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Abstract 

 

Stratigraphy and Reservoir Architecture of a Permian Toe-of-Slope 

Ooid Fan, Happy (Spraberry) Field, Garza Co., Texas 

 

 

Jason Lars Clayton, M.S.Geo.Sci. 

The University of Texas at Austin, 2011 

 

Supervisor:  Charles Kerans 

 

The Permian (Leonardian) aged Upper Spraberry Formation found in the Happy 

Field of Garza Co. TX, contains one of the best examples of a reservoir composed of 

resedimented carbonates in a deep-water slope-basin setting, with numerous whole core 

of wells with full suites of electric logs, high resolution 3D seismic coverage, and 20+ 

years worth of production data.  Sequence stratrigraphic analysis from seismic data 

combined the lithologic analysis from outcrop analog, core, and well log data helps 

identify that the Happy Field is located within the transgressive systems tract of the fifth 

composite sequence in the Leonardian.  The reservoir is composed of discrete 

allochthonous ooid and skeletal grains transported downslope via hyperconcentrated 

density flows sourced from a re-entrant in the shelf margin and deposited in a long-lived 

topographic depression at the toe-of-slope. Vertical heterogeneity due to layers of shaley 

silt punctuated by successive flows of oolitic and skeletal grains along with lateral 

heterogeneity created by younger flows of material create reservoir compartmentalization 
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which can impede efficient development.  Core-calibrated electric log correlations aids in 

the mapping of isolated compartments which helps with efficient development planning 

for the field. 



 viii

Table of Contents 

LIST OF TABLES..................................................................................................... XI 

LIST OF FIGURES ..................................................................................................XII 

CHAPTER 1: HAPPY FIELD SETTING AND DEVELOPMENT HISTORY.....................1 

 Introduction ..........................................................................................................1 

 Field History and Production Statistics ................................................................1 

 Resedimented Carbonates and Their Depositional Processes..............................3 

 Previous Studies of Residemented Carbonates of the Midland Basin .................4 

CHAPTER 2: STRATIGRAPHY.................................................................................12 

 Seismic Stratigraphy Methods and Analysis......................................................12 

 Stratigraphy of the Eastern Shelf in the Happy Field Area................................17 

 Precambrian....................................................................................................17 

 Early Paleozoic...............................................................................................18 

 Carboniferous .................................................................................................19 

 Permian (Wolfcampian) .................................................................................19 

 Permian (Leonardian 1 & 2)...........................................................................20 

 Permian (Leonardian 3)..................................................................................22 

 Permian (Leonardian 4)..................................................................................23 



 ix

 Permian (Leonardian 5) The Happy Field Interval ........................................23 

 Permian (Leonardian 6)..................................................................................25 

Permian (Late Leonardian/Early Guadalupian)..............................................26 

CHAPTER 3: DEPOSITIONAL FACIES AND LOG SIGNATURE OF A DEEP-WATER 
RESEDIMENTED CARBONATE RESERVOIR ..................................................28 

 Methods..............................................................................................................28 

 Lithofacies of the Happy Spraberry Limestone Reservoir.................................28 

 Skeletal-Peloidal-Oolitic Grainstone (OG) ....................................................28 

 Skeletal-Peloidal Grain- to Mud-Dominated Packstone (SPP) ......................29 

 Carbonate Megabreccia (CM) ........................................................................30 

 Silty Megabreccia (SM) .................................................................................30 

 Mixed Siliciclastic Turbidite (MST) ..............................................................31 

 Organic-Rich Silty Shale (OSH) ....................................................................32 

 Calibration of Core Facies to Wireline Logs..................................................32 



 x

CHAPTER 4: RESERVOIR COMPARTMENTALIZATION..........................................53 

 Reservoir Heterogeneity.....................................................................................54 

 Vertical Heterogeneity .......................................................................................55 

 Lateral Heterogeneity Styles ..............................................................................55 

 Isolated Reservoir Compartments ......................................................................57 

 Paleotopographic Control on Fan Deposition ....................................................59 

 Interpreting Younger Debris and Density Flows ...............................................61 

 Depositional Model ............................................................................................61 

 L4 Highstand Systems Tract ..........................................................................62 

 L5 Lowstand Systems Tract ...........................................................................63 

 L5 Transgressive Systems Tract.....................................................................64 

 L5 Highstand Systems Tract ..........................................................................66 

CHAPTER 5: SUMMARY .........................................................................................82 

REFERENCES..........................................................................................................84 

VITA .......................................................................................................................90 

 



 xi

 

List of Tables 

Table 1.1: Previous Studies on Resedimented Carbonates of the Midland Basin .

.............................................................................................................8 

Table 2.1: Simplified Stratigraphic Column of the Happy Field Area ..............18 

Table 2.2: Stratigraphic Column of the Leonardian...........................................21 

 
 



 xii

 

List of Figures 

Figure 1.1: Map of slope and basinal plays in the Permian Basin ........................9 

Figure 1.2: Cross-section through Northern Midland Basin ...............................10 

Figure 1.3: Happy Field base map.......................................................................11 

Figure 2.1: Regional composite 2D seismic line.................................................13 

Figure 2.2: Formation picks from wireline logs..................................................14 

Figure 2.3: Trace map of regional 2D seismic line .............................................15 

Figure 2.4: Major stratigraphic surfaces..............................................................16 

Figure 2.5: Type Log...........................................................................................27 

Figure 3.1: Porosity isopach map of OG facies...................................................35 

Figure 3.2: Map of carbonate megabreccia distribution......................................36 

Figure 3.3: Porosity isopach map of siliciclastic channel-fan complexes...........37 

Figure 3.4: Ooid Grainstone facies......................................................................38 

Figure 3.5: Ooid Grainstone facies......................................................................39 

Figure 3.6: Ooid Grainstone facies......................................................................40 

Figure 3.7: Ooid Grainstone facies......................................................................41 

Figure 3.8: Ooid Grainstone facies......................................................................42 

Figure 3.9: Skeletal-Peloidal Grain- to Mud-Dominated Packstone facies ........43 

Figure 3.10: Carbonate Megabreccia ....................................................................44 

Figure 3.11: Silty Megabreccia .............................................................................45 

Figure 3.12: Silty Megabreccia .............................................................................46 

Figure 3.13: Mixed Siliciclastic Turbidite.............................................................47 

Figure 3.14: Mixed Siliciclastic Turbidite Bouma sequence ................................48 



 xiii

Figure 3.15: Mixed Siliciclastic Turbidite hydrocarbon productive .....................49 

Figure 3.16: Organic-rich Silty Shale....................................................................50 

Figure 3.17: Organic-rich Silty Shale with log signature......................................51 

Figure 3.18: John Unit #5 Core description calibrated to electric logs .................52 

Figure 4.1: Cross-section A.................................................................................67 

Figure 4.2: Cross-section B .................................................................................68 

Figure 4.3: Cross-section C .................................................................................69 

Figure 4.4: Cross-section D.................................................................................70 

Figure 4.5: Locations of cross-sections A-D.......................................................71 

Figure 4.6: Porosity isopach map of the ooid grainstone facies..........................72 

Figure 4.7: Time structure map of a reflection below reservoir (L5 SB)............73 

Figure 4.8: Structure map top of the Strawn Limestone .....................................74 

Figure 4.9: Structure map top of Lower Spraberry .............................................75 

Figure 4.10: Structure map of top Upper Spraberry (L5 MFS & top seal) ...........76 

Figure 4.11: Isochron between L5 SB and MFS ...................................................77 

Figure 4.12: Interpreted younger erosive events ...................................................78 

Figure 4.13: L4 Highstand Systems Tract.............................................................79 

Figure 4.14: L5 Lowstand Systems Tract erosion of previous shelf.....................79 

Figure 4.15: L5 Lowstand Systems Tract influx of siliciclastics ..........................80 

Figure 4.16: L5 Lostand Systems Tract erosion of shelf and reef.........................80 

Figure 4.17: L5 Transgressive Systems Tract reactivation of carbonate platform and 

ooid factory .......................................................................................81 

Figure 4.18: L5 Transgressive Systems Tract ooid fan dissection ........................81 

 



1 

Chapter 1:  Happy Field Setting and Development History 

Introduction 

 The Happy (Spraberry Lime) Field is located in the south-central part of Garza 

Co., TX (fig. 1.1) at approximately 33oN latitude and 101.35oW longitude.  Wells 

producing from the interval studied are found in sections 6, 18, 19, 29, 30, and 31 of 

Block 2 of the Texas and New Orleans Railroad survey. The Happy Field produces oil 

from the Spraberry Formation, which along with the Dean Sandstone, are part of three 

genetic sequences composed of alternating siliciclastic sandstone turbidites, and 

carbonate debris flows whose shelf equivalents are the Upper Clear Fork Group (fig. 1.2) 

(Handford, 1981).  Published biostratigraphic studies are lacking for the Spraberry and 

Dean but based on regional correlations it is believed to be Leonardian (early to middle 

Permian) in age (Mazzullo et al., 1987; Montgomery, 1996; Mazzullo, 1997). This study 

attempts to determine the proper stratigraphic location of the Happy Field reservoir and 

its position on the shelf to basin profile as well as define the systems tracts within those 

genetic sequences. This study also attempts to define how the observed vertical and 

lateral heterogeneity are formed. 

Field History and Production Statistics 

 The Happy Field was first discovered in 1988 on a recompletion of a plugged and 

abandoned Strawn/Ellenburger test drilled in 1980 (Andover Oil Co. – J.B. Slaughter 19-

1, now the J.F. Lott Et al. “19” 1).  Bennett Petroleum/Torch Operating continued 

development around this discovery well based on 2D seismic lines and an early 3D 

seismic survey.  Torch cored the reservoir intervals in 14 wells between 1988 and 1993.  



