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Basement structures and distal tectonic events affecting them arBasement structures and distal tectonic events affecting them are e 
important in defining location and properties of reservoirs.important in defining location and properties of reservoirs.
ProcessProcess--based field, outcrop, and Recent analogs provide more based field, outcrop, and Recent analogs provide more 
appropriate, accurate interpolation of reservoir properties.appropriate, accurate interpolation of reservoir properties.
Late Paleozoic reservoirs are dominated by depositional fabric Late Paleozoic reservoirs are dominated by depositional fabric 
selective diagenesis. selective diagenesis. 
Establishing petrofacies and pore types is essential to accurateEstablishing petrofacies and pore types is essential to accurate
calculations of water saturations, volumetrics, ROIP, establishicalculations of water saturations, volumetrics, ROIP, establishing ng 
permeability correlations and predicting fluid flow. permeability correlations and predicting fluid flow. 
Infill locations and new pays within oil and gas fields remain Infill locations and new pays within oil and gas fields remain 
significant targets for IOR in mature regions; requires significant targets for IOR in mature regions; requires 
comprehensive, integrated approach.comprehensive, integrated approach.
ReRe--exploration and exploitation of mature producing areas can be exploration and exploitation of mature producing areas can be 
substantially benefited by access to and mining of large data sesubstantially benefited by access to and mining of large data sets ts ––
digital and electronic data digital and electronic data –– logs, production, core/samples and logs, production, core/samples and 
descriptions, descriptions, in an integrated and quantitative manner.in an integrated and quantitative manner.
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1:001:00--3:00 pm 3:00 pm –– Part 3. Part 3. 
Sequence stratigraphy and reservoir Sequence stratigraphy and reservoir 
architecture of late Paleozoic strata architecture of late Paleozoic strata 

in the Midcontinentin the Midcontinent

Overview:Overview:
–– Depositional sequences and lithofacies distribution Depositional sequences and lithofacies distribution 

defined by interaction of complex geological defined by interaction of complex geological 
processes processes 

Eustacy, subsidence/compaction, sediment supply and Eustacy, subsidence/compaction, sediment supply and 
accumulation, erosion, antecedent topography, climateaccumulation, erosion, antecedent topography, climate

–– Ooid shoals and grainstones Ooid shoals and grainstones –– lithofacies and lithofacies and 
diagenetic variants that dominate late Paleozoic diagenetic variants that dominate late Paleozoic 
reservoirs in the greater Midcontinentreservoirs in the greater Midcontinent

–– Siliciclastics (deltas and incised valleys)Siliciclastics (deltas and incised valleys)
–– Phylloid algal mounds/reefsPhylloid algal mounds/reefs

Nov. Nov. ’’08 AAPG Explorer Article08 AAPG Explorer Article

33--D changed patterns for drillingD changed patterns for drilling
by Bob Hardageby Bob Hardage

• Vertical section though 3-D seismic volume 
showing VSP-defined position of stratal 
surface used for time slicing across 19c 
reservoir.

• Analysis requires good stratigraphic 
control…

• Reflection amplitude across stratal 
surface corresponding to the VSP-defined 
position of the 19C unit

• 40-acre well pattern with no existing well 
making optimum contact with the 19C 
reservoir channel
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ReRe--exploration, Exploitationexploration, Exploitation
New technology and new resolution, New technology and new resolution, e.g., resolving significant e.g., resolving significant 
surfaces (temporally distinct)surfaces (temporally distinct)
Old technology and new way of examining, Old technology and new way of examining, e.g.,e.g., surfaces, surfaces, 
lithofacies, pore typeslithofacies, pore types
Access to new data Access to new data (3D seismic, logging tools, tests)(3D seismic, logging tools, tests)
New concepts, unconventional, New concepts, unconventional, e.g.,e.g., geological, geophysical, geological, geophysical, 
geochemical, geochemical, geostatisticalgeostatistical, etc., etc.
Profile of an independent in the Texas oil and gas industry fromProfile of an independent in the Texas oil and gas industry from
BEG Survey:BEG Survey:
– 2.3 employees
Areas of expertise
– Engineering – Almost every company had an engineer.
– Land and Legal – Almost every company had someone who 

specialized in land deals and who took care of legal matters.
– Geologist – Surprisingly, many small independents did not have a 

geologist on staff but used geological consultants.
– Geophysicist – A geophysicist was rarely found on a company’s staff. 

Small independents relied almost totally on seismic contractors and 
consultants for their geophysical support and advice

Hardage (Nov. 2008, AAPG Explorer)

Map from Soreghan et al. (2008)

1-D Fisher plots
(Sediment 
accommodation 
plots)

Varying subsidence coupled with eustacy define depositional sequVarying subsidence coupled with eustacy define depositional sequencesences
---- sediment accommodation, stratal geometry, sedimentologic sediment accommodation, stratal geometry, sedimentologic ““fidelityfidelity””, , 

lithofacies, and diagenesislithofacies, and diagenesis
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Watney et al. (1995)

Saller et al. (1994)

Ø>4%, h>1m

Soreghan (1994)

Ø ooid shoals
lower shelf

Moore (2001) after Saller (1999)

Evolution and distribution of 
porosity associated with subaerial 
exposure in upper Paleozoic 
platform limestones, West Texas –
influence of sediment 
accommodation

Southwest Andres Area – Central Basin Platform
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Moore (2001) after Saller (1999)

Southwest 
Andrews Area

• Central Basin 
Platform 

• Strawn-Wolfcamp
carbonatesWolfcamp

Moore (2001)
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• Porosity is stratified, occurring in 1 to 6-
m-thick intervals in the upper part of cycles 
that were subaerially exposed.

• Many cycles that were subaerially 
exposed now lack porosity. 

• Present subsurface porosity in this field 
preferentially occurs in thick grainstones, 
phylloid algal boundstones, and a few 
wackestone/packstones in cycles subjected 
to brief subaerial exposure. 

• Matrix porosity (molds, intercrystalline 
pores) is dominant. Moore (2001) after Saller (1999)

Gra
in

st
one

Shoal

Subaerial exposure 
& karst terrain

Subtidal
Wackest.

Moore (2001)

• 1-D Fisher plot  for well in Southwest Andrews 
Area
• Increased accommodation through Canyon with 
thicker cycles, thicker and higher porosity, similarly 
for Wolfcamp Reef
• Strata isotopically lightest in Cisco
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Moore (2001)

Moore (2001)

Optimum length of subaerial exposure and Optimum length of subaerial exposure and 
thickness of grainstone & phylloid algal thickness of grainstone & phylloid algal 

carbonate lithofacies improves conditions carbonate lithofacies improves conditions 
for for potential paypotential pay
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From C. Moore (2001)

• Climate dependent 
change between high-
magnesium calcite and 
aragonite and low-Mg 
calcite

• Shift toward aragonitic 
carbonates during Late 
Carboniferous and 
Permian under “Icehouse”
conditions

Global Sea Level 
and Climate

Stable Isotopes and Climate Proxies Stable Isotopes and Climate Proxies 
from the Late Paleozoicfrom the Late Paleozoic

((compiledcompiled by T. Rasbury, 2008)by T. Rasbury, 2008)

Geochemical 
analysis of 
sediments 
and conodont 
elements

δ11B reference curve

Guadalupian

PAL: present atmospheric level
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Correlation of 
disconformity-
bounded 
cyclothems of 
various 
magnitudes 
(specified by type 
font) across 
Moscovian-
Kasimovian
and Kasimovian-
Gzhelian stage
(upper 
Desmoinesian 
through lower 
Virgilian)
boundary 

intervals in North 
America and 
eastern Europe.

