeability. 
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TABLE 53. Pictured Cliffs Sandsto11e, Sa11 Juan Basin: Economic factors, opera ling conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC Sf(l/US 

I. Approved by 
FERC. 

2. Approved by Sw1c. 

A I/empted completions 

Tolal of 38 data wells ref
erenced in bolh application 
are;1s combined . As of 
January 1974. a total of 
1.666 well~ produced gas 
from the Piclurcd Cli ffs in 
Rio Arriba Coun1y, New 
Mexico. 

OPERATING CONDITIONS 

Physiography 

Highly dissected terrain 
of Color;ido Plateau 
having many mcsus and 
canyons. Local rdicf 
of' 500 to 1.000 fl and 
grc<ller than 1.000 ft in 
some areas. 

Climatic condi1ions 

Arid to semiarid lun·ing 8 to 
16 inchc~ mean annual 
precipitation. Moderately 
hot summers. cold wi111ers. 
Typically late afternoon 
thu ndershowcrs in lhc sum
mer. modernte snowfall in 
the winter. and irregular 
precipiHHion patterns in the 
fall and spring. 

Success ratio 

I. 40%. 

2. 64% 

Accessibility 

Fair in areas that have been 
developed. poor in othc1 
areas. Road building re
quires large earth-moving 
machinery to reach remote 
a rea;. 

Drilling/ 
completion 
COS ts Market outlets Industry imerest 

I . Awrngc total costs 
rnngc from $ I 00.000 lo 
$ 155,000. 

I. Northwest Pipeline 
Corp .. El Paso Nalura l Gas 
Co .. and Sou1hcrn Union 
Natural Gas Co. 

Modcra lc. Two tight 
gas sand applications. 

2. Average lOtal costs 
range from $60.000 to 
$ I 00.000. One reported 
fraclurc lrcalmcnt 
cost S55.250: howc\'cr, 
average stimulation 
cosb range from SI0.000 to 
$25.000. 

2. El Paso Natural G<is 
Co. 

EXTRAPOLATION POTENTIAL 

Good . Expected to be similar to the barricr-stmndplain 
facic> of the Point Lookout Sandstone and the upper 
Dakola Sandslonc of lhc San Juan Basin. Probably abo 
similar to barricr-slrand plain facics of the Mcsavcrck 
Group of lhe Uin ta and Piccancc Creek Basins and of the 
Hartselle Sandstone. Expected tO be less similar lo lhc 
transgressive Cliff House Sandstone. 

Comments 

1\11 exploration and 
drilling ,crvicc; readi ly 
available in the San 
Juan Basin area. 
Farmington. New 

Mexico. is <L major 
rcgiona I service center. 



CLIFF HOUSE AND POINT LOOKOUT SANDSTONES, 
MESA VERDE GROUP, SAN JUAN BASIN 

The Cliff House and Point Lookout Sandstones are part of 
the Upper Cretaceous Mesaverde Group withi n the San Juan 
Basi n (fig. 60). These units are quarizose, fine-gra ined to very 
fine grained sandstones. Production is primarily from the north
central part of the basin east and northeast of Farmington. New 
Mexico. The Point Look out Sandstone was deposited asa basal 
regressive marine sandstone of the Mesaverde Group. and the 
Cliff House Sandstone was deposited during a subsequent 
transgression. The Menefee Formation is continental in origin 
and contains Ouvial sands and coal (fig. 60). 

The data base on the Cliff House a nd Point Lookout 
Sandstones is good (tables 54 through 57); information was 
obta ined fro m published articles, an unpublished thesis 
(Devine. 1980), and three tight gas sand applications(Colorado 
Oil and Gas Conservation Commission. 198 lc; New Mexico Oil 
Conservation Division, 1981c and 1981d). 

Structure 

The San Juan Basin is a roughly circular. asymmetrical 
basin of Laramide age in northwest New Mexico and southern 
Colorado (fig. 6 I). Details on the structure of the basin are 
included in the previous section on the Pictured Cliffs 
Sa nd stone (p. 113). 

Stratigraphy 

The Mesaverde Group of the San J uan Basin forms a 
regressive wedge between the marine Mancos Shale and the 
marine Lewis Shale. In the southwestern part of the San Juan 
Basin, either the continental Menefee Formation or an 
equivalent unit forms the entire Mesaverde Group. This unit 
thins from 860 ft along the southwestern edge of the basin to 
160 ft a long the northeastern edge, where the regressive and 
transgressive Mesaverde sa ndstones converge. The strati
graphic rise in the Point Lookout Sandsto ne is about 350 ft 
over this same geographic area (Hollenshead and Pritchard. 
1961 ). The regressive Point Lookout Sandstone is generally 
thicker than the transgressive Cliff House Sandstone, which 
underlies the Lewis Shale. 
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Depositional Systems 

The Point Lookout was deposited during the northeastward 
regression and the Cliff House was deposi ted during the 
southwestward transgression of the Upper Cretaceous epi
continental sea. A series of strike-oriented, cuspate to linear 
~and thicks in the Point Lookout Sandstone indicates deltaic 
strandplain progradation in a wave-dominated environment. 
Beach ridges prograded seaward to successive shoreiine 
positions; shallow channels through the aceretionary ridges 
were points of input for sediment subsequently moved 
alongshore and incorporated into the ridges (Devine, 1980). 
Progradation of the shoreline was in steps, depending on the 
relative rate of subsidence. the rate of sed iment input, and the 
occurrence of eustatic changes in sea level. In areas where a 
balance of sediment supply and the relative rate of subsidence 
caused the shoreline to stabilize. thick sandstone benches were 
deposited (Hollenshead and Pritchard. 1961). 

As periodic minor transgressions reworked strandplain 
deposits. distributaries avulsed and depocenters shifted along
shore. Detailed outcrop studies revealing reworked barricr
island and lagoonal deposits provide evidence of this process. 
These lagoons were partly filled. transformed to a channeled 
estuarine system. and later completely fi lled when sediment 
aga in reached the nearshorc zone and a new cycle of 
progradation began (Devine,. 1980). 

The Cliff House Sandstone is thinner than the Point 
Lookout Sandstone (figs. 62 and 64) and consists of a few thick 
sandstone lenses irregularly dispersed along a surface that rises 
gently to the southwest (Fassett. 1977). These sands may be the 
preserved parts, possibly upper shorcface. of transgressive 
barrier-island systems, but the exact facics composition of the 
Cliff House has not been described in published studies. 

The continuity of the regressive Point Lookout Sandstone 
appears to be better than that of the Cliff House Sandstone; 
therefore. the former would tend to form gas reservoirs of more 
widespread blanket geometry (figs. 62 and 64). The depositiona l 
systems of the Mesaverde Group in the San Juan Basin arc 
relatively well understood and form a good model for 
Mcsaverde deposition throughout the Rocky Mountain region. 
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TABLE 54. Cliff House and Point Lookout Sandstones, San Juan Basin: 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBUTES 

Stratigraphic unit/ play 

Cliff House and Point 
Lookout Sandstones. 
Mcsaverde Group, Upper 
Cretaceous. 

Area 

I. Rattlesnake Canyon 
area includes 19 mil in 
parts of T32N, R8-9W in 
San .Juan County, New 
Mexico. 

2. Blanco Mesaverde 
area includes 21.75 mi2 in 
parts of T26-27N, R2-3W 
in R io Arriba County, 
New Mexico. 

3. Ignacio Blanco Field 
area includes 576 mil in 
parts of T32-34N, R6- l I W 
in La Plata and Archuleta 
Counties, Colorado. 

GEOLOGIC PARAMETERS - BASIN/ TREND 

Thickness 

I. Cliff House average is 
50 ft. Point Lookout range 
is 150 to 200 ft. 

2. Average thickness of 
Cliff House and Point Look
out separately is 100 ft in 
wes tern part of area; average 
is less than 50 ft in eastern 
part of area. 

3. Total Mesaverdc range is 
500 to 800 ft. 

Structural/ tectonic selling Thermal gradient 

The San Juan Basin is a roughly circular. asymmetrical 1.6° to 2.5° F/ 100 ft. 
structural basin having a northwest-southeast-trending axial 
trace forming an arc along the northern edge of the basin. 
Tectonic events that formed the basin occurred principally 
during Late Cretaceous - early Tertiary (Laramide) time. 
Principal structures that bound the basin include the 
Hogback Monoclinc (west. northwest), the San J uan 
Archule ta Uplift (north). the Nacimiento Uplift (cas t, south-
east), the Puerco fault 1onc (sou theas t), and the C haco Slope 
and Zuni Up li ft (sou th, southwest). 

Depth 

I. Average to 
1op of Cliff House 
is 4,200 ft. 

2. Average to 
top of Cliff House 
is 5,560 ft. 

3. Depth to top of 
Cl iff House ninges 
from 4,500 to 
6,300 ft, average is 
5,380 ft . 

Pressure gradient 

No data. 

Estimated 
resource base 

I. 1.25 to 2.0 Bcf/ wcll. 

2. 1.0 to 1.75 Bcf/ wcll. 

3. 0.5 to 4.0 Bcf/wcll. 
Total estim'a ted recovery 
is 550 Def. 

No resource estimate for 
lhe entire trend. 

Stress regime 

Compressional in Late 
Cretaceous - early 
Tertiary. Extensional on 
eastern side of basin in 
la te Tertiary. 

Formation a11itude, 
other data 

No additional information. 



TABLE 55. Cliff House and Point Lookout Sandstones, San Juan Basin: Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/ PLAY 

Depositional sys1e1nsJ.facies 

The Mesaverde Group consists of three stacked. 
time-transgressive formations. The lowermost 
forma tion. the Point Lookout, was deposited as 
s trandplain and ncarshore sands during a net 
northeastward regression of the La te Cretaceous 
epeiric seaway. Sediment d ispersal was from small. 
wave-domina ted deltas that pro graded northeast
ward. Associa ted nonmarine {nuvial. coas tal plain. 
paludal) un its were deposited to the southwes t of the 
Point Lookout. These uni ts are found in the Menefee 
Formation. which overlies the Po int Lookout. 
Because of changes in scd iment supply, mtes of 
subsidence. or eustatic conditions. the Point Lookout 
regression halted and the Late Cretaceous seaway 
once again transgressed the area . Transgressive 
shoreline sands were deposited over the Menefee. a!ld 
they compose the uppermost forma tion of the 
Mesaverde Group, the Cl iff House Sandstone. 

Typical reservoir dimensions 

I. Cliff House avernge gross perforated interva l is 
50 ft. Point Lookout gross pe rforated interval is 
150 to 200 rt. 

2. In Cliff House a nd Point Lookout. gross 
perforated in terval is 50 to 100 ft for each unit. 

3. In Cl iff House and Point Lookout, g ross 
perforated inte rva l is 50 to 120 rt for each unit. 

Texwre 

Cliff Ho use is very fine grained. 
angula r to subangula r. poorly to 
moderately sorted sandstone. 
Point Lookout is fine-grained Lo 
very fine gra ined. angular to 
subangula r. poorly to modera te ly 
sorted sandstone. 

Pressure/ temperarure 
of reservoir 

I. Average pressure is 1,177 psi. 
Average tempera ture is 150° F. 

2. Average pressure is 1.250 psi. 
Average temperature is 142° F. 

3. Average pressure is 1.300 psi . 
Average tempera ture is 160° F . 

Mineralogy 

Cliff House is dominantly 
quartz, having chert. feldspa r. 
and clay in varying a mounts and 
rock fragments in minor 
amounts. Point Lookout is domi
nantly quartz. having rcldspar 
and clay in varying amounts and 
rock fragmen ts and chert in 
minor amounts. 

Natural .fracturing 

Occasionally encountered. but no 
data available o n the dis tribution 
or fractures in relation to gas 
prod uetion. 

Diagenesis 

Cliff House has authigenic clays and 
calcareous cements. Point Lookout 
has authigenic cla ys. calcareous 
cements. and siliceous cements . 

Data availability 

Limited core at current stage of 
development. GR-resist ivity a nd 
GR-neu tron density are typical logs. 



TABLE 56. Cliff House and Point Lookout Sandstones, San Juan Basin: Engineering parameters. 

ENGINEERING PARAMETERS 

Reservoir parameters 

I. Average in situ perme
abi lity calculated from flow 
tests is less than 0.02 md. 
Average porosity is J 1.3%. 

2. Average in situ perme
ability calculated from flow 
tests ranges from approxi
mately 0.06 to 0.07 md. 
Average porosity is 14%. 

3. Average in situ perme
abi lity is 0.061 md calculated 
from flow tests and core data of 
13 wells. Average porosity is 
9.1%. 

Well stimula1ion techniques 

Net pay thickness 

I. Average is 156 ft. 

2. Average is 146 ft. 

3. Range is 20 to 
150 ft. 

Hydraulic fracturing techniques using a sand and water (gel) 
mix ture are currently used. Typical treatment includes 100,000 
to 200,000 gal flu id and 75.000 to 200,000 lb sand. However. 
treatments us ing more than 400,000 lb sand and a correspond
ingly large volume of fluid have been reported. 

Pre-stimulation 

I. On the basis of 
one test, flow was 
47 Mcfd . 

2. On the basis of 
I J tests. flow was 
150 Mcfd. 

3. On the basis of 
live tests, average was 
100 Mcfd. range was 
30 to 289 Mcfd . 

Success ratio 

Very successful: 
however. no data arc 
avai lablc regarding 
percent improvement. 

Production ra1es 

Post-stimulation 

I. Range was 145 to 
3,483 Mcfd. 

2. Range was 1,800 
to 3.300 Mcfd. 

3. Range was 500 to 
3.600 Mcfd. 

Well spacing 

160 acres. 

Decline rates 

I. 7% to 8%1yr. 

2. 4% 10 5%/ yr. 

3. 6%/ yr. 

Comments 

Formation .fluids Water satura1ion 

I. No liquid hydro- I. Average is 55%. 
carbons are produced. 

2. Liquid hydro
carbons arc produced 
after stimulat ion: 
average: rate is 3.2 bpd 
of condensate/ well. 

3. Liquid hydro
carbons gcncrn lly not 
produced. 

2. No data. 

J. Range is 35% to 
65%. 

The Point Lookout Sandstone is the better gas producer of the two 
Mesavcrde Group sandstones thal were examined. 



TABLE 57. Cliff House and Point Lookout Sandstones, San Juan Basin: 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

Two applications ap
proved by State. 

Attempted completions Success ratio 

As or December 1973. a No data. 
total of 2,095 wells were 
producing from the Blanco 
Mcsavcrdc Pool in Rio 
Arriba County, New Mexico. 

OPERATING CONDITIONS 

Physiography 

Highly dissected terrain 
or Colorado Plateau 
having many mesas and 
canyons. Local relief 
of 500 to 1,000 fl and 
greater than 1,000 ft in 
some areas. 

Climatic conditions 

Arid to semiarid having 8 to 
16 inches mean annual 
precipitation. Moderately 
hot summers. cold winters. 
Typically, late afternoon 
thundershowers in the sum
mer. moderate snowfall in 
the winter. and irregular 
precipitation patterns in the 
fall and spring. 

Accessibility 

Fair access in areas that 
have been developed. poor 
in other areas. Road 
building requires large earth
moving machinery to reach 
remote areas. 

Drilling/ 
comp/et ion 
costs Market owlets Industry interest 

I. Total costs range from 
$275,000 to $375.000. 
a vcragc costs a re $336.000. 
Average stimulaiion treat
ment costs arc $65,000 

I. El Paso Natural Gas Co. 
and Northwest Pipeline 
Corp. 

Moderate. Three tight 
gas sand applications 
cover these units 
within the Mesavcrdc 
Group. 2. Northwest Pipeline Corp. 

( 198 1 dollars). 

2. Total cos ts range from 
$250.00() lO $375,000. 
Average stimulation 
treatment costs are 
$40,000 (1981 dollars). 

3. El Paso Naturnl Gas Co. 
and Northwest Pipeline 
Corp. 

3. Total costs range from 
$280.000 to $400,000. 
Average st imulation 
treatment costs arc 
$50.000 ( 1981 dol lars). 

EXTRAPOLATION POTENTIAL 

Good. Expected to be similar to barrier-strandplain 
focies of the Pictured Cliffs Sandstone and the upper 
Dakota Sandstone in the San Juan Basin and of the Fox 
Hills Sandstone.- Probably also similar to barrier
strandplain facies of the Mesaverde Group in the Uin ta 
and Piccancc Creek Basins and of the Hartselle 
Sandst0ne. 

Comme111s 

All explora tion and 
drilling services 
readily available in 
the San Juan Basin 
area. Farmington, 
New Mexico, is a major 
regiona I service 
cemcr. Extrapolat i<rn 
potential probably 
somewhat less for the 
transgressive Cliff 
House Sandstone than 
for the Point Lookout 
Sandstone. 



SANOSTEE MEMBER OF THE MANCOS SHALE, SAN JUAN BASIN 

The Sanostee Member of the Mancos Shale, also known as 
the Juana Lopc7 Member. consists of fine- to coarse-grained 
calcareriitcs and shale and argillaceous. very fine grained, 
calcareous sandstone. The terrigenous elastic sediments are 
mostly toward the base of the unit. The calcareni1e beds. which 
are fractions of an inch to more than a foot thick . are near the 
top of the unit and contain an am monite-pelecypod fau na. Most 
beds arc predominant ly lnoceramus sp. Some beds in the lower 
part of the uni t co ntain fish bone, teeth, and sca les. It has been 
suggested that a decrease in the amount of elastic material 
coming into the basin permitted the accumulation of the 
calcarenite beds undiluted by mud (Dane and others. 1966; 
Lamb. 1968). 

The Sanostee Member of the Mancos Shale has been 
approved by the FERC as a tight gas sa nd in the Ignacio area in 
La Plata and Archuleta Counties, Colorado, on the northern 

margin of the San Juan Basin (Colorado Oil and Gas 
Conservation Commission, 1980g). The Sanostee Member in 
the application area is described asa very fine grained, very silty, 
clay-rich, calcareous sandstone. It seems likely that the 
abundant calcareous cement was derived from the calcarcnite 
beds in the unit. Such a lithology would make the Sa nostee 
Member somewhat different from other units included in this 
survey; the tight gas sand most similar to the Sanostee Member 
is the Mancos "B" interval. Both of these units are shelf deposits 
within the Ma ncos Sha le, but the Mancos "B" interval does not 
have the extensive calcareous cement and the interspersed 
ca lca rcnite beds of the Sanostee. Because of its lithologic 
characteristics, the extrapolation potentia l of the Sanostee 
Member is considered low. It apparently is not a major 
exploration target. a nd only limited da ta on its characteristics 
arc available (table 58). 

TABLE 58. Selected characteristics of the Sanostee M ember of 
the Mancos Shale, Ignacio area, San Juan Basin 

(Colorado Oil and Gas Conservation Commission, 1980g). 

Permeability: 0.04 md 
Pre'ssure: 3, 100 psi 
Temperature: 240° F 
Porosity: 6.7% 10 9.5%. average 8.3% 
Net pay: 14 to 20 ft. average 17 ft 
Depth: 7.550 to 7.700 ft , average 7,600 ft 
Water saturation: 56% to 60% 
Pre-stimulat ion now ra te: 20 to 42 Mcfd. average 3 1 Mcfd 
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DAKOTA SANDSTONE, SAN JUAN BASIN 

The Dakota Sandstone consists of fine-grained quart7. 
sandstone that stratigraphically overlaps the Lower to Upper 
Cretaceous boundary in the San Juan Basin (fig. 60). The part of 
the Dakota Sandstone that contains blanket-geometry gas 
reservoirs is within the upper part of the formation and is 
therefore mo5t probably of Late Cretaceous age. The Dakota 
Sandstone has been a long-term gas producer in the San Juan 
Basin. The Basin Dakota Field (5.0 Tcfestimatcd recovery) was 
discovered in 1947, and the Ignacio Blanco Dakota Field 
(0.J Tcf estimated recovery) was discovered in 1950 (Bowma n, 
1978: Hoppe, 1978). Early production depended on natural 
fracturing a nd st imulati on by shooting with nitroglycerin. 
Sand-water fracture treatments were later developed and used 
routinely. Both these fie lds have low permeabili ties, ranging 
from 0. 1 to 0.25 md in the Basin Dakota Field. for example: 
1ight gas designations are currently of interest for even tighter 
field-margin areas than those areas already developed. 

The data base on the Dakota Sandstone is very good: 
information was obtained from numerous publications. a report 
by consulting geologist W. R. Speer( 1982). and six applications 
for tight gas sand designations in Colorado and New Mexico 
(Colorado Oil and Ga5 Conservation Commissio n. 1980f. 
1980g, and 1981 b: cw Mexico Oil Conservation Division. 
1981 b. 1981 c. and 1981 f). Tables 59 through 62 are on the New 
Mexico part of the basin. and tables 63 through 66 arc on 
application areas in Colorado. 

Structure 

The San Juan Basi n is a roughly ci rcular. asymmetrical 
basin of Laramide age in northwest New Mexico (fig. 61). 
Details on the structure of the basin are included in the previ(lus 
section on the Pictured Cliffs Sandstone (p. I 13). 

Stratigraphy 

The Dakota Sa ndstonc was the basal sequence formed by 
the southwesterly transgression of the Cretaceous sea as it 
entered the western interior of North America. Benea th the 
Dakota Sandstone are fluv ial and lacustrinc rocks of the Upper 
Jurassic Morrison Formation. and above the Dakota is the 
marine Mancos Shale (Hoppe. 1978) (fig. 60). A major 
unconformity between the Morrison Formation and the 
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Dakota can be rccogni7.ed in outcrop but is difficult to pick in 
the subsurface. In the northern part of the basin, the Burro 
Canyon Formation lies between the unconformity and the 
M Orrison Formation : some authors consider this.unit to be part 
of the Dakota Sandstone (Owen and Siemers. 1977). Although 
formal members within the Dakota have been delineated, these 
units arc not of particular concern to this study. 

Depositional Systems 
In the northwestern part of the San J uan Basin. the D<1kota 

Sandstone is composed en tirely of fluvial sandstones, whereas 
nearly al l marine sa ndstones and shales arc in the southea stern 
pa rt ( Fassen and others. 1978). lntertonguing is common 
between these facies as transgressive marine shales wedge out to 
the west and north and regressive margina l marine sandstones 
wedge out to the south and east. The Dakota includes flu vial 
through marine facics in the central basi n area and in much of 
the product ive tight sand areas along the northern to 
northeastern margin of the basin (Owen. 1973). 

In the basin-margin areas. fluvial sandstones deposited by 
meandering streams and associated floodplain deposits begin a 
vertical sequence through the Dakota Sandstone. The 
floodplain deposits consist of carbonaceous shales. a few thin 
coal beds. and minor siltstones. Nonmarine facies are followed 
by transitional estuarine and lagoonal facics of mudstonc, 
si ltstone. and small amounts of sandstone representing tidal 
inlets, tidal channels. and washover fans. The uppermost 
Dakota consists of an upward-coarsening sequence of barricr
strandplain deposits including lower and upper shoreface facies. 
Less well sorted and less porous sands in the barrier-strand plain 
system are interpreted to be offshore bars. Many minor episodes 
of regression and transgression occurred within the upper part 
of the Dakota Sandstone. leading to deposition of barricr
stra ndplain facies over distances of several tens of miles 
perpendicu lar to shoreline trends (Owen, 1973: Hoppe, 1978). 

The la teral continuity of sands in the barrier-strandplain 
fac ies is modcrn1c. Widely spaced wells (figs. 62 and 65) show 
variation in sand continuity. except in the uppermost sand 
underlying the transgressinn of the Graneros Shale: by its use as 
a stratigraphic bou ndary, this sand appears to have good 
continuity. Loca lly. sands show good lateral continuity at well 
spacings of 0.5 to 1.5 mi (figs. 62 and 66). 
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TABLE 59. Dako ta Sa11dstone, San Juan Basin (New M exico): 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBUTES 

Stratigraphic unit / play 

Dakota Sandstone. Upper 
Cretaceous. 

Area 

I. ln Huerfano area of 
Basin Dakota Field , total 
area applied for is 2 11 m i' 
in T24-25N, R7- IOW in 
pans of San Juan and Rio 
Arriba Counties, New 
Mexico. 

2. In northwest Blanco 
area, total area applied for 
is 23. 7 mi2 in parts of 
T31N. Rl3W in San Juan 
County. New Mexico. 

3. In Westside tight 
gas area. total area ap
plied for is 258 mi2 in 
parts of T26-30N. 
Rl2-15W in San Juan 
County. New Mexico. 

GEOLOGIC PARAMETERS - BASIN/TREN D 

111ickness 

!. Ra ngc is 200 to 350 ft. 

2. Range is 200 to 300 ft. 

3. Range is 250 to 300 ft. 

Structural/ tectonic selling Thermal gradient 

The San Juan Basin is a roughly circular, asymmetrical 1.6° to 2.5° F / 100 ft. 
structu ral basin hnving a northwcs1-sou1heas1-trending axial 
trace forming an arc along the northern edge of the basin. 
Tectonic events thut formed the basin occurred principally 
during I.ate Cre taceous - early Tertiary (Laramide) time. 
Princip<ll s l rucwrcs that bound the basin include the 
Hogback Monocline (west, northwest), the San Juan -
Archuleta Uplifl (north). the Nncimicnto Uplift (east, sou1h-
cas1). the Pucrco fault z.onc (sou theast). and the Chaco Slope 
and Zuni Uplift (south. southwest). 

Depth 

I. Average is 
6.350 ft. range is 
6.000 to 6,500 ft. 

2. Average is 
6,544 fl. range is 
6, 100 to 6,820 ft. 

3. Average is 
5,942 ft, range is 
5.900 to 6.800 ft. 

Pressure gradient 

I. No data. 

2 and 3. 0.38 to 
0.42 psi/ fl. 