2 

In 1992 these wells were unitized into the Happy Spraberry Lime Unit (fig. 1.3) and 

placed under a waterflood. 

 Another operator, Patterson Petroleum, also began to develop other areas around 

the field using just subsurface geology (mapping based on information derived from 

wells only) to target stepout and infill wells.  In the mid to late 1990’s Patterson shot a 

new 3D seismic survey over the Happy Field and continued development and placed 

many of the remaining wells under waterflood in 1999 as the John Unit Waterflood (fig. 

1.3).  In addition to this, Patterson also developed apparently separate areas (the East 

Lott, Brothers Horizon, Brothers Horizon Unit, and Kim/Slaughter “B” fig. 1.3).  

Additional step-out marginal wells were drilled to define limits of production (Koonsman 

5, Davis et al., and John B) (fig. 1.3).  A total of 40 producing wells, 18 injectors (6 of 

which were converted from producers) have produced over 12 mmbbl of oil and 2 bcf of 

gas as of 2008.  In addition to this, nine dry holes were drilled and 8 wells were 

sidetracked to encounter the reservoir after the initial hole was found to be dry. 

 The average depth of the reservoir is 4950’.  The average porosity of the reservoir 

is 27% and the average water saturation is 14 percent.  Initial potential rates average 132 

BOPD and range from 30 to 329 BOPD. (Data from an unpublished preliminary 

waterflood survey commissioned by Patterson Petroleum and performed by Stephens 

Engineering, 1999).  Production mechanism was solution gas drive before being put 

under waterflood in the mid to late 1990’s. 
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Resedimented Carbonates and Their Depositional Processes 

 The main reservoir in the Happy field is composed of deep-water slope-basin 

resedimented carbonates (described in detail in Chapter 3). Although slope-basin 

carbonates are widespread in the geologic record, there have been a disproportionately 

small number of hydrocarbon reservoirs discovered from this setting.  There is only one 

giant field known in the world today, which is the Albian (Cretaceous) Poza Rica Field in 

Mexico (Enos, 1977 and Janson et al., 2010). Poza Rica produces from a combination of 

debris flows and grain-rich high-density turbidite deposits that were shed from the 

adjacent Golden Lane carbonate platform. Fewer than 10 large fields (5 and 50 Mmbbl 

cumulative) are known to occur in deep-water carbonate sediments.  Deep-water 

resedimented carbonates and have been found in the rock record from the Precambrian to 

the Holocene, with outcrop examples from North America, Europe, Africa, and modern 

ocean basins (see Cook & Enos, 1977 and Cook et al. 1983 for reviews; Playton et al., 

2010 ).   

 Resedimented carbonates are found in slope and toe-of-slope settings on the 

basinward side of the shelf margin. This setting corresponds to Wilson’s (1975) facies 

belts 3 and 4.  Resedimented carbonates are typically composed of reef and shelf-edge 

debris (breccias) interbedded with hemipelagic or basinal mud deposits (Enos & Moore, 

1983) as well as turbidites (Colacicchi & Baldanza, 1986; Savary & Ferry, 2004) and 

hyperconcentrated density flows (Janson et al., 2007).  The margins can either be 

depositional or by-pass margins in the sense of McIlreath & James (1978).  Slope 
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architecture is generally predicated on fabric type, with grainier, non-cohesive, mud-free 

sediments building steeper slopes than muddy, cohesive sediments (Kenter, 1990). 

 Depositional systems found within these slope and toe-of-slope settings include: 

translational and rotational slides, channelized and non-channelized sediment gravity-

flow deposits, toe-of-slope aprons, submarine fans, submarine canyons and gullies, and 

pelagic/hemipelagic basin floor (Handford & Loucks, 1993).  While the geometry 

observed in many outcrop and modern examples of these resedimented carbonates is that 

of an apron which indicates a line-source of sediment (Mullins & Cook, 1986), there are 

also documented examples of point-source derived carbonate channels and fans (Watts, 

1998; Wright & Wilson, 1984).   

Previous Studies of Resedimented Carbonates of the Midland Basin 

 Subsurface reservoirs producing from periplatform/slope deposits of Leonardian-

Wolfcampian age in the Midland and Delaware Basins have been recognized since the 

first interpretations by Cook (1983).   A literature review of carbonate slope and toe-of-

slope reservoirs of the Permian Basin shows several commonalities (Table 1.1). 

All of the previously studied fields are Wolfcampian or early Leonardian (L1 or 

L2) in age, meaning they are all older than the Dean Formation.  There is some confusion 

in the literature as to whether some fields are of Wolfcampian or Leonardian age 

(Montgomery, 1996; Mazzullo, & Montgomery, 1997).  Many local operators in the 

Midland Basin refer to these fields producing from resedimented carbonates as 

“Wolfcamp”, but fusulinid dating has shown that many if not most are in fact early 
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Leonardian in age (Mazzullo et al., 1987; Montgomery, 1996; Mazzullo, & Montgomery, 

1997).   

 Resedimented carbonates of the Midland Basin all share a common geometry.  

Most exhibit a channel/fan or solitary channel geometry.  One study (Van Der Loop, 

1990) of the Amacker-Tippett field describes the geometry as that of an apron, but based 

on the accompanying structural and isopach maps the reservoir geometry more resembles 

isolated fans, rather than a continuous strike-parallel apron.  Cook (1983) describes 

resedimented carbonate reservoirs in general saying they have a debris sheet (apron) as 

well as fan geometry.  The current study does not deny the existence of apron type 

geometry of resedimented carbonates in the Midland Basin, they in fact dominate the 

bulk of resedimented carbonates but there has yet to be a published study on major   

hydrocarbon production from an apron type geometry reservoir, leading to the conclusion 

of lack of trapping mechanism.  The most prolific producers tend to be reservoirs that 

exhibit fan geometry.  Channels which do not terminate in a fan tend have very poor 

production due to the limited area of deposition and the high mud content found within 

the channel (Sivils & Stoudt, 2001).   

 A core workshop reviewing 4 examples of Wolfcampian-Leonardian 

resedimented carbonate reservoirs of the Midland Basin (Stoudt and Sivils, 2001) showed 

that reservoir facies in these resedimented carbonates consist of skeletal and intraclastic 

grainstones and packstones deposited by turbidity flows and hyperconcentrated density 

flows (grain flows) (Alexander & Mulder, 2001) as well as megabreccias deposited by 

debris flows.  The best production comes from the grainstones and packstones that 
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contain little fine-grained matrix (Mazzullo and Reid, 1988; Mazzullo and Reid, 1989; 

Stoudt and Sivils, 2001).  The megabreccia facies within most of these slope-basin 

resedimented carbonate reservoirs generally are low-permeability elements, owing to the 

limited drainage due to poor connectivity between individual debris blocks and low 

matrix permeability.  Rare examples of large slide blocks have been documented (Van 

Der Loop, 1990; Gibson & Garvey, 1992).  

 Several studies suggested that the Midland Basin deep-water carbonate reservoirs 

are located within a lowstand systems tract (Becher and Von Der Hoya, 1990; Farmer, 

1986; Van Der Loop, 1990; Leary and Feeley, 1991; Gibson and Garvey, 1992; 

Montgomery, 1996; Beall, 1999; Merriam, 2001).  None of these studies presented clear 

evidence, such as regional correlation of well logs or seismic stratigraphy to make the 

case for lowstand deposition.  The key weakness of the lowstand model for deposition of 

skeletal grainstones and packstones as opposed to megabreccias is the absence of a 

carbonate factory during the lowstand to provide non-lithoclastic/siliciclastic sediments 

to the slope and basin.  One way to produce resedimented carbonates composed of 

discrete grains during a lowstand is to have some type of active shoal system located on 

the upper slope (active lowstand wedge or lowstand platform), but no study to date has 

documented the existence of such a downstepped platform in the Midland Basin.  An 

alternative hypothesis is that these carbonates are formed following a lowstand, during an 

early transgressive phase of sedimentation when the shelf is being flooded and the 

carbonate factory is turned back on and focused at the platform margin, in a potentially 

more unstable location.   
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 Another commonality among these resedimented carbonate reservoirs is that they 

are deposited in paleotopographic lows.  None of the studies go into detail about the 

controls on the creation of these pre-existing lows, but one does make a case for the 

reactivation of early Paleozoic faults (Van Der Loop, 1990).  I will examine this model 

further in my study as it appears that the Happy Field also occurs within a depression on 

the slope as defined by detailed mapping. 