Heckel et al. (2007)

“Digital 
correlation”

Average subsidence 
rates during the 
Missourian

Kluth (1986)

<0.05-0.2 m/ka

>0.05-0.2 m/ka

>0.2-0.3 m/ka

Roughly 6X 
variation in 

rates of subsidence
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Moore (2001)

1m/ka.05m/ka

Sequence stratigraphic models Sequence stratigraphic models --
conceptual tools to define accommodation, depositional conceptual tools to define accommodation, depositional 

profile, and sediment supply in spaceprofile, and sediment supply in space--time frameworktime framework
(vital components in sedimentary modeling)(vital components in sedimentary modeling)

also basis to infer sediment accumulation and erosionalso basis to infer sediment accumulation and erosion

DefinitionsDefinitions::

Depositional sequenceDepositional sequence: Stratigraphic unit composed of relatively : Stratigraphic unit composed of relatively 
conformable succession of genetically related strata bounded at conformable succession of genetically related strata bounded at top top 
and base by unconformities or their correlative conformities    and base by unconformities or their correlative conformities    
(Mitchum et al., 1977)(Mitchum et al., 1977)

–– Temporally distinct depositional packagesTemporally distinct depositional packages

–– Architectural frameworkArchitectural framework to understand controls on sedimentationto understand controls on sedimentation

–– Systematic, predictable facies assemblagesSystematic, predictable facies assemblages within a sequencewithin a sequence

–– Sequences within sequencesSequences within sequences (composite sequences)(composite sequences)
hierarchy of stratal patterns hierarchy of stratal patterns 

Sequence boundarySequence boundary: Bounding unconformities or correlative : Bounding unconformities or correlative 
conformitiesconformities
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Definitions (Continued)Definitions (Continued)

HiatusHiatus::
–– fall in relative sea level or base level or fall in relative sea level or base level or 
–– change in rates of base level rise orchange in rates of base level rise or
–– climate or tectonic processes in source area influencing erosionclimate or tectonic processes in source area influencing erosion and clastic and clastic 

influxinflux

ParasequenceParasequence: Basic building block of sequences: Basic building block of sequences
(Van Wagoner et al., 1988)(Van Wagoner et al., 1988)

–– Characterized by aggradation, progradation and retrogradationCharacterized by aggradation, progradation and retrogradation
–– Affected by sediment supply and minor base level fluctuationsAffected by sediment supply and minor base level fluctuations

Accommodation spaceAccommodation space: : 
–– Space available for potential sediment accumulation (Jervey, 198Space available for potential sediment accumulation (Jervey, 1988); space 8); space 

available below base level (Shanley and McCabe, 1994)available below base level (Shanley and McCabe, 1994)
–– Provided by tectonic subsidence and eustacyProvided by tectonic subsidence and eustacy

Depositional sequence for marine Depositional sequence for marine 
sedimentssediments

C.G.St.C. Kendal (2004)
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Carbonate depositional sequencesCarbonate depositional sequences

C.G.St.C. Kendal (2003)

From Moore (2001)

Varying amplitude and magnitude of sea Varying amplitude and magnitude of sea 
level can varying shelf configurationlevel can varying shelf configuration
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Ratio rate of deposition
Rate of accommodation

Ratio rate of deposition
Rate of accommodation

Ratio rate of deposition
Rate of accommodation

Van Wagoner et al. (1987)

Parasequence stacking pattern

>1

<1

=1

Forced Regression - basinward shift in lithofacies

Posamentier (1992)

A. Normal
regression with
rising sea level

B. Normal
regression with
constant relative
sea level

C. Forced 
regression:
falling relative 
sea level
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Sedimentation processes
encompassed by sequence
stratigraphy cover wide
range of temporal 
and spatial scales!

15 cm

Posamentier (1992)

Incised valley
along major trunk valley

Lowstand deltas (3)

escarpments

Highstand systems
tract (unit b)

Transgressive systems
tract (unit a)

Minor incised valleys

Idealized succession of lowstand, transgressive, and highstand 
sequence sets, each made up of sequences with embedded 
third-order lowstand, transgressive, and highstand systems 
tracts. Modified from Bartek et al. (1991).

From Snedden et al. (2003)



AAPG Southwest Section Short 
Course - Watney

PART 3. SEQUENCE 
STRATIGRAPHY 15

Idealized creaming curve from a sequence stratigraphic 
perspective. The components of the creaming curve refer 
to systems tract or sequence set, depending upon
the size and scale of the play being considered.

Sneeden et al. (2003)

Process sequence stratigraphyProcess sequence stratigraphy
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Boardman et al. (1984)

Paleoecologic Model for Late Paleoecologic Model for Late 
Paleozoic SedimentationPaleozoic Sedimentation

Fully Oxygenated

Dysaerobic

Anoxic

Variables: water depth, stagnation, nutrients, 
sediment supply, water salinity, climate

Photic zone

Influence of water clarity on Zooxanthellae corals and impact Influence of water clarity on Zooxanthellae corals and impact 
on on effective depth of photic zoneeffective depth of photic zone

• Drowning depth is approximate 
submergence depth (Hallock and 
Schlager, 1986)
• Depth of no carbonate growth 
varies by water conditions, not only 
depthHallock and Schlager (1986)

~base photic zone
= 118 m

38 m

17 m
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Conceptual model of Pennsylvanian cyclothem

Refining parameter list and reducing assumptions through 
interdisciplinary studies.

Kansas
Subsidence     
>0.20 m/ky
in Arkoma and 
Anadarko Basins

1-D simulation of Missourian 
cyclothemic depositional sequences in Kansas

- Upper shelf simulation

Watney et al. (1991)

Sediment surface elevation
Elev. (m), initial sedimentation rate (m/ka), subsidence (m/ka)

meters

Time (ky)

Using amplitude (110 m) and shape (sawtooth) of most recent Pleistocene eustatic curve
Depth of photic zone ~ 35 m
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1-D model (continued) – Lower Shelf

m
et

e
rs

Time (ky)

Drowning
and loss of 

Shelf elevation

Wheeler Diagram bringing 
together sedimentation in 
time and space for three 
shelf positions

“We can not measure time with
a ruler.”

Single depositional
sequence as composite
of three shelf positions
-- what we observe
-- what we can interprete
-- limits of inferring processes?
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Correlation of 
Missourian-
Virgilian
Cyclothems 
between KS 
and Texas

and sequence 
sets

Boardman and 
Heckel (1989)

Examples

Hertha
Swope

Cherryvale
Dewey

Pleasanton

TexasOK-KS-IA

Dennis

50 miles

NW SE

500 ft

Topeka
Deer Creek

Heebner
Lecompton

Oread
Topeka
Stanton
Springhill

Argentine
Merriam

Muncie
Cr.

Quivira
Iola

Wea
Stark

Hushpuckney
Mound City

Nuyaka Cr.

Nuyaka
Cr.

GSUSet

Stalnaker Ss.Stalnaker Ss.

Oread sequence

Lansing Group
Shelf Margin

Regional Stratigraphic Regional Stratigraphic VshVsh Log Cross SectionLog Cross Section
DatumDatum = Heebner Shale (equivalent = Finis Shale)= Heebner Shale (equivalent = Finis Shale)
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French and Watney (1993)

Carbonate Sedimentation RateCarbonate Sedimentation Rate
used in 2D numerical modeling of used in 2D numerical modeling of 

Pennsylvanian cyclothems (KANMOD)Pennsylvanian cyclothems (KANMOD)

Simulation of Middle and Upper Pennsylvanian
Kansas Shelf using KANMOD

Lansing Group

Kansas City Group 

Marmaton Group

North South

Sea level• Sequences and composite sequences
• Carbonate-dominated
• Similar backstepping of carbonate shelf

to actual data

~50 km

Maximum thickness ~ 1500 ft. 

+15 meter adjustment to 
create sequence sets
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Three-Dimensional Seismic 
Imaging and Reservoir Modeling of 

an Upper Paleozoic “Reefal”
Buildup, Reinecke Field, West 

Texas, United States

By

Arthur H. Saller, Skip Walden, Steve Robertson, Robert Nims, 
Joe Schwab, Hiroshi Hagiwar, and Shigeharu Mizohata

Search and Discovery Article 20044 (2006)
Posted December 20, 2006

• Reinecke field is an upper Pennsylvanian to lowest Permian carbonate 
buildup 

• Southern part of the Horseshoe Atoll, west Texas, United States. 