Estimated 
resource base 

I. 0.3 to 2.0 Bcf/ well. 

2. 0.8 to 2.5 Bcf/ w.:11. 

3. 0.5 to 2.0 Bcf/ well. 

Additional 2.2 Tcf 
maximum recoverable 
gas is outside present 
field limits (Nationa l 
Petroleum Counci l. 
1980). 

Stress regime 

Compressional in Late 
Cretaceous - early Ter
tiary. Extensiona l on 
eastern side o f basin in 
late Tcniary. 

Formation a11irude. 
other data 

No add itional information. 



TABLE 60. Dakota Sandstone, San Juan Basin (New Mexico): Geologic parameters. 

GEOLOGIC PARAMETERS · UNIT/PLAY 

Depositional syste_ms /facies 

Deposited as 1he basal sequence of the southwest-
1ransgressing Late Cretaceous sea. The basal Dakota 
was deposited in nonrnarinc condi tions as a bra.ided
s1 ream system. This was followed by a meandering
stream system. which included paludal and overbank 
deposits. Transitional nonmarine and marine 
sedimentation followed. Lagoonal. estuarine. and 
storm-washover deposits constitute this facies tract. 
The upper Dakota Sandstone includes barrier- and 
offshore-bar facics. These are laterally persistent. 
about 40 to 60 ft thick. and consist of an upward
coarsening sandstone sequence. 

Typical reservoir dimensions 

Typically, only the upper Dakota sands are gas prone; 
therefore. gross pay range is 75 to 200 ft. 

Texture 

Fine-grained, quartzose sandstone 
and carbonaceous shale having 
occasional conglomerates and 
coal in the basal section. The 
upper coastal sandstones a re 
typically very fine grained to 
fine grained. Upward. they 
coarsen, and sorting improves. 

Pressure/ temperature 
of reservoir 

I. Pressure range is 2,500 to 
3.500 psi. Average 1cmperature 
is 150° F. 

2. Pressure range is 2.590 10 
2.660 psi. Average temperature 
is 150° F. 

3. Average pressure is 2,320 psi. 
Average temperature is 150° F. 

Mineralogy 

Sandstone is quartzose. Coastal 
units arc locally glauconitic and 
arc characteristically micaceous 
(muscovite and biotitc). whereas 
fluvial units have shale lenses 
composed dominantly of illite 
and minor amounts of kaolinite. 

Natura/ fracturing 

Occasionally encountered. 

Diagenesis 

Calcareous and argillaceous 
cements present. 

Data availability 

Limited core at current stage of 
dcvclopmenl. GR-resistivity and 
GR-neutron densi ty arc typical logs. 
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TABLE 61. Dakota Sandstone, San Juan Basin (New M exico): Engineering parameters. 

ENGINEERING PARAMETERS 

Reservoir parameters 

I. In Huerfano area, porosity 
range is 5% to 15%. average is 
5%. Average in situ permeabil
ity is 0.024 md (calculated from 
seven core analyses). 

2. Calculated in situ perme
abili ty of five we lls ranges from 
0.0877 to 0.00068 md. ave rage 
is 0.0218 md. 

3. Permeabil ity calcula ted 
from cores of seven wells is 
0.07 md to air. which corre
sponds to 0.003 md in si tu. 
In pay zone, porosity range is 
2% to 16%. average is 9.5%. 

Well stimulation techniques 

Net pay thickness 

I. Average is 60 ft, 
range is 25 to 75 ft. 

2. Average is 66 ft. 
range is 50 to 100 ft. 

3. Average is 40 ft, 
range is 35 to 50 ft. 

Two methods of hydraulic fracturing in stages are used: 
(I) isolat ing potentia l pays by us ing b ridge plugs and se lec
tively perforating and fracturing them; (2} perfora ting a ll 
potential pays, t hen using a ball-sealer staging frac ture method. 
Typical sand and water (gel) hydrau lic fracture t reatments use 
60.000 to 125.000 gal nuid and 60.000 10 110.000 lb sand . 
Maximum injection pressure is about 4.000 psi. and average in
jection rate is 30 bpm. 

Pre-stimulation 

I. On the basis of 
one natural unstim
ulated flow test. 
na tural flow was 
152 Mcfd. 

2. On the basis of 
five unstimulated 
now tests, natural 
flow range was 
TSTM to 224 Mcfd . 

3. On the basis of 
one uns1imula1ed 
now test after acid
iz.ing, natural flow 
was 6.7 Mcfd. 

Success ratio 

Very successful: 
however, no data are 
available regarding 
percent improvement. 

Production rates 

Post-stimulation 

I. Range was 100 to 
350 Mcfd. 

2. Range was 50 10 
380 Mcfd. 

3. Range was 100 to 
350 Mcfd. 

Well spacing 

160 acres. 

Decline rates 

I. 9%/ yr. 

2. 5% to 7%/ yr. 

J.' 5% to 9%./ yr. 

Comments 

Formation jluidv 

I. Average uns tim
ulated o il (plus con
densate) production 
is 1.3 bpd (average of 
all producing Dakota 
wells in the area). 

2. When liquid 
hydrocarbons arc 
produced . rates are 
less than 5 bpd. 

3. Ra tio of oi l and 
condensate to gas 
after stimulation is 
0 026 bbl/ Mcf. 

Water is generally 
produced from the 
lower Dakota interval 
in most areas. 

Water saturation 

Range is 30% to 
50%. 

Originally dri lled at 320-ac re spacing. but infil l drilling extensively 
conducted since mid-1970's at 160-acrc spacing. Development. wells in all 
formations in the San J uan Basin had a 96%success ratio in 1980. Many of 
the 826 wells drilled were infill wells. 
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TABLE 62. Dakota S andstone, San Juan Basin (New Mexico): 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC ,\'ta/US 

I. Approved by 
FF.RC. 

2. Approved by Stutc. 

Al/empted completions 

I. Arca contains 35 
Dakota gas wells. 22 of 
which were abandoned as of 
May 6. 1981. 

2. No data. 

3. 71Jt of the application 
area contains 36 producing 
wells and 69 abandoned 
wells. 

As of January I. 1974. a 
total of 2.299 producing 
Dakota wells in the basin. 

OPERAT ING CONDITIONS 

Physiography 

Highly dissec1cd terrain 
of Colorado Plateau 
having many mesas and 
canyons. Local relief 
of 500 to J.000 ft and 
greater than 1,000 ft 
in some areas. 

Climatic conditions 

Arid to semiarid having 8 lO 

16 inches mean annual prc
cipi1a1ion. Modcra1cly ho1 
summers. cold winters. 
Typically late afternoon 
thundershowers in 1he sum
mer. modcrntc snowfall in 
1he winter. and irregular 
prccipi1a1ion patterns in 1he 
fall and sr ring. 

Success ratio 

I. J7<;; of Dakotu wells in 
area have gas production. 

2. No data . 

.:i. J4'ii or Dakota wclb in 
a rea have gas production. 

40'Ji success for explora tory 
wells in 1980 for" II form11-
tions in the San Juan Basin. 

Accessibility 

Fair access in areas that 
have been developed. poor 
in other areas. Road 
building requires large 
eanh-moving machinery 
10 reach remote areas. 

Drilling/ 
completio11 
costs 

I 1m1 l drilling and comple
tion costs. including 
sti mulation. r;ingc from 
$300.000 to $500.000. 
Average stimulation costs 
arc $75.000 ( 1980-1981 
period). 

Market outlets 

El Paso Natur<il Gm, Co .. 
Northwest Pipeline Corp .. 
and Southern Union Gather
ing Co. Other outle ts a rc 
the Gas Company of New 
Mexico. Amoco Product ion 
Co .. Inland Corp .. Permian 
Corp .. Plateau. Inc .. Gi;1nt 
Refinery. Caribou Four 
Corners Oil. Inc .. and 
Thrift way Co. Pipelines ;ire 
adequate in all arcns. 

EXTRAPOLATION POTENTIA L 

/11du.1//'_t ' intere.vt 

High. Six FERC 
applica tions. 

Comments 

Good. Expected lO be similar to barricr-s1randplain 
facies of the Cliff House Sandstone. which is abo 
transgressive. and possibly to parts of the Pictured Cliff> 
and Point Lookou1 Sandstones. Probably also similar to 
transgrcssi\·c and regressive sandstones or the Mcsaverdc 
Group. such as 1hc upper Almond Formation. in other 
Rocky Mountain basins. 

All exploration and 
drilling services 
readily available. 
F;1rmingwn. New 
Mexico. is i1 major 
rcgiooal ~crvicc 
cc111t:r. 



TABLE 63. Dakota Sandstone, San Juan Basin (Colorado): 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBUTES 

Stratigraphic 1.mit/ play 

Dakota Sandstone. Upper 
Cretaceous. 

Area 

r. In Ignacio area. 
La Plata County, 
Colorndo, total 
area applied for is 
283 mil. 

2. In Ignacio Blanco Field 
area. La Plata and Archu
leta Counties, Colorado, 
total a rea applied for is 
428.5 mil. 

GEOLOGIC PARAMETERS - BASIN/TREND 

771ickness 

I. Range is 2 10 to 230 ft. 

2. Range is 225 to 250 ft. 

Structural/ tectonic setting Thermal gradient 

The San Juan Basin is a roughly circular. asymmetrical 1.6° to 2.5° F/ 100 ft. 
st ructural basin having a northwest-southeast-trending axial 
trace forming an arc along the northern edge of the basin. 
Tectonic events that formed the basin occurred principally 
during La te Cretaceous - early Tertiary (Laramide) time. 
Principal structures that bound the basin include the 
Hogback Monocline (west, northwest), the San Juan -
Archuleta Upl ift (north). the Nacimiento Uplift (east, south-
east). the Pucrco faul t zone (southeast), and the Chaco Slope 
and Zuni Uplift (south. southwest). 

Depth 

I. Range is 7.300 
to 8.000 ft. a vcragc 
is 7,600 ft. 

2. Range is 7, 180 
to 8.720 ft. average 
is 7,930 fl. 

Pressure gradient 

No data. 

Estimated 
resource base 

Estimated gas recovery 
is 250 to 300 Bcf from 
the Ignacio Bianco 
D<1kota Field . Addi
tional 2.2 Tcf maxi
mum recoverable gas 
is ou tside present fie ld 
limits {Na tional Petro
leum Council. 1980). 

Stress regime 

Compressional in Late 
Cretaceous - early 
Tertiary. Extensional 
on eastern side of basin 
in late Tertiary. 

Formarion attitude, 
other data 

No additional information. 



TABLE 64. Dakota Sandstone, San Juan Basin (Colorado): Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/PLAY 

Depositional sys1ems//acies 

See Dakoia Sandsione, San Juan Basin (New Mexico). 
!able 60. 

Typical reservoir dimensions 

Typically. only lhe upper Dakota sands arc gas prone: 
therefore , g ross pay range is 60 to 100 fl. 

Tex1ure 

See Dakola Sandstone, San Juan 
Basin (New Mexico). table 60. 

Pressure/ temperature 
of reservoir 

I. Average pressure is 2,800 psi. 
Average lempernture is 240° F. 

2. Average pressure is 3,400 psi. 
Average 1emperature is 2!0° F. 

Mineralogy 

See Dako ta Sandst0nc, San Juan 
Basin (New Mexico). table 60. 

Natural frac/Uring 

Occasionally encountered . 

Dia genesis 

See Dakola Sandstone, San Juan 
Basin (New Mexico). table 60. 

Data availability 

Limited core a t currcnl siage of 
development. GR-rcsistivily and 
GR-density arc 1ypical logs. 

TABLE 65. Dakota Sandstone, San Juan Basin (Colorado): Engineering parameters. 

ENGINEERING PARAMETERS 

Reservoir parameters 

I. Porosi ty range is 7% to 
10%. average is 8.8%. Perme
ability range is 0.05 to 0.07 md, 
average is 0.06 md. 

2. Average porosity is 7.5%. 
Average permeabi li1y is 
0.0765 md . 

Net pay thickness 

I. Range is 6 10 25 ft, 
a vcragc is 15 f1. 

2. Range is 10 to 
60 ft. 

Pre-stimula1ion 

I. Range was 22 to 
272 Mcfd, average 
was 117 Mcfd . 

2. Range was 27 10 
480 Mefd. average 
was 253 Mcfd. 

Well s1imula1ion 1echniques Success ratio 

See Dakota Sandstone.San Juan Basin (New Mexico). table61. See Dakota Sand
stone, San Juan 
Basin (New Mexico). 
!able 61 . 

Production rates 

Post-s1imulatio11 

2. Approximately 
200 Mcfd average for 
90 wells (long lerm). 

Well spacing 

640 acres. 

Decline ra1es 

Typically 5% LO 

9%/ yr. 

Comments 

For ma ti on jluids 

Liquid hydrocarbons 
generally arc not 
produced. Water is 
produced from 
the lower Dakota in 
most areas . 

Infill drilling has been proposed . 

Wate1: saturation 

Range is 41 % to 
60%. average is 
49%. 
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TABLE 66. Dakota Sandstone, San Juan Basin (Colorado): 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 
Drilling/ 
completion 

FERG status A I/empted completions Success ratio COSIS Marke•/ outlets lndus1ry imerest 

I. Approved by FERC. As of January 1. 1974. a No specific data. 40% sue- Total drill ing and comple- El Paso Natural Gas Co .• High. Six FE RC 
total of 2.099 producing cess for exploratory wells in tion costs. including Southern Union Gathering applications. 

2. Approved by State. Dakota wells in the basin. 1980 for all formations in st imulation. range from Co .. and Northwest Pipeline 
the San Juan Basin. $400,000 to $600,000. Corp. Pipelines a re ade-

Stimulation costs range qua tc in a ll a reas. 
from $75.000 rn SI00.000 
( 1980- 1981 period). 

OPERATING CONDITIONS EXTRAPOLATION POTENTIAL 

Physiography Climatic conditions Accessibility Comme111.1· 

See Dakota Sandstone. Sec Dakota Sandstone. San Sec Dakota Sandstone, San Sec Dakota Sandstone, San Juan Basin (New Mex ico). Sec Dakota Sandstone. 
San Juan Basin (New J uan Basin (New Mexico), J uan Basin (New Mexico), table 62. San Juan Basin (New 
Mexico). table 62. table 62. table 62. Mexico), table 62. 



"J" SANDSTONE, DENVER BASIN 

The .. J" Sandstone is a coarse silt to fine-grained sandstone 
wi thin the Lower Cretaceous Dakota Group of the Denver 
Basin (fig. 67). also more formally known as the Denvcr
J ulcsburg Basin. The "J" Sandstone is part of a major deltaic 
system that progradcd from east and southeast 10 northwest 
over the northeast Denver Basin area in Early Cretaceous time 
(Matuszczak. 1973). Tight forma tion designa tion has been 
approved by the FERC fo1' the gas-prod ucing Watten berg Field 
and vicin ity in Adams. Weld . Larimer. and Boulder Counties. 
Colorado (Colorado Oil and Gas Conservation Commission. 
1980a). The "J" Sa ndstone also produces oil from deltaic 
reservoir sands in parts of the Denver Basin. such as in Peoria 
Field in Arapahoe Coun ty. Colorado. 

Gas production from the blanket-geometry "J"Sandstone is 
well established at Wa!lenbcrg Field. Amoco Production Co. 
has used massive hydra ulic fracture irca tme nts on 
563 Wattenberg wells, including 68 wells drilled and treated in 
1980 and 25 wells dri lled in 1981 (Hagar and Petzet, 1982a). 
Polymer emulsion fracture treatments have been developed 
using a combination of condensate and 1.5-perccnt potassium 
chloride water. which stimulates well productivity (Fast and 
others, 1977). 

The "J"Sandstone is a blanket-geometry tight gas sandstone 
having relatively well known geologic and engineering char
acteristics; hence. it serves as a good model for comparison with 
other sandstones in this survey. The following discussion and 
the assembled data (tables 67 through 70) refer almost 
exclusively 10 Wa ttcnberg Field: one exception is the estimated 
resource base (table 67). which refers toa larger a rea from nort h 
of Greeley to near Denver. Colorado (fig. 68). The National 
Petroleum Cou ncil ( 1980) found that fo rmations in the Den
ver Basi n other than the "J" Sandstone and the Niobrara 
Forma tion had only limited potential as tight gas reservoirs. 

Structure 

The Denver Basin is a Laramide-age structural basin having 
a n axis along the western margin sub parallel to the Front Range 
of the central Rocky Mountains. The basin is bounded by 
posi tive subsurface a nd surface st ructu ral features (table 67). 
The Denver Basin is asymmetric. with a gently dipping eastern 
flank and a steep western flank. More than 13.000 ft of sed iment 
has accumulated at the deepest point in the basin near Denver. 
Colorad o. The present form of the basin developed during the 
Laramide orogeny. which extended from near the end of 
Cretaceous to Eocene time (Martin. 1965). 

With in the Denver Basin, recurrent movement on 
Precambrian fault zones controls facies thickness and 
variations in Paleo1.0ic and Mesozoic strata. Nor1heas1-
trending paleostructures are thought to have influenced the 
depositional patterns of the Dakota Group. wherein deltaic 
depocenters developed in structural and topographic lows 
(Sonnenberg and Weimer, 1981; Weimer and Sonnenberg. 
1982). Also. recurrent movement on basement fault blocks is 
thought to have caused the present structurally low position of 
Wattenberg Field. Paleostructural analysis suggests that the 
fie ld formerly had a structurally high position, indicating that 
the trapping mechanism of Wattenberg gas is possibly both 
st ructural and stratigraphic (Weimer and Sonnenberg. 1982). 
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Stratigraphy 

The "J" Sandstone of the Dakota Group is sometimes 
referred to al> the Muddy Sandstone. to which it is ap
proximately equivalent: the latter name is primarily used in 
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Wyoming (Matuszczak. 1973;· C. M. Garrett, personal com
munication. 1982). The "J" Sandstone represents a major 
regression of the Early Cretaceous sea that had previously 
entered the area of the Denver Basin from the northwest. The 
"J" interval sandstones were derived from a Kansas-Nebraska 
provenance, and the distributary pattern of t his unit ind icates 
progradation from east to west (Martin. 1965; Matuszczak, 
1973). 

Depositional Systems 

T he producing interval of the ".I" Sandstone in Wattenberg 
Field forms a delta front. coarsening upwa rd into a distributary
mouth bar; both facies are laterally extensive over a moderately 
large deltaic lobe. This lobe is apparent ly a subsidiary 
depocenter on the southwest margin of the larger, 
northwestward-prograding Greeley Lobe, which is located 
between Greeley, Colorado, and the Colorado-Wyoming 
border (Peterson and Janes, 1978). The log character of the 
delta front shows a consistent upward -coarsening pattern across 
the field (figs. 69 and 70). A dist ributary-bar facies is probably 
indicated by the uppermost, slightly more blocky part of the 
upward-coarsening sequence (fig. 69) but is difficult to 

discriminate without conventional core. In core, the d is
tributary bar shows (I) less b ioturbation than the underlying 
delta front , (2) horizontal laminations, and (3) robust 
Ophiomorpha commonly in a vertical position (Peterson and 
Janes, 1978). Neither published vertical profiles of permeability 
nor detailed petrographic studies were available for this review. 
However, it is like ly that cleaner, slightly more permeable 
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reservoir rock will correlate with the occurrence of the 
distribu tary-bar facies. 

Directly overlying the delta -front facies is a de lta plain that 
consists of carbonaceous shale to fine-grained sand; the delta 
plain is burrowed and contains root traces. Individual facics, 
such as channe l, na tural le vee, crevasse-sp lay, and 
intcrdistributary-bay deposi ts. are limited and high ly variable in 
area l extent. The final interval of the ''J" Sandstone consis ts of a 
parallel laminated silt and shale sequence that is continuous 
across the field. It has been interpreted as a transgressive marine 
sequence (Peterson and Janes, 1978). 

"J" Sandstone Model 

The "J "Sandsto ne has been included in this survey primarily 
for comparison with other formations. It is an idea I model of a 
unit having both blanket geometry and the excel le nt lateral 
continuity characterist ic of delta-front sandstones (figs . 70 and 
71 ). A lthough not described by Peterson and Janes ( 1978). core 
of the delta front of the "J" Sandstone would be expec ted to 
have trough cross-stratification in the upper part. ripple cross
Jamination, and some deformationa l structures. These features 
ha ve been descr ibed in outcrop of the Fox Hills Sandstone in 
the Denver Basin. which a lso is interpreted to be a delta -front 
sandstone (Weimer. 1973). The sa me delta-front facies also 
probably exist in pans of the Fox Hills Sandstone and Frontier 
Formation of the Greater Green River Basin. which arc 
included in this survey. and other format ions in which delta ic 
deposi ts were not completely reworked by subsequent marine 
transgression. 
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contours on top of the Lower Cretaceous sequence. 
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TABLE 67. "J" Sandstone, Denver Basin: 
General attributes and geologic parameters of the trend. 

GEN ERAL ATTRIBUTES 

Stratigraphic unit/ play 

"J" Sandstone. Dakota 
Group. Lower 
C re taceous. 

Area 

Probable and possible area 
is I.JOO mi2• Speculative 
area is 500 mii (National 
Petroleum Council. 1980). 
Productive Wauenbcrg 
Field area is 978 rni2• 

GEOLOGIC PARAMETERS - BASIN/TREND 

St rue/Ural/ tectonic set ting 

This asymmetrical. Laramide-agc structural basin has an 
axis along the western margin of and is subparallel to the 
Front Range of the central Rocky Mountains. Other major 
bounding features include the Hartville Uplift (north
west). the Chadron Arch (northeast), Las Animas Arch 
(southeast). and lhc Wet Mountains and Apishapa Uplift 
(southwest). 

Thickness 

Range is 40 to 140 ft in 
Wattenberg Field area: 
upper "J" contributes to 
variation because of its 
lcnticularity relative to 
lower "J." 

Depth 

Range is 7,350 to 
8.500 ft. average 
is 8,000 ft in Wat
tenberg Field. 

Thermal gradient Pressure gradient 

2.6° F/100 ft (high gradient). 0.36 psi/ ft 
(underpressured). 

Estimated 
resource base 

Maximum recoverable gas 
is 5.539 Tcf of 9. 175 Tcf 
gas in place in area gen
erally from Denver to 
Greeley. Colorado. Addi
tiona l I. I to 1.3 Tcf 
ultimately recoverable 
from Wattenberg Field 
excluded from above 
estimates (National Petro
leum Counci l. 1980). 

Stress regime 

Compressional Laramidc 
deformat ion followed by 
post-Laramide vertical 
uplift and subsequent 
subsidence . 

Formation attitude, 
other data 

No additional information. 



GEOLOGIC PARAMETERS - UNIT/PLAY 

Depositional systems/facies 

Delta front, distributary bar. and delta plain, capped 
by a transgressive marine unit and related to a del
taic lobe on the margin of the more arcally extensive 
Greeley Lobe of the "J" Sandstone. The producing 
interval is the laterally continuous delta front, coar
sening upward into a distributary-mouth-bar fac ies 
that can be distinguished in core but is less readily 
distinguished from logs. Progradation of the Greeley 
Lobe was wward the northwest, and progradation of 
the lobe containing the Wattenberg reservoir was 
toward the southwest on the south margin of the 
main deltaic depoccnter. 

Typical reservoir dimensions 

40 to 140 ft thick over the 900 mi2 area including 
Wattenberg Field. 

TABLE 68. "J" Sandstone, Denver Basin: Geologic parameters. 

Texture 

Coarse silt to fine-grained 
~andstonc. partly bioturb<tted in 
the delta-front facies. Poorly sorted 
and well indurated in outcrop. 

Pressure/ temperature 
of reservoir 

3.000 psi pressure, 260° F 
temperature arc average 
Wattenberg Field values. 

Mineralogy 

Presumably a quartz sandstone 
and sandy siltstone, but no 
detailed petrography has been 
published. Genera lly described 
as dark gray having abundant 
clay matrix. 

Natural.fracturing 

Extent unknown. 

Diagenesis 

Trap is bounded by area of si lica 
ccmcntation; some sil ica 
cemcntation probable in reservoir 
area, and diagenetic clay may occur 
as a product of feldspar and rock
fragment diagenesis. 

Data availability 

Typical log program includes SP-Dual 
Induction Latcrolog and GR-Density
Caliper log. Conventional whole core 
data include 26 cores taken by Amoco 
early in development of Wattenberg 
Field. 
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TABLE 69. ''J" Sandstone, D enver Basin: Engineering parameters. 

ENGINEERING PARAMETERS 

Reservoir parameters 

Porosity range is 7. 7% to 
13.9%. average is 10.8%. Per
meabili ty range is 0.0003 to 
0.0306 md. average in situ is 
0.0059 in Wa11enberg Field. 
Some permeability to 0.5 md 
(conventional reservoir) for 
unknown areal extent. 

Well stimulation techniques 

Net pay thickness 

Range is 4 to 58 ft. average 
is 27 ft forWauenberg Field. 

Massive hydraulic fracture treatments. Size of treatments has 
varied from 183,000 gal fluid and 277.000 lb sand to 517.000 gal 
fluid and more 1ha n 1.000.000 lb sand . A typical program 
used by Amoco has involved 310,800 gal KCI water with gelling 
agent and emulsifier, and 598,600 lb 20-40 mesh and 10-20 mesh 
sand in a multistage treatment injected at 20 bbl/ min at a 
pressure of 4.000 10 4.500 psi. 

Pre-srimulation 

Range was I to 
167 Mcfd. average 
was 19.9 Mcfd. 

Success ratio 

Considered effect ive 
in appropriate areas; 
la rger treatments 
have been superior to 
the smaller treatments 
in improving pro
duction rate and cum
ulative production. 

Production rates 

Post-s1imula1ion 

100 to 3.575 Mcfd. 

Well spacing 

320 acres. 