  



Field Age Reservoir Facies Geometry Systems 
Tract

Source Notes

Howard 
Glasscock

W skeletal grainstone Channel/Fan Sys LST Beall, 1999

Blalock Lake area Late W and 
Early L

turbidite 
grainstones

Channel/Fan Sys LST Becher & Von der 
Hoya, 2001

Eastern shelf, ramp profile, 
multiple stages of channel 
erosion

? W limestone and 
conglomerate 
debris flows and 
turbidites

debris sheets 
(aprons) & fans

? Cook, 1983

Blalock Lake area Late W interbedded 
carbonate 
conglomerate, 
breccia, grainstones 
and packstones

Channel/Fan Sys LST Leary & Feeley, 1991 Filled topo lows

Triple M W ? ? ? Mazzullo et al, 1987
Credo W W ? ? ? Mazzullo et al, 1987 

Van Der Loop 1990
Glasscock L1 or L2 ? ? ? Mazzullo et al, 1987 

Van Der Loop 1990
Wayne-
Harris/Probandt

L1 or L2 intraclastic 
grainstones

channels ? Mazzullo, 2001 poor production

Spraberry Trend 
area

W skeletal-peloidal 
packstones

narrow channel ? Sivils & Stoudt, 2001 poor reservoir

Happy L4 skeletal-peloidal-
ooid grainstone, 
skeltal-peloidal 
packstone, reef 
debris rudstone

Channel/Fan Sys LST/ETST this study youngest field of this type in 
the basin

Hutto W ? ? ? Van Der Loop, 1990
Amacker-Tippett Late W or 

L1
fusulinid-algal 
packstone and 
grainstone

author says apron 
but resembles a 
channel/fan

LST Van Der Loop, 1990 
Farmer, 1986, 
Merriam 2001

Filled topo lows

Gunnx Early W bioclast-lithoclast 
rudstone/floatstone

basin floor fan Hobson et al 1985

Powell Ranch 
Area (Blalock 
Lake S & E, 
Cobra)

L1 or L2 bioclastic 
grainstone

Channel/Fan Sys ? Montgomery 1996

Patterson Lake W ? Channel/Fan Sys ? Gibson & Garvey 
1992

Corvette W bioclastic 
grainstone

? LST? Gibson & Garvey 
1992

"thicks"; adjacent to Amacker-
Tippett

West Smyer L2 bioclastic 
grainstone

? ? Griffin & Breyer 1989

Table 1.1 - Previous Studies on Resedimented Carbonates of the Midland Basin.
Age W = Wolfcampian, L = Leonardian

 8



9 

 

 

Figure 1.1 – Map of slope and basinal plays in the Permian Basin 
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Figure 1.3 – Happy Field base map 
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Chapter 2: Stratigraphy 

Seismic Stratigraphy Methods and Analysis 

 Seismic stratigraphic analysis for the Leonardian was done using a regional 

composite 2D seismic line from 4 different seismic surveys (fig 2.1).  The line is oriented 

in the dip direction, with the basinward direction being to the southwest.  Synthetic 

seismograms were created for wells located along the composite line in order to tie 

correlations from wireline logs to the regional composite seismic line.  Significant 

formation tops from wireline log picks such as the Strawn, Pennsylvanian Shale Marker, 

Wolfcamp Shale Marker, Dean Sandstone, Lower/Middle/Upper Spraberry, and Glorieta 

formation, were then tied to reflections on the seismic line (fig. 2.2).   

 The first part of the seismic stratigraphic analysis involved defining stratal 

terminations of seismic reflections.   In order to do this, a trace map was created from 

prominent reflections (fig 2.3).  Each termination is defined by: onlap, downlap, toplap, 

or truncation (Mitchum et al., 1977; Mitchum & Vail, 1977).  From these stratal 

terminations, important surfaces are defined: sequence boundaries (SB) (from onlap, 

toplap, and truncation), transgressive surfaces (TS) (backstepping onlaps), and maximum 

flooding surfaces (MFS)(from downlap)(Sarg, 1988; Handford & Loucks, 1993).  In 

addition to these significant surfaces, clinoform and mound-like geometries were also 

noted.   

 From the aforementioned surfaces, systems tracts are defined: highstand systems 

tract (HST) (bounded by MFS below and SB above, with a prograding clinoform  
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geometry), lowstand prograding wedge (LSW) (bounded by SB below and TS or MFS 

above, with a clinoform geometry that is smaller in scale compared to those observed in 

the HST and below the previous shelf edge) and lowstand systems tract or early 

transgressive systems tract (bounded by TS below and MFS at the top, with a mound-like 

geometry, sometimes retrograding)(Sarg, 1988; Handford & Loucks, 1993).  Figure 2.4 

shows the resultant interpreted major stratigraphic surfaces  

Stratigraphy of the Eastern Shelf in the Happy Field Area 

Precambrian 

 Table 2.1 shows a simplified stratigraphic column of the study area. The 

Precambrian basement along the eastern shelf of the Midland Basin consist of the 

southern Granite-Rhyolite province of Proterozoic age (1.40 – 1.34 Ga) which is part of 

the Abilene Minimum batholith , forming a gravity anomaly just to the north of the 

Grenville front and interpreted as being a continental margin arc batholith (Adams & 

Keller, 1996).  Reactivation of Precambrian faults along the margins of the Central Basin 

Platform has asserted a heavy influence on Late Paleozoic sedimentation along the 

western side of the basin (Shumaker, 1992).  The Shell – Clyde Miller #1 well drilled in 

1958 six miles south of the Happy field is the only one to penetrate the Precambrian 

section.  Geologists described granite consisting of clear quartz, white to gray feldspar, 

black to green augite and hornblende.  Above this was approximately 15’ of sand and 

shale interpreted to be granite wash.   
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Early Paleozoic 

 Overlying the granitic basement is the Lower Ordovician Ellenburger Group, 

consisting of coarse crystalline cherty dolomite (95 % dolomitized) that is hydrocarbon 

productive from fracture and vuggy porosity (Wright, 1979).  In the Clyde Miller #1 well 

the Ellenburger is 620’ thick.   

 

Age  Stage  Formation/Group 
Late Leonardian/Early 
Guadalupian  San Andres Fm. 

Glorieta Fm. 
Spraberry Fm./Clear Fork Gp. 
Dean Sandstone/Clear Fork Gp. 

Leonardian 

Wichita Gp. 

Permian 

Wolfcampian  undifferentiated carbonates and shale 
Virgilian  Cisco Gp. 
Missourian  Canyon Gp. Pennsylvanian 
Des Moinesian  Strawn Gp. 

Mississippian     undifferentiated cherty limestone 
Lower 
Ordovician     Ellenburger Gp. 
Precambrian     undifferentiated granite 

Table 2.1 – Simplified Stratigraphic Column of the Happy Field Area 

 

Around the Happy field area Ellenburger production is thought to come from a buried hill 

paleotopography (Mazzullo, 1997) whereby paleotopographic highs are targeted in hopes 

of finding porous dolomite.  The Late Ordovician-Silurian through Early & Middle 

Devonian strata pinch out to the west/southwest of the Happy Field area (Wright, 1979). 
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Carboniferous 

 There is some production from an unnamed Mississippian-aged cherty limestone 

from both structural and stratigraphic traps that exhibit irregular zones of fracture, vuggy, 

intercrystalline, and cavernous porosity (Wright, 1979).  Sometimes good mudlog shows 

are seen in the Mississippian cherty limestone, but only a handful of economic wells 

drilled on structural highs have been developed near the Happy Field. The majority of 

Carboniferous production comes from the thicker Pennsylvanian-aged (Des Moinesian) 

Strawn Group which consists of limestone reservoirs structurally trapped on topographic 

highs where good porosity is developed on the Garza platform (Cultreri & Godsey, 

1998).  Strawn carbonates are immediately overlain by the informal “Penn Shale”, which 

is the basinal equivalent of Canyon/Cisco (Missourian/Virgilian) platform carbonates.  

The Penn Shale is a 500 ft thick shale with prominent high gamma ray spikes on logs 

(7325’ – 7800’ on fig. 2.5).  Overlying this are Cisco (Virgilian) sands which consist of 

packages of upward-cleaning (based on GR log) sandstones encased in shales.  These 

sandstones are not always present and have not been found to be hydrocarbon productive 

in this area.  Upper parts of the Cisco sandstones may actually be early Permian 

(Wolfcampian) in age but detailed fusulinid dating work is either lacking or has not been 

published. 

Permian (Wolfcampian) 

 Wolfcampian strata along the Eastern Shelf (7035’ – 7325’ on fig. 2.5) consist of 

shales punctuated by resedimented carbonates.  Some of these carbonate units are 

productive in the Galey and North Myrtle Fields 12 miles to the southeast of the Happy 
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Field, all have been found serendipitously while drilling for Strawn and Ellenburger 

objectives.   There is some debate as to where the Wolfcamp/Leonard boundary is placed 

using subsurface log picks so it is possible that these may in fact be Leonardian 

(Mazzullo, 1997; & Montgomery, 1997).  During Wolfcampian time tectonism that 

started during the Pennsylvanian began to wane (Ye, 1996) and the Eastern Shelf systems 

began to evolve from more of a mixed system to a carbonate shelf (Brown et al,1990). 

Permian (Leonardian 1 & 2) 

 The Leonardian 2nd order super-sequence has been divided into seven 3rd order 

composite sequences (Fitchen, 1997; Janson et al, 2007).  Table 2.2 is a revised 

stratigraphic column of the Leonardian showing the relationships between the work done 

in outcrop in the Delaware Basin (Fitchen, 1997; Janson et al, 2007) and the work done in 

this study in the subsurface of the Eastern Shelf of the Midland Basin.  The first two of  
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these 3rd order sequences are approximately equal to the Wichita Albany (L1) and Lower 

Clear Fork (L2) groups.  They represent the 2nd order lowstand sequence set of the 

Leonardian 2nd order supersequence.  In the Happy Field area these consist of shales and 

basinal limestones.   

Permian (Leonardian 3) 

 The basal part (lowstand) of the L3 sequence in a basinward location is Dean 

Sandstone (equivalent to the Tubb sandstone unit on the shelf) (Fitchen et al., 1997; 

Mazzullo et al, 1989).  It consists of a calcite-cemented fine- to very-fine-grained 

sandstone with siltstone interbeds (Mazzullo, 1982).  This sandstone is productive to the 

southwest in the Ackerly field (fig. 1.1).  Above the Dean sits an interval of carbonates.  