• The field and surrounding areas have been imaged with three 3-D seismic 
surveys and penetrated by many wells. Although Reinecke is commonly 
referred to as a reefal reservoir, deposition occurred in stratified sequences, 
50-100 ft (15-30 m) thick, dominated by wackestones, packstones, and 
grainstones. Boundstones (mainly rich in phylloid algae) constitute only 16% of 
the buildup.

• Seismic reflectors within the buildup parallel sequence boundaries and are 
truncated at the margins of the buildup.

• Three-dimensional seismic surveys show that the top of the Reinecke
buildup is highly irregular with more than 470 ft (143 m) of relief.

• Deep-marine shales overlie the reservoir and act as a seal for this 
stratigraphic trap.

• Reinecke's irregular, mounded morphology is the result of localized 
carbonate growth and erosional truncation.

AbstractAbstract
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Abstract (continued)Abstract (continued)
• Much of the erosional truncation probably occurred in a deep-marine environment.

• Reinecke's south dome acts a single continuous reservoir dominated by limestone 
(70%) with 25% dolomite.

• Limestone porosity is generally 5-18% (average of 11.2%) and permeability is 1-
1000 md (average of 166 md).

• Dolomite porosity is lower (average of 8.3%), but permeability is higher (average of 
894 md). 

• Discontinuous low-permeability layers parallel to stratification serve as low-
permeability baffles; however, patchy replacive dolomites cut through stratification
and act as high-permeability vertical conduits. 

• Good reservoir continuity, low-permeability baffles, and artificially enhanced 
bottom-water drive helped to recover more than 50% of the original oil in place. 

• Excellent vertical reservoir continuity has allowed implementation of a crestal CO2 
flood at Reinecke field. CO2 is being injected into the top of the structure, displacing 
residual and bypassed mobile oil downward for recovery in lower parts of the 
reservoir.

• Reinecke and other fields on the south and west sides of the 
Horseshoe Atoll have vertical permeability pathways that allow 
the top of the reservoir to be in pressure communication with the 
underlying aquifer (i.e., they produce like reefal reservoirs)  
(Crawford et al., 1984; Saller et al., 1999).

• “The area has no significant tectonic deformation.”

• Stratigraphic tops from wells were merged with seismic 
surfaces in EarthVision to create stratigraphic surfaces used in 
the geocellular model. Porosity and permeability were 
extrapolated between wells by ordinary kriging and then gridded 
in EarthVision. 

• A model with 35 layers was built. A RESCUE export format 
was used as an interface between the EarthVision geocellular
model and the Eclipse flow simulator.

Three-Dimensional Seismic Imaging and Reservoir 
Modeling of an Upper Paleozoic

“Reefal” Buildup, Reinecke Field, West Texas, United 
States
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Three-Dimensional 
Seismic Imaging and 

Reservoir Modeling of an 
Upper Paleozoic
“Reefal” Buildup, 

Reinecke Field, West 
Texas, United States*

By

Saller et al. (2006)

Diagrammatic cross section Diagrammatic cross section 

Shelf margin - eastern shelf may be defined by deep-
seated faults (Ft. Chadbourne Fault Zone)

• Horseshoe Atoll – keep-up sedimentation prior to 
drowning
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• Seismic time of the 
upper Pennsylvanian-
lowest Permian 
carbonate 

• “The area has seen 
little tectonic 
deformation since the 
Pennsylvanian; hence, 
this structure represents 
the shape of the 
carbonate buildups after 
deposition and erosion.”

• Contour interval is 5-ms 
two-way traveltime
(TWT).

high
low

Saller et al. (2006)

IsotimeIsotime map map –– ReineckeReinecke FieldField

Lineaments added 

Saller et al. (2006)

Saller - -”Arbitrary 3-D seismic line. Note the lack of structural deformation. 
Selected formation tops are shown. Carbonates started accumulating over a 
relatively flat surface. Basinal shales and carbonates of Wolfcampian age 
overlie the irregular upper surface of the reservoir carbonate.“
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Structure of the top 
of carbonate, 
south dome of 
Reinecke field. 

All views are from the 
southeast. Vertical 
exaggeration is 4X. 

(A)Map (in ft subsea) 
based solely on well 
data.

(B) Seismic two-way travel 
time map (in ms). 

(C) Map (in ft subsea) 
based on well and 3-D 
seismic data.

Saller et al. (2006)

• Synthetic 
seismograms for 
wells have been 
inserted. 

• Note the truncation 
of reflectors 
(sequences) at the 
margins of the 
buildup.

Saller et al. (2006)

Wiggle display of an arbitrary line from the 3-D seismic 
survey showing sequences defined by cores
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(A)Seismic line 237 (CC ’) 
and 

(B)trace 243 (DD’) flattened 
on a Wolfcamp reflector 
in the basinal sediments 
overlying the Reinecke
reef carbonates. 

Reflectors apparently 
onlapping the Reinecke
buildup are actually 
basinal strata down- or 
baselapping against the 
Reinecke carbonate 
buildup from the east 
(right) with the 
contemporaneous shelf 
margin 50-100 km 
farther to the east 
(right).

Saller et al. (2006)

Cisco

Canyon

Cisco

Canyon

• Core and wire-line 
logs for a “typical”
south dome well, #277. 
• Horizons 100, 200, 
300, and 400 have 
paleosoil-related 
features below them 
and are interpreted as 
sequence boundaries.
• Thin shales are 
immediately above 
sequence boundaries 
300 and 400. 
• Stable isotope data 
are from whole rock 
samples. 

Saller et al. (2006)
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Structural cross section showing facies and stratigraphy across the 
south dome of Reinecke field. Facies are from core data. Horizons 
100, 200, 300, and 400 are sequence boundaries with soil-related 
features.
(4 Virgilian Groups in Kansas – Admire, Waubaunsee, Shawnee, and 
Douglas)

Saller et al. (2006)

Although the south dome of Reinecke field has a mounded 
or “reefal” morphology, it is composed of fairly stratiform
sequences that apparently formed in response to 
variations in relative and probably eustatic sea level. 
Sequence boundaries are identified by soil- and exposure-
related features (fractures, root traces, caliches, and
brecciation) observed in core.

Saller et al. (2006)
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Depositional model for a typical sequence

Saller et al. (2006)

Curvilinear and linear regressions of porosity 
vs. permeability for limestones and dolomites 

in Reinecke field

Saller et al. (2006)
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Reservoir 
characteristics of 
Reinecke's south 
dome looking from 
the northeast to 
the southwest 
(at the top).

Vertical exaggerations are 4X. 

(A) Model for porosity 
distribution across the 
south dome of Reinecke
field. 

(B) Model for dolomite 
distribution across the 
south dome of Reinecke
field. Values are in percent 
dolomite. 

(C) Model for permeability 
distribution across the 
south dome of Reinecke
field. Values are in 
millidarcy.

Saller et al. (2006)

Reineche dolomitized 
depositional facies—

Saller et al. (2006)

Preferred lithofacies for dolomitization
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Production history of Reinecke field

Saller et al. (2006)

Schematic diagrams of the 
crestal CO2 flood

Saller et al. (2006)
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• The final geometry of Reinecke's reservoir was the 
product of localized carbonate growth, karstification, and 
deep-marine erosion after the buildup was drowned. 

• Deep marine erosion was apparently responsible for 
much of the very irregular top of the Reinecke carbonate. 

• Although reefal in its morphology, the Reinecke reservoir 
is composed of stratiform sequences with only minor 
boundstone. 