Decline iwes 

Rapid in first 6 mo. 

Com me ms 

Furma1io11 .fluids 

Typically. 64 hhl / 
1.000 Mcf condensate 
of64° APlgrnvityfor 
Wattenberg Field. 

Water saturation 

Range is 27% to 99%. 
average is 42o/c for 
conventiona l and 55% 
for unconventional. 

The Waucnbcrg reservoir is ~t ratigraphicallycon 1rolled by ~and pinch-out 
lo the west and south imd by loss of pl;rmeability to the northeast. 



TABLE 70. "J" Sandstone, Denver Basin: Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

Approved by FERC on 
January 23, 1981. for 
38 townships; ex
ceptions mostly in 
Wattenberg Field. 

Auempted completions 

After discovery in 1970, 480 
wells d ril led in 1974-1975. 
In 1975-1977. 826 wells 
were producing from tight 
gas reservoirs. 

OPERATING CONDITIONS 

Physiography 

In the Rocky Mountain 
Piedmont physiographic 
subdivision, consisting 
of irregula r pla ins 
having JOO to 300 ft of 
local relief. Most of 
area is gen tly sloping. 

C/imalic conditions 

Semia rid having 10 to 
16 inches mean annual 
precipi tation. Mild 
summers. cold winters. 

Success ratio 

8.3% of 877 wi ldcats in 
1970-1977 for Denver Basin 
as a whole. 

Accessibility 

No terrain barriers. Many 
State and County highways; 
unpaved section roads at 
I-mi spacing in many areas. 

Drilling/ 
completion 
costs 

Drilling costs arc $430.000. 
Fracture treatment costs 
are $93.000 to $304,000 
( 1979 dollars) (National 
Petroleum Council, 1980). 
Completion: no data. 

Market outlets 

8-inch to 20-inch pipelines 
plus gathering system in 
Wattenberg Field area. 

EXTRAPOLATION POTENTIAL 

Excelle111 example of laterally continuous delta
front facics . Included in this survey for comparison 
with other 1igh1 gas sands. Similar facics may be 
expected in parts of the Frontier Formation and 
Muddy and Fox Hills Sandstones (Greater Green 
River Basin). 

Industry interest 

Moderate. although 
designated tight 
formation area is 
primarily within 
Wauenbcrg Field in 
Adams and Weld 
Counties. Colorado. 

Commems 

Drill ing and completion 
services read ily available 
because of establ ished oi l and 
gas production in northeast 
Colo1~1do. 



COZZETTE AND CORCORAN SANDSTONES, PICEANCE CREEK BASIN 

The Cov·ette and Corcoran Sandstones are part of the 
Upper Cretaceous Mesaverde Group in the subsurface of 
southern Piceance Creek Basin (fig. 72). The Piceance Creek 
Basin lies in northwestern Colorado: Grand J unction. 
Colorado. is southwest of the basin margin (figs. 73 and 74). 
Two applic<itions fo r tight formation designation have been 
approved by the FERC for pans of Mesa and Garfield 
Counties. Colorado (Colorado Oil and Gas Conservation 
Commission. 1980h and J 980k). An application for part of the 
southern Piceancc Creek Basin has been a pproved fcrthe enti re 
Mcsaverde Gro'up in pan of Garfield County (fig. 74)(Colorado 
Oil and Gas Conserva tion Comm ission, 198Ja). 

The data bases on the Cozzettc Sandstone (tables 71 through 
74) and the Corcora n Sandstone (tables 75 through 78) are 
good. a lth ough there arc notable exceptions. Specifics on the 
genetic stratigraphy of the producing intervals are lacking: 
however. core taken as part of the Multi-Well Experiment 
(M WX) and st udies of outcrop near the MWX site should soon 
yield this informat ion. Outcrop studies reported so far have 
been fairly generali1ed (U.S. Department of Energy, 1982). and 
published data on the texture. mineralogy. and diagcncsis of the 
Cozzette and Corcoran reservoirs are sparse (tables 72 and 76). 
Outcrop Mudies of mineralogy and diagenesis should be 
interpreted cautiously because mineral transformations and 
redistribution of cementing agents may ha ve occurred in the 
near-surface environment. Gas in these formations ca n be 
produced from relatively shallow depths (fig. 75). 

Structure 

The Piccancc Creek Basin is a Late Cretaceous to early 
Tertiary sedimentary basin defined by ii series of La ramide-age 
upli fts . The basin is bounded on the southeast by the Sawa1ch 
Range. on 1hc eas1 by the White River Uplift, on the sout hwest 
by the Uncompahgrc Uplift. on the north by the Uinta 
Mounrnin Uplift, and on the west by the Douglas Creek Arch 
(figs. 73 and 74). The Douglas Creek Arch is a mildly positive 
fealure that separates the Piceance Creek Basin from the Uinta 
Basin in Utllh. During Mcsavcrde Group deposition, there 
was liule or no uplift of 1hc Douglas Creek Arch and the 
Uncompahgre Upli ft: Laramide structu ral elements general ly 
had little influence on Cretaceous deposi1ional patterns 
(Murray and Haun. 1974: J ohnson and Keighin, 1981 ). 

Stratigraphy 

In eastern Garfield County. Colorado. the sedimentary 
sequence between 1hc top of 1he Dakota Sands1onc and 1he 
Precambrian surface is about 8.000 ft thick . The Dak ota 
Sands1one and younger Crciaceous sedimcn1s (fig. 72) 
conslitutc the thickest sedimentary sequence in northwestern 
Colorado: 1he seq uence includes !hick marine shales and 
dominantly regressive deposits (Murray and Haun. 1974). The 
Mesaverdc Group is among 1hcsc regressive s1rata, having a 
source area 10 the west of the present basin. Much of the 
Mesavcrdc Group is nonmarine. and fluctuations between 
nonmarinc and marine condi1io ns occurred frequen1ly during 
its deposition. 
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Depositional Systems 

Specific genetic stratigraphic interpreta1ions of the Cozi'clle 
and Corcoran Sandsrnncs arc limited. Analysis of core acquired 
as pan of the Western Gas Sands Project should soon provide 

<( 

a::: 
w 

u 
0 
N 
0 
z 
LLI 
u 

u 
0 
N 
0 
(/) 
w 
::? 

>
a:: 
<( 

i= 
a:: 
w 
I-

(/) 

:::::> 
0 
w 
u 
~ 
w 
a::: 
u 

SERIES UNIT 

PLIOCENE 

MIOCENE 

OLIGOCENE 

EOCENE 

PALEOCE NE 

UPPER 

LOWER 

JURASSIC MORRISON fM. 

FIGURE 72. Stratigraphic column from the Upper 
Jurassic through the Pliocene, Piceance Creek Basin 
(after Rocky Mountain Association of Geologists, 1977). 



some of this information (U.S. Department of Energy. 1982). 
These units in part of the Mesaverde Group are classified as 
marginal marine (Dunn, 1974), but some progradational 
deposits, such as delta front. may be present. Reworking during 
transgressive phases, however, may have altered the original 
regressive deposits. 

Interpretation of published studies on parts of the 
Mesaverde Group is complicated by inconsistent differentiatio n 
of the group into separate sa ndstone bodies. Some studies term 
the Mesaverde Group a formation and treat it as a single thick 
unit (Knutson and others. 197 1 ). Another classification divides 
the Mesaverde Group into the Williams Fork and lies 
Formations; these terms are used to describe measured outcrop 
sections in parts of the basin (Hansley and Johnson. 1980). 

Mollot Co 

Uinta Mountain 
Uplift 

A limited number of logs in T8S. R99W through T9S. R97W 
in Mesa County. Colorado, show few upward-coarsening 
progradational sequences and more numerous blocky aggra
dational sequences. Blocky SP log patterns· having slightly 
transitional tops and bases. such as in Andrews ct al. ~o. I 
Government and Marathon No. 2 Government wells (fig. 76), 
may represent barrier-island or srrandplain sands. Lateral 
continuity between these two wells is good; the remaining wells 
on the cross section. except the Koch No. 2 Horseshoe Canyon 
well, show poorer sandstone developmen t and may ind icate 
nearshore marine environments having relatively thin bar 
sands. This interpretation agrees with what is known of the 
Cozzette and Corcoran Sandstones and the Mesaverde Grou p 
but can only be verified by a localized study. 
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TABLE 71. Cozzette Sandstone (Mesaverde Group), Picea11ce Creek Basin: 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBUTES 

Stratigraphic unit/ play 

Conette Sandstone. 
Mesaverdc Group. Upper 
Cre1accous. 

Area 

Toial designaled area is 
319 mil in Mesa and Gar
field Counties. Colorado. 
To1al addit ional polential 
area of approximately 
1.990 mi1 in Mesa, Gar
field. Delta , Gunnison. and 
Pitkin Coumies. Colorado. 

GEOLOGIC PARAMETERS - BASIN/TREND 

Structural/ tectonic setting 

This I.ale Cre1aceous - early Terliary Laramide-age basin 
is bounded on 1he sou1hcas1 by the Sawatch Uplifl, on 
1he east by the While River Upl ifl. on !he north by !he 
Uinta Uplif1. on the southwest by the Uncompahgre Uplift, 
and on the west by the Douglas Creek Arch. Areas of 
interes1 overlap !he Douglas Creek Arch. 

Thickness 

Average is 175 fl in T8-JOS, 
R97- IOOW. 

Depth 

Average is 7,250 fl 
in R7S, T91W. Av
erage is 2.480 ft in 
T8-IOS. R97-IOOW. 

771ermal gradient Pressure gradie111 

Mostly 2.6° to 2.9° F/ 100 ft. 0.42 psi / fl on the 
basis of eight va lues 
generally in T7-IOS. 
R95-97W. 

Estimated 
resource base 

National Petroleum Coun
cil ( 1980) reported maxi
mum recoverable gas of 
2.294 Tcf from Cozzette
Corcoran uniquely. 
Addi1ional amounts of 
Coi;7.Cttc-Corcoran gas 
are classified with bo1h 
the For! Union Formation 
and 01her pans of 1he 
Mcsavcnk Group and 
cannol be uniquely 
idenlified. 

Stress regime 

Compressional Laramidc 
deformation followed by 
pos1-Laramide veriical 
uplift. 

Formation a11i1ude, 
other data 

Arca in T8-IOS. R97- IOOW is 
on the soulhwcsl Oank of 1hc 
basin and has struclUral dips 
of 2° lo 3° northeasl. 



TABLE 72. Cozzette Sandstone (Mesaverde Group), Piceance Creek Basin: Geologic parameters. 

GEOLOGIC PARAMETERS- UNIT/PLAY 

Depositional systems/facies 

A regressive, marginal marine sandstone. possibly 
shoreface or offshore-bar facies grading upward into 
barrier or strandplain facies. Genet ic facies darn are 
limited. 

Typical reservoir dimensions 

In two or more sandstones lypically within the 
Cozzette interval. average is a tota l of 90 ft. 

Texture 

Very fine grained sandstone 
having de1 rital silt and clay. 
Typically poorly sorted. 

Pressure/ temperature 
of reservoir 

In T7-8S, R90-91W, 3,200 psi at 
250° Fat approximately 7,500 ft. 
In T8-IOS, R97-IOOW, 1.019 psi 
at 107° Fat approxima1ely 
2.550 ft. These are average 
parameters for und ifferentiated 
lower Mesavcrde. 

Mineralogy 

Undifferentiated Mesaverde 
Group in southern Garfie ld 
County is 35% to 67% dctri1al 
quam. 2% to 20% detri1al 
feldspar. and 30% 10 52% 
lithic fragmcms, having 
varying amounts of authi
genic calcite, dolomite, and 
clay. No specific data on 
Corcoran or Cozzettc. 

Natural fracturing 

Jn D-8S, R90-9 I W. fracturing is 
probably present along north
plunging nose. 

Diagenesis 

Au1higenic clays and carbona1e 
cements common. Feldspars usually 
highly altered in Mcsaverde Group. 

Data availability 

Limited amount of core available. 
Drill-stem tests often not run 
because of little or no natural flows. 
SP-resis1ivity or GR-resistivity and 
GR-neutron density are typical logs. 
New core from Muhi-Well 
Experiment site. 
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TABLE 73. Cozzette Sandstone (Mesaverde Group}, Piceance Creek Basin: Engineering parameters. 

ENGINEERING PARAMETERS 

Reservoir parameters 

Permeabi lities are 0.0 187 and 
0.0109 md and porosities arc 
12.25% and 13.78% for two 
we lls in T9- IOS, R97W. In 
T7-8S. R90-9 J W. average per
meabi lity is 0.05 md, average 
porosity is 7% (composite data 
for nine Rollins, Corcontn. 
and Cozzette we lls). 

Net pay thickness 

Average is 70 ft from four or 
more wells in T9S. 
R97W, undifferentiated 
lower Mcsavcrde. Gross 
completion interval is 61 ft 
for 89 wells in T6- J IS. 
R89-97W (Cozzcttc only). 
Net pay typically 
30 ft or less 
(Cozzc ttc only). 

Pre-stimulation 

For most wells. 
TSTM. 

Well stimulation techniques Success ratio 

Massive hydrau lic fracturing. One of the largest Corcoran No data . 
fracture jobs. expected to be simila r to treatment of the 
Coz.ze ue. used 3.000 gal acid. 104.000 ga l Ouid, and 255,000 lb 
sand. More typical job involves 1.Cro to several hund red ga llons 
ac id. 25,000 to 60,000 ga l flu id. and up 10 100,000 lb sand . 

Production rates 

Post-stimulation 

Average was 964 
Mc'fd for approxi
mate ly 121 wells from 
Rollins , Cozzcttc, and 
Corcoran (undiffer
entiated). Average 
was 942 Mcfd for fou r 
Cou.et tc completions 
in the area TIOS. 
R93-97W. Average 
was 1,229 Mcfd for 41 
Cozz.cttc completions. 

Well spacing 

160 to 320 acres . 

Decline rates 

Once 1>laccd on 
sustained production. 
se lected decline 
curves show drop to 
one-half of IP in 6 to 
9 mo. 

Comments 

Formation fluids 

No oil is produced 
from the lower 
Mesaverde (including 
Cozze tte). Sec Cor
coran Sandstone 
(table 77) for water 
and condensate data 
011 und iffcrcntiatcd 
lower Mcsavcrdc . 

Water saturation 

Probably similar to 
Corcoran in the range 
of 40% to 60%. 

Some Mcsaverdc or lower Mcsavcrdc complet ions do not distingu ish 
Corcornn. Coz:i.:ettc, or Rollins. Some parameters of these th ree members 
are derived collectively from FERC applicaLions. Trapping i:. basically 
stratigraphic because of lateral and vertical changes in permeability even 
though rescrvoi r is of blanket geometry. In Shire Gulch and Plateau Fields, 
Mcs<i County, Colorado. 37% to 71% of the wells in Petroleum lnfonna
tion Corp. WHCS file produce water. 



TABLE 74. Cozzette Sandstone (Mesaverde Group), Piceance Creek Basin: 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC SIOIUS 

Two applications up
proved in May 1981. 

A ti empted completions 

91 producing or shut-in 
wells in Mesa. Garfie ld. and 
Pitkin ( I we ll) Counties. 
Colorado. as of December 
3 1. 1980. from Mesavcrdc 
(undifferentiated) or some 
combinaiion of Corcoran. 
Cozzeitc. and Rollins. 26 
producing or shut-in wells 
are specifically identified as 
being from either Corcoran 
or Co7.7.Clle. or both. 

OPERATI NG CONDITIONS 

Physiography 

In the middle Rocky 
Mountains physio
graphic subdivision. 
Area inc ludes 
Battcmcnt Mesa and a 
small part of Grand 
Mesa having e leva tions 
above 10,000 fl. 
V11lleys of the Colorado 
R ivcr and Plateau 
Creek arc below 
7.500 ft. Local relief 
is generally 1.000 to 

3,000 ft. and only 20% to 
50'!'r of the area is 
gently s loping. 

Climatic conditions 

Semiarid having K to 16 
inches mean annual pre
cipitat ion. Mild summers. 
cold winters. Winier 
conditions may cause sus
pens ion of exploration 
activities. 

Success ratio 

42.4% in the Piceancc 
Creek Basin as a whole for 
al l wildcat gas wells. 
1970-1977. 

Accessibility 

Very poor access to tops of 
mesas and bordering s teep 
slopes. Drilling and devel
opment is concentrated in 
r ive r viil leys, primarily of 
the Colorado River and 
Plateau Creek; access is 
difficult away from the 
rivers. 

Drilling/ 
comple1ion 
costs 

For wells to 3.300 ft in 
T9S. R97W. well costs 
were $300,000 to 
$350.000. as reported in 
August 1980. Costs for a 
small fracture job (15.000 
gal nuid. 65,000 lb sand} 
were $44,000, as rc!portcd 
in August 1980 (cost for 
each perforated interval). 

Market ouilers 

14-inch and 10-inch pipe
lines (and several 8 inches 
or less) serve the arC<J of 
T6-l IS (inc lusive). R89-97W 
(inclusive). These pipelines 
arc operated by Northern 
Natural. Northwest Pipel ine 
Corp .. Panhandle Eastern 
Pipeline Co .. Western Slope 
Gas Co .. and Rocky 
Mountain Natura l Gas. 
among others. 

EXTRAPOLATION POTENTIAL 

Industry i111erest 

High. Two F ERC 
applications 
approved. Recent 
State applica
tions a pprovcd 
for upper Mancos 
and Mesavcrde 
probably include the 
Cozzette. 

Comments 

Good. Expected to have similarities to barrier and bar 
facics or the Mesaverdc Group in the San Juan. Uinta. 
and eastern G rea ter Green River Basins. Also similar to 
regressive barrier-strand pla in facics of the Hartsel le. 
Pictured C liffs. and Fox Hills Sandstones and the upper 
part of the D11kota Sandstone (San Juan Basin). 

Overall geology and 
engineering param
eters expected 
to be similar for 
both Corcoran and 
Cozzette. 



TABLE 75. Corcoran Sandstone (Mesaverde Group), Piceance Creek Basin: 

GENERAL ATTRIBUTES 

Stratigraphic unit / play 

Corcoran Sandstone. 
Mesaverde Group. Upper 
Cretaceous. 

Area 

Total designated a rea is 
319 mil in Mesa and 
Garfield Counties, Colo
rado. Total additiona l 
potential area of approx
imate ly 1.990 mil in Mesa. 
Ga rfield, Delta, Gunnison, 
and Pitkin Counties, 
Colorado. 

GEOLOGIC PARAMETERS - BASIN/TREND 

Structural/ tectonic setting 

See Cozzcue Sa ndstone (Mesaverdc Group). l'iccance 
Creek Basin. Lable 71. 

General attributes and geologic parameters of the trend. 

Thickness 

Range is estimated at 150 to 
200 ft in T7-8S, R90-91 W. 
Average is 150 ft in T8-IOS, 
R97-IOOW. 

Thermal gradient 

Sec Cozzclle Sandstone 
( Mesa verdc Group), 
Picea nee Creek Basin. 
table 71 . 

Depth 

Average is 7.680 ft 
in T7-8S. R90-91W. 
Average is 2.6 70 ft 
in T8- IOS. 
R97-IOOW. 

Pressure gradient 

See Co1.1.e11e Sand
stone (Mesaverde 
Group). Piceancc 
Cree k Basin. 
table 71. 

E~timated 
resource base 

National Petroleum Coun
cil (1980) reported max
imum recove rable gas of 
2.294 Tcf from Co1..zettc
Corcoran uniquely. 
Additional amounts of 
Cozzeuc-Corcoran gas 
are classified with both 
the Fort Union Forma
tion and other parts o f 
the Mcsavcrdc Group 
and cannot be uniquely 
identified. 

Stress regime 

Sec Cozzettc Sandstone 
( Mcsavcrde Group}, 
Piceance Creek Basin, 
ta ble 71. 

Formation auitude. 
other data 

Area in T8-IOS. R97-IOOW 
is on the southwestern 
nank of the basin and has 
structura l dips of 2° to 3° 
northeast. 
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TABLE 76. Corcoran Sandstone (Mesaverde Group), Piceance Creek Basin: Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/ PLAY 

Depositional systems/facies 

A regressive. marginal marine sandstone. possibly 
shorcface or offshore-bar facies grading upward into 
barrier or strandplain facies. Genetic facies data are 
limited . 

Typical reservoir dimensions 

In T8- IOS, R97-IOOW. total of 70 to 80 ft of sand in 
one to three units within the total thickness of the 
Corcoran. 

Texture 

Very fine grained sandstone 
having detrital silt and clay. 
Typically poorly sorted. 

Pressure/temperature 
of reservoir 

See Cozzette Sandstone (Mesa
verde Group), Piceance Creek 
Basin. table 72. 

Mineralogy 

Undifferentiated Mesaverdc 
Group in southern Garfield 
County is 35% to 67% detrita l 
quartz. 2% to 20% detrital 
feldspar. and 30% to 52% lithic 
fragmen ts, having varying 
amounts of authigenic calcite. 
dolomite. and c lay. No specific 
data on Corcoran or Cozzette. 

Natural fracturing 

See Cozzctte Sandstone (Mesa
verde Group). Piceance Creek 
Basin, tab le 72. 

Diagenesis 

Authigenic clays and carbonate 
cements common. Feldspars usually 
highly altered.in Mesaverde Group. 

Data availability 

Sec Cozzette Sandstone (Mesaverdc 
Group), Piccance Creek Basin. 
table 72. 
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TABLE 77. Corcoran Sandsto11e {Mesaverde Group) Piceance Creek Basin: Engineering parameters. 

ENGINEERING PARAM ETERS 

Reservoir parameters 

In T7-8S, R90-9 I W, <iverage 
permeability is 0.05 md. aver
age porosi ty is 7% (composite 
data for nine Rollins, 
Corcoran. and Cozzette wells). 
Core permeabilities corrected 
to in si tu conditions averaged 
0.0267 md fo r eight samples 
from another five wells 
(Corcoran only). Average 
porosity for these samples 
is 8. 1%. 

Well stimulation techniques 

Net pay thickness 

Average is 70 fl from fo ur or 
more wells in T9S, 
R97W, undifferentiated 
lower Mesaverde. Gross 
completion interval is 63 fl 
for 119 wells in T6-1 IS. 
R89-97W (Corcoran only). 
National Petroleum Council 
( 1980) reported 16 to 70 ft as 
a range. Net pay 
typically 30 ft or less 
(Corcora n only). 

Massive hydraulic fracturing. One of the largest Corcoran 
frac ture jobs used 3.000 gal acid, 104.000 gal Ouid, and 
255,000 lb sa nd . More typical job involves zero to several 
hundred gallons ac id . 25.000 to 60.000 gal nuid, and up to 
100,000 lb sand . 

Pre-stimulation 

In T7-8S, R90-9 1W, 
0, 7,and 765 Mcfd for 
three wells. For most 
wells, TSTM. 

Success ratio 

No data. 

Production rates 

Post-stimulation 

Average was 1,25 1 
Mcfd for 33 Corcoran 
completions. Average 
was 964 Mcfd for 
approximately 121 
wells from Rollins, 
Cozzelle, a nd 
Corcoran (undiffer
entiated). Average was 
756 Mcfd for 21 
we lls in T6-l IS. 
R89-97W (Corcoran 
on ly). 

Well spacing 

160 10 320 acres. 

Decline rates 

In T7-8S, R90-91 W. 
a well having765 Mcf'd 
IP was plugged a nd 
abandoned after 
42 mo. Once placed 
on susta ined pro
duction. se lected 
decline curves show 
drop to one-half of IP 
in 6 10 9 mo. 

Comments 

Formation fluids 

No oil is produced 
from the lower 
Mesaverde (including 
Corcoran). Those 
wells producing water 
average 5 bpd 
(Rollins, Cozzeue. and 
Corcoran und iffcr
entiated). Those wells 
producing condensate 
average 2.5 bpd 
(Rollins. Coucue, and 
Corcoran undiffer
entia ted). 

Water saturation 

Average for eight 
core samples from five 
wells is 49%. range is 
40% to 63%. Other 
operators report 50% 
as a typical value. 

Some Mesaverdc or lower Mcsavcrdc completions do not distinguish 
Corcoran, Couene, or Rollins. Some parameters of these three members 
arc derived collectively from FERC applications. Trapping is basically 
st rat igraphic because of lateral and vertical changes in permeability 
even though reservoir is of blanket geometry. In Shire Gulch and Pla teau 
Fields, Mesa County, Colorado, J4% to 23% of wells in Petroleum 
Informa tion Corp. WHCS file produce water. 



TABLE 78. Corcoran Sandstone (Mesaverde Group}, Piceance Creek Basin: 
Economic factors, operating conditio11s, and extrapolation potential. 

ECONOMI C FACTORS 

FERC Sta/US 

Two applications ap
proved in May 1981 : 
State appl ications 
approved may 
include the Corcoran 
and Concllc as 
pans of the Mcsa
verdc Group. 

A tlempled completions 

91 producing or shut-in 
wells in McsH. Garlicld. and 
Pitkin (I well) Counties, 
Colorado, as or December 
}I. 1980. from Mcsavcrde 
(undifferentiated) or some 
combination of Corcoran. 
Conctte . and Rollins. 26 
producing or shut-in wells 
arc specifically identified as 
being from either Corcorn n 
or Cozzeuc. or both. 

OPERATING CONDITIONS 

Physiography 

See Concuc Sandstone 
(Mesavcrdc Group). 
Piccancc Creek Basin. 
table 74. 

Climatic conditions 

Sec Co1.7.e11c Sandstone 
(Mesavcrdc Group). 
Piccancc Creek Basin. 
table 74. 

Success ra1io 

42.4% in the Piccance 
Creek Bas in as a whole !'or 
a ll wildcat gas wells. 
1970- 1977. 

Accessibili1_r 

Sec Concttc Sandstone 
(Mesaverde Group). 
Piccance Creek Basin, 
1ahlc 74. 