A core through this interval in the Ambassador – Sims #1 well in Garza County shows 

this interval to be composed of carbonate megabreccias encased in a dark shale matrix 

along with intervals of crinoidal packstones.  I interpret this basinal facies as a debris 

apron deposited during a 3rd order transgressive stand and highstand on the basis of its 

presence in many of the wells along this area of the Eastern Shelf.  The maximum 

flooding surface between the transgressive system tract and highstand system tract 

represents the 3rd order maximum flooding surface of the Leonardian as well as the 2nd 

order maximum flooding surface.  These are thought to be correlative with Middle Clear 

Fork shelf carbonates to the east.  These basinal carbonates are sometimes hydrocarbon 

productive when a structural closure is present such as the wells in the SW Fluvanna field 

located 10 miles to the southeast of the Happy field. 
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Permian (Leonardian 4) 

 The Lower Spraberry sandstone makes up the basal part of the L4 sequence, and 

was deposited during a 3rd order lowstand.  Its composition is similar to the Dean 

described above.  This sandstone is hydrocarbon productive in the Lazy -JL- Field which 

is located 4.5 miles to the west/northwest of the Happy Field.  It is also productive 

basinward in the larger Spraberry trend area.  Some operators divide this lower Spraberry 

sand into Middle and Lower based on the presence of a thinner carbonate interval 

observed on logs (from 5650-5700’ on fig. 2.5) (Tyler et al., 1997).  This lower sand 

contains the Jo Mill Field interval.  Overlying the Lower Spraberry sandstone is an 

unnamed unit of detrital carbonates similar to those found above the Dean.  It is the 

basinal equivalent of the Upper Clear Fork carbonates. 

Permian (Leonardian 5) The Happy Field Interval 

 Above the detrital carbonate interval of L4 is a series of sandstones/siltstones with 

thinly-bedded carbonates known by local operators as the Upper Spraberry.  This 

becomes more clastic-rich going up section but there are punctuated intervals of detrital 

carbonates which have variable thickness.  These carbonate intervals form ridges and 

debris aprons which onlap onto the previous highstand slope deposits.  Thicker sandstone 

intervals can develop good porosity but have always been found to be water productive.   

Within this “upper Spraberry” sits a high porosity, clean, very fine grained 

sandstone of variable thickness that is found in a large number of wells in and around the 

Happy Field and forms a correlative regional marker.  This apron sand is not present 

updip due to pinch-out on the slope and grades vertically into a black, organic-rich, silty 
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shale which forms a distinct high gamma-ray/high resistivity regionally correlative 

marker (5045’ on fig. 2.5 ).   This shale is used to mark the base of the Happy reservoir 

interval.  The dark organic-rich shales pass gradationally upward into fine-grained 

siliciclastic turbidites which are hydrocarbon productive when found on structures or 

when porosity pinchouts occur due to later variations in cement and grain size.   

Above the turbidite facies sits the carbonate and silty megabreccias.  The 

hydrocarbon productive skeletal-peloidal-ooid grainstones overlay these megabreccias.  

Often these carbonate debris flow facies cause the underlying siliciclastic turbidite facies 

to be folded or downwarped due to localized compaction.  Off-axis of the Happy Field 

the facies consist of tight shaley siltstones which act as a lateral seal.  There are also 

localized channel-mouth-form lobes of hydrocarbon productive turbidite sandstones 

along the flanks of the reservoir.  Above the ooid grainstone the tight turbidite sandstone 

facies grades into organic rich shale forming the topseal of the reservoir.  This is also a 

distinctive, regionally correlative log marker (4870’ on fig 2.5).  The 3rd order maximum 

flooding surface is found within this shale facies on the basis of overlying downlapping 

slope limestones and sandstones of the next highstand (fig. 2.4). 

The overlying 3rd order highstand systems tract (HST) consists of alternating low 

porosity limestone and silty limestone intervals that are imaged on seismic as a set of 

downlapping clinoforms.  These limestones, part of the Upper Clear Fork group, are most 

likely composed of mudstones and wackestones based on mudlog descriptions.  They are 

the slope and outer shelf facies of the L5 HST.  Based on a regional log correlation the 

limestones become increasingly dolomitic updip towards the shelf edge.  The topset beds 
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of this HST are completely dolomitized.  The sequence boundary for the L5 HST is 

defined from the seismic data where onlapping reflectors are observed. 

Permian (Leonardian 6)  

The L6 LST consists of a series of lowstand wedges, also part of the Upper Clear Fork 

group.  Their stratal geometry resembles that of a highstand systems tract because they 

are located in the 2nd order highstand of the Leonardian, but their stratigraphic position, 

below the shelf edge of the L5 HST margin is a clear indicator of an LST origin.  The 

basinal limit of the L6 HST is not covered by the seismic data available for this study and 

therefore, no further detailed analysis of basinward sequences is offered. However, it is 

believed the topsets of the L6 HST are located directly above these lowstand wedges and 

that the HST margin lies some 20-40 km basinward of the regional line shown in figure 

2.1). On the basis of wireline logs the HST facies are tight limestones which are capped 

with a siliciclastic-rich interval known by most operators across the Permian Basin as the 

Glorieta Formation.  The top or near the top of the Glorieta Formation is interpreted by 

most workers as the 2nd order sequence boundary for the Leonardian. The basis for this 

interpretation is the combination of stratal architecture and the stacking pattern of thin 

silty dolomitic tidal-flat-capped cycles near the L6 SB. This Glorieta Formation is 

hydrocarbon-productive along strike on the Eastern Shelf where antiformal structures are 

formed by compactional drape over aggraded early Leonardian shelf edges.   
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Permian (Late Leonardian/Early Guadalupian) 

Above the L6 SB lies the San Andres Formation of Late Leonardian/Early 

Guadalupian age. The San Andres consists of flat-lying topsets composed of dolomitized 

shelf deposits.  These are also hydrocarbon productive when found in antiformal 

structures. 

 

 



Dolomite

Cherty Limestone

Silty Limestone

Limestone Composite Sequence Boundary

Sandstone

Silty/Shaley Sandstone

Shale

Figure 2.5 Type Log

D
o

m
in

an
t 

Li
th

o
lo

g
y

El
le

n
b

u
rg

er
 G

ro
u

p

Lo
w

er
 O

rd
ov

ic
ia

n

St
ra

w
n

 G
ro

u
p

Pe
n

n
sy

lv
an

ia
n

U
n

d
iff

er
en

ti
at

ed

M
is

si
ss

ip
p

ia
n

Pe
ri

o
d

Fo
rm

at
io

n
/G

ro
u

p
C

o
m

p
o

si
te

 S
eq

u
en

ce

Pe
n

n
sy

lv
an

ia
n

C
is

co
/C

an
yo

n

?

?
W

o
lfc

am
p

/L
o

w
er

 L
eo

n
ar

d

Pe
rm

ia
n

W
ic

h
it

a 
A

lb
an

y
   

   
  L

1 
H

ST
Lo

w
er

 C
le

ar
 F

o
rk

  L
2 

LS
T

Lo
w

er
 C

le
ar

 F
o

rk
  L

2 
H

ST
D

ea
n

 S
s 

L3
 L

ST
M

id
d

le
 C

le
ar

 F
o

rk
 L

3 
H

ST

Pe
rm

ia
n

L3
 H

ST
Lo

w
er

 S
p

ra
b

er
ry

 L
4 

LS
T

U
p

p
er

 C
le

ar
 F

o
rk

 L
4 

H
ST

Pe
rm

ia
n

H
ap

p
y 

R
es

er
vo

ir

U
p

p
er

 S
p

ra
b

er
ry

 L
5 

LS
T

U
. S

p
ra

b
er

ry
 L

5 
TS

T
U

p
p

er
  C

le
ar

 F
o

rk
  L

5 
H

ST

Pe
rm

ia
n

Regional Sand Marker

U
p

p
er

  C
le

ar
 F

o
rk

  L
6 

LS
W

G
lo

ri
et

a

Pe
rm

ia
n

27



28 

Chapter 3:  Depositional Facies and Log Signature of a Deep-Water 

Resedimented Carbonate Reservoir 

Methods 

The excellent core coverage and full log suites from the Happy Field provide a 

unique opportunity to document the depositional facies and reservoir architecture of a 

deep-water carbonate reservoir beyond anything previously described. The first step in 

this process is the detailed description of reservoir facies as observed in the 15 cored 

wells from the field. With these descriptions and the subsequent tie between these facies 

and wireline logs, it will be possible to determine the level of reservoir heterogeneity and 

compartmentalization in the Happy Spraberry Field, (fig. 1.2).  

First, detailed core descriptions were made for all 15 cored wells available in the 

reservoir.  Core descriptions were carried out on slabbed cores with wireline logs 

available during description. This process fostered recognition of log-facies correlations 

during the core-logging process.   

Lithofacies of the Happy Spraberry Limestone Reservoir 

Skeletal-Peloidal-Oolitic Grainstone (OG)  

 The main reservoir facies in the Happy Field is a well-sorted skeletal-peloidal-

oolitic grainstone.  Figure 3.1 shows a porosity isopach map of this facies created from a 

combination of core and wireline log data.  Discrete siliciclastic grains are present in 

variable amounts and range in size from coarse silt to very fine sand.  The highest 

concentrations of siliciclastic grains are found within intercalated siltstone intervals and 
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near the tops and bases of ooid grainstone units where they grade into siltstone/sandstone 

facies.  Porosity ranges from 10 – 35% and consists of separate vugs formed by 

dissolution of ooids or bivalve fragments, and primary interparticle porosity.  Pores are 

sometimes filled with baroque dolomite or anhydrite (figs. 3.4, & 3.5), the latter also 

forming as a poikilotopic replacement cement.  Skeletal grains, when identifiable, are 

broken and abraded and composed of crinoids, brachiopods, and bryozoans.  Basal rip-up 

clasts of siltstone and Tubiphytes boundstone reef clasts are common (fig. 3.6).  Bedding 

is predominantly massive, with occasional intercalated shaley siltstones (figs. 3.7, & 3.8).  

I interpret this facies as a hyper-concentrated density flow (grain flow) deposits in the 

sense of Alexander & Mulder  (2001) on the basis of a lack of mud, uniform grain size, 

and massive un-graded bedding. Such a facies might also occur within burrowed shallow 

shelf systems, but the association of this massive facies with those of clear sediment 

gravity flow origin (see below) and the stratigraphic position of the deposit on the basin 

floor, as shown by seismic data (fig. 2.1), warrant the density flow interpretation. 