ConclusionsConclusions

Saller et al. (2006)

• Porosity and permeability are continuous through the 
Reinecke reservoir, and hence the south dome acts as a 
single container. 
• Reinecke production is typical of “reefal” -type reservoirs 
with water from an underlying aquifer pushing oil up into 
perforations at the top of the reservoir. 
• This mechanism was so efficient that 50% of the OOIP was 
produced by primary recovery and injection of water below 
the oil-water contact. 
• A crestal CO2 flood is currently underway and is feasible 
because of Reinecke's excellent reservoir continuity. 
• The main value of the 3-D seismic surveys was to image 
the gross reservoir geometry in detail, which was essential for 
accurate volumetrics, successful reservoir simulation, and 
design of the crestal CO2 flood.

Conclusions (Continued)Conclusions (Continued)
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Type log of 
Missourian and
Lower Virgilian 
strata on 
Kansas carbonate 
shelf

genetic stratigraphic units (GSUs)genetic stratigraphic units (GSUs)
and depositional sequencesand depositional sequences

Heebner Sh..

Top Marmaton

Top Lansing

100 ft

GR N-D

Heebner Shale

Muncie Creek Sh.

Nuyaka Creek Sh.
Hertha

Swope

Dennis

Cherryvale

Dewey

Carbonate shelf and sediment starved basin -- changes in 
elevation of depositional surface and rate of accumulation

Carbonate shelf
Margin in Tulsa area
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Abrupt backstepping of 
carbonate margin 
(at Nuyaka Creek Shale horizon)

Clastics limited interval 
Heckel (1999)
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v.e. = 15,840x
240 mi x 40 ftAfter Felton and Heckel (1996)

Kansas City

High-frequency sequences driven by forced regression 
in the Winterset Limestone from surface sections
- regressive carbonate downlaps onto Stark Shale

Downlap of cycle KC-1 and KC-2

15,000 x 
exaggeration

Bennison (1989)

S-N Stratigraphic 
Cross Section

Central Oklahoma   
to southern Kansas

Nuyaka Creek 
Sequence Set, 
equivalent to East 
Mountain-Poseidon 
Fms.

(Lower Missourian)

Nuyaka Creek Sh.
Hushpuckney Sh.

Stark Sh.

Quivira Sh.

Nuyaka Creek 
Sequence Set

Regional marker (condensed section)

200 ft

16 mi                 
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Nuyaka Creek Sequence 
(Pleasanton Group – base 
Missourian)
Amoco Cox A-4, SW Kansas

20 ft

GSU Boundary

GSU Boundary

Shallowing upward
carbonate with 
smaller 
high-frequency 
cycles; overall 
shallowing

Condensed section

Flooding unit

Paleosol and 
underlying eroded
Sniabar Limestone

Sequence boundary

Bounding surface between Missourian 
depositional sequences
in the Kansas City area

Bethany Falls Ls. Mem.
of Swope Ls. Fm.
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Virgilian carbonate
bank margin

Oread Ls.

500 ft. 

Set Genetic Unit

Topeka

Deer Cr.

LecomptonHeebner

Oread
Toronto
Stanton
Springhill
Merriam

Argentine

Muncie
Creek

Iola
Quivira

Wea
Stark

Hushpuckney
Mound City
Nuyaka Cr.

Nuyaka
Creek

Mound City

Hushpuckney

Nuyaka
Cr.

Stark
Wea

Muncie
Creek

Douglas

Lecompton

Oread

Toronto

Deer Cr.
Heebner

Topeka

GSU Set

Northwest Southeast

0 50

0 80

mi.

km.

Lower and Upper Missourian 
(Kansas City and Lansing) 
carbonate bank margins

v. e. = 528x

Manual & Autocorrelated Gamma Ray Cross Section Regional, autocorrelated, structural Regional, autocorrelated, structural 

Vsh Log Cross SectionVsh Log Cross Section

• Hotter colors = lower Vsh, i.e., clean 
carbonates and sand; 

• green = fine grained clastics

50 miles

NW SE

500 ft

Topeka
Deer Creek

Heebner
Lecompton

Oread
Topeka
Stanton
Springhill

Argentine
Merriam

Muncie
Cr.

Quivira
Iola

Wea
Stark

Hushpuckney
Mound City

Nuyaka Cr.

Nuyaka
Cr.

GSUSet

Stalnaker Ss.Stalnaker Ss.

Oread sequence

Lansing Group
Shelf Margin

NWNW--SE Regional Stratigraphic Vsh Log Cross Section SE Regional Stratigraphic Vsh Log Cross Section 
WestWest--Central KansasCentral Kansas

Datum = Heebner Shale (Finis Shale)Datum = Heebner Shale (Finis Shale)
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N

250 ft.

50 mi.

(528 x)

sequence boundaries

MFS (condensed section)
flooding unit

Onlap

downlap

Minor condensed section
= medial shale

onlap

Regional Oread sequence development

extracted from autocorrelated stratigraphic Vsh cross section
• generally shallowing upward, cleaner (lower Vsh) carbonate 

• “slug-shaped” depositional sequence, highly extended along broad shelf to shelf margin

• thin transgressive limestone (Toronto Ls.), condensed section (Heebner Shale), regressive carbonate 
(Plattsmouth Ls.)

• Oread depositional sequence interrupted by high-frequency sequences 

• “medial” shale and inferred downlap and onlap intervals do not correlate in adjoining wells 

• cleaner (lower Vsh) carbonate buildup (grainstone and phylloid algal mounds) along shelf break 

• clastics and carbonates progressive filling in embayment created by subsidence 

Northern shelf

Oread Sequence

Medial shale

Minor cycle #2 of Plattsmouth Ls.

Minor cycle #1

Datum:
Heebner Shale

Distance =
~150 miles
Thickness =
120 ft window

Extracted from previous stratigraphic Vsh cross sectionExtracted from previous stratigraphic Vsh cross section

BEG-RCRL (1996)
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Medial shale

Plattsmouth
Limestone

Heebner Sh

Leavenworth Ls.

Snyderville
Shale

Ham Quarry, Perry, Ks

Looking for initial 
Flooding surface

Core shale/condensed section
(Black, phosphatic grading to gray)

Northern shelf outside Lawrence, KSNorthern shelf outside Lawrence, KS

Correlation of Upper 
Pennsylvanian 
Cyclothems between 
KS and Texas

Boardman and Heckel 
(1989)

Boundaries
of sequence sets

Finis

L. Wolf Mtn.

U. East Mtn.

Strawn

Canyon

Cisco
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Type log of 
Missourian and
Lower Virgilian 
strata on 
Kansas carbonate 
shelf

mappedmapped
depositional sequencesdepositional sequences

Heebner Sh..

Top Marmaton

Top Lansing

100 ft

GR N-D

Heebner Shale

Muncie Creek Sh.

Nuyaka Creek Sh.
Hertha

Swope

Dennis

Cherryvale

Dewey

Pleasanton

Pleasanton sequence – Nuyaka Creek Sh. to Mound City Sh. 