DrillinK/ 
complel ion 
COS/.\' 

For wells to 3.300 ft in 
T9S-R97W, well costs were 
$300.000 to $350.000. as 
reported in August 1980. 
Costs for a small fracture 
joh (15.000 ga l fluid . 
65.000 lh sand) were 
$44.000 . as rcportcd in 
August 1980 (cos t fo r each 
perforated interval). 

Market owle1s 

14-inch and 10-inch pipe
lines (and several l! inches 
or less) scrw the areu of 
T6- 1 IS (inclusive). R89-97W 
(inclusive). These pipe lines 
arc operated by Northe rn 
Natura l. Nonhwcst Pipe line 
Corp .. P<mh~nd lc fa1stcrn 
Pipeline Co .. Wes tern Slope 
Gas Co .. and Rocky Moun
tain Natura l Gas. among 
others. 

/11du.1·11·y interest 

High. Two FERC 
applicat ions ap
proved . State 
applications 
approved for 
upper Muncos and 
Mcs;1vcrdc probably 
include the Corcoran. 

EXTRAPOLATION POTENTIAL 

Sec Conctte Sands tone (Mcsavcrdc Group), Piccimce 
Creek Basin. table 74. 

Co111111e111s 

Sec Coneuc 
Sa11 ds1o nc (Mcsa 
ve rdc Group). 
Piccancc Creek 
Uasin. table 74. 



MANCOS "B" SHALE, PICEANCE CREEK BASIN 

The Mancos " B" interval is pa rt of the Upper Cretaceous 
Ma ncos Shale (fig. 72). which is characteri1.ed b y finely 
interbcdded claystonc. silts tone. and very fine grained 
sandstone (table 79). The FERC has approved a pplications for 
tight formation designations in four areas in Colorado: on.c 
primarily in Rio Blanco and Garfield Counties. Colorado. and 
three e nt ire ly in Rio Blanco County (fig. 74) (Co lorado Oi l 
and Gas Conservation Commission. 1980c. 1980d, 1980i. and 
1980j). ll1e dalil base on the Mancos "B" interval in Colorado 
is good (tables 80 through 83); it is based o n operator applica
tions a nd a summa ry by Ke llogg ( 1977). All areas now 
designated as tight formations are on the Douglas Creek Arch 
o r its eastern nank. where the depth to the top of t he Mancos 
"B" varies from 3.47 5 to 3.603 ft: one exception is a 38-mi2 area 
whe re the Mancos "B" is as shallow as 2,500 ft (Ke llogg. 1977; 
Hagar and Pct7.Ct. 1982a). 

Structure 

The structural setting of the Mancos "B" Sha le within the 
Piceance Creek Basin is similar to tha t of the Cozzette a nd 
Corcoran Sandstones (see p. 146): however, detail on the 
Douglas Creek Arch should be added. The Douglas Creek Arch 
extends northwa rd from the Uncompahgre Uplift to the eastern 
end of the Uinta Uplift and separates the P iceance Creek Basin 
from the Uinta Basin . The arch is b roken into small separate 
anticlinal features by no rthwest-t rending asymmetrical folds 
and no rtheast-trending normal faults. These faults have an 
average d ip of 75° to 80° and generally have less than 500 ft of 
displacement. The fault s tend to die out downward in the 
Mancos Shale; therefore, they are most common in the northern 
part of the arch, which contains rocks younger than the Mancos 
(Kellogg, 1977). 

Stratigraphy 

The Mancos " B" interval was deposited o n a nearl.y 
horiz.ontal marine s helf east of the Emery Sandstone of the 
Uinta Basi n, a time-equivalent shoreline deposit (Kellogg, 
1977). Its thickness varies fro m 400 to 700 ft in most of the 
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Douglas Creek Arch area (Colorado Oil and Gas Conservation 
Commission. 1980i and 1980j). The top oft he unit is denoted by 
an informal driller's datum that may be the sa me as the si lt 
marker used by Kellogg (1977). At the base of the unit, the 
gamma-ray log count returns to higher va lues characteristic of 
the rest of the Ma ncos Sha le. 

Because o f the finely laminated claystone, si ltstone . and 
sandstone of the Mancos "R" geophysical well Jogs do not 
delineate beds that have recognizable character from log to log 
(Kellogg. 1977). T hus. the entire Mancos " B" inte rval is 
considered to be of blanket geometry, rather than individual 
sa nds tone beds. and within that unit those inte rvals having 
greater q uantities of either sa ndstone or sandstone and siltstone 
are considered potential gas reservoirs. Individual sandstone 
beds are not readi ly defined in the Mancos " B" (fig. 77). but 
Kellogg ( 1977) has isolated generaliz.ed shaly. sil ty, a nd sa ndy 
facies. 

Depositional Systems 

Kellogg's ( 1977) st udy area, centered over the Douglas 
Creek Arch. covered all the approved tigh t gas areas of Mancos 
"B" production in Colorado; the study area also extended into 
Grand and Uintah Counties, Utah. He di vided the Mancos "B" 
interval into five units (table 79). Kellogg ( 1977) s uggested that 
deposition took place on a submarine terrace or slope and that 
slope angle tended to decrease as deposition continued through 
unit Band younger sed ime nts. Increased sand content over the 
Do uglas Creek Arch may have resulted from a win no wing effect 
or may simply renect a tendency to stack strata of progressively 
greater o riginal sand content (Kellogg, 1977). 

The upward-coarsening cycles of units A a nd B (table 79) 
suggest that the Mancos "B" interval may be the source of 
progradational pulses to the west in the present Uinta Basin. 
Whether the Douglas Creek Arch area could have been 
receiving distal delta-fro nt to prodelta deposits is unclear from 
published studies. A lternatively, sandy sequences of the Mancos 
" B" interval may have been deposited on a s hallow cratonic shelf 
well within storm-wave base, thereby allowing dispersal by shelf 
processes. 
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FIGURE 77. North-south stratigraphic cross section through tire Mancos "B " interval of the Mancos Shale, Piceance 
Creek Basin (after Colorado Oil and'Gas Conservation Commission, J980c). 

TABLE 79. Units of the Mancos "B" Shale in the Douglas Creek A rch area, 
Colorado (from Kellogg, 1977). 

UNIT DESCRIPTION 

E Most uniform in thickness of all units. Between 100 and 200 ft thick in most areas, it is 
thinnest (40 ft) and has the most sand toward the southern Douglas Creek Arch area. 

D Siltstone grading upward into sandstone having apparent fill of erosional topography 
developed on top of unit C. Transport eastward from the source area and then to the 
south. in contrast to units A. B. and C. This unit is very sandy in adjacent Utah. 

C Mostly siltstone and shale having some increase in sand over the north end of the 
Douglas Creek Arch. Units A, B. and Cgenerally indicate transport eastward from the 
source area and then to the north. 

B Basal si ltstone and shale coarsening upward ; sand content increases toward the top 
of the unit. 

A Basal siltstone and shale coarsening upward into 50 to 100 ft of increasi ngly sand-rich 
strata . Thins to the northern part of the arch, where it is mostly sand rich. 
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TABLE 80. Mancos "B" Shale, Piceance Creek and Uinta Basins: 
General attributes and geologic parameters of the trend. 

GENERA L ATTRIBUTES 

Stratigraphic unit/ play 

Mancos "B" interval , 
Mancos Shale. Upper 
Cretaceous. 

Area 

I. Towl des ignated area 
is 1.029 mi l in Rio Blanco 
and Garfield Counties, 
Colorado. 

2. Application areas in 
Grand and Uin tah 
Counties. Utah. are 670 mi l. 

GEOLOGIC PARAMETERS - BASIN/ TREND 

Struc1ural/ 1ec1011ic set ting 

771ickness 

I. Ra ngc is 400 to 700 fl in 
designa ted areas. 

2. Range is 450 to 1,000 ft. 

Thermal gradient 

I. 111is Late Cretaceous - early Tertiary Laramidc-agc basin I. Mostly 2.6° F/ 100 fl. 
is bounded on the southeast by the Sawatch Uplift. on the cast 
by the White River Uplift, on the north by chc Uinta Uplift, 2. 1.4° to 1.8° Fl 100 ft. 
on the southwest by the Uncompahgrc Uplift. and on the west 
by the Douglas Creek Arch. Areas of interest overlap the 
Douglas Creek Arch. 

2. Uinta Basin is bounded on the north by the Uinta Moun
tains. on the cast by the Douglas Creek Arch. on the south 
by the Uncompahgre Uplift, and on the west by the 
Wasa tch Mountains fault block. 

Depth 

I. Ra ngc is 3.475 
to J.603 ft in all 
but 38 mi l of 
dcsignaccd tight 
for mation areas. 
Sea-level dacum 
elev;11ions of top 
Mancos "B" are 
+ J.400 to +4.000 fl. 

2. Average is 
5,049 ft in appl i
cmion area. 

Pressure gradient 

No data. 

El'fimated Formation a11i1ude. 
resource base other data 

I. No data. Not in- No additional information. 
eluded in National Pct ro-
le um Council ( 1980) 
study. 

2. Possible reserves up 
to JO to 12 Bcf{mi ' . 

Sll'l'.l'S regime 

I . Compressional 
Laramidc: deformation 
followed by regional post
Laramidc vertical uplift. 

2. Diffe rent ial down
warping of the basin as 
surrounding areas rose in 
post-Laramide time. 



TABLE 81. Mancos "B" Shale, Piceance Creek and Uinta Basins: Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/PLAY 

Depositional systems/facies 

Deposi ted in a marine shelf envi ronment approxi
mately 100 mi cast of an Upper Cretaceous shore line 
represented by sands of the Emery Formation. The 
Mancos "B" interval is encased in Mancos marine 
shales. Sand content decreases off the Douglas 
Creek Arch to the southeast. and sands also pinch out 
north ward on the arch. 

Typical reservoir dimensions 

I. 30 to 250 ft thick in Douglas Creek Arch area in 
a gross interval of 400 ft. 

2. 50 to 150 fl gross reservoir rock. 

Texture 

Thinly bedded and imerlaminated 
very fine grained sands tone. si lt
stone, and shale. May be up to 
80% sandstone in beds up to 
0.5 inches 4hick having shale 
laminae 0.0625 inches th ick or 
Jess. The sandstone is poorly 
sorted and may have carbon
aceous microlaminae. 

Pressure/ temperature 
of reservoir 

I. 450 psi at 900 F typical in 
the Fork Unit . Rio Blanco County, 
Colorado (Tl-2S. R IOJ - 102W) at 
averngc producing depth of 
2,470 ft. 

2. Average pressure is 1.160 psi . 

Mineralogy 

Sandstone is predominantly 
quartz. Shale is bentonitic. 

Natura/fracturing 

Silty and shaly facies may con
tribu te to production through 
fractures. Infrequent ly. faulted 
zones produce without 
stimulation. 

Diagenesis 

Diagcnetic calcite and clay have 
reduced porosi ty and effec tive per
meab il ity. 

Data availability 

Core availab le. Density log is the 
standard open-hole logging too l. 
although neutron-density or 
induction log may also be used. 



TABLE 82. Mancos "B" Shale, Piceance Creek and Uinta Basins: Engineering parameters. 

ENGINEERING PARAMETERS 

Reservoir parameters 

Estimated average in situ per
meability is0.01 md fora group 
of 56 wells. Average in situ 
permeabi lity is 0.087 md fo r 
another group of 63 wells. 
Porosity averages 10% to 11% 
and ranges from 6% to 14%. 
Conventional core analysis 
averages 0.7 md over Douglas 
Creek Arch; this is at least 
10 times greater than in situ 
values. Generally lower 
permeabil ity on Utah side of 
Douglas Creek Arch. 

Well stimulation techniques 

Net pay thickness 

Average is 120 ft for a group 
of 10 wells in the Douglas 
Creek Arch area. Average 
is 90 ft for a gro up of five 
wells in an adjacent area. In 
Uinta Basin. average is 71 ft. 
ra ngc is 38 to 98 ft. 

Hydraul ic fracturing. A typical fracture treatment uses 2,500 to 
4.000 psi injection pressures. an average injection rate of 30 
to 40 bbl/ min and 500 to 900 scfl bbl C02. Total materials 
typically include 65.000 to 70.000 ga l 2% KCI waler. 30.000 lb 
100 mesh sand , 80,000 to l00,000 lb 10-20 mesh sa nd, 90 tons 
C02. plus acid , surfactant. and gelling agent. Acid t reat
ment varies from 250 to 3,000 gal of 5.0% to 15.0% HCl. ln 
Uin ta Basin. t reatments range up lO 350.000 lb sand. 

Pre-stimulation 

Sustained flows. if 
present. arc TSTM. 
Zero fo r a .group of 
56 wells. For one 
Uinta Basin well, 
39 Mcfd. 

Success ratio 

In the Dragon Trail 
unit. Douglas Creek 
Arch. a ninefold 
increase in pro
duction was usually 
achieved after 
fracturing. 

Production rates 

Post-stimulation Decline rares Formation .fluids Water sawrarion 

Average was 263 Generally stabilizes Typically no o il or 
condensate is 
produced. 

Typically 50% in the 
sandy facics of the 
Douglas Creek Arch, 
increases in the lower 
ha lf of the format ion. 

,Mcfd for 56 wells. Av- a t half of IP. 
erage was 350 Mcfd 
for 22 we lls. 

Well spacing 

No data. 

Comments 

Mancos "B" in terva l is highly susceptible w water damage. Wells arc best 
drilled using air to avoid formation damage. and fracture fluids must 
be reversed out rapidly. Nit rogen is also used in place or C02 during 
fracture treatment. Larger than normal compressor engines arc needed 
during air d rill ing operations because of the al titude (up LO 9.000 ft) 
or producing areas. 



TABLE 83. Mancos "B" Shale, Piceance Creek and Uinta Basins: 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERCstatus 

Four applicati(lns ap
proved. two in 1980 and 
two in 1981, for Color
rado. One application 
approved for Utah. 

A11empted completions 

276 producing or shut-in 
wells as of December 3J. 
1980, in Rio Blanco and 
Garfield Count ies, 
Colorado. 

OPERA TING CONDITIONS 

Physiography 

Generally rough terrain 
having surface 
elevations of 6,500 to 
9,500 ft in the middle 
Rocky Mountain physio
graphic subdivision. 
Local relief of 1,000 10 

3,000 ft outside of 
Colorado River valley. 

Climatic conditions 

Winter weather limits 
exploratory work and 
drilling 10 7 10 8 mo/ yr, 
usually mid-May to mid
Dccember. The climate is 
semiarid, having 8 to 16 
inches mean annual pre
cipitation. Moderate 
summers, cold to very cold 
winters. 

Success ratio 

42.4% in the Piceance 
Creek Basin as a whole for 
all wildcat gas wells, 1970-
1977. 

Accessibility 

Limited in part to use of 
secondary and ranch roads 
from Sta te Highway 139. 
Easiest access a long stream 
valleys. Difficult access to 
high mesas, such as Grand 
Mesa. Difficult access in 
parts of Uinta Basin. 

Drilling/ 
completion 
costs 

On the Douglas Creek 
Arch, well cost exclusive 
of fracturing quoted as 
a pproximately $275,000 
( 1981 dollars). Fracture 
job quoted at $75,000 10 

$150,000 in February 1981 ; 
other data indicate costs 
of $50,000 to $190,000, 
depending on complexity of 
treatment . 

Market outlets 

Gathering systems with 
6-inch to 16-inch pipelines 
are in place in the Douglas 
Creek Arch area. A 26-inch 
pipeline of Northwest Pipe
line Corp. generally paral
lels State Highway 139, 
running no rth-south through 
the area. A smaller pipeline 
of the Western Slope Gas 
Co. follows the same route. 

Industry interest 

High in Colorado. 
Four FERC appli
cations approved. Ad
ditional applications 
pending that specify 
Mancos Formation: 
therefore, they 
probably include 
Mancos "B." Moderate 
in Utah. One FERC 
application. 

EXTRAPOLATION POTENTIAL 

Fair. Much thicker than. bu t similar to, upper part of 
Cleveland Formatio n (Anadarko Basin}. Sanostee 
Member (lf the Mancos {San Juan Basin) is a lso a shelf 
deposit but is dominantly a calcareni te. Similar to other 
shelf deposits not included in this study. 

Comments 

Grand Junct ion. 
Colorado, is an ex
panding base of explo· 
ra tion and productio n 
services in the 
P iceance Creek Basin. 
Mi leage charges in 
this region may be 
h igh for some service 
work. Vernal, Utah, is 
a base of se rvices 
in the Uinta Basin. 



SEGO AND CASTLEGATE SANDSTONES, UINTA BASIN 

The Sego and Castlegate Sandstones have blanket 
geometries and are part of the Upper Cretaceous Mesaverde 
Group of the eastern Uinta Basin (fig. 78) (T. D. Fouch, 
personal communication. 1982). Of the two. only the Castlegate 
Sandstone was included in the National Petroleum Council 
( 1980) study. Both sandstones were included in an FE RC
approved designation for an interval 4,000 to 6,200 ft thick that 
also includes the Wasatch Formation and Mesaverde Group in 
Uinta h County, Utah (fig. 74) (U tah Board of Oil. Gas, and 
Mining, 1981a). Within this application area. the average gross 
productive interval is I, 150 ft thick, but the distribution of 
production among specific units of interest cannot be read ily 
determined. Limited data are available on the Castlegate 
Sandstone (table 84). Several published studies have focused on 
other parts of the Mesaverde Group in the Uinta Basin, such as 
the overlying Neslen, Farrer, and Tuscher Formations (Keighin, 
1979 and I 981; Keighin and Sampath, 1982). These formations 
have been interpreted as Ouvial channel deposits (Keighin and 
Fouch, 1981); therefore. individual sand bodies are likely to 
have a lenticular geometry. 

In an area south and east of Vernal, Utah, the blanket
geometry Castlegate Sandstone probably represents upper and 
lower shoreface to shallow marine deposi tion. To the west, the 
Castlegate Sandstone probably represents coastal plain and 
braided-stream environments (T. D. Fouch, personal com
munication. 1982). Between Price and Green River, Utah, 
the Castlegate is a poorly sorted, partly conglomeratic Ouvial 
deposit (Ha le and Van de Graaff. 1964). The marginal marine 
Castlegate is generally a very fine grained to med ium-grai ned 
sandstone and siltstone having some carbonaceous sandy and 
silty shale (Fouch and Cashion, 1979). The Sego Sandstone has 
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the same lithology and also represents nea rshore marine 
deposition; more specific data on depositional systems are 
unavailable (T. D. Fouch, personal communication, 1982). 
Both formatio ns tend to be more quartzose than the fc ldspathic 
li tharenites to sublitharenites of the Neslen. Farrer, and Tuscher 
Formations (Keighin and Fouch, 198 i). 

Hale and Van de Graaff ( 1964) noted that the Sego 
Sandstone is separated into upper and lower parts by a 
transgressive marine shale termed the Anchor Mine Tongue 
of the Mancos Shale. The upper Sego Sandstone was formed 
during a fairly rapid regression and t he final retreat of the sea 
from northeastern Utah; this was followed by a major period of 
continental deposition during which the remai nder of the 
Mesaverde Group was laid down. 

Gas from the Castlegate and Sego Sandstones is produced 
primarily in the southeast corner of the Uinta Basin from depths 
of 8.000 ft or deeper. The gas is trapped on-structure, and the 
format ions produce water off-structure. Core plug perme
abilities a re 0.5 to 0.9 md and greater; these units may exceed 
0. I rnd in situ permeability in some areas. Very limited core 
data are available. There have been about 50 penetrations of 
the Castlegate Sandstone, primari ly on the south and east 
sides of the basin, and large areas exist without subsurface 
control (T. D. Fouch, persona l communication, 1982). The 
Castlegate, upper Sego, and lower Sego are each about 50 to 
70 ft thick in the so utheastern Uinta Basin (Fouch and Cashion, 
1979). The Sego extends into the northwest corner of the 
Piceance Creek Basin of Colorado, but it appears to ha vc less 
potential fo r tight gas than do the Cozzette and Corcoran 
Sandstones in the southern Piceance Creek Basin (R. C. 
Johnson, personal communication, 1982). 
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TABLE 84. Reservoir parameters and reserves of 
the Upper Cretaceous Castlegate Sandstone 

(Mesaverde Group), eastern Uinta Basin, Utah 
(from National Petroleum Council, 1980). 

Permeabili ty: 0. 1 to 0.003 md 
Pressure: 4.275 psi 
Temperature: 233° F 
Gas-filled porosi ty: 4.2% to 2.3% 
Net pay: 25 to 60 ft 
Depth: 9.500 ft 
Maximum recoverab le gas: 1.131 Tcf plus addi tional gas in a rea of 
combined Coaly and Castlcgatc resource 

FIGURE 78. Stratigraphic column from the Upper 
Jurassic through the Eocene, Uinta Basin (from Fouch 
and Cashion, 1979). 
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MANCOS "B" SHALE, UINTA BASIN 

The tight gas trend of the Mancos "B" Shale extends from 
the Piceance Creek Basin and Douglas Creek Arch of Colorado 
into the southeastern Uinta Basin of Uintah and Grand 
Counties. Utah . As in Colorado. the Mancos ''B"interval is part 
of the Upper Cretaceous Mancos Shale (fig. 78). which is 
characterized by finely interbedded shale, siltstone, and very 
fine grained sandstone. An application to designate the Mancos 
"B" as a tight format ion in the southeastern Uinta Basin and on 
the southern Douglas Creek Arch has been approved by the 
FERC (fig. 74) (Utah Board of Oil. Gas. and Mining. 1981 b). 
The data base on the Mancos "B" in Utah is fair (tables 80 
through 83). Some data on the Uinta Basin were not available. 
but data on nearby parts of the Mancos " B" interval on the 
Douglas Creek Arch and in the Piceance Creek Basin of 
Colorado a re analogous. 

Structure 

The Uinta Basin is a strongly asymmetric. structural and 
topographic basin having a generally cast-to-west axis located 
close to the northern basin margin. The Uinta Range and the 
Wasatch Plateau· bound the basin on the north and west. 
respectively. The Uncompahgre Uplift bounds the basin on the 
southeast, the Douglas Creek Arch on the east (fig. 74), and the 
San Rafael swell on the southwest (west of area shown in 
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fig. 74). The development of the Uinta Basin began during the 
Late Cretaceous - early Tertiary Laramide orogeny and the 
uplift of the Uinta Mountain block. which was accompanied 
by simultaneous subsidence of the basin (National Petro
leum Council. 1980). 

Stratigraphy 

Upper Cretaceous and Tertiary rocks compose the major 
part of the sed imentary fill within the Uinta Basin (fig. 78). 
During Cretaceous time, elastic sediments were shed from the 
Sevier Arch in western Utah, including the eastward-thickening 
Mancos Shale. which is 2.000 to 5,000 ft thick within the basin 
(Osmond, 1965). The Mancos "B" interval is encased in the 
marine Mancos Sha le, and the stratigraphy described by 
Kellogg ( 1977) for adjacent Colorado is also applicable in Utah 
(see previous section on the Mancos "B" Shale, Piceance Creek 
Basi n. p. I 58). 

Depositional Systems 

The study area of Kellogg ( 1977) included parts of the Uinta 
and Piceance Creek Basins and the Douglas Creek Arch. For a 
summary of depositional systems, see previous section on the 
Mancos "B" Shale, Piceance Creek Basin, p. 158. 



FOX HILLS SANDSTONE, GREATER GREEN RIVER BASIN 

The Upper Cretaceous Fox Hills Sandstone is a regressive 
sequence of marginal marine siltstones and sandstones 
deposired a long the western edge of the Cretaceous epi
continental seaway. It is underlain by the marine Lewis Shale 
and overlain by paludal and fluvial deposits of the Lance 
Formation (fig. 79). The Fox Hills Sandstone has been studied 
in outcrop from the western margin of the Denver Basin near 
Golden, Colorado (Weimer, 1973) to the eastern edge of the 
Rock Springs Uplift near Rock Springs, Wyoming (Harms and 
others, 1965). The latter authors questioned the interpretation 
of the Fox Hills as a barrier-island sequence in that area but 
proposed no other littoral to shallow marine facies as an 
alternative. Both the upper and.lower contacts of the Fox Hills 
Sandstone are difficult to establish consistently over longer 
distances (Newman, 1981 ). 

The data base on the Fox Hills Sandstone is fair (tables 85 
through 88); it is based on several published articles and one 
FE RC application (Wyoming Oil and Gas Conservation 
Commission, 1981 b). Although additional data on this for
mation are needed, it appears that tight gas production in the 
Fox Hills is hampered in many areas by excessive production of 
water (D. Reese, personal communication, 1982). Neither the 
National Petroleum Council ( 1980) nor Kuuskraa and others 
( 1978) included the Fox Hills in their assessments of the Greater 
Green River Basin. 

Structure 

The Greater Green River Basin of southwestern Wyoming 
and northwestern Colorad~ has a surface area of about 
23,000 mi2; Cretaceous and Tertiary rocks·within the basin have 
an average thickness of 15,000 ft. The present form of the basin 
resulted from the Late Cretaceous - early Tertiary Laramide 
orogeny. The basin is bounded by the Overthrust Belt on the 
west and by a series of surrounding positive features on other 
margins (fig. 80). The basin is further divided into sub basins and 
intervening uplifts, some of which, such as the Wamsutter Arch 
and the Cherokee Ridge, are only subsurface features (National 
Petroleum Council. 1980). 