Skeletal-Peloidal Grain- to Mud-Dominated Packstone (SPP)  

 This minor reservoir facies consists of broken and abraded skeletal grains of 

crinoids, brachiopods, bryozoans, and Tubiphytes.  Peloids are also abundant and many 

grains are indeterminate (fig. 3.9).  Occurrences of siliciclastic grains are similar to those 

in the OG facies.  Porosity ranges from 8 to 15% and consists of interparticle and minor 

separate vug porosity.  Individual units of the SPP facies are 1’ to 12’ in thickness, and 

show no sedimentary structures or grain-size grading (fig. 3.9). This facies is found in 

close association with the Carbonate Megabreccia facies (described below). I interpret 
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this facies as a density flow on the basis of massive and un-graded bedding and poor 

sorting of grains/clasts. 

Carbonate Megabreccia (CM)  

 In this study I differentiate carbonate and silty megabreccias on the amount of 

siliciclastic material found in the matrix of the debris flow.  Carbonate megabreccias are 

clast-supported, and contain less than 10% matrixwith no siliciclastic material.  Figure 

3.2 shows areas where the CM facies is present based on core and wireline log data.  This 

subordinate reservoir facies consists of a rudstone fabric of cm- to dm-sized shelf-margin 

derived clasts of bryozoan-sponge-Tubiphytes boundstone and skeletal grain- to mud-

dominated packstone in a matrix of broken and abraded skeletal material (fig. 3.10).  

Some separate vug porosity is found within the clasts but most of the contributing 

porosity is interparticle porosity between the skeletal grains of the matrix.  Contacts 

between clasts tend to be stylolitized; this has also been observed in the breccias of the 

Tamabra Limestone of the Cretaceous Poza Rica field in Mexico (Enos, 1977).  I 

interpret this facies as a debris flow on the basis of the range of grain sizes of the matrix 

and clasts and on close association with the OG and SPP density flow facies. 

Silty Megabreccia (SM)  

 This non-reservoir facies consists of a floatstone fabric of cm- to dm-sized shelf-

margin derived clasts of Bryozoan-Sponge-Tubiphytes Boundstone and Skeletal Grain- to 

Mud-Dominated Packstone in a matrix of siliciclastic siltstone and claystone (figs. 3.11, 

& 3.12).  The clasts are generally smaller than those found in the CM facies and the 

amount of siliciclastic matrix is usually greater than 10%.  Individual skeletal grains 
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consisting of predominantly crinoid ossicles are also found floating in the siltstone 

matrix. The SM facies is often found down dip from the CM facies and can be thought of 

as a distal facies equivalent, with a likelihood that the silts are incorporated in these 

debris flows as they are transported downslope across a substrate of silt-rich slope 

turbidites.  I interpret this facies to be the product of debris flow processes on the basis of 

the range of grain sizes of the matrix and clasts, absence of stratification, matrix-support 

fabric, and association with the previously described sediment-gravity-flow deposits. 

Mixed Siliciclastic Turbidite (MST)  

 This primarily non-reservoir facies is the most volumetrically abundant, and acts 

as both a vertical and lateral seal for the above described reservoir facies.  It consists of 

dark to light gray, coarse silt to fine-grained, angular to sub-angular, well- to very well-

sorted (sometimes bimodal) siliciclastic sand (fig. 3.13). The composition of 

grains/cement makes this a calcite-cemented subarkose and sublitharenite.   Bedding 

consists of cm-scaled parallel laminated units with scoured bases and often a lag of 

skeletal debris or peloids (Ta), mm-scaled parallel laminations (Tb, Td), rare mm-scaled 

ripples (Tc), and dark argillaceous shale (Te) (fig. 3.14).  Pyrite ranges from abundant 

(greater than 10%) to common (between 5-10%).  Bouma sequences are typically 

composed of thin-bedded Tb-e with rare Ta basal skeletal lags (fig. 3.15).  Soft sediment 

deformation structures such as micro-faults, flame structures, and small scale sandstone 

dikes are present in some intervals.  Larger meter-scale soft sediment deformation is also 

observed, particularly below the OG, and CM facies.  The presence of Bouma divisions, 

leads me to interpret this facies as being deposited by turbidity flows. 
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Primary interparticle porosity is present when coarser, moderately well rounded 

sandstone is only weakly calcite-cemented.  Minor secondary porosity is created by the 

dissolution of feldspars (fig. 3.15).  These zones of higher porosity are often hydrocarbon 

productive when above or adjacent to the OG facies.  There are two areas of the field 

where production is from sandstone intervals alone (fig. 3.3). The Bouma-sequence 

siltstone/sandstones represent classical turbidites. This is supported by their stratigraphic 

position some 1500 ft down-slope from their associated shelf margin. On the basis of 

their sedimentary structures, presence of Bouma sequences, and their stratigraphic 

position within the basin floor, I interpret these deposits to be channel-fan complexes. 

Organic-Rich Silty Shale (OSH)  

 Above the reservoir interval, this facies acts a top seal while the interval below 

the reservoir may act as a local source rock.  It is a black to dark gray shale composed of 

silt and clay and sponge spicules (fig. 3.16).  This facies is found both above and below 

the reservoir interval and has a distinct high gamma ray log signature (fig. 3.17).  It is 

generally non-argillaceous and contains rare fossils.  It contains mm-scaled parallel 

laminations and common burrows.  I interpret this facies as a hemipelagic deposit on the 

basis of the thin varve-like parallel laminated bedding and fine grain size.   

Calibration of Core Facies to Wireline Logs 

After the completion of core descriptions and the identification of major facies, 

calibration of the core facies to wireline logs was performed.  First, all cores were depth- 

corrected to the corresponding wireline log using Adobe Illustrator.  Core porosity data 
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from Gentry (2003) was also used to aid in calibration with porosity curves from wireline 

logs.  Figure 3.18 shows a typical core description to wireline log calibration. 

Using these corrections, I was able to predict facies in other wells with wireline 

log data only.   Sidewall cores were also available for some of these other wells, enabling 

me to test my method of calibration.  The photoelectric (PEF) curve in conjunction with 

crossplots of the neutron and density curves was used to distinguish carbonates from 

siliciclastics.  PEF values of 4-5 indicate limestone, with the values less that 5 indicating 

increasing siliciclastic content.   In order to distinguish the porous OG reservoir facies 

from the less porous minor reservoir facies of the SPMDP/SPGDP and CM/SM a 

comparison of the porosity logs was utilized.  On the neutron-density wireline log this 

facies porosity ranges from 10 to 33 percent.  The sonic log-derived porosity tends to be 

lower which is indicative of separate vug porosity (Lucia, 1995).  The other facies varied 

in both the neutron-density porosity and resistivity.  The SPMDP/SPGDP facies ranges 

from 10 to 26 percent porosity and 5 to 9 ohmm resistivity, and the CM facies ranges 

from 10 to 20 percent porosity and 5 to 21 ohmm resistivity.  The SM facies had the 

lowest porosity ranging from 9 to 15 percent porosity (which is higher due the silt/shale 

matrix) and approximately 4 ohmm resistivity.  The SM facies is not hydrocarbon 

productive.  For all the carbonate facies the gamma ray was very low and where it spiked 

moderately higher generally correlated zones where the OG was intercalated with MST 

facies.  Due to different amounts of siliciclastic material in the matrix of the OG facies as 

well as log suites of different vendors and vintages it is difficult to determine a direct 

relationship between porosity and resistivity in both the hydrocarbon and water 
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productive wells.  Siliciclastic intervals are distinguished by much higher gamma ray 

(relative to the limestone intervals) readings and a pef curve reading of less than 4, 

usually around 3 (ideally a sandstone would read 1.81 to 2, but the presence of calcite 

cement may have increased this to above 3). 
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Figure 3.1 Porosity isopach map of OG facies. CI = 10’ 



36 

 

Figure 3.2 Map of carbonate megabreccia distribution 
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Figure 3.3 Porosity isopach map of siliciclastic channel-fan complexes. CI = 5’ 



Figure 3.4 Ooid Grainstone Facies - A: Lott 19-4 4919’ zone of unleached ooids (2 cm 
across) B: Lott 19-4 4923’ typical thin section in OG facies with poikilotopic anhydrite 
C: Lott 19-8 4926’ separate vugs from leached ooids D: Lott 19-8 4927‘ zone of 
relatively unleached ooids E: Lott 19-8 4977’ high interparticle and separate vug 
porosity F: Lott 19-8 4977’ from the same interval as E but with lower porosity.
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Figure 3.5 Ooid Grainstone Facies - A: Lott 19-4 4929’ (xpl 4mm f.o.v.) red arrow showing
late-stage, pore-filling saddle dolomite B: Lott 19-4 4957’ (2mm f.o.v.) arrow showing 
intact ooid with quartz nucleus; also note poikilotopic anhydrite cement C: Lott 19-4 
4957’  (2 mm f.o.v.) alizarin-red stained calcite cement and poikilotopic anhydrite; 
partially dissolved grain behind green arrow and undissolved core (green arrow) 
and inner cortex (black arrow) indicating bi-minerallic origin D: Lott 19-4 4933’ 
(5 mm f.o.v.) abundant undissolved ooids with scattered oomolds.  
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Figure 3.6 Ooid Grainstone Facies - A: Lott 19-8 4926’ silt rip-up clast in OG facies; 
overall increase in siliciclastic silt in matrix B: Lott 19-4 4930’ (10 mm f.o.v.) silt rip-up 
clast in OG facies; abundant poikilotopic anhydrite C: Lott 19-4 4961’ silt rip-up clasts 
and Tubiphytes fragments in OG facies note random orientation of skeletal fragments.  
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Figure 3.7 Ooid Grainstone Facies - John 5 4970-4980’ typical appearance of OG facies
note lack of cross-bedding;  irregular variations observed in this core are due to 
differences in cementation and/or ooid dissolution. 
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Figure 3.8 Ooid Grainstone Facies - A: Lott 19-2 4914-4927’.  OG facies in red, and MST 
facies in gray.  Silt rip-up clasts in OG facies marked with green arrows from 4922-4925’.
OG facies with intercalated silt/clay-sized siliciclastics marked by black arrows at 4925’.
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Figure 3.9 Skeletal-Peloidal Grain- to Mud-Dominated Packstone Facies - A: Lott 19-7 
4950’ grain-dominated packstone, B: Lott 19-7 4972’ mud-dominated packstone. 
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Figure 3.10  Carbonate Megabreccia .  Lott 19-11 4959-4968’ Clasts of Tubiphytes 
boundstone and shelfal packstone, matrix is composed of skeletal grains rather than 
silt.