Central
Kansas 
Uplift

Sedgwick
Basin (drowned platform)

Deltaic
Platform

Nemaha
Uplift

Watney, W.L., French, J.A., Doveton, J.H., Youle, J.C., and Guy, W.J., 1995, Cycle hierarchy and genetic
stratigraphy of Middle and Upper Pennsylvanian strata in the upper Mid-Continent, in Hyne, N., ed.,
Sequence Stratigraphy in the Mid-Continent, Tulsa Geological Society, Special Publication #3, p. 141-192.
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Hertha Sequence (Mound City Shale
to Hushpuckney Shale)

CKU
Thin cycle on
deltaic platform

Phylloid algal bank complexExtensive ooid shoals

Uniontown
Sniabar phylloid
algal bank exposure

Samankassou and West (2003)

Sniabar phylloid algal bank, Uniontown, KSSniabar phylloid algal bank, Uniontown, KS

In situ algal cups

Samankassou and West (2003)
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1 inch

Sniabar Limestone  Sniabar Limestone  
from Uniontown phylloid algal bankfrom Uniontown phylloid algal bank

Tabulate coral

Phylloid algae

Rugose coral

bioturbation

Tabulate coral

Pore space 
w/partial fill
by silt 

Sniabar Mound, Uniontown, KsSniabar Mound, Uniontown, Ks

A) cup-shaped algae, B) Undulatory blades of algae, C) bryozoan, and 

D) coral boundstone Samankassou and West (2003)
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Watney et al. (1989)

Hertha sequence in eastern Kansas, Hertha sequence in eastern Kansas, 
100 ft thick on lower rimmed shelf margin100 ft thick on lower rimmed shelf margin

• Shelf margin accretes 
laterally 17 mi (30 km)

• Sediment starved to 
south with local, isolated 
buildups 

Swope sequence isopach (Hushpuckney Shale to Stark Shale)

ramp

Rimmed shelf

Rimmed shelf on east  with narrow belt of ooid shoals & lowstand clastics

Ramp on west – extensive tract of stacked ooid shoals (parasequence & 
minor cycles)

>120 ft

>80 ft

20-40 ft
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Mound Valley Ls.

Swope sequence isopach,
Southeastern Kansas

Bethany Falls Ls. member isopach,
Southeastern Kansas

>40 ft

>10 ft

>100 ft
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No Ladore
Shale

>80 ft
>30 ft

No Mound
Valley Ls.

Phylloid algal 
mound complex

Ladore Shale and Mound Valley Ls. isopachous maps Ladore Shale and Mound Valley Ls. isopachous maps 
(lowstand deposits in the uppermost (lowstand deposits in the uppermost Swope sequenceSwope sequence))

Heckel (1999)

Ladore Shale

Mound Valley Ls.

Galesburg Shale
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Galesburg Shale –
lowstand/early 
transgressive deposit

• termination of Swope 
sequence and beginning 
of Dennis sequence

Sandstone
Starved ripples
& dish structures
- Turbidite flows?

Paleosol
-- Sequence boundary

Coal- initial flooding

Estuarine, heterolithic sandstone

>150 ft

>30 ft

Near-surface analog study area

AgeAge--equivalent, nearequivalent, near--surface and surface surface and surface 
analog to producing ooid shoalsanalog to producing ooid shoals
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Isopach of the genetic unit bounding the Pleasanton Group

CKU

Sedgwick
Basin (drowned platform)
-- thickness <20 ft

Prodeltaic
Platform
-- up to 200 ft thick

Nemaha
Uplift

Watney, W.L., French, J.A., Doveton, J.H., Youle, J.C., and Guy, W.J., 1995, Cycle hierarchy and genetic
stratigraphy of Middle and Upper Pennsylvanian strata in the upper Mid-Continent, in Hyne, N., ed.,
Sequence Stratigraphy in the Mid-Continent, Tulsa Geological Society, Special Publication #3, p. 141-192.

Thickness of Bethany 
Falls Limestone 
(shaded) overlain on 
isopach of Nuyaka 
Creek Shale to 
Hushpuckney Shale

- index for A-C cross 
section

French and Watney
(1993)

6 mi

French, J.A., and Watney, W.L., 
1993, Stratigraphy and 
depositional setting of the lower 
Missourian (Pennsylvanian) 
Bethany Falls and Mound Valley 
limestones, analogues for age-
equivalent ooid-grainstone
reservoirs, Kansas: Kansas 
Geological Survey Bulletin, p. 
27-39.

surface 
exposures

Well control from wireline logs in oil and gas wells
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Woodward transect Woodward transect 
oolite shoal faciesoolite shoal facies

Mound Valley Ls.

French and Watney (1993)
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Watson (1997)

Swope sequence with two temporally oolites 
separated by paleosol 

Isotopic shift across 
high-frequency 
sequence boundary

= subaerial exposure
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Sea level
and sediment
profile

White lines
30 ka timing lines

2D simulation ooid lithofacies 2D simulation ooid lithofacies 
deposited during forced regression, 70 ky rundeposited during forced regression, 70 ky run

Wells et al. (2007)

Macrotidal featuresMacrotidal features
due to resonant amplificationdue to resonant amplification

As observed extensive ooid shoals and 

tidal rhythmites in Permo-Pennsylvanian 
estuarine deposits in Midcontinent
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Swope sequence isopach (Hushpuckney Shale to Stark Shale)

ramp

Rimmed shelf

Rimmed shelf on east  with narrow belt of ooid shoals & lowstand clastics

Ramp on west – extensive tract of stacked ooid shoals (parasequence & 
minor cycles)

>120 ft

>80 ft

20-40 ft

Victory Field

Thickness of porous carbonate (>8%Thickness of porous carbonate (>8%ØØ––
Swope Sequence, western KsSwope Sequence, western Ks

extensive extensive ooid shoals ooid shoals –– tidal amplification tidal amplification 
in Hugoton Embaymentin Hugoton Embayment

Victory Field
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Victory Field Victory Field –– gross h, ft porosity in gross h, ft porosity in 
Bethany Falls Ls. MemberBethany Falls Ls. Member

• Oolite buildup over crest of structure

• Effective pay in oomoldic reservoir difficult to evaluate, potential pay behind pipe

Victory Field
Bethany Falls Limestone

• Isolated production due to difficulty 
in evaluating pay in oomoldic 
porosity
• Most of interval behind pipe

3-D visualization of porosity 
above 17% using Stratamodel (Tm)

Watney, W.L., French, J.A., and Guy, W.J., 1996, 
Modeling of Petroleum Reservoirs in Pennsylvanian 
Strata of the Midcontinent, USA, in, Forester, A., 
and Merriam, D.F., eds., Spatial Modeling of 
Geologic Systems, Plenum Press, p. 43-77.
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Super Pickett crossplot – pore typing and 
petrophysical modeling of oomoldic pay

Oomoldic pay zone with 
minimum BVW

Dennis sequenceDennis sequence
thickness (Stark Shale thickness (Stark Shale –– base Cherryvale Fm.)base Cherryvale Fm.)

>100 ft

<20 ft

Predominantly phylloid algal mounds and some ooliteShallow lithofacies predominately oolitic
-- embayment with tidal amplification



AAPG Southwest Section Short 
Course - Watney

PART 3. SEQUENCE 
STRATIGRAPHY 53

>24 ft

0 - 4 ft

Dennis Sequence, thickness of Dennis Sequence, thickness of 
porous carbonate >8% porous carbonate >8% ØØ

Predominately oolitic (cluster of shoals along break in slope along shelf)
-- embayment with tidal amplification

Isopach Canville Ls 
(transgressive limestone at 
base of Dennis sequence)
(5 ft contour interval)

Galesburg Sh. 
• containing sequence 
boundary
• clastic accumulate on lower 
self during Late in regression 
(LST) and during initial 
transgression of following 
sequence (TST)
(10 ft contour interval)

Squares = 6 mile

>40 ft

<10 ft, commonly 2 ft

>150 ft

<50 ft, commonly 10 ft

Phylloid algal mound complex
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Dennis sequenceDennis sequence

Distribution in 
eastern Kansas

Watney et al. (1989)

Dennis Sequence Dennis Sequence -- High shelfHigh shelf
Hitchcock County, Nebraska Hitchcock County, Nebraska 
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Dennis Sequence on high northern shelf Dennis Sequence on high northern shelf -- NebraskaNebraska
Gore Williamson B-1
Hitchcock Co., Neb
IP: 55 BOPD +2 BW

Dubois (1991)

Correlation of Upper 
Pennsylvanian 
Cyclothems between 
KS and Texas

Boardman and Heckel 
(1989)

Boundaries
of sequence sets

Finis

L. Wolf Mtn.

U. East Mtn.

Strawn

Canyon

Cisco
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Cherryvale sequence Cherryvale sequence –– Base Base 
Cherryvale Fm. Base Quivira ShaleCherryvale Fm. Base Quivira Shale