Stratigraphy, with a Note on the Lewis Shale 

Underlying the Fox Hills Sandstone and overlying the 
dominantly regressive Mesavcrde Group is the Lewis Shale, 
which was deposited during the last major marine invasion of 
the eastern Greater Green River Basin. The Lewis sea did not 
advance very far west of the western edge of the Rock Springs 
Uplift, where a Lewis strandplain developed. The strandplain 
facies may contain blanket tight gas sandstones; otherwise, 
si ltstones and thin sandstones within the Lewis Shale are 
expected to be lenticular (Newman, 1981). An application for a 
tight fo rmation designation has been approved by the State of 
Wyoming for the Lewis in parts of Sweetwater and Carbon 
Counties (Hagar and Petzet, 1982b) . 
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The Lewis - Fox Hills contact is transitional, and the Fox 
Hills Sandstone itself, although regressive, is interrupted by 
local marine transgressions (Newman, 1981). The Fox Hills is 
notably time-transgressive, and outcrop studies of the northeast 
flank of the Rock Springs Uplift have shown that the Fox Hills 
becomes progressively younger to the southeast and east 
(Weimer, 1961). This time-transgressive relationship would be 
expected to continue to the eastern limit of deposition in the Red 
Desert and Washakie Basins. 

The overlying Lance Formation is a nonmarinc sequence of 
carbonaceous sha les, siltstoncs, sandstones, and coal beds that 
is up to 2,000 ft thick in the Red Desert and Washakie Basins. 
It is primarily fluvial, lacustrine, and paludal in origin 
(Newman, 1981). 

Depositional Systems 

The Fox Hills Sandstone is a composite regressive sand 
body having an overall blanket geometry. Outcrop studies, 
however, indicate that individual sandstone units show varying 
dip and strike continuity, with a tendency toward better strike 
continuity (Weimer, 1961; Land, 1972). Land (1972) concluded 
that the Fox Hills Sandstone in the area of the Rock Springs 
Uplift and Wamsutter Arch was deposited along an embayed 
barrier-island coastline. Individual facies include shales and 
siltstones of shallow-water origin grading upward into very fine 
grained and fine-gra ined sandstone of the lower and upper 
shoreface and foreshore of a barrier island. These facies are 
generally overlain by a fine- to medium-grained sandstone with 
a scoured base interpreted to be estuarine. In outcrop along the 
western edge of the Denver Basin, the Fox Hills Sandstone is 
a delta-front deposit (Weimer, 1973); thus, deltaic depocenters 
may also be found within the Fox Hills of the eastern Greater 
Green River Basin. 

Electric logs of the Fox Hills Sandstone show both 
aggradational, blocky character and progradational, upward
coarsening sequences (fig. 81). The sequences may coarsen 
upward over as much as 50 ft from shale baseline to maximum 
SP deflection, whereas the sandstones having blocky character 
attain maximum deflection over I 0 to 20 ft (Tyler, 1978, l 980a, 
and I 980b). Thus, the Fox Hills may be a combination of shore
line and shallow marine deposi ts, including both aggradational 
coastal barrier sands and progradational deltaic sands 
deposi ted on the leading edge of a major regression culminating 
in thick, nonmarine Tertiary deposits. 

Although the Fox Hills Sandstone was deposited over an 
extensive area in the central Rocky Mountain region, 
hydrocarbon production is limited . Gas is produced from this 
formation in the Washakie Basin, primarily from Bitter Creek 
Field. An FERC-approved tight gas sand area in the Fox Hills 
Formation is also located in the Washakie Basin (fig. 82), 
encompassing the areas peripheral to Biuer Creek Field 
(Wyoming Oil and Gas Conservation Commission, 1981 b). 
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TABLE 85. Fox Hills Sandstone, Greater Green River .Basin: 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBUTES 

Stratigraphic unit/ play 

Fox Hills Sandstone. 
Upper Cretaceous. 

Area 

Area in parts of T 16- 18N. 
R96-99W, Sweetwater 
County. Wyoming. is 
303 mi 2. 

GEOLOGIC PARAMETERS - BASIN/TREND 

Thickness 

Generally 300 ft to a maximum 
of 600 ft in application area. 
Range is 150 to 250 ft to the 
north in the Wamsutter Arch 
area near Patrick Draw Field . 

Depth 

Average is 7,360 ft. 

Structural/ tectonic selfing Thermal gradiem Pressure gradienr 

The designated area lies within the Washakie Basin. 1.2° to 1.6° F/ 100 ft. No data. 
which is a subbasin of the Greater Green River Basin. The 
area is bounded on. the west by the Rock Springs Uplift and 
on the north by the Wamsutter Arch. Parts of the area lie on 
the nan ks of these st ructures. The Sierra Madre Uplift borders 
the eastern edge of the Washakie Basin. and the Cherokee 
Ridge separates the Washakie from the Sand Wash Basin 
to the south. 

Estimated 
resource base 

No data. Not included in 
National Petroleum 
Council ( 1980) study. 

Stress regime 

Compressional and 
vertical stresses re lated 
to Late Cretaceous -
early Tertiary Laramide 
tectonism. 

Formation a((itude, 
other data 

No additional informat ion. 



TABLE 86. Fox Hills Sandstone, Greater Green River Basin: Geologic parameters. 

GEO LOGIC PARAMETERS - UNIT/ PLAY 

Depositional systemsf.lacies 

Deposition occurred during a net regression of the 
Late Cre1aceous epeiric seaway. The Fox Hills 
intertongues with the marine Lewis Shale. which it 
overlies. and with lhe nonmarinc Lance Formation. 
which is underlies. Deposit ional systems include 
deltaic and wave-dominated barrier-island coastline. 
Individual facies represent depos ition in upper and 
lower shorefacc and foreshore environments on the 
open sides of the barrier islands and es tuarine 
environments between and behind the barrier islands. 
To the south. near Golden. Colorado, outcrops of the 
Fo.x Hills are interpreted to be lower to upper delta 
fronl and dis tributary b<tr. 

Typical reservoir dimensions 

Gross perforation interval average is 254 ft : range is 
83 to 447 fl in four wells. 

Tex/Ure 

Siltstone and very fine grained 10 
medium-grained sandstone. 

Pressure/ temperature 
of reservoir 

Average temperature is 150° F. 

Mineralogy 

55% to 90% quartz. 3% to IS<Ji, 
chert. 3% to 30% rock fragments . 
predominantly pelitic clay
aggregate (sericite-i ll itc) ch1s ts, 
having some siltstone and 
volcanic rock fragments: 2% to 
I 5% fe ldspar (plagioclase and 
K-feldspar); trace or muscovite. 
biotite, and heavy minerals. 

Natural .fi"acturing 

No da1a. 

Diagenesis 

Cemented primarily by calcite and 
some au thigenic clays. 

Data availability 

SP-res istivity logs available. No 
information on core avai lability. 
Mor~ outcrop studies available than 
typica l for other forma tions. 
G R-ncu tron density logs 
may have been run. 



TABLE 87. Fox Hills Sandstone, Greater Green River Basin: Engineering parameters. 

ENGINEERING PARAMETERS 

Reservoir parameters 

Permeabili ty is 0.004 md calcu
la ted from the flow lest of one 
well. Porosity range is 12% 
10 14%. 

Well stimulation techniques 

Ne1 pay 1hickness 

From one well . ne l pay i.~ 
25 fl. 

Hydraulic frac ture techniques currently average 100,000 gal 
gel-KCI fluid and 300 scf COl/ bbl of fluid and 
138.000 lb of 20-40 mesh sand proppant. 

Pre-stimula1ion 

Average was 175 
Mcfd for unknown 
number of wells. 

Success ratio 

No data. 

Production rates 

Post-stimulation 

Average was 775 
Mcfd for unknown 
number of wells. 

Well spacing 

160-acre spacing 
except for sec. JS, 36, 
T J7N. R99W; sec. 31. 
T17N, R98W; and 
sec. I . 2,and 3. Tl6N, 
R99W, where 320-
acre spacing is in 
effec1. 

Decline ra1es 

No data. 

Comme111s 

Formation fluids 

When liquid hydro
carbons arc produced. 
rates are less than 
5 bpd . 

Wa1er saturation 

Typica II y less than 
700/(1. 

Good continuity of SP log character over distances of I to 4 mi is evident 
on regional cross sections prepa red by the U.S. Geological Survey. 
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TABLE 88. Fox Hills Sandstone, Greater Green River Basin: 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

Approved by FERC. 

Attempted completions 

450 penet rations in an area 
of 2. 500 mi2. 

OPERA TING CONDITIONS 

Physiography 

In the Wyoming - Big 
Horn Basins physio
gniphic subdivision. 
Local relief of 30010 500ft 
in most areas, 
1,000 to 3,000 ft over 
the Rock Springs Uplift 
and around the margins 
of the basin. 

Climatic conditions 

Semiarid to arid. Most 
areas receive 8 to 16 inches 
mean annual precipitation; 
however, low-relief areas 
east and west of the Rock 
Springs Uplift receive less 
than 8 inches mean annual 
precipi tation. Mild sum
mers, cold to very cold 
winters. 

Success ratio 

No data. 

Accessibility 

Access may be limited in 
a reas of low mountains by 
significant local relief. 

Drilling/ 
completion 
costs 

Average drilling and com
pletion costs arc $445.000. 
Average st imulation costs 
arc $70.000 (1980 dollars). 

Market outlets 

Pipelines are available for 
production a long the mar
gins of the Washakie Basin 
and on the Wamsuuer Arch, 
but the basinward townships 
of the designated tight for
mation area were not served 
by pipelines as of April 1980. 
Cities Service Gas Co., 
Northwest Pipeline Co., 
and Western Transmission 
Corp. have p ipelines in the 
area. 

EXTRAPOLATION POTENTIAL 

Industry interest 

Low to moderate. 
One FERC appli
cation. 

Comments 

Good. The delta ic facies have analogies in parts o f the 
Frontier, Olmos, Davis. and Carter Formations. The 
Olmos is overlain and possibly reworked by marine trans
gression, but the Fox Hills is overlain by regressive pa
ludal deposits. Barrier-island marine bar sands tones of 
the Fox Hills have analogies in the upper Dakota, upper 
Almond, and marginal marine deltaic to i111erdeltaic 
sands of the Mesaverde Group, probably including 
Cozzette and Corcoran Sandstones. 

Mileage charges in 
pans of the eastern 
Greater Green River 
Basin may be high for 
service to remote areas. 



UPPER ALMOND AND BLAIR FORMATIONS, 
GREATER GREEN RIVER BASIN 

The upper Almond and Blair Formations are part of the 
Upper Cretaceous Mesaverde Group within the eastern Greater 
Green River Basin (fig. 79). These units consist of fine-grained 
to very fine grained sandstone having some dctrital silt and clay 
(upper Almond) to fine-grained to very fi ne grained sandstone. 
si ltstone. and sha le (Bla ir). An application for designation of the 
Mcsavcrdc Group as a tight formation has been approved by the 
FE RC for an area that covers most of the Red Desert and 
Washakie Basins and the Wamsutter Arch (fig. 82) (Wyoming 
Oil a nd Gas Conserva tion Commission, 1981 b). Most oft he gas 
produced from the Mcsaverde Group is from either the upper or 
the lower Almond Formation, but operators may drill to the 
Blair Formation at the base of the Mcsaverde Group to test all 
parts of the gro up (R . Ma rvel. personal communication. 1982). 

The data base on the upper Almond Formation is good 
(tables 89 through 92): it is based to a large extent on Mc Peek 
( J 98 I). The data base on the Blair Formation is poor (tables 93 
through 96). More data are ava ilable on the Almond Formation 
because of high operator interest in its shallow upper and lower 
pans. The upper Almond is better known asa blanket reservoir. 
but the Blair Formation is marine innuenced and should have 
some lateral continuity. The lower Almond Formation contains 
lenticular sandstones. 

Structure 

The struewra l setting of the Greater Green River Basin is 
described in the previous section on the Fox Hills Sand
stone (p. 167). The areas of interest for tight gas production 
in the upper Almond and Blair Formations arc the Red Desert 
Basi n. the Wamsutter Arch, and the Washakie Basin (fig. 80). 
The National Petroleum Counci l ( 1980) concluded that the 
Green River Basi n proper (a Isa known as the Bridger Basin) and 
the Moxa Arch will yield little gas fro m lenticular sandstones; 
the Council did not comment on expected yield of blanket units 
younger than the Frontier Formation. 

Stratigraphy 

The Almond Formation conformably overlies the Ericson 
Formation within the Mesaverde Group (fig. 79) and ranges 
from 200 to 800 ft thick (Newman. 1981). The Almond is 
divided in to the upper Almond. or Almond "A."and the lower 
Almond. or Almond "B." Terminology for these units varies; 
McPcek (1981) used the terms "upper" and -1ower," the 

ational Petroleum Council ( 1980) used "A "and··B."and some 
authors do not distinguish the two on regional cross sections 
(Miller and VerPloeg. 1980). Mc Peck's ( 1981) usage will be 
followed here. 

The lower Almond Formation contains fluvial and paludal 
deposi ts. including coal beds. West of the Rock Springs Uplift. 
the upper Almond Formation is not developed and the lower 
Almond merges wi th similar deposits of the overlying La nce 
Formation. The marine transgression represented by the Lewis 
Shale did not extend past the western edge of the uplift: hence, 
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shale is a bsent between the Almond and Lance Formations. The 
upper Almond Formation is a marginal marine deposit of the 
Lewis transgression. When sea-level stillstands a nd locali7ed 
regressions of the Lewis sea occurred. the barrier and shoreface 
sandstones that were deposited formed the upper Almond 
(Jacka. 1965; Newma n. 1981). 

The Blair Formation, at the base of the Mesaverde Group, 
consists of sha ll ow marine sandstones, siltstones, and shales. 
The basa l part of the Blair contains marine sandstone ranging in 
th ickness from 150 to 500 ft; this sandstone is thought to be the 
co ntact wit h the underlying Baxter Shale. The sandstone is well 
developed around the Rock Springs Uplift; however, east oft he 
uplift, the Blair consists mostly of shallow marine siltstoncs and 
sha les that become difficu lt to distinguish from the underlying 
Baxter a nd overlyi ng Rock Springs Formations (Newman, 
198 1 ). 

Depositional Systems 

The primary depositional control on the upper Almond 
Formation was exerted by the transgression (dominant) and 
regression (subordinate) of the Lewis seaway shoreline. This 
resulted in intertonguing of marine shales and barrier and 
shallow marine sandstones and led to vertical repetition of facies 
(Weimer. 1965). Outcrop studies of the eastern margin of the 
Rock Springs Uplift have suggested that upper Almond 
depositional cycles resulted in barrier-island, marsh or mudnat, 
and lagoonal-bay deposits (Jacka, 1965). Marginal marine 
environments shifted laterally and vertically over time. Lateral 
migration of the barrier island formed a blanket sandstone 
consisting of shoreface. foreshore. tidal-delta. tidal-channel, 
a nd possibly dune facies (Flores. 1978). 

Generally. the Almond Formation shoreline rises 
strn tigraphica lly to the west across the eastern Greater Green 
River Basin a nd beco mes younger. Approximately the upper 
100 ft of the Almond Formation constitutes the part of the 
upper Almond that is made up of shoreline deposits (Miller, 
1977). The uppermost Almond sa ndstone has excellen t lateral 
continuity across the Wamsutter Arch and Patrick Draw Field 
(fig. 83) (Tyler. 1978) and fair to good lateral continuity across 
the southern end of the Rock Springs Uplift (fig. 84) (Tyler. 
1980b). The generally blocky SP log character of the uppermost 
Almond sandstone is typical of a barrier sandstone; the 
sequence may be similar to the barrier-island .sequence of 
shorcfacc and foreshore deposits described from outcrop by 
Jacka ( 1965. fig. 6). 

The genetic facies of the Blair Formation arc not well 
documented . The sandstones and siltstones of the Blair are 
commonly considered to be shallow marine. in part because of a 
shallow-water fauna . The Blair may have been deposited 
adjacent to or offshore of the mouth of a major northwest
sout hcast-trcnding distributary entering the Baxter sea 
nort hwest of the Rock Springs Uplift in the area of the Green 
River Basin proper (Miller. 1977). Parts of the Blair Forma tion 
therefore may represent a dehaic system. 
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TABLE 89. Upper A lmond Formation, Greater Green River Basi11: 
General attributes a11d geologic parameters of the tre11d. 

GENERAL ATTRIBUTES 

Stratigraphic unit/ play 

Upper Almond Formation, 
Mcsavcrdc Group, Upper 
Cretaceous. 

Area 

Marginal marine upper 
Almond Formation is 
found cast of the Rock 
Springs Upl ift. Total 
designa ted area for the 
Mcsavcrdc Group is 
4.11 7 mi! in the Red 
Dcscn Basin. Wamsutter 
Arch. and Washakie Basin. 

GEOLOGIC P ARAMETERS - BASIN/TREND 

Structural/ recronic selling 

This area lies within the Red Desert and Washakie subbasins 
and on the Wamsuuer Arch of the eastern Greater Green River 
Basin. Positive and negative structural fcarnrcs arc a product 
(lf the LuurnicJc orogeny. 

171ic/.:ness 

Almond Formation (lower and 
upper) averages 490 ft thick in 
31 wells. The upper Almond 
is es timated to represent no 
more than 100 to 150 ft of the 
total thickness. Only the 
upper 100 ft or less of the 
Almond Formation is associ
ated with marginal marine 
processes. 

Depth 

Range is from ap
proximately 6,200 ft 
on the Wamsuller 
Arch (Tl9N. R98W) 
to 15.450 ft in the 
deep Washakie 
Ba~in (Tl4N. R96W). 
Average is 10.170 ft 
for 43 Amoco-
opcra tcd wells in 
tight formation 
area. 

n1ermal gradienr Pressure gradienr 

1.2° to 1.6° F / I 00 ft . mostly 
J.4° to 1.6° F/ 100 rt. 

Ovcrpressurcd in 
much of the Greater 
Green R ivcr Biisin. 
Grnd ients arc 0.5 to 

0.64 psi / ft. 

Estimated 
resource base 

Formarion atrirude, 
orher data 

Maximum reeovcrablegas No add itional informa tion. 
b 0.307 Tcf in the Red 
Desert Basin and 1.465 Tcf 
on the Wamsutter Arch 
and the eastern nank of 
the Washakie Basin 
(uniquely identified with 
the upper Almond). Con-
siderable additional 
reserves arc present in 
the upper Almond. 
stacked in association 
with other reservoirs 
(National Pctrokurn 
Council , 1980). !;stima tccJ 
recoverable gas is 
2.6 Ber per a vc ragc section 
(McPcek. 198 1). 

Srress regime 

Compressional Laramidc 
deformation follow.Cd by 
post-Larnmit.lc vertical 
uplift. 



TABLE 90. Upper A lmond Formation, Greater Green River Basin: Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/ PLAY 

Deposi1ional sysiems/facies 

Shallow marine embayment and offshore bar, shore
face, barrier island, and mixed tidal Oats of inter
laminated mud to sand. Minor regressive and trans
gressive episodes led lo reworking and slacking of 
sandy facies. Overlain by major Lewis transgression, 
genera lly to the wes tern edge of the Rock Springs 
Uplift. Upper Almond sandstones interfinger with 
basal Lewis shales. Tidal-inlet and tidal-delta litho· 
facies are also represented. Shoreline facies rise 
stratigraphically and become younger from east to 
west. 

Typical reservoir dimensions 

Reservoir sandstone up lO 40 ft thick over an 
area 2 to 4 mi wide and 5 lo 40 mi long in the 
overpressured area. 

Tex1ure 

Fine-grained to very fine grained 
sandstone having varying amounts 
of dctrital silt and clay and sandy 
and silty shales. In outcrop on the 
eastern side of the Rock Springs 
Uplift, sandstone is moderately to 
well sorted and subangular to 
subrounded. 

Pressure/ temperature 
of reservoir 

Average pressure is 5,854 psi in 
43 wells in tight formation area 
from undifferentiated Mcsaverde 
Group. 

Mineralogy 

In outcrop on the eastern side of 
the Rock Springs Uplift . sand
stone consists of quartz, rock 
fragmen ts. feldspa r (a ltered}, 
mica, minor amounts of dark 
chert, ra!·c glauconite, and some 
reworked carbonaceous debris. 
One outcrop study reported 31% 
to 50% quartz, 14% to 19% rock 
fragmen ts, 7% to 14% feldspar, 
10% to 13% matrix, and 19% lo 
27% cement. 

Natural frac1t1ring 

No data on existing production, 
but fracturing is expected to 

enhance production in highly 
overprcssured areas. Three 
wells in designated tight forma 
tion area were excluded from 
the application because they are 
thought to produce from a 
na tural fracture (average pre
stimulation flow was 3. 110 Mcfd ). 

Diagenesis 

Probably similar to other Mesa verde 
Group formations having 4uartz and 
calcite cement and diagenetic clay. 
including ch lorite. 

Data availabili1y 

SP-resistivity and compensated 
neutron-formation densi ty are 
typical logs. Core is available 
from and has been described by the 
U.S. Geological Survey. 
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TABLE 91. Upper Almond Formation, Greater Green River Basin: Engineering parameters. 

ENGINEERING PARAMETERS 

Reservoir parameters 

Average in situ permeability in 
designated tight formation 
area of Mesaverde Group is 
0.041 md. Average porosity is 
18% in overpressured area. 

Well stimula1ion 1echniques 

Net pay thickness 

Range is 14 10 18 fl in the 
overpressured areas. 

Hydraulic fracturing and massive hydraulic fracturing. Massive 
hydraulic fracturing in the undifferentiated Mesaverde Group 
has used 275.000 to 290.000 gal nuid and 482.000 to 800.000 lb 
sand proppant a1 pressures as high as 6.500 to 8.000 psi. Average 
fracture trea1men1 for 43 Amoco wel ls in tight forma tion 
area used 162,000 gal fluid and 321.000 lb sand proppant (for 
undifferentiated Mcsaverdc Group). 

Pre-stimulation 

214 Mcfd for 
undifferentiated 
Mesaverde in light 
formation area. No 
specific data on upper 
Almond. 

Success ratio 

An average 451 % 
increase in gas now 
after stimulation for 
43 Amoco-operated 
wells in designated 
tight formation area 
(undifferent iated 
Mesaverdc). 

Production rates 

Post-s1imu/a1ion 

First year average 
dai ly production was 
1.500 to 1,700 Mcfd. 

Well spacing 

640 acres. 

Decline ra1es 

No data. 

Comments 

Forma1ion fluids 

Little water is 
produced. no specific 
details. No oi l is 
prod uccd from 
Mcsaverde Group 
in designated tight 
formation llfC<L 

Waler sa1ura1ion 

Average is 59%. range 
is 45% 10 88% for 
core through one 
producing interval 
sampled at I-ft 
intervals. 

Average gas recoverable per well estimated at 8 10 9 Bcf. Some prc
stimulation flow tests were taken after trca1men1 with <1cid, but all were 
taken before fracturing. Mcsavcrde production is generally from the 
upper or lower Almond Formation. 
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TABLE 92. Upper A lmond Formation, Greater Green River Basin: 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

One FERC application 
approved for the 
undifferentiated 
Mesaverde Group. 

A 11e111pted completions 

319 penetrations, no t all of 
which were solely targe ted 
for the upper Almond 
(overpressured area). 

An add itional 143 wells, as 
of March !980. were being 
drilled or tested, or had 
been announced as 
locations: some of these 
muy test the upper Almond. 

OPERATING CONDITIONS 

Physiography 

In the Wyoming - Big 
Horn Basins physio
graphic subdivision. 
Local re lief of 300 10 

500 fl east and west of 
the Rock Springs 
Uplift, 1,000 ft or more 
near the Rock Springs 
Uplift. 

Climatic conditions 

Arid to semiarid having less 
than 8 inches to approxi
mately 12 inches mean 
annual precipitation, 
increasing at surrounding 
higher elevations. Mild 
summers. very cold winters. 
Winter conditions can 
adversely affect exploration 
activities. 

Success ratio 

39% of penetrations in the 
overpressured areas. 

Accessibility 

Limited major highway 
access to parts of the area. 

Drilling/ 
completion 
costs Market outlets lndusrry imerest 

A 1ypical I0.000-ft well to 
upper Almond in the ovcr
prcssured 7.onc costs 
approximately $1.2 million 
( 1980 dollars). Average 
cost for a Mesavcrde 
frac ture 1rea1ment of 
205.000 gill nuid <llld 
396.000 lb proppant is 
$232.600 ( 1980 dollars). 

Panhandle El1s1ern Pipeline 
Co .. Colorado Interstate 

Modcra1c to high. 
Tight gas desig
nation in effect: 
recent publication 
pointed out extent 
of undrillcd areas. 
esrecially at great
er depths than 
curren1 production. 

Gas Co .. and Ci1ics Service 
Gas Co. have pipelines in 
the Red Desert and 
Washakie Basins. Mapco has 
completed a pipel ine to 
acccp1 natuntl gas liquids 
not used locally. 

EXTRAPOLATIO N POTENTIAL 

Good. Barrier-island. shorcfocc. and offshore-bar fac ics 
similar to other marginal marine sandstones of the 
Mcsaverde Group, including Corcoran. C07.:7.ettc. and 
possibly Sego and Castlegatc Sandstones. Hartsel le 
and Fox Hills Sandstones also contain barrier. shorefacc, 
and !> hallow marine deposits. 

Commen1s 

McPcck (!981) 
reviewed Mesa verdc 
potential in the 
Red Desert B;1sin. 
Wamsutter Arch. 
and Washakie Basin. 
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TABLE 93. Blair Formation (Mesaverde Group), Greater Green River Basin: 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBUTES 

Stratigraphic unit/play 

Blair Formation. 
Mesaverde Group, 
Upper Cretaceous. 

Area 

Northern Rock Springs 
Uplift and north-centra l 
Greater Green River Basin. 

GEOLOGIC PARAMETERS - BASIN/TREND 

Structural/ tectonic setting 

See upper Almond F<lrmation. Greater Green River 
Basin. table 89. 