Tubiphytes boundstone
clast
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Figure 3.11 Silty Megabreccia . A: Lott 19-4 4986’ clasts of skeletal packstone in a siltstone
matrix. B: Lott 19-4 4978’ clasts of skeletal packstone and Tubiphytes boundstone in a 
siltstone matrix.  

A B Tubiphytes
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Figure 3.12 Silty Megabreccia.  Lott 19-4 4964-4974’ clasts of skeletal packstone and
Tubiphytes boundstone in a siltstone matrix. 
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Figure 3.13 Mixed Siliciclastic Turbidite.  Lott 19-8 VFG sand to silt with clay
 laminations. Note overturned fold at 5019 due to soft-sediment deformation.
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Figure 3.14 Mixed Siliciclastic Turbidite. Lott 19-6 5008’  Typical Bouma sequence 
observed in the MST facies.  Skeletal-rich lag A division is sometimes absent and 
the sequence consists of B-D-E divisions.
  

A

D

E
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Figure 3.15 Mixed Siliciclastic Turbidite.  John #5 4950-4960’ Hydrocarbon productive
MST facies.  2cm scale on thin section, sand grains are mostly fine to very fine.  Red 
arrows denote oversized pores from feldspar dissolution.  
  



Figure 3.16 Organic-rich Silty Shale.  Lott 18-1 4878-4888’ Forms the top-seal of the 
reservoir.  
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Figure 3.17 Organic-rich Silty Shale.  Lott 19-7 5044-5053’  This OSH facies is found 
below the reservoir interval.  It sits above a wet sand (marked by yellow bar) and 
forms a regionally correlative marker which has a distinct log signature. Cored 
interval marked by red box on log.
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Chapter 4:  Reservoir Compartmentalization 

The Happy Spraberry Field is a distinct style of stratigraphic trap reservoir that 

has not been well documented in the literature. A review of similar Leonardian-aged 

limestone reservoirs was provided by Montgomery (1996) who illustrated representative 

seismic profiles, log correlations, and core-facies photos and descriptions of several fields 

including Powell Ranch and Glasscock, both located in northern Glasscock County, TX. 

The Happy Spraberry field is unique amongst deep-water carbonate fields of the Permian 

Basin and perhaps the world with its exceptional core control and 3D seismic data 

coverage as well as detailed records of engineering data. This extensive dataset led to 

several detailed studies of the field by Ahr and students at Texas A&M University (Ahr 

& Hammel, 1995; Hammel, 1996; Layman, 2002; Mazingue-Desailly, 2004). These 

studies were conducted without the benefit of seismic data, but provide a detailed 

documentation of reservoir facies and petrophysical properties.  

The current study attempts to integrate knowledge gained from a range of data 

including over 300 well logs both within and outside the reservoir, detailed core 

descriptions of the 12 cores, basic interpretation of the 3D seismic volume, and 

knowledge gained from outcrop analog studies (Playton and Kerans, 2002; Janson et al., 

2007).  

Below I document critical vertical and lateral styles of reservoir heterogeneity as 

well as controls on deposition.  From these examples I am able to construct a depositional 

model for this reservoir in particular as well as similar deep-water resedimented 

carbonates. 



54 

 

Reservoir Heterogeneity 

 Vertical and lateral heterogeneity can have a profound impact on reservoir 

production performance, particularly when it comes to secondary recovery via 

waterflooding.  Reservoir heterogeneity can be produced during deposition or later by 

diagenetic alteration.  Vertical heterogeneity is very common in sedimentary rock 

sequences where cycles or depositional episodes are punctuated by different lithologies.  

In order to implement an effective waterflood, the vertical heterogeneity should be 

documented to determine if an entire pay interval needs to be perforated (such as the case 

in highly laminated sands and shales), or merely the upper part of the porosity zone (such 

as the case in massive bedded units where water production is a concern).  Lateral 

hetereogeneity can be caused by multiple episodes of erosion and deposition.  Deepwater 

systems are one such environment where erosion is common and where fans can be 

dissected by younger channels composed of different materials which lead to abrupt 

lateral changes in both depositional facies and petrophysical parameters.  In waterflood 

situations lateral heterogeneity should be documented in order to effectively place 

locations of injector and producer wells. 

 The Happy Field has two main waterflood units, the John Unit and the Happy 

Spraberry Lime Unit, as well as two smaller units, the Kim Unit and Brothers Horizon 

Unit (fig. 1.3).  In order to document both vertical and lateral heterogeneity in the Happy 

Field it was necessary to construct a series of cross-sections (figs. 4.1, 4.2, 4.3, 4.4) 

shown on an index map (fig. 4.5).  The facies represented on these cross-sections are 
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from the six major facies and their calibration to wireline logs.  To further enhance this 

correlation, high resolution 3D seismic data was used along the same line of section as 

the wireline log correlations.  In addition to this, proprietary waterflood injection profile 

data helped to determine the correlative flow units within the Happy Field. 

Vertical Heterogeneity 

Within the reservoir interval at the Happy Field, the stacked ooid grainstone units 

of hyperconcentrated density flow origin are separated by numerous thin cm-scaled beds 

of laminated shaley siltstone and fine-grained sandstone.  These shaley siltstones were 

deposited by low density turbidity flows and hemipelagic settling and are analogous to 

the MST and OSH facies.  There are two main units of OG facies hyper-concentrated 

density flows separated by a 1-2 ft-thick siltstone bed of MST facies in the main part of 

the field that can be correlated among several wells (Cross-section B); however, this 

MST bed is harder to pick out on wells without core and may have been eroded away by 

successive OG flows.  There are also thin MST beds or silty intercalations within the OG 

facies.  These do not appear to correlate between wells, and I interpret this lack of 

continuity to be caused by multiple episodes of deposition and erosion.  On the basis of 

ongoing waterflood operations in the Happy Field these intercalated MST beds do not 

appear to be a significant barrier to vertical flow, and this is likely to be because the 

grainstone beds are connected in three dimensions away from the well bore.  

Lateral Heterogeneity Styles 

The reservoir compartmentalization style that has the most impact on drainage 

and recovery efficiency in the Happy Field is associated with abrupt lateral facies 
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changes caused by multiple episodes of deposition and erosion in the lower slope to basin 

floor setting.  Lateral heterogeneities within the OG facies, are purely diagenetic origin, 

caused by varying degrees of dissolution of ooids and cementation in adjacent 

interparticle and vuggy pore space (figs. 3.4 & 3.5).  These diagenetic changes do not 

appear to be a great impediment to production or waterflooding operations as their 

distribution is at the scale of cm to meters and merely acts to diffuse flow. 

Most facies contacts within the Happy Field are sharp and steep as seen by inter-

well correlations and as mapped on 3D seismic data. Gradational contacts are rarely 

observed.  The best explanation for sharp, steep lateral facies changes is by erosional 

down-cutting of channels filled by either debris flows or siliciclastics.    

Figure 4.1 shows a cross-section in the dip direction through Happy Field.  The 

mounded geometry of the Happy Field interval reflector on seismic (fig. 2.1 & 2.3) 

correlates with the topography of the ooid fan as documented by isopach mapping (fig. 

4.11).  An example of interpreted dissection of the fan complex is shown by the abrupt 

change in facies between wells JUWF 21S and Lott 4.  The JUWF 21 well was drilled on 

the basis of the seismic response where a low is observed but encountered the non-

productive siltstone; this well was then sidetracked 423’ to the southwest, where a 

stronger peak-trough-peak seismic amplitude is observed, and encountered 42’ of 

productive OG facies.  Several markers in wells JUWF 21S and Lott 4 appear to be 

correlative and only the lower portion (located in the siltstone facies) as well as the lower 

wet sand marker bed is correlative between wells JUWF 21, 21S, and Lott 4.  I interpret 

this to be evidence that the ooid fan was dissected and then filled with siltstone with 
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variable amounts of carbonate debris during one of the younger erosional/depositional 

events in the reservoir. 

Two other wells in the field, JUWF 15, and HSLU 9 also encountered 

siltstone/carbonate debris and had to be sidetracked a short distance to encounter the OG 

reservoir facies.  There is a prominent discontinuity in the outline of the OG facies (fig. 

4.1) in the center of the field where two of the sidetracked wells are located, but it 

appears from this map that this erosive event did not completely dissect the ooid fan into 

two parts.  Figure 4.2 shows that there is a discontinuity of at least the upper portion of 

the stacked OG flows located at the JUWF 27 well.  I interpret this channel to be 

composed of silt-free megabreccias and skeletal packstones on the basis of the low API 

gamma log signature, mudlog cuttings, and core plug samples.   The corresponding 

seismic line shows a broader amplitude peak at the JUWF 27 well, which is consistent 

with the thin OG porosity interval encountered in the lower portion of the reservoir 

interval.  The JUWF 12 well on figure 4.4 is located 1500’ to the west of the JUWF 27 

well.  It was one of the original wells cored by Patterson, but the core is no longer 

available.  I am interpreting the facies to be almost entirely silt-free megabreccia on the 

basis of the core description originally made for the core, the low porosity from the logs, 

and lower production data.  Gentry (2003) also predicted a similar facies for the JUWF 

12 using a neural network algorithm based on logs and core facies calibrations. 