No Cherryvale
Sequence

>120 ft

<20 ft

• Relative fall in sea level compared to underlying sequences in sequence set
• Onlap of marine portion of strata in NW Kansas

Cherryvale sequence (Cherryvale sequence (ØØ--h)h)

>24 ft

0- 4 ft

Zero Cherryvale

Surface exposure
of ooid shoal
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Local development of thick ooid shoal Local development of thick ooid shoal 
in Cherryvale sequence in SE Kansasin Cherryvale sequence in SE Kansas

Martinez et al. (1998)

Southern margin of
Underlying Dennis Ls. 
phylloid algal mound 
carbonate margin
= ramp serving as locus 

for ooid shoal

Stratigraphic datum
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Cherryvale SequenceCherryvale Sequence

Dewey sequence Dewey sequence –– Quivira Shale Quivira Shale 
to Muncie Creek Shaleto Muncie Creek Shale

>60 ft

<20 ft

• Generally lower accommodation across shelf except in SE proximal to shelf margin 
• Also shelf rather flat and high-energy shoals limited to local shelf flexure
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>16 ft

Dewey Sequence Dewey Sequence –– thickness of thickness of 
porous carbonate,> 8% porous carbonate,> 8% ØØ

Muncie Creek Sequence SetMuncie Creek Sequence Set
Late Missourian, ~Lansing GroupLate Missourian, ~Lansing Group

>300 ft

<150 ft
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Isopach -- Base Haskell Limestone 
to Base Heebner Shale

Isopach -- Top Lansing to 
Base Haskell Limestone 

<100 ft

<350 ft

<40 ft

>200 ft

Major change in 
configuration of the shelf 
across sequence set 
boundary separating 
Missourian and Virgilian 
age strata as inferred from 
isopachs

Feldman et al. (2005)

• New primary flexure on shelf
• Prior lineaments present, but secondary

Maximum probability of correct 
classification in the assigned group, for 
15 regions. Contour interval is p = 0.10 

Areas of similar Upper Pennsylvanian cycle 
thicknesses separated by narrow structural 
transition zones

A

D

X

Y

Z
C

~ Principle 
Paleo 
stress, σ1

E

Watney et al., 1997)

Watney et al. (1999)
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Stanton
Limestone

South Bend Limestone Member

Stoner Limestone Member

Captain Creek Limestone Mbr.Tyro Oolite bed

KANSASOKLAHOMA

Plattsburg Limestone

Wyandotte Ls.

Iola Limestone

Dewey Limestone

After Heckel, 1975

backstepping

Forward stepping

Stacking Geometry of lower Muncie Creek 
sequence set along the outcrop (~150 mi east)

South
(basinward)

North
(landward)

Approx. 75 miles

Algal 
mound

Algal 
mound

Algal 
mound

Algal 
mound

Algal 
mound

Location of Location of 
phylloid algal phylloid algal 

mound  locations mound  locations 
along the eastern along the eastern 
Kansas outcropKansas outcrop

Stanton
Limestone

South Bend Limestone Member

Stoner Limestone Member

Captain Creek Limestone Mbr.Tyro Oolite bed

KANSASOKLAHOMA

Plattsburg Limestone

Wyandotte Ls.

Iola Limestone

Dewey Limestone

backstepping

Forward stepping

South
(basinward)

North
(landward)

Approx. 75 miles

M
u

n
ci

e
 C

re
ek

 G
en

et
ic

 S
et

Iola

Wyandotte

Plattsburg

Stoner

Heckel and Cocke (1968)

Eastern Kansas 
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Plattsburg Bank, SE KansasPlattsburg Bank, SE Kansas

Harbaugh (1959)

A) Archaeolithophyllum red algal 
boundstone from 30 ft level

B) Archaeolithophyllum-bryozoan 
boundstone from 30 ft level, 
intertwined

C) Bryozoan boundstone from 90 ft level
Samankassou and West (2003)

K-90 highway cut SW Neodesa, Ks
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Suchy and West (2001)

Parasequences 
in the Lower 
Marmaton, 
Middle 
Desmoinesian 
Fort Scott 
Limestone 
sequence

(Chaetetid
buildups on 
lower shelf)

SE Kansas

Suchy and West (2001)

Parasequences
in the Lower 
Marmaton, 
Middle 
Desmoinesian 
Fort Scott 
Limestone 
sequence

(Chaetetid 
buildups on 
lower shelf)

SE Kansas
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Suchy and West (2001)

3

4

6
5

2

Suchy and West (2001)

Bulldozed Top of Bed 4 
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J.R. Geary (2008)

Controls on Hydrocarbon Entrapment and Reservoir Distribution: 
the Pennsylvanian Big Lime and Oswego Limestone in the Putnam 
Field Area, Anadarko Basin, Oklahoma 
– equivalent in age to shelfal Chaetetid mound in SE Kansas

Nemaha Uplift

Carbonate shelf and sediment starved basin -- changes in 
elevation of depositional surface and rate of accumulation

Carbonate shelf
Margin in Tulsa area

Putnam Field
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J.R. Geary (2008)

Marmaton has six major 
sequences in Kansas and 
are incorporated in two 
formations at this location

J.R. Geary (2008)
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J.R. Geary (2008)

J.R. Geary (2008)J.R. Geary (2008)
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J.R. Geary (2008)

J.R. Geary (2008)

200 ft
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J.R. Geary (2008)

100 ft

Message: high-frequency stack of lithofacies tied to varying shelf elevation

J.R. Geary (2008)

15+ ft

0 ft

Gross Pay, Parasequence 3
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Prorated production to facies Prorated production to facies 

J.R. Geary (2008)

Cumulative porosity thicknessCumulative porosity thickness
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Outcrop-based reservoir characterization: A composite
phylloid-algal mound, western Orogrande basin
(New Mexico) -- Patrick D. Doherty, Gerilyn S. Soreghan, and John P. Castagna

Doherty et al. (2002) 

Doherty et al. (2002) 
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Doherty et al. (2002) 

Doherty et al. (2002) 
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Doherty et al. (2002) 

Doherty et al. (2002) 
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Franseen and Goldstein (2004)
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Franseen and Goldstein (2004)

Franseen and Goldstein (2004)
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Additional resources for Additional resources for 
Part 3 Part 3 –– Sequence StratigraphySequence Stratigraphy

Coastal onlap curve of Ross and Ross (1987)

Middle and Upper Pennsylvanian
Honaker Trail, Utah

IVF systems prominent in 
Upper Midcontinent during
the Morrowan
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Paleogeography during MorrowanPaleogeography during Morrowan
Upper MidcontinentUpper Midcontinent

(after Kristinik and Blakeley, 1990)

Lowstand exposed shelf incisement Highstand inundated shelf

From Zaitlin et al. (1994)

Coastal zone showing distinction between 
piedmont and coastal-plain incised valley
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Development of Development of 
incised valley fill incised valley fill 

systemsystem

Processes

Climate Tectonics

Eustacy

rates, duration, magnitudes
(relative to sedimentation)

Responses

Sedimentation

Erosion
Deposition

(and autocyclic variations)

- sediment supply
- grain size
- stream discharge

Accommodation

Development and Preservation of IVF Development and Preservation of IVF 
SystemsSystems

-- Why place and time are importantWhy place and time are important

Lower,  longer stands of relative sea levelLower,  longer stands of relative sea level
–– more time on shelf to create more extensive incision through more time on shelf to create more extensive incision through 

drainage networkdrainage network

–– focus drainage to lower, through going portions of shelffocus drainage to lower, through going portions of shelf

–– subsequent highstand would be larger to cover and preserve IVFsubsequent highstand would be larger to cover and preserve IVF’’s s 

Wetter climateWetter climate
–– increased discharge to erode and transport sediment to encourageincreased discharge to erode and transport sediment to encourage

incisionincision

Longer, slower rate of transgressionLonger, slower rate of transgression
–– facilitate nearshore processes to work in facilitate nearshore processes to work in ““funnelfunnel”” (tidal ravinement)(tidal ravinement)

Basin/uplift geometriesBasin/uplift geometries
–– focus stream runoff and increase discharge from hinterlandfocus stream runoff and increase discharge from hinterland

–– slope changes and knickpoints developed due to differential slope changes and knickpoints developed due to differential 
subsidence and upliftsubsidence and uplift
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Depositional sequences and Depositional sequences and 
incised valley fill analogs in the incised valley fill analogs in the 

QuaternaryQuaternary

Duration and magnitude of QuaternaryDuration and magnitude of Quaternary--age age 
eustacy are very similar to the Pennsylvanian:eustacy are very similar to the Pennsylvanian:
–– Eustatic amplitudes are very close... Eustatic amplitudes are very close... 

minimum of 80 meters and probably in excess of 100 meters for minimum of 80 meters and probably in excess of 100 meters for 
Upper Pennsylvanian (Soreghan and Giles, 1999; and other Upper Pennsylvanian (Soreghan and Giles, 1999; and other 
authors); compared to ~100 meters dominate for Quaternary.authors); compared to ~100 meters dominate for Quaternary.