771ickness 

Average is 1.400 ft in the deep
basin area of T27N, R 103W. 
Average is J ,900 ft in T l 8-
19N, R97-98W, "!able Rock 
Field area, eastern nank of 
Rock Springs Uplift. 

Depth 

Range is from out
crop on the northern 
end of the Rock 
Springs Uplift to 
15.000 ft in T27N. 
Rl03W on the 
northern basin mar
gin. Drilling depth 
of 8,200 ft in Table 
Rock Field area 
(T18- 19N, R97-98W). 
eastern flank of 
Rock Springs Uplift. 

Thermal gradient Pressure gradient 

See upper Almond 
Formation, Greater Green 
River Basin, table 89. 

Sec upper Almond 
Formation, Greater 
Green River Basin, 
table 89. 

B timared 
resource base 

Formation alfitude, 
other data 

Maximum recoverable gas No additional information. 
is at least 1.2 Tcf 
(National Petroleum 
Council. 1980). Blair 
Formation not suffi-
ciently diffe rentia ted 
from other formations of 
the Mcsaverdc Group in 
National Petroleum 
Council (1980) study to 
give more precise 
estima te. 

Stress regime 

Sec upper Almond For
mation. Greater Green 
River Basin. table 89. 
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TABLE 94. Blair Formation (Mesaverde Group), Greater Green River Basin: Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/ PLAY 

Depositional systems/fades 

A marine regressive sandstone forming the basal unit 
in the Mesaverde Group. Contains marine shale to
ward its upper contact with the Rock Springs Forma
tion in the northern Rock Springs Uplift area. The 
Blair becomes indistinguishable from the Baxter 
Shale to the northeast. southwest. and southeast of 
the Rock Springs Uplift in the north-<:entral part of 
the Greater Green River Basin. May be distal delta 
front rather than purely prodelta, as suggested by 
subaqueous slumps and contorted bedding seen in 
outcrop. Facies may grade landward into proximal 
de lta front and possibly distributary bar where thick 
sandstones occur in the lower Blair. Boundaries of 
the Blair arc transitiona l and difficult to pick. 

Typical reservoir dimensions 

Basal marine sandstone or a younger middle Blair 
sandstone ranges from 150 to 500 ft thick in the 
subsurface east of the Rock Springs Uplift. 

Texture 

Fine-grnined to very fine grained 
sandstone, siltstone. and shale. 
massively to thinly bedded in 
outcrops along the Rock Springs 
Uplift. Most sandy facies found 
around the northern Rock Springs 
Uplift and the northern bas in 
n.argin; more silty and shaly 
between the Moxa Arch and the 
Rock Springs Uplift. 

Pressure/ temperature 
of reservoir 

No data. 

Mineralogy 

Probably similar to other Mesa
verde Group formations having 
quartz, sedimentary rock frag
ments. and detrital clay. 

Natura/fracturing 

No data. 

Diagenesi~· 

Probably similar to other Mesaverde 
Group formations having quartz and 
calcite cements and diagenetic 
clays, including chlorite. 

Data availability 

Nonexistent in deeper parts of the 
basin, limited elsewhere. 



TABLE 95. Blair Formation (Mesaverde Group), Greater Green River Basin: Engineering parameters. 

ENGINEER ING PARAMETERS 

Reservoir parameters Net pay thickness 

o da1a. No dala. 

Well stinwla1ion 1echniques 

Hydraulic frae1uring and massive hydraulic fracturing. See 
upper Almond Forma1ion. Greater Green River Basin.1able9 I . 

Pre-stimulation 

214 Mcfd for 
undifferentiated 
Mcsaverde Group in 
tigh1 forma1ion area. 
No specific daia on 
Blair. 

Success ra1io 

Sec upper Almond 
Forma1ion. Greater 
Green River Basin, 
table 91. 

Production rates 

Pos1-s1imula1 ion 

No darn. 

Well spacing 

No dara. 

Decline ra1es 

No data. 

Commems 

Formation .fluids 

No oil is produced 
rrom Mcsavcrde 
Group in designated 
tight forma1ion area. 

Water saturation 

No dala. 

Gas shows. having no further dciails given. arc in Table Rock Field area. 
T l8-19N. R97-98W. For all engineering paramc1crs. no data specific to 
the Blair as distinguished from the Mesa vcrdc Group as a whole. 
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TABLE 96. Blair Formation (Mesaverde Group), Greater Green River Basin: 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

One FERC appl ication 
approved for the undif
ferentiated Mesaverde 
Group. 

A I/empted completions 

No data. 

OPERA TING CONDITIONS 

Physiography 

See upper Almond 
Formation. Greater 
Green River Basin, 
table 92. 

Climaric condirions 

Sec upper Almond 
Formation. Greater Green 
River Basin. table 92. 

Success ratio 

No data. 

Accessibility 

See upper Almond 
Formation, Greater Green 
River Basin. table 92. 

Drilling/ 
completion 
cos rs 

No data specific to Blair. 
See upper Almond 
Formation, Grea ter Green 
River Basin. table 92: 
allow costs for a min imum 
of 25% greater depth. 

Market outlets 

Similar to other Mcsaverdc 
Group production in the 
eastern Greater Green 
River Basin. but pipelines 
arc lacking in the north
western p<trt of the Green 
River Basin proper where 
marine Blair sands 
are best developed . 

EXTRAPOLATION POTENTIAL 

Fair. Data limited. Dista l to proximal dehaic facies 
suggest analogy to Davis and Olmos Formations. May 
have similari ties to barrier-strandplain and offshore-bar 
facies of other parts of the Mesaverde Group, but data 
are inadequate to make a full comparison. 

Indus1t:11 interest 

Low to moderate. 
Apparently lilllc 
incent ive to dri ll to 
the base of the Mesa
vcrde Group because 
of shallower for
mations in the group. 

Commenrs 

In 1973. only five 
wells produced pre
dominant ly from the 
Blair or the Blair
equivale nt Ada vi lle 
Formation. 



FRONTIER FORMATION, GREATER GREEN RIVER BASIN 

The Frontier Formation, the lowermost Upper Cretaceous 
unit in the Greater Green River Basin, is a major regressive 
deposit of alternating sand and sha le. The Frontier is encased 
between the marine Mowry and Baxter S hales (fig. 79). 
Applications have been fi led for designation of the Frontie r 
Formation as a tight gas sand in parts of the Greater Green 
River Basin (fig. 82) ( Wyoming Oil a nd Gas Conservation 
Commission, 1980a, 198 1a, 198lc, 1981d, !98te, and 1981f). 
For presentation of da ta, the Fro ntie r has bee n separated into 
two groups: (I) the northern and southern a reas forming a 
contiguous block nanking the Moxa Arch and (2) the two 
remaining a reas, one at the north end of the Rock Springs Uplift 
and one on the eastern margin of the Washakie Basin (fig. 82). 
The data base o n the Frontier Formation is good to very good 
for both the Moxa Arch (tables 97 through 100) and the eastern 
Greater Green River Basin (tables 101 through 104). 

Structure 

The Late Cretaceous - early Tertiary Laramide orogeny 
shaped the Greater Green River Basin . The basin is bounded on 
the west b y the O verthrust Belt and on other margins bya series 
of surrounding posi tive features (fig. 80) (National Petroleum 
Council. 1980). Subbasins a nd intervening uplifts furthe r div ide 
the basin; some of these features are present only in the 
subsurface. 

Both the R ock Springs Uplift and the M oxa A rch have 
similar st ructural styles, and both resulted primarily from 
vertical basement m ovement. Uplift on the Moxa A rch appears 
to have been act ive during deposition of the Baxter Sha le 
(equivalent to the Hi ll iard Shale) and the lower Mesaverde 
Group: this is suggested by th ickening of these units away from 
the axis of the arch. T he R ock Spr\ngs Uplift may be slight ly 
younger than the Moxa Arch; the steep dip of Paleocene strata 
indicates a post-Paleocene age for m uch of the Rock Springs 
Uplift (S tea rns and others, 1975). 

Stratigraphy 

T he entire F rontier Formation varies from 240 to I .200 ft 
thick but in most areas is 400 to 600 ft thick. Alternation of 
sands and s hales was caused by m inor regressive and 
tra nsgressive episodes and possibly also by alternat ing 
development and abandonment of ind ividual de ltaic lobes 
within the major regressive sequence that formed the Frontier 
de lta. This a lternation has led to designa tion of the First 
through Fifth Frontier sands within the Frontier Formation; 
these intervals are further described in the section that follows 
on the F rontier in the Wind River a nd Big Horn Basins (p. 20 I). 
The numbered Frontier sandstones are informal, and these do 
not everywhere re present precisely the same st ratigra phic unit. 

The lower third of the F rontier F ormation is primarily 
nuvial, grading upward into alte rnating fluvial and shallow 
marine deposit s. This transition ends at the Second Fro ntie r 
sand, which is dominantly marine except near t he Frontier 
paleoshoreline between the M oxa A rch and the Overthrust Belt 
(De Chadenedes, 1975). The stratigraphic sequence of the First 
and Second F rontier sands is present th roughout most of 
Wyoming, extend ing nort heast into the Powder River Basi n. 
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The Third through F ift h Frontier sands have a much lower 
degree o f continuity t han the first two (De Chadenedes, 1975), 
which would be expected of dominantly fluvial sandstones. 

Depositional Systems 

The Frontie r Formation. an areal ly extensive Late 
Cretaceous fluvial and del!aic seq uence , prograded from the 
west into a Cretaceous seaway about 1.000 to 1.500 mi wide 
(Weimer. 1960). The Frontier has been stud ied in outcrop 
(Cobban and Rcesidc. 1952: S iemers. 1975: Myers. 1977) and in 
the subsu rface (De Chadencdes. 1975: Hawk ins. 1980: Winn 
and Smithwick, 1980. among o thers); it shows all the genetic 
facies. from nu vial to offsho re ma rine, charac te ristic of a deltaic 
system. The marine-influenced facies of the Seco nd Frontier 
sand . which may be expected to be among the most laterally 
conti nuous of the fo rmation. include upper and lower delta 
front. coalescing offshore bar, a nd de ltaic strandplain. Winn 
a nd Smithwick ( 1980) suggested tha t the Front ier delta was 
wave dominated. Myers ( 1977) noted t hat the individual sands 
within the Second Frontier sa nd may have been formed d uring 
individual pulses of de ltaic prograda tion. consis ting of della
front sheet sa ndstones capped by iidal channel fill a nd rarely by 
mars h deposits. Hawkins ( 1980) conside red the capping uni ts to 
be mixed tida l-fla t and lagoonal deposits a t the second bench of 
the Second Frontier: the bench is interpreted to be a lower shore
facc to backshore deposit of a barrier-is land sequence (fig. 85). 

A lthough most published st udies of t he Fron tier Formation 
have focused o n producing areas in the western G reater Green 
River Basin. lateral continuity of Frontier sandstones also 
appea rs favorable in parts of the eastern Greater Green River 
Basin. On the nank o f the Moxa Arch, continuity o f sands 20 to 
28 ft thick is evident (fig. 86); continuity also is evident , to a 
lesser extent. in the eastern Washakie Basin. w here Frontier 
sands of similar th ickness a re interpreted as delta-front facies of 
so utheast-prograding deltas (fig. 87). In the Washakie Basin 
area, shales between the individ ual sands of the Second Frontier 
sand a re transgressive marine deposits. 

Frontier Formation Well Data Profile 

A minimum of 555 gas wells were completed in the Frontier 
Formation from 1954 through 1981 (fig. 88a). T he b imodal 
distribution over time rcOccts the development of the Frontier 
Fo rmation on the Moxa Arch from 1958 through 1963 and the 
national increase in well completions from 1977 to 1982. T he 
dis tribution of completions in the Second Frontier sand 
a lone shows a similar pa ttern (fig. 88b). Note tha t the part oft he 
Frontier Formation in which many wells were completed was 
not specified; therefore. da ta reported o n t he First a nd Second 
Fro ntier sands were from a smaller sample. T he depth to t he top 
of perforations in the Second Frontier sand shows a peak at 
6.500 to 8,000 ft , p roba bly reflec ti ng completions o n the 
northern end oft he M oxa A rch (fig. 89a). Off-st ruc ture wells in 
th is area would e ncounter the unconvent ional reservoi rs of t he 
Seco nd Frontier sand at depths of 10.000 to 11,500 ft, as would 
wells on the southern part of the arch. Most of the wells 
completed in the Second Frontier sand have gross per forated 
inte rvals that are 20 ft thick or less (fig. 89b), probably reflecting 



the productivity of the second bench. or second sandstone, 
within the Second Frontier sand. Gross perforated intervals up 
to 80 ft thick probably reflect production from the second bench 
and from other sandstones within a narrow interval of the 
Second Frontier sand. A few perforated intervals are 80 to 200 ft 
thick, and rarely are they more than 200 ft thick. 

Among the wells in the Second Frontier sand for which the 
type of fracture-treatment Ouid used was reported, oil-based 
Ouid and emulsion predominated over water-based fluid. This 
probably reflects efforts to avoid formation damage that might 
result from the contact of water-based fluids and unstable clays. 
Gas-oil ratios were noted for six wells in the Second Frontier 
sand: average was 42.712:1 and range was 11.100:1to80,000:1. 

The AP! gravity of hydrocarbon liquids was noted for eight 
other wells in the Second Frontier sand: average was 51.5° and 
range was 38.4° to 62.3° . 

Few wells perforating the First Frontier sand were 
specifically identified in the W HCS fi le. The depth to the top of 
perforations in the First Frontier sand is typically6,000 to 6,500 
ft (fig. 90a), and the thickness oft he gross perforated interval is 
commonly 100 ft or less (fig. 90b). Much of the First Frontier 
production at depths less than 7,000 ft is on the northern Moxa 
Arch in fields such as La Barge. D ry Piney, and Hogsback . Most 
fracture treatments in the First Frontier sand used oil-based 
fluid: no gas-oil ratios or gravity data were reported. Other 
basinwide da ta on the First Frontier sand are given in table 103. 

OFFSHORE 

FIGURE 85. Interpretation of depositional environments of the first and second sandstone benches in the Second 
Frontier sand of the Frontier Formation, Greater Green River Basin (after Hawkins, 1980). Scale marks are at 
a spacing of 20 ft. 
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FIGURE 86. East-west stratigraphic cross section A-A' showing continuity of the second sandstone bench, Second 
Frontier sand of the Frontier Formation, Moxa Arch area of the Greater Green River Basin (after Wyoming Oil and Gas 
Conservation Commission, 198/e). 
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FIGURE 87. Northwest-southeast stratigraphic cross section A -A' showing correlation of the Second Frontier sand of 
the Frontier Formation, Washakie Basin area of the Greater Green River Basin (after Wyoming Oil and Gas 
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FIGURE 88. Distribution by 2-year intervals of (a) 555 gas well completions in the 
Frontier Formation, Greater Green River Basin, and (b) 191 gas well completions in 
the Second Frontier sand of the Frontier Formation, Greater Green River Basin. 
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FIGURE 89. (a) Depth to top of perforated interval of 186 gas wells and (b) thickness 
of gross perj orated interval of 189 gas wells completed in the Second Frontier sand of 
the Frontier Formation, Greater Green River Basin. 
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FIGURE 90. (a) Depth to top of perforated interval and (b) thickness of gross 
perjorated interval of 43 gas wells completed in the First Frontier sand of the Frontier 
Formation, Greater Green River Basin. 
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TA BLE 97. Frontier Formation, Moxa Arch area, Greater Green River Basin: 
General attributes and geologic parameters of the trend. 

GEN ERAL ATTRIBUTES 

Stratigraphic unit/ play 

Frontier Formation. 
Upper Cretaceous. 

Area 

I. Designated areas on 
and surrounding the 
northern Moxa Arch 
(T24-3 IN, R J09-JJ4W) 
are 765.5 mi!. 

2. Designated areas on 
and surrounding the 
southern Moxa Arch 
(TJ6-24N. RI 10- J 15W) 
are 1,398 miz. 

GEOLOGIC PARAMETERS - BASIN/TREND 

771ick11ess 

I. Range is 1,200 ft 
(northwest) to 300 ft (south). 

2. Average is 450 rt. 

S1rucwral / 1ec1onic sefling Thermal gradient 

TI1is area lies a long the Moxa Arch in the western part of the 1.2° to J.6° F/ 100 ft. 
Greater Green River Basin. It is bounded on the north by the 
Wind River Range, on the east by the Rock Springs Uplift. on 
the south by the Uinta Mountains. and on the west by 
the Wyoming Ovenhrust Belt. The present-day structural 
setting formed primarily as :i result of Late Cretaceous -
early Tertiary Laramidc tectonism. 

Depth 

I. Range to top of 
First Frontier is 
from 6,700 ft 
(northwest) to 8,300 
ft (south}, when 
present. The First 
Frontier is not pres
ent in the southeast 
part of the area. 
Range to top of 
Second Frontier is 
from 7 ,250 ft 
(northwest) to more 
than 15,000 fl 
(southeast). 

2. Average to top 
of Second Frontier 
is l 1.870 ft. First 
Frontier not devel
oped: Third and 
Fourth Fromicr 
sands arc deeper. 

Pressure gradiem 

Ovc rpress u red in 
the Second Frontier 
of the Moxa Arch. 
Gradient is approxi
mately 0.54 psi/ ft in 
area of Docket no. 
189-80 application. 

E~timated Formation alfitude, 
resource base other data 

Maximum recoverable gas No additional informa tion. 
is 4.921 Tcf from dccp-
basin area generally 
between Moxa Arch and 
Rock Springs Uplift 
(National Petroleum 
Council, 1980). 

Stress regime 

Compressional Laramidc 
deformation. which 
formed uplift s and 
adjacent basins, followed 
by post-Laramidc vertical 
uplift. 



TABLE 98. Frontier Formation, Moxa Arch area, Greater Green River Basin: Geologic parameters. 

GEOLOGIC PARAMETERS - UNIT/ PLAY 

Depositional systems/facies 

Deposited as several distinct progradational units of 
a large, wave-<lominated dehaic system. These units 
are commonly referred 10 as the First. Second, Third , 
and Fourth Frontier sandst0nes. Of these, the First, 
Second , and Third Frontier are of primary economic 
interest within the area; the Second Fromier is the 
most latera lly consistent and productive unit. llic 
Frontier was deposi ted as an eastward-prograding 
dellaic complex that includes prodelta muds, delta
front sands. interdeltaic shorel ine sands, and delta
plain sands, muds, and coals. The most laterally 
continuous sandstone wi thin the Second Frontier. 
known as the second bench, represents regressive 
strandplain and barrier-bar deposi tion. 

Typical reservoir dimensions 

I. When present (in the northwestern part of the 
a rea). the First Fro111ier average is 62 ft. range is 
40 to 71 ft. Second Frontier average is 280 ft. range 
is JI to 617 ft 10 the north: 10 the south, average is 
40 ft. range is 12 10 70 fc. 

2. Second Frontier average is 47 ft. range is 9 10 
64 fl . Firsc Frontier not developed . 

Texture 

Very fine grained to medium
gra incd and eoMsc-grained 
sandstone having some silty and 
shaly intervals. Poorly to mod
erately sorted, subangular 10 
subrounded sandstone . 

Pressure/ 1empera1ure 
of reservoir 

Pressure is approximately 6.400 
psi on southern Moxa Arch. 
Between the Moxa Arch and the 
Rock Springs Uplift (in a deeper 
basin area. 14,000 ft), pressure is 
7.700 psi. temperature is 242° F. 
Drill-stem-lest data frnm 66 
Second Fromicr we lls b;1sinwide 
show an average initial shut-in 
pressure of 3,21 1 psi and a range 
of 6. 789 10 224 psi. 

Mineralogy 

Variable. Continental sands arc 
more compositionally immature 
and contain abundant quartz. 
fe ldspar. chert, mica, and rock 
fragments: marine sands. being 
much more quartzi tic, contain 
some chert and glauconitc. 
Terrigenous clays are present in 
varying degrees in all sands, 
depending on the amount of 
winnowing wichin the 
depositional environmen1. 

Na1ural./i'ac1uring 

No data. 

Diagenesis 

Cements include authigcnic clays. 
calcite. and quartz overgrowchs. 
Authigenic chlorite and mixed-layer 
illitc-smec1i1e arc expected. 

Da{([ availabili1y 

SP-resistivity or GR-resisti vi ty and 
G R-neu1ron density a re typical logs. 
Core has been taken from I 5% of 
Frontier gas wells in the Greater 
Green Rive r Basin (86 of 555 com
plccions). Of these cores. 39 were 
taken from the Second Froncicr. 



TA BLE 99. Frontier Formatio11, M oxa A rch area, Greater Green River Basin: Engineering parameters. 

ENG INEERING PAR AMETERS 

Reservoir parameters 

I. Fron1icr Forma1ion (over
all): Average porosity is 13.4%. 
range b 5.7o/c to 20.7%:averagc 
pcrmcabili1y i~ 0.007 md. range 
is less 1han 0.0001 to 1.3 md. 
Pcrmcabili1ies were calcula1cd 
from core analysis. d rill-str.m
tcst analysis. and now 1csts. 
First Fron1ier: Calculated from 
four wells. average in situ 
permeability is less tha n 
0.000 I md. Second Frontier: 
Calculated from 58 wells. 
average in situ permeability is 
approximau:ly 0.0 16 md. r.ingc 
is less than 0.00001 to 
0.306 md. Average porosi1y is 
13.8%. range i~ I IC}f to 20%, 
calculated from 25 wells. 

2. Calcula1cd from tlow leSIS 
of 37 wells. average in situ 
permeability is 0.0308 md. 
range is le~s 1han 0.000 I 10 
0. 171 md. Average porosity is 
12t;(. range is up to 18%. 

Well stimulation techniques 

Net pay thickness 

I. Calcula1ed from 
35 wells, average is 36 ft, 
range is I 0 to 90 fl for the 
Second Froniier only. 

2. Calculated from 
63 wells. average is 21 ft, 
range is 9 to 66 fl for the 
Second Fron1ier only. 

I. In 27 cnha need recovery complc1ions. hydraulic fracture 
1echniqucs used diesel (older complc1ions) or KCI wa1cr or 
cross-linked water/ methanol gel (recent completions). Fluids 
averaged 65.000 gal. ranging from 8.000 to 311.300 gal: sand 
proppan1s averaged 90.250 lb, ranging from 11.000 to 
628,000 lb. 

2. In 35 recent hydrnulic fracture cornple1iom. the average 
amount of nuid was 273 .840 gal. range was 87,300 10 
510.000 gal: the average amount of sand proppant was 605.320 lb. 
range w;is 80.000 to 1.161.890 lb. 

Pre-stimulation 

I. Three wells in 
First Frontier all 
had flow TSTM. For 
20 wells in Second 
Frontier, average was 
314 Mcfd, mngc was 
TSTM to 2,630 
Mcrd. 

2. For 43 wells 
in Second Frontier, 
average was 224 Mcfd. 
range was 10 to 
1.365 Mcfd. 

Production rares 

Post-stimulation 

I. In First and 
Second Frontier 
1oge1her. average was 
360 Merci. ra ngc w.is 
TSTM to 2.506 Mcfd 
for 36 wells. 

2. In Second 
Fron1 ier. average was 
1,824 Mcfd .range was 
0 10 5.700 Mcfd for 
35 wells. 

Success ratio Well spating 

I. No data. 640 a~rcs. 

2. 34 out of 35. or 
97% of rracturc 
1rca 1ments. resulted in 
improved flow. 

Decline rates 

No data. 

Comments 

Formation fluids 

liquid hydrocarbons 
arc produclld only 
as condensa1c a1 
surf ace cond i 1 ions 
and a1 ra1es les~ than 
5 bpd. Uasinwidc in 
the Second Fro11ticr, 
27 of' 191 wells 
produce an average of 
17 bpd ofcondensaLC, 
range is I to 76 bpd. 
Of 191 wells, 30 
produce an average 
of 25 bpd of water, 
rnngc is I 10 130 bpd. 

Water saturation 

Average is 51%. range 
is 36% 10 68%. 

Approved and pending tight gas ~pplications exclude existing Fron1ier g;1s 
produc1ion from conventional reservoirs near La Barge, Wyoming. on 1he 
northern end of lhe Moxa Arch. IPF (mostly post-stimulation) for 
186 Second Fron1ier gas complet ions (basinwidc) averaged 3.479 Mcrd. 
ranged from 51 10 57 .128 Mcfd. I PF will always be higher than s1abilizcd. 
or nea rl y stabilized. production rules. 



TABLE JOO. Frontier Formation, Moxa Arch area, Greater Green River Basin: 
Economic factors, operating conditions, and extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

Approved by Wyoming 
Oil and Gas Conserva
tion Commission. Cer
tain parts of these 
areas have FERC 
approva l. 

Attempted completions 

Total of 555 Frontier gas 
complet ions in the Greater 
Green River Basin; at least 
104 or these are within the 
application areas on the 
Moxa Arch. 

OPERATING CONDITIONS 

Physiography 

In the Wyoming - Big 
Horn Basins physio
graphic subdivision. 
Local relief of 300 to 
500 ft in most areas. 
500 to 1.000 ft toward 
the western margin of 
the basin: greater relief 
is encountered along 
the Overthrust Belt. 

Climatic conditions 

Semiarid to arid. Most 
areas receive 8 to 16 inches 
mean annual precipitation: 
generally more precipitation 
at higher elevations. Mild 
summers, cold winters. 
Exploration and develop
ment drilling arc conducted 
all year. 

Success ratio 

In the Greater Green River 
Basin as a whole. 22. 7% of 
all wildcat gas wells were 
successful in 1970-1977 
(Na tional Petroleum 
Council. 1980). No data 
specific to the Frontier. 

Accessibi/i1y 

Access is by unimproved 
roads and may be locally 
limited by significant relief. 