Isolated Reservoir Compartments 

 The cross-section shown in figure 4.3 shows the main part of the ooid fan 

reservoir that initially produced water-free (it now produces water due to waterflood 
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operations).  In contrast, the Lott 19-6, only 1200’ separated from, and structurally 

leveled  to, the water-free production, found 28’ of porous OG facies that was entirely 

wet (before waterflood operations commenced).  Originally this was thought to be below 

the oil-water contact (Hammel, 1996) in the main part of the Happy Field.  On the basis 

of this cross-section this cannot be an oil-water contact.  The East Lott #1 was drilled and 

encountered an oil water contact at -2478’subsea.  The top of the wet OG facies in the 

Lott 19-6 is at -2540’ subsea; however the Lott 19-4 to the west was oil productive from 

an OG facies interval from -2506’ to -2548’ subsea.  If the Lott 19-6 was below an oil-

water contact in main part of the Happy Field, then that contact would be present in the 

Lott 19-4, which it is not.  

 This leads me to conclude that the reservoir to the east of the Happy Field is 

separate from the main part of the field.  I have indicated this on my OG facies map by 

contouring this as a separate pod (fig. 4.6).  The key well which shows this isolation is 

the HSLU 13, which lies between the Lott 19-4 and 19-6 (fig. 4.3).  No core was taken in 

this well; however, on the basis of log facies analysis there is 8 to 10’ of OG.  Overlying 

this is a 25’ interval of limestone which I interpret as the CM facies.  In order to isolate 

this eastern compartment, a younger erosional event had to take place.  This CM facies 

represents the edge of a debris flow that isolated this eastern reservoir compartment. 

 There are two other wells drilled either flat to or updip from productive wells in 

the Happy field which both encountered significant thicknesses of OG reservoir facies, 

but were found to be wet and non-hydrocarbon productive (red arrows in fig. 4.6).  These 
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wet reservoir compartments can also be explained by younger erosional events acting to 

isolate them from the main hydrocarbon productive reservoir.   

 On the basis of log correlations and log-facies analysis these isolated water-

bearing reservoir compartments had the same quality of reservoir rock and seal, including 

thickness relative to the main hydrocarbon productive reservoir.  The structural 

component to trapping hydrocarbons can also be discounted as these isolated reservoirs 

are found leveled or slightly higher than the known producing wells.  The two concluding 

hypotheses are that these isolated reservoirs were either source-limited (if the source was 

localized) or that the lateral migration pathways were impeded due to facies changes in 

the younger flows.  Previous work indicates that the shales found locally in the Upper 

Spraberry may not be the source for the hydrocarbons found there (Scott & Hussain, 

1988).  This leads me to conclude that the obstruction of hydrocarbon charge was due to 

isolation from the larger ooid fan caused by the younger erosional events. 

Paleotopographic Control on Fan Deposition 

Paleotopography plays an important role in relation to availability of space for 

deposition.  Basinal deposits will preferentially fill existing topographic lows while 

bypassing or pinching out against topographically high ridges.  Antecedent topography is 

influenced by the genetically related underlying basinal deposits.  These may be within 

the same systems tract or sequence with little or no gaps in time.  In addition to this 

shallower influence on paleotopography, there may also be an influence from deeper 

structural elements. 
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Figure 4.7 shows a time-structure map on a seismic reflection just below the 

reservoir interval at the Happy Field.  There is good correlation between the greater part 

of the ooid fan outline and this paleotopographic low suggesting that the depression 

controlled the deposition.   

A structure map of the top of the Pennsylvanian Strawn carbonates (fig. 4.8) 

shows that the Happy field is contained within a long-persisting low.  The Strawn is 

approximately 2750’ below the Happy Field reservoir and this low is bounded by faults 

on its northwest and southeast margins.  The faults extend down into the unnamed 

Mississippian-aged cherty limestone, Lower Ordovician Ellenburger, and presumably the 

Precambrian basement although the seismic resolution becomes poor below the reflection 

at the interface of the Strawn and Mississippian.  These faults appear to die out in the 

Pennsylvanian and Wolfcampian shales that overlie the Strawn.  It is thought that 

Oauchita-associated deformation was waning and ceased by late Wolfcamp time (Ye, 

1996).   

Once tectonic activity ceased and deposition continued it is presumed that this 

low would have filled long before the time the Happy Field reservoir was deposited.  A 

structural map of the top of the Lower Spraberry, which is approximately 430’ below the 

Happy Field reservoir, shows the continuance of this low (fig. 4.9). The presence of 

persistent low can be explained by reactivation of faults created throughout the Oauchita 

orogeny or subsidence due to differential compaction.  The latter hypothesis is favored 

since there is no evidence of tectonic activity during the Leonardian along the Eastern 

Shelf of the Midland Basin.  Another hypothesis is that this Strawn low is completely 
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coincidental to the low that the Happy Field was deposited in.  Further mapping of 

Strawn lows compared with Spraberry lows is needed to determine whether there is a link 

between the two. 

Interpreting Younger Debris and Density Flows 

 The level of reservoir compartmentalization is an important key to interpreting the 

geometry of the main reservoir.  Using a sequence stratigraphic approach the geometry of 

the lowstand systems tract (LST) and transgressive systems tract (TST) were mapped.  

Using previously interpreted horizons of the L5 sequence boundary and maximum 

flooding surface (figs. 4.7 & 4.10, respectively) an isochron that approximates the 

geometry of the combined LST & TST (fig 4.11) is generated that illustrates somewhat 

unexpectedly the thickest area occurs between the upper and lower parts of the ooid fan. 

Wireline log penetrations indicate that this interval contains non-productive MST facies.  

There is good correlation between the outline of the ooid fan and the geometry observed 

in the isochron, but if you prospected or developed the reservoir based on this you would 

encounter some thick areas that contained non-reservoir facies.  Knowing the geometry 

and limits of the ooid fan from the well control, along with the observed lateral 

discontinuities described above allows me to interpret the younger debris and turbidity 

flows which dissected the main reservoir in the Happy Field (fig. 4.12). 

Depositional Model 

 Combining the results of the regional stratigraphic analysis in chapter 2 with the  
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facies analysis in chapter 3 and reservoir characterization from this chapter a depositional 

model can be constructed for the Happy Field.  This model is best described in terms of 

systems tract settings for the deposits and facies specific to those tracts. 

L4 Highstand Systems Tract 

 During the L4 highstand, the shelf margin was prograding basinward (fig. 4.13).  

The top of the platform is thought to consist of dolomitized carbonates of reef, shoal, and 

shelf deposits.  The CM facies at Happy Field contains clasts of Tubiphytes-fistuliporid 

bryozoan-calcareous sponge boundstone that have been documented as a common in-situ 

shelf margin reef facies in the L4 composite sequence in outcrops of the Sierra Diablo 

Range on the western margin of the Permian Basin (Fitchen, 1997).   

 Slope deposits of the L4 highstand consist of porous limestones that, on the basis 

of their location below the shelf edge, I interpret to be fore-reef megabreccias, and high-

density turbidites.  These appear to be water-wet on logs indicating a continuous pore 

network between the slope and shelf.   

 The basinal deposits of the L4 highstand consist of mostly non-porous limestones 

that define a basinward-tapering wedge.  The fabrics are fossiliferous, locally oolitic, as 

well as low-porosity lime mudstones which grade up into hemipelagic siliciclastic facies 

(McLennan & Bradley, 1951).  There are sporadically occurring porous sandstone units 

that are hydrocarbon productive when found in conjunction with updip pinchouts, one 

example being the Peg’s Draw Field in Borden Co.  These were deposited during 4th 

order lowstands within the 3rd order highstand.   
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L5 Lowstand Systems Tract 

 As sea level dropped during the L5 lowstand, the Eastern Shelf was subaerially 

exposed and the carbonate factory was shut off.  Erosion of the L4 highstand deposits 

resulted in the basinal deposition of megabreccias consisting of reef- and shelf-derived 

clasts and sediments.  These formed debris aprons along the slopes of the L4 shelf edge 

(refs).  The L5 LST aprons had undulating upper surfaces causing an uneven topography 

composed of ridges of carbonate debris and lows formed between them (fig. 4.14).  

Based on the time structure map of the lower marker (fig. 4.7), it appears the Happy Field 

is located within a low in between two of these ridges.   

Siliciclastics delivered from the Eastern Shelf were deposited as lowstand fan 

complexes (fig. 4.15).  In younger Permian (Upper Guadalupian) aged strata in general 

siliciclastics dominate during sea level lowstands, and carbonates were deposited during 

sea level highstands (Borer and Harris, 1991).  One of these Leonardian sandstones 

intervals appears to be quite areally extensive and is always water-wet.  One core (Lott 

19-7 5053-57’) was taken in the top of this siliciclastic-rich unit and reveals it to be 

massively-bedded fine- to very-fine grained quartzarenite with silt/clay laminations.  This 

sandstone unit is overlain by the OSH facies that forms the lower wireline log marker of 

the Happy Field reservoir interval (fig. 2.5).  This sandstone unit can be traced back up 

onto the slope where it is to pinches out (goes below seismic resolution or log definition) 

on the previous L4 carbonate slope.  Any hydrocarbons that migrated through this 

sandstone would have leaked up into the previous shelf deposits so it is not a prospective 
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reservoir anywhere.  This blanket sand was spread evenly throughout the basin and 

draped rather than infilled preexisting topography. 