–– Average duration of eustatic cycles are similar... Average duration of eustatic cycles are similar... 
143 +143 +-- 64 kiloyears minimum to ~400 kiloyears (Milankovitch 64 kiloyears minimum to ~400 kiloyears (Milankovitch 
eccentricity) for Upper Pennsylvanian and Lower Permian eccentricity) for Upper Pennsylvanian and Lower Permian 
(Rasbury et al., 1998) compared to 100 kilo(Rasbury et al., 1998) compared to 100 kilo--years for Late years for Late 
Pleistocene. Pleistocene. 

Good examples Quaternary Good examples Quaternary coastalcoastal--plain IVSplain IVS in in 
literature literature 

Anderson and Rodriguez (1999)

Pleistocene AnalogPleistocene Analog
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Sequence Stratigraphy of the Middle Pennsylvanian
Bartlesville Sandstone, Northeastern Oklahoma:

A Case of an Underfilled Incised Valley
-- Liangmiao (Scott) Ye and Dennis Kerr (2000)

depositional sequence 
bounded by two marine 
limestone markers

Ye and Kerr (2000)

• Desmoinesian platform 
“delta” complex

• Rapid subsidence 
adjoining Arkoma Basin

• “High fidelity”
sedimentation

• Refined sequence 
stratigraphic interpretation

• Prominent oil production 
and opportunity for IOR
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Ye and Kerr (2000)

• Regional Bartlesville sandstone 
gross-interval isopach

• Main fairway from 50 to 250 feet 
thick

• Large paleovalley

Bartlesville

Tulsa

Ye and Kerr (2000)

Regional transverse cross section of Regional transverse cross section of 
Bartlesville incised valley (22+ miles across) Bartlesville incised valley (22+ miles across) 

LST

TST

Sharp
baseScale:

80 ft 
(24.5 m)
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Ye and Kerr (2000)

Ye and Kerr (2000)

Schematic regional longitudinal Schematic regional longitudinal 
sequence stratigraphic frameworksequence stratigraphic framework

Lowstand
Systems
Tract

Transgressive
Systems
Tract

MFS

SB

Inola Ls. Marker

Brown Ls. Marker
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• The Bartlesville sandstone is a fluvial-dominated, incised-valley fill deposited 
above a type 1 sequence boundary. 

• Two sequence architectural elements constitute the valley fill: the lower 
Bartlesville lowstand systems tract characterized by braided-fluvial deposits, and 
the upper Bartlesville transgressive systems tract dominated by meandering-
fluvial, grading-upward to tidally influenced, meandering-fluvial facies and 
downvalley to tidally dominated estuarine facies.

• The Inola Limestone Member marker, capping the Bartlesville sandstone 
interval, represents the condensed section within the type 1 sequence. 

• Bartlesville sandstone is an underfilled incised valley the Bartlesville paleovalley 
was mainly filled during rising stages of relative sea level.

• The Bartlesville sequence stratigraphic architecture has a strong influence on 
reservoir characteristics and petroleum resource distribution. 

• The lowstand systems tract contains high-quality reservoir sandstones that 
contain about two-thirds of the total original oil in place. 

•The transgressive systems tract, which is much more heterogeneous and less 
developed by comparison, offers the main potential for future development.

Ye and Kerr (2000)

ConclusionsConclusions

Johnson et al. (2003)

Example of a NExample of a N--S stratigraphic cross section from SE S stratigraphic cross section from SE 
Kansas shelf, illustrating stratigraphy in equivalent Kansas shelf, illustrating stratigraphy in equivalent 

Bartlesville Sandstone interval along higher shelf positionBartlesville Sandstone interval along higher shelf position

N S

Length = 48 mi. 
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Johnson et al. (2003)

West East

Length = 90 mi.

Example of a WestExample of a West--toto--east stratigraphic cross section from east stratigraphic cross section from 
SE Kansas shelf in same area as previous slide, illustrating SE Kansas shelf in same area as previous slide, illustrating 

stratigraphy in equivalent Bartlesville Sandstone intervalstratigraphy in equivalent Bartlesville Sandstone interval

Additional points on Additional points on 
incised valley fill (IVF) deposits incised valley fill (IVF) deposits ----

11. Excellent analogs for Permo. Excellent analogs for Permo--Pennsylvanian  Pennsylvanian  
coastalcoastal--plain IVF deposits in found in Quaternary plain IVF deposits in found in Quaternary 
strata, e.g. Gulf Coast, Indonesia.strata, e.g. Gulf Coast, Indonesia.

2. Incised valleys are common throughout the 2. Incised valleys are common throughout the 
Midcontinent and the Pennsylvanian.Midcontinent and the Pennsylvanian.

3. Characteristics of IVF vary due to local  and 3. Characteristics of IVF vary due to local  and 
regional controls.regional controls.

4. IVF sandstones are important reservoirs. 4. IVF sandstones are important reservoirs. 
–– est. 25% of offest. 25% of off--structure conventional clastic                                  structure conventional clastic                                  

reservoirs worldwide are IVF (Brown, 1993) reservoirs worldwide are IVF (Brown, 1993) 
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(L.F. Brown et al., 1990, BEG RI No. 197)

Sequence Stratigraphy of Upper Pennsylvanian and Lower Permian Sequence Stratigraphy of Upper Pennsylvanian and Lower Permian 
Strata, NorthStrata, North-- and Westand West--Central TexasCentral Texas

General take home points of General take home points of 
sequence stratigraphy sectionsequence stratigraphy section

Systematic patterns in structure and eustacy and Systematic patterns in structure and eustacy and 
accommodation that they create revealed by accommodation that they create revealed by 
stratigraphic response at level of within stratigraphic response at level of within 
sequences and sequence sets.sequences and sequence sets.
Similarly, lithofacies and early diagenetic Similarly, lithofacies and early diagenetic 

overprinting are influenced strongly by these overprinting are influenced strongly by these 
processes.processes.
Variations in shelf elevation and slope affected Variations in shelf elevation and slope affected 

by local structure and sediment supply by local structure and sediment supply 
(responding in part to eustacy) dramatically (responding in part to eustacy) dramatically 
change reservoir characteristics.change reservoir characteristics.
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PREDICTING SPATIAL DISTRIBUTION OF 
CRITICAL PORE TYPES AND THEIR 

INFLUENCE ON RESERVOIR QUALITY, 
CANYON (PENNSYLVANIAN) REEF 

RESERVOIR, DIAMOND M FIELD, TEXAS

by

AARON JAY FISHER

Texas A&M University

MASTER OF SCIENCE
December 2005

Fisher (2005)

CanyonCanyon Phylloid Algal Reservoir Phylloid Algal Reservoir ––
Diamond M Field, Horseshoe AtollDiamond M Field, Horseshoe Atoll

• Three borehole cores, well information including production history, 
completion reports, geological studies, existing base maps and cross 
sections
• Gamma ray/neutron logs along with modern gamma-ray, spontaneous 
potential, caliper, neutron, and litho-density logs 
• 500 ft of core taken from three recently drilled wells, core analysis 
• Calculated porosity, permeability, water saturation, oil saturation, bulk 
density, and fluorescence on the three cored wells.
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• Stratigraphic architecture, depositional and diagenetic histories, 
and resulting reservoir characteristics that have influenced the
occurrence, distribution, and quality of flow units in the Diamond 
M field, Scurry County, Texas.