Drilling/ 
comp/e1ion 
COSIS 

I. Total well costs of 
seven Frontier and Bear 
River dua l completions 
(excluding Bear River 
fractu re) averaged 
$932.000. This includes 
Frontier fractures. which 
averaged $91.400 ( 1979 
dollars). 

2. On the basis of three 
wells that were completed 
from October 1978 through 
March 1980. st imula tion 
costs by hydraulic fractur
ing methods averaged 
$220.000. For another 
operator. the typical costs 
of fracture treatment were 
$280.000 ( 1980 dollars) on 
the basis of four wells. 

Markel owlets 

Pipelines in place to serve 
established production on 
the Moxa Arch. especially 
on the northern end of the 
arch near Big Piney. Dry 
Piney, and La Barge East 
Fields. Northwest Pipeline 
Corp. and FMC Corp. 
operate pipelines in this 
<Hca. Several gas fields on 
the eastern flank of the 
Moxa Arch were shut in as 
of Apri l 1980. apparently by 
lack of pipeline connection. 

EXTRAPOLA TrON POTENTIAL 

Industry interes1 

High . Six applications 
ha vc been filed for 
dcsigna ti on of the 
Frontier as a tight gas 
sand in different parts 
of the Grea ter Green 
Ri ve r Basin. 

Comments 

Good to very good. 111c Frontie r is a widespread deltaic 
system present in several subbasins of the Greater Green 
River Basin and in the Wind River and Big Horn Basins. 
Best blanket geometry is in the Second Frontier. which 
would be analogous to other de lta-front . barrier. and 
strand plain facics in other less arcally extensive dc lwic 
and interdeltaic deposits. 

Mileage charges may 
be high for service 
to remote areas. 
Selected services 
based at Rock Springs. 
Wyoming. 



TABLE JOI. Frontier Formatio11, Rock Springs Uplift and Washakie Basin area, Greater Green River Basin: 
General attributes and geologic parameters of the trend. 

GENERAL ATTRIBUTES 

Stratigraphic unit/ play 

Frontier Formation. 
Upper Cretaceous. 

Area 

I. Designated area a l the 
northern end of the Rock 
Springs Upl ift (T23-26N, 
RIO J- 104W) is 396 mi1. 

2. Desigm11ed area at the 
eastern margin of 1 he 
Washak ie 13asin (Tl4-16N, 
R89-9 1 W) is 98 mi2. 

GEOLOGIC PARAMETERS - BASIN/ TREND 

771ickness 

I. Total Frontier average is 
400 ft (east) to 600 ft (west). 
Second Frontier average is 
180 ft. and Third Frontier 
average is 150 ft. 

2. Total Frontier average is 
240 10 270 ft. Second Frontier 
average is 20 ft. 

Depth 

I. Average lO !Op 

of First Frontier is 
I 1,530 fl, ra ngc is 
8,585 to 17,495 ft: 
average to top of 
Second Frontier is 
11.681 ft, range is 
8,814 to 17.672 ft; 
a veragc 10 top of 
Thi rd Frontier is 
I 1,860 ft. range is 
8.958 10 17 .894 ft. 

2. Range to top of 
First Frontier is 
6,930 to 7,360 ft: 
range to top 
of Second Fron
tier is 7.035 10 

7.470 ft. 

Structural/ 1ec10nic selfing Thermal gradient Pressure gradie111 

I. TI1is area lies along the northern nank of the Rock 1.2° lo J.6° F/ JOO ft. 
Springs Uplift. TI1is structure and all other associated struc-
tures were fo rmed primarily as a result of Laramidc tectonism. 
l l 1c area is bounded on the north by the Wind River Range. on 
the west by the: Green River Basin , and on the cas t by the 
Great Divide or Red Desert Basin. 

2. This area lies on the eastern margin oft he Washakie Basin. 
It is bounded on the north by the Wamsuucr Arch and the 
Rawlins Upl ift . on the east by the Sierr.i Madre Uplift, and 
on the south by Cherokee Ridge. 

No data. 

Estimated 
resource base 

No data. 

Srress regime 

Compressional l.ar·dmidc 
deformat ion. which 
formed uplifts and adja
cent basins. followed by 
post-Laramide vertical 
upli ft. 

Formation a11itude, 
01her data 

No additional informat ion. 



TABLE 102. Frontier Formation, Rock Springs Uplift and Washakie Basin area, Greater Green River Basin: 

GEOLOGIC PARAMETERS - UNIT/PLAY 

Depositional systems/(acies 

See Frontier Formation. Moxa Arch area. Greater 
Green River Basin. wble 98. 

Typical reservoir dimensions 

I. Second Frontier average is 55 ft, range is 11 to 

70 ft. Third Frontier average is 139 ft. range is 23 10 

234 ft. 

2. Second Frontier average is 20 ft. 

Geologic parameters. 

Texture 

Second Frontier is modera tely 10 

very well sorted, angular to well
rounded. very fine grained to 
fi ne-grained sandstone having sill 
and shale interbeds. Third 
Frontier is moderately to very 
well sorted. subangular to sub
rounded, very fine grained to 
line-grained sandstone having sill 
and shale interbeds. 

Pressure/ temperature 
of reservoir 

I. Pressure is 3,400 psi at 
Nitchic Gulch Field (at approxi
mately 7.800 ft) in Third Frontier 
near designated area. 

2. Pressure is 3,900 psi at Deep 
Gulch Field (at approximately 
8,000 ft) in Frontier near appli 
cation area. Average tempera
ture is 152° F. 

Mineralogy 

Second Frontier contains quartz. 
rock fragments. and some 
feldspar and terrigcnous clays. 
Third Fromier contains quartz. 
feld spar. rock fragments, and 
some glauconitc . 

Natural fracturing 

No data. 

Diagenesis 

Second Frontier cements include 
quart? overgrowths. calcite. dolo
mite, siderite. and authigenic 
chlorite and ill itc-smcctite . Third 
Frontier cements include quartz 
overgrowths, authigcnic chloritc. 
illi tc-smectite, and some calcite. 

Data availability 

See Frontier Formation. Moxa Arch 
area, Greater Green River Basin, 
table 98. 



TABLE 103. Frontier Formation, Rock Springs Uplift and Washakie Basin area, Greater Green River Basin: 
Engineering parameters. 

ENG INEERING PAR AM ETERS 

Reservoir parameters 

I. First Frontier perme
abi lity calculated from one now 
test is 0.01 I md. Second 
Frontier permeability 
calculated from seven 
now tests averages 0.006 md: 
from one core analysis. permc· 
ability is 0. 154 md. Porosity 
averaged from four wells is 
10. 1c;;. range is 2% to 16%. 

2. Second Frontier perme
ability calculated from one 
now test is 0.07 md. Porosi ty 
calculated from two wells 
ranges from 1r;; to 12%. 

Net pay thickness 

I. Second Frontier 
average is 39 ft. range is I I to 
64 ft. 

2. Second Frontier 
average is 20 ft. 

Pre-stimulation 

I. First Frontier was 
12.7 Mcfd for one 
well. For seven wells 
in Second Frontier. 
average was 57 Mcfd, 
range was 5 to 
178 Mcfd. 

2. For two wells 
in Second Frontier, 
range was 65 to 
110 Mcfd . 

Well stimulation techniques Success ratio 

I. Hydraulic fracture techniques used an average of86,500 gal I. No data. 
Ouid and 110.300 lb sand proppant in the Second Frontier in 
five fracture jobs. 2. 50%. 

2. Of two aucrnpted completions, one was acidized using 
2.000 gal acid only, and it produced; the other was hydraulica lly 
fractured using 26,000 lb sand proppanl, and it was abandoned 
because of water production. 

Production rates 

Post-stimulation 

I . For five wells 
in Second Frontier. 
average was 640 
Mcfd, range was 7 to 
1,546 Mcfd. 

2. For two wells in 
Second Frontier. 
100 to 745 Mcfd. 

Well spacing 

640 acres. 

Decline rates 

No data. 

Comments 

Formation fluids 

Liquid hydrocarbons 
rarely prnduced. 
When produced. they 
are as gas condcnsa tc 
at the ra te of ap· 
proximately I bpd. A 
few wells have high 
water production 
( 100 Mcfd gas. 
55 bwpd}. 

Water saturation 

I. In Second 
Frontier for four 
wells. average is 65%. 

2. In Second 
Frontier. average is 
60% to 100%. 
Generally produces 
water at rates of 
20 to 55 bpd. 

!PF (mostly post-stimulation) of 42 First Frontier completions 
(basinwide) averages 7.043 Mcfd . ranges from 116 to 20,089 Mcfd. I PF will 
always be higher than stabilized, or nearly stabili1.ed, production rates. 
Drill-stem-test data on 45 First Frontier wells (basinwidc) show an 
average initial shut-in pressure of 2.177 psi. range of 4.432 to 241 psi. 
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TABLE 104. Frontier Formation, Rock Springs Uplift and Washakie Basin area, Greater Green River Basin: 
Economic factors, operating conditions, a11d extrapolation potential. 

ECONOMIC FACTORS 

FERC status 

2. Approved hy 
FERC. 

Al/empted completions 

I. Six in the Second 
Frontier and two in the 
Third Frontier in application 
area. 

2. Two in the Second 
Front ier in app lication area. 

Total of 555 Fromicr 
gas completions in the 
Greater Green River Basin. 

OPERATING CONDITIONS 

Physiography 

In the Wyoming - Big 
Horn Basins physio· 
gmphie subdivision. 
Local re lief of 300 to 
500 ft in the basin and 
1.000 to 3,000 ft along 
the eastern and north
eastern basin margins. 

Climatic condi1io11s 

Semiarid to arid. Most 
areas receive 8 to 16 inches 
111ean annual precipitation; 
generally more precipitation 
m higher elevations. Mild 
summers. cold win ters. 
Exploration Hnd develop
ment drill ing arc conducted 
all year. 

Success ratio 

I. Second Frontier is 5 out 
of 6, or 83%. Third 
Frontier is 0 out of 
2. or 0%. 

2. 50%. 

Accessibility 

Access is by unimproved 
roads and may be locally 
limited by significant relief. 

Drilling/ 
completion 
COSIS 

I. For a 10.700-ft well 
(1980). drilling costs were 
$800,000. Fracture treat
ment costs were $65.000 
(now estimated at over 
$100.000); total completion 
costs were over $500.000. 

2. For a 7.600-ft well 
( 1976). drilling costs were 
$754.000. which inc luded 
acidization. Fractu re 
treatment was not per
fo rmed but was estimated 
to cost $100.000 to 
$150.000. Surface equip
ment needed for water dis
posal cost $150.000 to 
$200.000. 

Market owlets 

Mountain Fuel Supply Co. 
pipeline extends only to 
Nitchic Gulch Field. leaving 
pending area on north end of 
Rock Springs Uplift without 
pipeline connection. 
Savery - Cherokee Creek 
Gas Pipeline operates in 
the designated area or the 
eastern Washakie Basin. 

Industry intere.1·1 

High. Six applications 
have been lllcd for 
designation of the 
Frontier as a tight gas 
sand in different parts 
of the GreHtcr Green 
River Basin . 

EXTRAPOLATION POTENTIAL 

Good to ve ry good. Sec Frontier Formation. Moxa Arch 
area. Greater Green River Basin. table 100. 

Comments 

Mileage charges may 
be high for service 
to remote areas. Selected 
scrv'iccs based at Rock 
Springs and Rawlins, 
Wyoming. 



FRONTIER FORMATION, WIND RIVER AND BIG HORN BASINS 

The Upper Cretaceous Frontier Formation. composed of 
sandstones alternating with shales. is a major regressive unit 
encased between the marine Mowry and Cody S ha les (fig. 9 1 ). 
Miller and VerPloeg ( l 980) suggested that although much of the 
Frontier Formation in these basins would likely be eligible for 
tight sand designation. lack of reservoir quality has slowed 
exploration activity. 

The data base on the Frontier Formation is fair to good in 
the Wind River Basin but fair to poor in the Big Horn Basin. 
Summary tables were prepared for the Frontier Formation in 
the Wind River Basin (tables 105 through 108). which was 
included in the Nat ional Petroleum Council (1980) study. but 
not fo r the Frontier in the Big Horn Basin. Resource estimates 
fo r the Frontier in the Wind River Basin a re avai lable as a 
combined estimate of resources in both the Frontier Format ion 
and the M uddy Sandstone, which underlies the Mowry Shale 
(National Petroleum Council. 1980). This combined resource 
est imate was made on the assumption that wells in an area could 
produce from several stacked formations if similar pressures 
were encountered. This approach. however, does not permit 
individual resource estimates for each formation. 

Structure 

The Wind River Basin. a geologic and topographic basin in 
centra l Wyoming. contains Cretaceous and Tertiary sediments 
that average 13 .000 ft thick. The basin is bounded on the sout h 
and west by the Sweetwater a nd Wind River Uplifts. on the 
north by the Owl Creek Uplift. and on the northeast by the 
subsurface Casper Arch (National Petroleum Council, 1980). 
The Wind River Basin is completely surrounded by broad belts 
of folded and faulted Pa leozoic and Mesozoic rocks (Keefer, 
1965). Strata along the southwe~t flank of the Wind River Basin 
dip 10° to 20° northeastward . whereas strata on the northeast 
flank are common ly vertical or overturned. 

The Big Horn Basin of northwestern Wyoming and south
central Montana is a nor thwest-trending topographic a nd 
structural basin. The basin is bounded on the north by the Nye
Bowler left-lateral w re nch- fau lt zone, on the south by the Owl 
Creek Uplift. on the west by t he Yellowstone-Absaroka volcanic 
plateau and the Beartooth Mountains, and on the east by the 
Pryor and Big Horn Mountains. The Big Horn Basin has many 
periphera l anticlinal fold s oriented parallel to its northeast and 
somhwcst flanks; these folds form major oil-producing 
structura l traps (Thomas, 1965). 
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Stratigraphy 

The Frontier Formation ranges from 650 to l ,000 ft thick in 
the Wind River Basin and ranges from 400 to 800 ft thick in the 
Big Horn Basin. In both basins, the Frontier consists of shale, 
siltstone, and sandstone of marine and continental origin 
deposited as part of a major regressive sequence having sources 
to the west (Keefer, 1969; Merewether a nd others, 1975). 
Alternation of sa nd and shale units was caused by additional 
minor regressive and transgressive episodes. As previously 
noted, this alternation has led to delineat ion of the five major 
sandstone-bearing intervals of the Frontier Formation as First 
Frontier sand through Fifth Frontier sand, from youngest to 
oldest. An older terminology delinea ted the First Wall Creek 
sand (equivalent to the Second and Third Frontier sands), the 
Second Wall Creek sand (equivalent to the Fourth Frontier 
sand), and the Third Wa ll Creek sand (equivalent to the Fifth 
Frontier sand) (Keefer. 1969). The Second Frontier sand is the 
most significant of the five units, both as a current oil producer 
at some locations and as a potential tight gas sand at others. It is 
evident that the Second Frontier sand is not everywhere the 
same specific stratum. 

Depositional Systems 

The Fron tier Formation represents a major wave
dominated delta system that prograded across centra l and 
western Wyoming in early Late Cretaceous time (Barlow and 
Haun. 1966). Prodelta through delta front and distributarybar, 
overlain by delta plain, are major facies of the Frontier. T he 
grain size of most sandstones increases upwa rd from si lty shale 
and siltstone to fine- and medium-grained sandstone followed 
by a sharp contact with overlying shale. This upward
coarsening sequence , illustrated on log c ross sections by Barlow 
and Haun ( 1966. fig. 7), suggests that individual Frontier 
sandstones were formed during episodes of deltaic sedi
mentation separated by transgressive marine deposition as 
depocenters shifted over time. Lateral continuity of the 
numbered sandstone intervals within the Frontier would be 
expected to be good in the predominantly marine units wi thin 
the formation. Outcrop studies of the western margin of t he Big 
H orn Basin have shown that the middle part of the F rontier 
Formation includes paludal and fluvial deposits expected to 
have lent icular sandstones (Siemers, 1975). 
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FIGURE 91. Stratigraphic column f rom the Upper 
Jurassic through the Pliocene, Wind River and Big Horn 
Basins (from Hollis, 1980). 



GENERAL ATTRIBUTES 

Stratigraphic unit/ play Area 

TABLE 105. Frontier Formation, Wind River Basin: 
General attributes and geologic parameters of the trend. 

Thickness Depth 
Estimated 
resource base 

Formation auitude. 
other data 

Frontier Formation. 
Upper Cretaceous. 

Minimum area of develop
ment potential is 480 mi2 
(National Petroleum 
Council, 1980). 

Range is 580 to more than 
1.000 ft. 

Range is from out
crop to 25.000 ft. 
Averngc depth to 

Maximum recoverable gas No additional information. 

GEOLOGIC PARAMETERS - BASIN/ TREND 

Structural/ tectonic selling Thermal gradient 

The Wind River Basin is a large, asymmetric. northwest- 1.2° to 2.2" F/ 100 ft. 
southeast-t rending sedimentary and structural basin that 
fo rmed during Laramide deformation in la test Cretaceous 
and early Tertiary time. The basin is bounded on the north by 
the Owl Creek Uplift. on the northeast by the Casper Arch. 
on the south by the Sweetwater Uplift. and on the west by the 
Wind River Uplift . Strata along the southwestern Oank dip 
10° to 20° northeastward. whereas strata on the north-
eastern Oank arc commonly vertical or overturned. 

the Frontier in 18 
fields that produce 
from the Frontier 
is approximately 
4,200 ft. In the mini
mum area of devel
opment potential, 
depth is approxi
mately 2,000 ft. 

Pressure gradient 

0.39 psi/ft on the 
basis of one value 
reported as typical, 
probably in area of 
shallow production. 

is 1.547 Tcf of 2.035 Tcf 
gas in place from Frontier 
and Muddy Formations in 
an area of potential devel-
opment along the south-
west margin of the basin 
(National Petroleum 
Council. 1980). Kuuskraa 
and others (1981) esti-
mated 3 Tcf gas in place 
from the formation; no 
specific urea was given. 

Stress regime 

Compressional Laramidc 
dcformution fo llowed by 
post-Li1ramide venical 
uplift. Extensive thrust
ing 011 basin nanks. 



TABLE 106. Frontier Formation, Wi11d River Basin: Geologic parameters. 

GEOLOGIC PARAMETERS - UN IT/ PLAY 

Depositional .1ystemsffacies 

Depositional sys1ems associa 1ed wi1h an eastward 
prograding. wave-dominated dc lia system. Recog
nizable facies include delta plain. dis1 ribuiary 
channel, dis1ributary-channcl-mou1h bar. dclla front, 
and prodel1a. Sou1hward-directcd longshorc and tidal 
curren1s redis1ributed sand into nearshore- and 
offshore-shelf bars. many of which coalesced. These 
bars arc encased in marine prodelw muds. 

Typical reservoir dimensions 

In production range of J.400 to 1.500 f1. gross 
reservoir thickness is 150 fl (Kuuskraa and others. 
1981}. 

Texture 

Fine- 10 coarsc-grn ined sandslonc 
intcrbedded with shale. Ex-
1remely variable bedding, from 
1hinly 10 massively bedded sand
s1one ha ving shale partings and 
thin shale streaks. Sandstone 
grains arc mostly subroundcd to 
subangula r. 

Pressure/ temperature 
of reservoir 

In area of minimum potential 
development where average depth 
is approximately 2.000 fl. 1em
perature is 104° F and pressure is 
775 psi. However. pressures and 
temperatures vary according to 
depth. and some of 1he deep 
Frontier may be overprcssured . 

Mineralogy 

Dominantly quar1z. having some 
chert and minor amounls of 
feldspar. mica . chlori te . 
glauconi te. magnelitc. clay, 
rock fragments. and 
carbonaceous material. 

Natural fracturing 

No datic. 

Diagenesis 

By analogy 10 lhc Fron1icr 
For111a1io11 in other areas. quanz 
ovcrgrow1hs. calci1c cemcnl. and 
authigcnic clays are expected . 

Data availability 

SP-resist ivity or G R-rcsistivi ty and 
GR-neut ron density arc typical logs. 



TABLE 107. Frontier Formation, Wind River Basin: Engineering parameters. 

ENG INEERIN G P ARAMETERS 

Reservoir parameters 

In ihe minimum area of devel
opment potentia l, permeability 
range is 0.3 to 0.0033 md, 
porosity range is from 7.0% 
to 10.5% for all sands. In the 
West Poison Spider Field. 
southeast Wind River Basin, 
four sandstones are 
developed . The first siindstone 
is best developed and produces 
oi l having permeability 
averaging 0.3 md, porosity 
averaging 7.3%. The other 
three sandstones do not 
produce. Pam meters of the 
second and thi rd are perme
ability less than 0.0 I md, 
porosity 3.5% to 4.3%. The 
fourth sandstone has not been 
analyzed. 

Well stimulation techniques 

Hydraulic fracturing. 

Ne1 pay 1hickness 

In the area of minimum 
development potential, 
range is 10 to 45 ft. In the 
West Poison Spider Field, 
average is 40 ft. 

Pre-stimulation 

No data. 

Success rario 

No data. 

Production ra1es 

Pos1-s1imulation 

No data. 

Well spacing 

No data. 

Decline rales 

No darn. 

Comments 

Formation .fluids 

No data. 

Wmer saturarion 

By analogy to the 
Frontier Formation 
in other areas. 40% to 
70% is expected . 

Existing production is primari ly around the shallow ma rgins of the basin. 
but potential exists to extend production to greater dep ths. 



TABLE 108. Frontier Formation, Wind River Basin: Economic factors, operating conditions, and extrapolation potential. 

ECONOMI C FACTORS 

FERC SIGILIS 

No <tpplicntions 
pending. 

A11emp1ed completions 

No darn. 

OPERA TING CONDITIONS 

Physiography 

In the Wyoming - Big 
Horn Basins physio
graphic subdivision. 
Local relief of 500 to 
1.000 ft in the central 
area. 1.000 to 3.000 ft 
on the southern margin. 
and more than 3.000 ft 
on the southwestern 
margin in the Wind 
Ri ver Mounrnins. 

Climatic conditions 

Arid to semiarid having less 
than 8 inches to approxi
mately 14 inches mean 
annual precipitation. Mild 
summers. cold winters. 
Winter conditions can 
i1dverscly affect exploration 
ac tivity. 

Success ratio 

No data. 

Accessibili1y 

Limited major highway 
access. Central and north
central parts of the basin 
arc within the Wind River 
Indian Reservation. 

Drilling/ 
completion 
costs Market owlets Industry interest 

In area of minimum devel
opment potential , drill ing 
costs arc $123.000 per well 
( 1980 dollars). Frncture 
;ind completion costs arc 
$84.000 to $275.000 per 
well ( 1980 dollars). 
depending on si7.c of 
fracture treatment. 

M ontana-Oakorn Utilities. 
Northern Gas. and Northern 
Mountain Gas have pipelines 
mostly in the central and 
eastern parts of the b;1sin. 

Unknown. No tight 
forma tion appli
cations pending 
( 1982). 

EXTRAPOLATION POTENTIAL 

Good to very good. The Frontier is a widespread dcltaic 
system present in several subbasins of the Greater Green 
River Basin and in the Big Horn Basin. TI1e best blanket 
geometry is in the Second Frontier. 

Commen1s 

Worland and Casper. 
Wyoming. arc cen
ters of exploration 
services in the Wind 
River Basin. 
Mileage charges may 
be high for service 
to remote areas. 



MUDDY SANDSTONE, WIND RIVER BASIN 

In addition to the Frontier Formation, the Muddy 
Sandstone also was identified as a tight gas sand of blanket 
geometry wit hin the Wind River Basin by the National 
Petroreum Council ( 1980). The M uddy Sandstone is Early 
Cretaceous in age and is separated from the Frontier Formation 
by the marine Mowry Shale (fig. 91). The area of interest for 
tight gas in the Muddy Sandstone coincides with the area of 
interest in the Frontier. 

The Muddy Sandstone and the Frontier Formation both 
represent progradational deliaic and interdehaic shoreline 
environments; both have source areas genera lly to the west, and 
both are encased in marine s ha les (Gopinath , 1978). The Muddy 
is thinner than the Frontier, being about 120 ft thick in outcrop 

a long the west margin of the Wind River Basin. It consists of 
fine- to medium-grained sandstone having varying amounts of 
b lack shale and siltstone. Facies of the Muddy Sandstone 
include distal and proximal delta front, shoreface and foreshore 
of barrier spits and mainland shoreline, lagoonal, tidal flat , and 
tidal channel (Dresser, 1974; Gopinath, 1978). Delta-front 
progradation and coalescing of barrier-beach or barrier-spit 
facies during regression would be expected to produce a blanket 
sandstone reservoir having moderate to good lateral continuity. 
The Muddy Sandstone presents an opportunity to explore a 
seco nd deltaic depositiona l system in the same area as the 
Frontier, but the specific facies in the two formations that 
overlie each other are not described in the literature. 

DISCUSSION AND SUMMARY: GENERIC BLANKET-GEOMETRY 
SANDS AND EXTRAPOLATION POTENTIAL 

Class ify ing selected tight gas sa nds tones by their 
depositional systems and component facies establishes a 
framework for comparison between stratigraphic units of 
different ages in different sed imentary basins. Unli ke details of a 
stratigraphic sequence. which may vary between basins and 
within basins. characteristics of genetic facies tend to remain 
constant. Table 109 classifies selected formations examined in 
this survey into four categories of elastic depositional systems. 
This classification helps provide a basis fo r determining the 
extent to which geologic and engineering knowledge gained in 
the study of one format io n can be applied to study of a nother; 
that is, the extrapolation potential of the unit. The abi li ty to 
transfer technology developed as part of exploration and 
production programs between tight gas reservoirs having 
genetic simi larities will ensure a wider impact of future research 
on the development of tight gas resources. 