The regional organic rich silty shale illustrates a gradational contact with the 

overlying laminated, mixed siliciclastic turbidites (MST) (see chapter 3).  Overlying this 

silty shale interval are more carbonate megabreccias with either a silty or skeletal grain 

matrix.  Where these are found the underlying MST facies is commonly deformed into 

meter-scale folds due to compaction and shear associated with emplacement of the flows 

(Plate 3.10).  The clasts in the CM and SM facies were eroded during the lowstand from 

the previous shelf edge forming prominent erosional re-entrants along strike (fig. 4.16).   

L5 Transgressive Systems Tract 

A particularly diagnostic facies that comprises the Happy Field are massive ooid 

grainstones, a facies not generally associated with deep-water toe-of-slope settings. The 

existence of unconsolidated ooid sands in this setting requires specific conditions to be 

met. First, in order to generate the ooids, the platform-top carbonate factory must be 

turned back on by an ensuing transgression. Handford and Loucks (1993) point out that 

no ooid factories are known from lowstand platforms, thus requiring an active platform-

top factory.  The hypothesis that the ooid grainstones were transported as blocks eroded 

from the previous highstand can be readily excluded on the basis of the ooids being 

deposited as discrete grains and intercalated with MCT flows. The two remaining 

hypotheses are deposition during transgression or highstand shedding.   The seismic 

stratigraphic analysis in chapter two (fig. 2.4) show the reservoir interval to be positioned 

above the highstand systems tract of the L4 composite sequence and below the highstand 
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systems tract of the L5 composite sequence (fig. 2.4).  On the basis of this evidence, the 

highstand shedding hypothesis can be excluded.  This leaves only the transgressive 

systems tract as a possible timing of formation.   

Wells drilled along strike at the toe-of-slope in the Happy Field area have 

encountered siliciclastic sands of either LST or TST origin.  Some of these are 

hydrocarbon-productive such as the Cain, Koonsman, and Coulter Fields in southern 

Garza Co.  These fields produce from stratigraphic pinch-out type traps, with some 

smaller one or two-well fields formed on small structural highs.  Outside of the 

immediate Happy Field area no other wells have penetrated porous carbonates such as the 

OG facies.  This indicates that there were no widespread ooid sand belts along the shelf 

margin, or there was some barrier preventing their downslope transport.  In areas where 

re-entrants formed in the shelf there will be strong tidal forcing which creates an 

environment conducive to ooid production.   

The best candidate for the ooid factory that produced the deposits observed in the 

Happy Field lies directly updip to the northeast about 11 km (7 miles).  The Rocker A 

Field produces oil from numerous zones along a structural antiformal created by 

differential compaction over the L3 shelf edge.  One of these zones is the Upper Clear 

Fork interval which averages 10.5 m (35 ft) gross pay and 4.5m (15 ft) net pay, and 

produces from crystalline and oolitic dolomite with solution and oomoldic porosity 

(averaging 14%, with permeability averaging 165 md) (Drickey, 1982).  The fact that 

these are dolomitized and the ooids found in the Happy Field are not does not pose a 

problem, as the dolomitization might have happened near the tops of the shelf and not 
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down on the slopes as has been observed in other areas (Lucia, 1968).  It is not known 

whether a re-entrant exists in this location due to lack of seismic data and deep well 

control in this area.  Isopach mapping of the Upper Spraberry in general shows a 

persistent thick in the southern Garza and eastern Borden County, indicating a temporally 

stable eastern source of sediment (Tyler et al., 1997), on the basis of this work, it is 

conceivable that a re-entrant exists updip of the Happy Field. 

Ooids were periodically transported down the re-entrant in the shelf and deposited 

in the previously existing topographic low (fig 4.17).  This led to the creation of the ooid 

fan found reservoir at the Happy Field.  This fan was in turn dissected and 

compartmentalized by younger turbidity and debris flows as described in the horizontal 

heterogeneity section above (fig. 4.18).  As transgression continued the ooid factory was 

drowned out and only non-porous transgressive carbonates and shales were deposited on 

top creating an effective top seal for the reservoir (high gamma-ray shale at 4870’ fig. 

2.5). 

L5 Highstand Systems Tract 

 The HST of the L5 composite sequence is not well studied in the Happy Field on 

the basis of wireline log and seismic analysis consists of clinoforms of alternating 

limestones and sandstones, most likely representing 4th order cycles.  These clinoforms 

represent only the slopes of the L5 HST and on the basis of regional correlations the 

carbonates become increasingly dolomitized farther onto the shelf.  There have been no 

hydrocarbon productive intervals found to date in this uppermost part of the Upper Clear 

Fork which explains the lack of data available. 



Figure 4.1 - Cross-section A - this shows a prominent discontinuity 
between the wells JUWF 21S and Lott 4.  The JUWF 21 was drilled 
and encountered only MST facies, then was sidetracked 423’ and 
encountered 40’ of OG facies.
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Figure 4.2 - Cross-section B - This shows a discontinuity of the upper 
portion of stacked OG flows located at well JUWF 27.  I interpret this 
to be composed of silt-free megabreccias and skeletal packstones based
on log curve signatures and core plugs. 
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Figure 4.2 - Cross-section B - This shows a discontinuity of the upper 
portion of stacked OG flows located at well JUWF 27.  I interpret this 
to be composed of silt-free megabreccias and skeletal packstones based
on log curve signatures and core plugs. 

Figure 4.3 - Cross-section C - This shows a discontinuity between wells HSLU 13 and Lott 6
which I interpret to be a younger megabreccia flow which isolated the eastern part of the ooid 
fan.  There is an oil/water contact in East Lott 1 and Lott 6 is entirely wet, whereas the main part 
of the Happy field has no oil/water contact, even though it is structurally lower.
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Figure 4.4 - Cross-section D - This cross-section is oriented across a part where the ooid fan is 
considerably narrowed.  The wells John 10 and JUWF 12 both have carbonate megabreccia on
the basis of whole core and core plug descriptions, whereas the JUWF 13 is entirely OG facies.  
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Figure 4.5.  Locations of cross-sections A – D (figs. 4.1 – 4.4).
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Figure 4.6.  Porosity isopach map of the ooid grainstone facies.  CI = 10’.
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Figure 4.7.  Time structure map of a reflection below reservoir (L5 SB) CI = 5 ms.  
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Figure 4.8. Structure map top of the Strawn Limestone.  CI = 20’.
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Figure 4.9. Structure map top of Lower Spraberry.  CI = 20’. 
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Figure 4.10. Structure map of top Upper Spraberry (L5 MFS  & top seal)  CI = 20’. 
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Figure 4.11. Isochron between L5 SB and MFS.  CI = 2 ms. 
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Figure 4.12 Interpreted younger erosive events. 
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Figure 4.13 L4 Highstand Systems Tract – Prograding/Aggrading carbonate shelf. 

 

Figures 4.14 L5 Lowstand Systems Tract – Erosion of previous shelf material forming 

debris aprons at toe-of slope with subtle low between ridges. 
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Figure 4.15 L5 Lowstand Systems Tract – Influx of Siliciclastics 

 

Figure 4.16 L5 Lowstand Systems Tract – Erosion of shelf and reef material which is 

deposited as megabreccias found just below the Happy Reservoir. 
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Figures 4.17 L5 Transgressive Systems Tract – Reactivation of the carbonate platform 

and ooid factory in erosional re-entrant.  Ooids periodically swept downslope to 

topographic low. 

 

Figure 4.18 L5 Transgressive Systems Tract – Ooid fan formed at the toe-of-slope is 

dissected by younger debris and turbidity flows. 
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Chapter 5: Summary 

1. The Happy Field reservoir interval is located at the toe-of-slope on the basis 

of the regional seismic stratigraphic analysis (figs. 2.1 – 2.4).  

2. The age of the Happy Field reservoir (Upper Spraberry Formation) is 

Leonardian and is located in transgressive systems tract of composite 

sequence L5 on the basis of sequence stratigraphic analysis from logs and 

seismic (fig. 2.4) and comparison of systems tracts with those studied in 

outcrop in the Delaware Basin (Fitchen, 1997; Janson et al., 2007). 

3. Detailed study of the cored wells through the Happy Field reservoir show the 

reservoir to be composed of discrete allochthonous ooid and skeletal grains 

transported downslope from the platform margin via hyperconcentrated 

density flows (Alexander & Mulder, 2001).   

4. The Skeletal-peloidal-oolitic grainstone reservoir facies represents a deep-

water basin-floor to toe-of-slope deposit on the basis of facies association with 

underlying mixed siliciclastic turbidite and reef- and shelf-derived carbonate 

megabreccia facies.  Lack of cross-bedding in the reservoir facies and fine silt 

and shale laminations intercalated within the reservoir facies also indicates 

deep-water deposition as opposed to a shallow-water shoal environment. 

5. The ooid grains in the reservoir facies were created updip in a hypothesized 

re-entrant during a reactivation of the carbonate factory due to a rise in sea-

level.  The paucity of carbonate factories during lowstands necessitates that 

this be during either a transgressive or highstand phase.  Highstand can be 
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ruled out on the basis of seismic stratigraphic analysis so it has to be during a 

transgressive phase.  This is also evidenced by the reservoir top seal which is 

composed of a black organic rich silty shale which is interpreted as the MFS. 

6. The Happy Field reservoir is located in a persistent topographic depression 

that existed since Pennsylvanian (Des Moinesian) time and was further 

enhanced during the preceding L5 lowstand.   

7. Vertical reservoir heterogeneity occurs due to layers of shaley silt punctuated 

by successive flows of the skeletal peloidal oolitic material downslope.  

Horizontal reservoir heterogeneity occurs due to younger erosive events 

dissecting and isolating parts of the original fan shape geometry, explaining 

why structurally flat and higher zones which are correlative by logs can be 

non-hydrocarbon productive or have an oil-water contact which is absent in 

the larger body of the fan.   
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