• The study area is located in the Midland Basin. The field has 
production from the Canyon (Pennsylvanian) Horseshoe Atoll 
carbonate buildup. 

• Recent drilling in the Diamond M field was done to evaluate ways 
to improve recovery by water flooding.

• Classification of depositional texture based on detailed 
petrologic and petrographic studies on three cores was done. 
Subsequent genetic classification of pore types by thin section 
petrography revealed three dominant pore types: intramatrix, 
moldic, and vuggy.

Canyon Phylloid Algal Reservoir Canyon Phylloid Algal Reservoir ––
Diamond M Field, Horseshoe AtollDiamond M Field, Horseshoe Atoll

Fisher (2005)

• The reservoir was zoned according to dominant pore 
type and log signatures to evaluate correlations at 
field scale by using neutron logs. Equations 
determined from core analyses used to estimate 
porosity and permeability, which were used to develop 
a ranking scheme for reservoir quality based on good, 
intermediate, and poor flow units at field scale. 

• Ultimately slice maps of reservoir quality

Canyon Phylloid Algal Reservoir Canyon Phylloid Algal Reservoir ––
Diamond M Field, Horseshoe AtollDiamond M Field, Horseshoe Atoll
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Fisher (2005)

Poroperm values for vuggy pores range 
from approximately 1% to 20% porosity 
and approximately 0.50 md to 142 md 
permeability

Canyon Phylloid Algal Reservoir Canyon Phylloid Algal Reservoir ––
Diamond M Field, Horseshoe AtollDiamond M Field, Horseshoe Atoll

Fisher (2005)

Poroperm values for intramatrix and moldic pores
range from 1% to 15% porosity and approximately 
0.10 md to 10.0 md permeability.

Canyon Phylloid Algal Reservoir Canyon Phylloid Algal Reservoir ––
Diamond M Field, Horseshoe AtollDiamond M Field, Horseshoe Atoll
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These high quality zones correspond to 
high percentages of vuggy porosity. 

Flow units dominated by intramatrix and 
moldic porosity. 

Rarely have porosity values greater than 
13.3 and permeability values over 10 md.

Canyon Phylloid Algal Reservoir Canyon Phylloid Algal Reservoir ––
Diamond M Field, Horseshoe AtollDiamond M Field, Horseshoe Atoll

Fisher (2005)

Pore classification after Pore classification after AhrAhr (2005)(2005)

Fisher (2005)
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Canyon Phylloid Algal Reservoir Canyon Phylloid Algal Reservoir ––
Diamond M Field, Horseshoe AtollDiamond M Field, Horseshoe Atoll

Fisher (2005)

Diamond M Porosity Slice Map 

0 to 10 ft below Top of Reef

Diamond M Porosity Slice Map 

10 to 20 ft below Top of Reef Fisher (2005)

16%

12%



AAPG Southwest Section Short 
Course - Watney

PART 3. SEQUENCE 
STRATIGRAPHY 91

Diamond M 
Flow Unit 
Map 0 to 10 
ft Below 
Top of Reef

Diamond M 
Flow Unit 
Map 10 to 
20 ft Below 
Top of Reef

G-4

• Reservoir slice 1 is dominated by 
intramatrix/moldic pores in the northern portion 
of the field (in wells H-1, H-2, H-3, H-4, and all 
other well locations to the north). The dominant 
pore types outside that area and in the southern 
portion of the field are vugs.

• Facies diagrams 1 and 2 show that the 
northwest portion of the field is reef facies and 
the southeast portion is grainstone and 
packstone facies. 
• Reservoir quality slices 2 through 5 show more 
vuggy pores across the entire study area.

Fisher (2005)

G-1

Canyon Phylloid Algal Reservoir Canyon Phylloid Algal Reservoir ––
Diamond M Field, Horseshoe AtollDiamond M Field, Horseshoe Atoll

Fisher (2005)

Early Late Canyon
Late Late CanyonLate Middle Canyon

Late Middle Canyon
Early Middle Canyon

Early Middle Canyon
Early Middle Canyon

Late Middle Canyon

Early Late Canyon

Late Late Canyon

Early Late Canyon

Late Middle Canyon

G-1

G-1

Porosity

Porosity
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Canyon Phylloid Algal Reservoir Canyon Phylloid Algal Reservoir ––
Diamond M Field, Horseshoe AtollDiamond M Field, Horseshoe Atoll

Fisher (2005)

Early Late Canyon

Late Middle Canyon

Late Late Canyon

Early Middle Canyon

Early Late Canyon

Late Middle Canyon

Late Middle Canyon

Late Late Canyon

Early Middle Canyon

Early Late Canyon

Late Middle Canyon

Early Middle Canyon

Porosity

Canyon Phylloid Algal Reservoir Canyon Phylloid Algal Reservoir ––
Diamond M Field, Horseshoe AtollDiamond M Field, Horseshoe Atoll

Fisher (2005)

G-4

G-4

Late Late Canyon

Early Late Canyon

Early Middle Canyon

Early Middle Canyon

Late Middle Canyon

Early Late Canyon

Late Late Canyon

Early Late Canyon

Late Middle Canyon
Early Middle CanyonLate Middle Canyon

Early Late Canyon

Early Middle Canyon

Porosity
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ConclusionsConclusions

Diamond M Field produces from a diagenetically altered 
depositional pore system (hybrid porosity) in a micritic, 
platy algal, skeletal wackestones to grainstone reservoir.
Pore types can be identified in thin section and 
correlated across the field, resulting in detailed reservoir 
quality maps.
Pore types (V, SEIM, and M) are readily identifiable in 
thin section and can be correlated across the field using 
poroperm values and neutron log traces.
Methods used in the study may be applied to other West 
Texas Paleozoic reef fields with similar depositional and 
diagenetic characteristics.
Core material should be taken from future wells to aid in 
identifying reservoir quality.

Fisher (2005)

Field producing from the phylloid algal mound lithofacies 
from the Plattsburg Limestone 

in Northwest Kansas – upper shelf, thin buildups, 
intensely subaerially exposed
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Transgressive phylloid algal moundsTransgressive phylloid algal mounds
Plattsburg sequence Plattsburg sequence –– thin,thin, vugs and vugs and 

microsparmicrospar

(E, 4271 ft., Prentice #1 

Seberger Field
1 well, discovered 1976
Cum. Oil: 65,000 bbls
Plugged 2001

Plattsburg Limestone Plattsburg Limestone 
Phylloid Algal MoundsPhylloid Algal Mounds

Slab: D, 3174 ft., Nicholson # D, 4249 to 4250 ft., Prentice #1 

Internal sediment
Infill of cavities

Autoclastic breccia
Fretted clasts and
Microspar recrystalization
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Caldwell (1979)

Chaetetid Mound, upper shelf, Marmaton (Upper Chaetetid Mound, upper shelf, Marmaton (Upper 
Desmoinesian) Altamont and Lenepah LimestonesDesmoinesian) Altamont and Lenepah Limestones

Disc. 1981, 

cumulative oil: 198,000 bbls

Caldwell (1979)

Dirks Field, Dirks Field, 
KansasKansas
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Moldic porosity in Chaetetids in western Moldic porosity in Chaetetids in western 
Kansas Marmaton Group oil reservoirKansas Marmaton Group oil reservoir

Caldwell (1989)