The marginal marine and marine sandstones, which account 
for nearly all blanket-geometry reservoi rs examined in this 
study, can be classified as deltaic, barrier-strandplain, o r shelf 
systems (table 110). The fan delta, an exception, is a largely 
continental environment having a proximal part dominated 
by braided streams and a dista l part containing a subaqueous 
delta front. Along the delta front, sediment may be reworked 
laterally into barrier a nd bar sands. Progradation of the fan
delta margin and concurrent marine reworking would tend to 
improve lateral continuity of the distal part of the fan delta. 
Sediments within the braided-stream facies are relatively coarse, 
being mostly sa nd a nd occasional conglomerates; lack of mud 
leads to a higher degree of reservoir continuity than is com
monly found in Ouvia l systems. T herefore, the proximal part of 
the fa n delta was included in th is survey of blanket-geometry 
sandstone bodies. 

TABLE 109. Blanket-geometry tight gas sands categorized by major depositional system. 

AREALLY EXTENS IVE FAN DELTAS AND 
DELTAI C SYSTEMS 

Tuscarora-Medina-"Clinton" trend- Appalach ian Basin 
Travis Peak Formation- East Texas and North Louisiana Basins 
Frontie r Formation- Greater Green River. Big Horn. 

and Wind River Basins 

DELTAIC SYSTEMS AND DELTAS R EWORKED 
BY TRANSGRESSION 

Berea Sandstone- Appalachian Basin 
Carter Sandstone-Black Warrior Basin 
Cleveland Formation (minor part )- Anadarko Basin 
D11vis sandstone- Fort Worth Basin 
Olmos Forma tion- Maverick Basin 
"J" Sandstone- Denver Basin 
Blair Formation- eastern Greater Green River Basin 

BARRIER-STRANDPLAIN SYSTEMS (dominantly 
regressive, parts may be deltaic or may include offshore bars) 

Oriskany Sandston~ (transgressive. reworked'')- ·Appalachian Basin 
Hartselle Sandstone- Black Wa rrior Basin 
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Cotton Valley Sandstone- East Texas and 
North Louisiana Basins 

Pictured Cl iffs Sandstone- San Juan Basin 
Cl iff House Sandstone (transgressive)-San Juan Basin 
Point Lookout Sandstone- San Juan Basin 
Dakota Sandstone (upper part)- San Juan Basin 
Cozzettc and Corcoran Sandstoncs- Piccance Creek Basin 
Sego and Castlegatc Sandstones- Uin ta Basin 
Fox Hills Sandstone- eastern Greater Green River Basin 
Almond Formation (upper part)-castcrn 

Grea te r Green River Basin 

SHELF S YSTEMS 
Cleveland Formation {major pan)- Anadarko Basin 
Atokan and Dcsmoinesian sandstones (includ ing 

Cherokee Group) Anadarko Basin 
Sanostcc Member (Mancos Shale)- San Juan Basin 
Mancos ''B" in terval (Mancos Shale)- Piceance Creek Basin 
Mancos "B" interval (Mancos Shalc)- Uinta Basin 



TA BLE 110. S ummary of major characteristics of 

FORMATION D EPOSITIONAL SYSTEM 

A really e.,·1emivefa11 delws and del1aic sy.wems 

Tm,is Peal.. ( Ho,ston) 
Forma1ion. EaM Texas and 
North Loui,iana B<tsins. 

Fron1ier Formation. 
Moiw Arch. 
Greater Green River Basin. 

Froniicr F<l rrm11ion . 
Rock Spring' Uplift and 
Waslmkic: • Red Dcscn Basin,, 
Grea ter Green River Busin. 

Delta having hraidcd alh11 ial plain 
and marine-inOucnccd dchaic margin,. 

Wa\ c-dominated dcltaic system having 
prodclta through delta-plain and 
associated barrier-strandplain focics. 

As abow for Moxa Arch area. 

D EPTH 

Range' from 3.100 to 10.900 f1. 
a\cr:igc' 7.000 to 9.000 ft. 

Ra ngc' from 6. 700 to 11.900 ft. 
lll'Cr<igc' 6, 700 to 8.300 ft . 

Avcri1gcs 11.700 rt along Rock 
Springs Uplift: averages 7. 100 ft 
in Washakie - Red Desert Basins. 

THICK NESS 

500 to 2.500 ft. 

JOO to 1.200 rt . 

250 to 600 ft. 

1-rnnticr Forma1ic111. 
Wind Ri\'er Basin. 

As above for Moxa Arch area . Ra ngc.~ from outcrop to more than 600 co 1.000 ft. 
25.000 ft. :n crnges 2.000 to 4.200 ft. 

Deltaic sys1e111.1· a/Ill delws re11·orked by 1ramgressio11 

Carter Sand>lonc. 
Black Warrior Ba,in. 

Din·is >and,tone. 
hm Wo rth Ra,in. 

Olmm Fornmtion. 
Ma verick 8'1'in. 

Blair 1-·ornmtion. 
Greater Green River Basin. 

Barrier-strandplai11 s.1·s1e111.1· 

Dcltaic or barrier- and offshore-bar facics No darn from tight areas. 
in associa tion with deltaic Purkwood 
Formation. Limited data . 

Ddtaic and barrier str:indpla in in a Range' from 4.800 to 5.200 ft. 
wave-domina1ed cnvironmcm. 

Dcltaic facies and drlias reworked by Range' from 4.500 to 7.200 ft. 
transgression having multiple clcpoccniers. 
\rnvc-<lominatccl. 

Deltaic (prodclta to delta front'!). Limited Ranges from outcrop to 15.000 ft. 
da1a. apr rox ima tcly 8.200 fr in one 

producing area. 

Oriskany Sands1011c. Transgn:ssive shallow marine or >IH)l'Cli nc. In W.:stcrn Basin. ranges from 
1.600 lO 5.300 fl: in Low Pla teau. 
ranges from 1.700 to 8,000 ft. 

Wc>tcrn Busin and I.ow Pla teau 
Province,. Arpalachian Basin. 

Oriskany Sund,tonc. Transgressivt: shallow marine or shordinc. 
High Plateau and Ea>tern 
Ovc n h ru" Be It PrO\ i nee,, 
Appalachian lla,in. 

Hart,cllc Sandstone. 
Blad. Warrior B<1'in. 

Pictured Cliffs Sand,tonc. 
San Juan Bu,in. 

Barrier island and associated ncar-.horc 
bars. 

Barrier strand plain and associated ncar
'horc bars. 
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Ranges from outcrop 10 more 
1 Im n 12.000 ft. a vcragcs 
7 .000 to 9 .000 ft. 

Ranges from 1.000 to 3.400 ft. 

Runge> from 2.300 to 3.500 ft. 

No data from tight areas. 

20 to 400 ft. 

400 lO 1.200 ft. 

1.400 to 1,900 ft. 

0 to 200 ft. 

0 to 300 ft. 

0 to 150 ft. 

50 to 400 ft. 



selected blanket-geometry low-permeability gas sands. 

NET PAY 

JO to K6 f1. 

10 to 90 fl. 

10 lO 65 fl. 

)() to 45 fl. 

No daw. 

o daw. 

12 10 115 ft. 

10 10 20 1'1. 

I 50 to 265 fl . 

No data. 

20 to 30 fl. 

POST-STIM ULATION 
FLOW 

500 lO 1.500 Meld. 

0 to 2.500 Mcfd. 

0 rn 1.500 Mcfd . 

No darn from tight areas. 

No data from tight areas. 

No data from tight areas. 

A\cragcs 86 Mcfd. 

No darn. 

No da111 from tight a reas. 

No claw from tight areas. 

50 10 100 Mcfd. 

300 to 1.600 Mcfd. 

OPERATOR 
INTER EST (1982) 

High. Fi"e tight ga' 
applications. 

High. Four light gas 
applicat ions. 

High. Two tight gas 
applicat ions. 

Potentially moderate. No 
tight gas applications. 

Unknown. No tight ga' 
application>. 

I.ow. No tight gas 
applic;11ions. 

Moderate. Two tight gas 
applications. 

Low to moderate. One 
tight gas application. 

Low. No light gas 
applicat ions. 

L.ow. No tight ga, 
applications. 

Low to modcrntc. One 
tight gas application. 

Moderate. T\\O tight ga' 
applications. 
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EXTRAPOLATION POTENTIAL 

Good. Arcally ex1ensive across basin~ in Texas and 
Louisiana. Expcc1cd to be similar lo .. Clin1on .. -
Mcdina ,ands of lhc Appalachian Basin. 

Good. Arcally cxlensi\'e across several basins in 
Wyoming and a good example of a wa\'e-domina1cd 
dclwic sys1crn. Probably. in par1. similar to dcltaic 
clements of the Davis. Olmos. a nd Fox Hills slr<lli
graphic units a nd to barricr-strandplain clements 
of several units of the Mcsavcrdc Group. 

Good. as above for Moxa Arch arc;1. 

Good. cts above for Moxa Arch area. 

Poor to fair. Limi1ed data. Dcltaic facies may be 
similar to parts of Fox Hills Sandstone. Barrier bar' 
form con\'Cntional rc,cn·oirs. 

Poor to fair. Limited data. Expected to be similar to 
the Olmos Formation and parts of the Fox 
Hills Sandstone and Frontier Formation. 

Fair to good. Expected to be similar to parts of the 
Fox Hills Sand,tonc and Frontier Formation. the 
Davis sandstone. and possibly to dcltaic sediments 
at the base of the Clc\eland Formation. 

Poor to fai r. Limi ted dat<t. Possible analogies to 
Davis and Olmos strat igraphic units. D111a 
inadequate to make comparisons. 

C:lllnot he evalua ted owing to inadequate availnblt: 
data 011 depositiona l sys tems. 

Cannot be evaluated owing to im1clequatc available 
data on deposi tional systems. 

Fair to good. Limited data. Expected to be similar 
to barrier- and off~horc-bar facics of formation' 
within the Mcsaverdc Group. parts of the Fox Mills 
Sandstone. and possibly the upper part of the 
Dakota Sandstone. 

Good. Expected to be similar w barricr-"randplain 
facics of the Mesavcrdc Group in the San Juan Basin 
and other Rocky Mountain basins. Also. expected to 
he 'imila r to the upper pan of the Dakota 
Sandstone and to part of the Fox Hills Sandstone. 



TABLE 1 JO (cont.) 

FORMATION DEPOSITIONA L SYSTEM DEPTH 

Borrier-strandplain .1:1·s1e111s (com.) 

Cliff Hou'c Sandstone. 
Mc,a,crdc Group. 
San Juan Basin. 

Point Lookou t Sandstone . 
Mcsaverdc Grour . 
San J 1.1<in Oas in. 

Da koca Sandstone 
(upper part). San Juan Basin. 

Co1.1c11c Sands1onc. 
Piccancc Creek Basin. 

Corcoran Sandstone. 
Piccancc Cn:ek Ba,in. 

Reworked barrier strandplain. tran,grcs- Range' from 4.000 tll 6.300 ft. 
sivc. probably prcscn'ing moscly 
'uba4ueous facie' such a\ upper 
shorefacc. 

Barr ier strandpli1in. regressive. inc luding Range' from 4.400 10 6.700 ft. 
minor lagoonal a nd estuari ne channel 
facies. 

Barrier s1rand pl <1 in. dominanlly crn nsgrcs- Ranges fro m 6.000 10 8.700 fc. 
sive. including offshore-ba r facics <i nd 
associated lagoonal. estuarine. a nd 
washover facics. 

Ba rrier strand plain. regressive. pos,ibly Ranges from 2.400 10 7.200 fc . 
including offshore-bar facics. 
Limited da1a. 

Barrier strand plain. regressive. possibly Range' from 2.700 10 7.600 ft. 
including offshore-bar facics. 
Limited data. 

Sego and Castlcga1c Sandstones. Probably nearshore marine to barrier 
Uinta Basin. strandplain. Regressive. Limited data. 

Range~ rrom 8.000 to 9.500 ft 
(Castlcgatc only). 

Fox Hills SandMonc. 
Washakie l.las in. 
Grc11ter Green River Basin. 

Almond Formation 
(upper pa n ). cas1ern 
Grc11 tcr Green River Basin. 

She(/' systems 

Cleveland Formation. 
Anadarko Basin. 

Mancos "B" interval. 
Piccancc Creek Basin. 

Mancos "B" inccrval. 
Uinta Basin. 

Predominant ly barrier strand plain but 
includes deltaic and cswa rine facics. 

Shallow marine and offshore bar lO 

barrier slrandplain. possibly including 
1idal-Oa1. tidal-inlec-channel. 
and lidal-delta facies. 

Possible thin dehaic deposi t a 1 base of the 
unit. Major pa rt is a marine shelf deposit. 

Marine shelf deposit . 

Marine shelf deposit. 
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Averages 7.300 ft. 

Ranges from 6.200 to 15.450 ft. 
Avcrngcs 10.200 ft. 

Ranges from 6.000 to 9.400 fl. 
Averages b• than 8.000 ft. 

Range; from 3.400 10 3.600 ft. 

Averages 5.000 ft. 

THICKNESS 

50 to 100 ft. 

100 to 200 ft. 

200 to 350 fl . 

Averages 175 ft. 

150 to 200 fl. 

No data from tigl11 arc11s. 

150 to 600 ft. 

JOO fc (upper Almond only). 

80 [0 170 ft. 

400 to 700 ft. 

450 to 1.000 ft. 



NET PAY 

10 10 70 ft. 

10 to 80 fl. 

10 to 70 ft. 

10 10 70 ft. 

10 10 70 ft. 

25 10 60 ft. 

25 ft. 

14 lO 18 ft. 

10 10 75 ft. 

90 to 120 ft. 

38 to 9B ft. 

POST-STIMULATION 
FLOW 

500 10 3.600 Mcfd. 

500 to 3.600 Mdd. 

200 to JOO Mcfd . 

Averages 1.229 Mdd . 

~vemges 1.251 Mcfd. 

No data. 

Averages 775 Mcfd. 

I .500 to I . 700 Mdd . 

Average' 220 Mcfd . 

260 to 350 Mcfd . 

260 to 350 Mcfd. 

TA BLE /JO (cont.) 

OPERATOR 
fNTEREST (1982) 

Moder.Ile. Three tight ga~ 
applications. 

Moderate. Three tight gas 
<tpplications. 

High. Six tight gU!i 

applications. 

High. Two tight gas 
applic;11ions. 

High. Two tight gas 
applications. 

Unknown. One tight ga, 
application. 

Low 10 moderate. One 
tight gas applica tion. 

Moderate. One tight gas 
appl ication. 

Moderate. Two tight gas 
applications. 

High. Four tight ga~. 
applications. 

Moderate. One tight g;1s 
application. 

211 

EXTRAPOLATION POTENTIAL 

Fair to good. Expected to be similar 10 transgressive 
Dakota Sandstone (upper pan) and to parts of the 
Point Lookout SandMonc. Probably also similar 
to other Mc~avcrde Group sandstones and pos,ibly 
10 pam of the Pic tured Cliffs and Fox Hilb 
stratigrnphic units. 

Good . Expected to be similar to other barricr
slrandplain facics of the Mesavcrde Group and 
lhc Hartsdlc. Pictured Cliffs. Fox Hills (in pan). 
and Dakota (upper part) st ratigraphic units. 

Good. Expected to be simi lar 10 the transgressive 
Cliff I-louse Sandstone. to parts of the Mesavcrdc 
Group in the San Juan Basin and ot her Rocky 
Mountain basins. and to pans of the Fox Hi lls 
and Pictured Cliffs stratigraphic un its. 

Good. Expected 10 be similar to other barricr
' trandpla in facics of the Mcsavcrde Group and 
the Ha me lie. Pictured Cliffs. Fox Hills (in pan). and 
Dakota (upper part) ~tratigraphic units. 

Good. Expected 10 be similar 10 other barricr
strnndplain facics of the McsHcrdc Group and 
the Hamcllc. Pictured Cliffs. Fox Hills(in part). and 
0-Jkota (upper part) ~tmtigraphic units. 

Fair. Limited data. Expected to be similarto Cone11c 
and Corcoran Sandstones and other Mcsavcrdc 
Group sandstones in Rocky Mountain basins. 

Good. The dcltaic facies is expected to be similar to 
parts of the Frontier and Olmos Formations. Barricr
strandpla in focics have analogies in the Dak oUt 
Sandstone (upper part). the Mesavcrdc Group. and 
the Pictured Cliffs and possibly the Hartselle 
st ratigraphic units. 

Good. Expected to be similar to barricr-strandplain 
and possibly offshore-bar focies of other Mesavcrde 
Group :;andstoncs. In part possibly similar to the 
Dakota (upper part) and the Pictured Cliffs and 
Hartsc llt: •t ratigraphic units. 

F11ir. Thin dcltaic deposit at base has no good analogy. 
M<trinc shelf depo,it expected to be similar 10 the 
Manco' ··s- interval in the Piccancc Creek and 
Uinta Ba.ins. 

Fair. Pit rt of a trend across two basins. Also CXfl{'Ctcd 
to be •imilar to upper part of the 
Cleveland Formation. 

Fair. Part of a trend across two basins. Also expected 
10 be similar to upper part of the 
Cleveland Formation. 



AR EA LLY EXT ENSIVE FAN-DELTA 
AND DELTA IC SYSTEMS 

The Travis Peak Formation of the East Texas and North 
Louisiana Basins represents an extensive braided alluvial plain 
and deltaic deposit that is similar 10 the Tuscarora Sandstone. 
Medi~a Group sandstones. and the informally named ·'Clinton" 
sandstones of the Appalachian Basin. Both the Travis Peak 
Formation and the Tuscarora-··ciinton .. -Medi na trend are 
elastic wedges that resulted from major tectonic events. The 
Travis Pea k was derived from tilted rift margin blocks formed 
during the Jurassic openiog of the Gulf of Mexico. The 
Tuscarora-"Clinton"-Mcdina trend was eroded from source 
areas tectonically uplifted du ring the Late Ordovician Taconic 
orogeny; this progcnic event was a conseq uence of plate 
coll ision a long eastern Nort h America (King. 1977). The two 
units show large-scale similarities in facies tracts; both grade 
from prox imal braided a lluvia l fans having conglomerates and 
red beds to distal deltaic marine margins having possible 
strandplains and shallow marine sand deposits (Cotter. 1982a; 
McG owen and Harris. in press). In the Appalachian Basin. the 
marginal marine "Clinton .. sandstones of Ohio are developed 
reservoirs; the equivalcm Tuscarora Sandstone has produced 
only limited quantities of gas. Gas completions in the Travis 
Peak Formation are more evenly distributed. but the full 
potential of the Travis Peak has. to an extent. been overlooked 
in favor of other reservoirs. especially those in the Cotton Valley 
Group. ew knowledge of tight gas reservoirs in the Travis Peak 
will have high potential transferability to the Tuscarora
"Clinton .. -Medina trend. 

The Frontier Formation is an areally extensive. wave
dominated deltaic system that progrnded across much of 
Wyoming. It exists in the Greater Green River Basin. the Wind 
River Basin. and the Big ·Horn Basin. The extrapolation 
potential of the Frontier is good both within itself between 
different Laramide-age basins and to similardellaic fac ies in less 
extensive deltaic systems. Examples of the latter might include 
parts of the Carter a nd Fox Hills Sandstones, the Olmos 
Formation, and deltaic components of Mesaverde Group sands 
that are otherwise predomi nantly barrier, strandplain, and 
offshore bar. Subsurface data from the Frontier Formation arc 
mostly concerning structural highs and basin margins. but the 
unit is also present across extensive. mostly undrilled. deeper 
basin areas. The potential exists for the development of these 
deeper areas. 

D ELTAIC SYSTEMS AND DELTAS 
R EWORKED BY TRANSGRESS ION 

Among the smaller deltaic systems of this study are the 
Davis sandstone and the Olmos Formation (table 109). Both are 
wave-dominated delta systems. but the Olmos was affected by 
subsequent transgression and the Davis was succeeded by a 
fluvially dominated fan delta. The specific facies of the Blair and 
Carter deltas have not been clearly identified but probably 
include distal lo proximal delta front and possibly distribulary 
bar. The Cleveland Forma tion may have a thin deltaic package 
at its base. but the unit grades upward into a shelf deposit. Thus, 
although variations exist among the smaller deltaic systems, all 
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are prograding into intracratonic basins and can be expected to 
show a moderate degree of lateral continuity in sheetlike delta
front facies. The extent of delta-front development depends on 
the degree of marine reworking. Because these deltaic systems 
are thought 10 have been wave dominated. much of the 
sedimen ts discharged at the depocenter will be reworked 
laterally to form barrier-island systems or strandplains. 

A wc1ve-<lominated, prograding coastline likely has both 
deltaie depocenters and deposits reworked along strike within 
the same fo rmation. The distinction made in this survey between 
deltaic and barrier-strand plain depositional systems is based on 
the amount of information available on each stratigraph ic unit. 
For example, one area of the Fox Hills Sandstone bas been 
described as a delta-front deposit and another area as a barrier
estuarine deposit (Land, 1972: Weimer, 1973). Such differences 
are expected within a regional depositional framework. 

BARRI ER-STRANDPLAIN SYSTEMS· 

Many of the regressive marine sandstones of the Mesaverde 
Group arc considered to be barrier-strandplain depositional 
systems. The Mesaverde Group is a major regressive wedge of 
terrigenous elastic sediments deposited in the Late Cretaceous 
epicontinental seaway. Many minor transgressions and 
regressions during Mesaverde time resulted in intertonguing of 
sands from a western source and thick marine shales. such as the 
Mancos Shale. Stratigraphic units within this category include 
the Pictured Cliffs. Point Lookout. upper Dakota. Con.ette, 
and Corcoran Sandstones. probably the Sego and the 
Castlegate Sandstones, and probably pans of the Fox Hills 
Sandstone and upper Almond Formation (table 109). The 
Pictured Cliffs. Dakota. and Fox Hills Sandstones arc within 
the Rocky Mountain region but are not part of the Mesaverde 
Group. The barrier sands of the Hartselle Sandstone are on a 
structural platform in the northeastern part of the Black 
Warrior Basin . 

Although most stratigraphic units in this ba rrier-strand plain 
group arc regressive, two of the sandstones a re transgressive. 
The Oriskany Sandstone is thought to have a shoreline or 
sha ll ow ma rinc origi n. but its specific facies composition is 
unknown. Its occurrence over a major pa rt of the Appalachian 
Basin supports the concept that it was spread laterally by marine 
transgression. The Cliff House Sandstone of the Mesaverde 
Group was definitely formed during marine transgression. The 
periodic transgressive and regressive cycles of the Mesaverde 
Group in the San Juan Basin are well defined by cyclically 
intcrstratified nonmarine. barrier-strandplain. and shallow 
marine elastic sediments (Hollenshead and Pritchard. 1961; 
Sabins. 1964. among others). Even though both may be related 
to marine transgression, potential to extrapolate between the 
Oriskany Sandstone and the Cliff House Sandstone appears 
limited. primarily owing to lack of data on the Oriskany. 

Regressive barrier-strandplain depositional systems in a 
wave-dominated environment may be associated with deltaic 
facies as well. Where fluvial channels enter the marine 
environment. a delta front could have developed and merged 
laterally with the shoreface ofbarrier-strandplain deposits. Bars 
may exist at the channel mouths. Delta-front and channel
mouth-bar facies arc expected to be less extensive than in more 
fluvially dominated systems but will be associated with barrier 
and strandpla in deposi ts. Lagoonal. estuari ne, a nd tidal-i nlet 
facics and shelf-bar sands may a lso be present. In a n outcrop or 



subsurface study of limited areal extent. any one of these facies 
may predominate; therefore. it is important to considerany one 
study in the regional depositional framework. 

Aside from the Oriska ny and Cliff House Sandstones, and 
possibl y the upper Almond Formation owi ng to the influence of 
the transgressing Lewis sea. the formations listed as barrier
strandplain systems are expected to have major similarities. All 
arc dominantly regressive, and most were deposited in the same 
Cretaceous intracratonic basi n. The extrapolation potential 
among these uni ts shou ld be good. 

SHELF SYSTEMS 

T he shelf systems identified in this survey include two strati
graphic units from the Anadarko Basi n and the Mancos "B" 
interval of the Mancos Shale in the Piceance Creek and Uinta 
Basins (table 109). The Mancos "B" prospective area is basically 
one trend overprinted by the development of two L1ramide-age 
structural basi ns and the intervening Douglas Creek Arch. Of 
a ll the shelf systems surveyed, only the Mancos " B" seems to be 
solely the product of shelf depositional processes wherein silt 
and very fine grained to fine-grained sand were dispersed well 

beyond a marine shoreline. Logs from the Cleveland Formation 
suggest that the basal part of the Cleveland may consist of a 
thin deltaic package including prodelta and delta-front facies. 
The thick upper part of the formation is the shelf deposit. 
Atokan and Desmoinesian sands of the Cherokee Group may 
include d istal deltaic deposits grading into sediments in 
equilibrium with shelf processes. 

Brown and others (1973) pointed out tha t probably only a 
small percentage of cratonic basin sed iments arc of shelf origin 
and that many deposits on a physiogrnphic shelf may be either 
distal delta ic or derived from strike-fed nea rshore systems. This 
is qui te possibly the case fo r parts of the Cleveland Formation 
and for the sands of the Cherokee Group on the northern shelf of 
the Anadarko Basin. The Atoka n and Desmoinesian sands are 
thin ( 10 to 20 ft in the Red Fork Formation of the Cherokee 
Group} and occur at depths of 11,000 to 13.000 ft. In a sequence 
of several Pennsylvanian sa nd reservoirs. they a re considered 
secondary objectives by most operators. 

The Sanostcc Member of the Mancos Shale consists of 
sandstone highly cemented with ca lcite and calca renite. Its 
extrapolation potential is considered poor beca use its unique 
mineralogy and diagenctic history have a major innuence on 
reservoir producibility. 
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