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Abstract 

Devonian-Mississippian unconventional plays and reservoirs of the greater Mid-Continent encompass the full range of unconventional tight 

reservoirs and play types. From shelf to basin, the Mississippian Lime, STACK, Merge, SCOOP, and Barnett Shale plays comprise a petroleum 

megasystem that records a change in source rock depositional environments. Devonian siliceous mudrocks of the Woodford Formation were 

deposited on locally incised shallow marine platforms, whereas Early Mississippian (Lower Carboniferous) siliceous source rocks were 

deposited in a foreland basin created by continental collision of Gondwana with Laurasia during closure of the southern Iapetus Ocean. This 

article explores the question of why the Meramec siltstones and correlative lithofacies in the STACK, Merge, and SCOOP are so prolific 

relative to other Devonian-Mississippian basins and embayments of southern Laurasia that share lithostatigraphic characteristics: Rancheria 

Formation (New Mexico), Barnett Shale (Permian Basin), Moorefield Shale (Arkansas), and Borden Siltstone (Illinois Basin). 
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OUTLINE

• STACK-SCOOP Regional Setting 

• Stratigraphic Considerations & Correlations

• Reservoir Characterizations

• Charge-Maturity-Migration Considerations

• Overpressures

• How the Midcontinent Mega-Systems works.

• Southern Laurasia Devonian-Mississippian systems.

• Play Analysis: Why the STACK is special.

• Conclusions
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Classic example of the Wilson Cycle

• Failed arm of Cambrian rift during opening of Iapetus Sea 

• Carboniferous inversion- Iapetus closure assembly of Pangea

• Triassic-Jurassic rifting in Gulf of Mexico

GEOLOGICAL OVERVIEW ANADARKO BASIN (OK & KS)

WHEELER DIAGRAM

STACK
SCOOP

> 40,000ft of sediment

>15 billion boe produced

RESERVOIRS  

Cambrian to Permian

SOURCE ROCKS

Ord. Miss. Penn. 



MULTIPLE HORIZONTAL PLAYS IN THE ANADARKO BASIN

1. Source-rock shales (Woodford and Springer shales)

2. Tight reservoirs adjacent to source rocks (Meramec, Granite Wash) 

3. Tight reservoirs with long distance migration (Miss Lime)

4. Dewatering of dual porosity carbonates

28,000 horizontal wells.  Vertical wells are now the exception 

4 Horizontal Play Types (nearly all worked vertically somewhere

Miss Lime Play
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STACK & SCOOP: MULTIPLE STACKED HORIZONTAL TARGETS
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GS  9716.5ft

Siltstone

Argillaceous 

Calcareous

• Well-sorted, sub-angular silt-sized quartz grains

60   125  200 mm

Silt vf Sand

• Pink grains are carbonate skeletal fragments.

• Light blue is epoxy filled porosity.

• Violet rhombs Fe-dolomite

MERAMEC IS A CLASTIC RESERVOIR



GS 9821.5ft

Calcareous

Siltstone

• Predominantly angular silt-sized quartz and plagioclase grains 

• Intergranular pores is occluded by calcite and Fe-dolomite cement

• Accessory minerals: mica, pyrites, zircon?

Calcite 

Cement

Plagioclase Mica

60   125   200 mm

Silt    vf Sand

DZ?

MERAMEC IS A CLASTIC RESERVOIR

Silt < 60 mm = .06 mm

• Local carbonate factory mixed with transported silt-sized quartz 



MERAMEC RESERVOIR: Good correlation of phi-k

4%-6% range
10 to 100 micro-darcies

4%-6% porosity zones
present on logs but not sampled

DATA FROM OPIC REPOSITORY



MERAMEC DEPOSITIONAL MODEL
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Turbidite siltstones 30-70% quartz. 

basin floor
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Meramec thickness with> 6% porosity
With interpreted depositions systems

Southern Cuba: analog for depositional setting 
of Meramec; toe of slope submarine fans

The Meramec formation: siltstones deposited as clinoforms & small fan 
lobes on a low angle (<0.2o) ramp outboard of the Osage shelf. 
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STACK TO SCOOP CORRELATION

MERAMEC~ LOWER CANEY / “OSAGE” ~ SYCAMORE

MRMC-CNEY to WDFD Avg. Gamma Ray MRMC-CNEY to WDFD     Net Ft. GR <40 API

NW NW

SE SE

CNEY

MRMC

SCMR

MRMCOSGE

SENW

SCMR island?

<100ft

Increase in average gamma ray correlates with decrease thickness of sand & carbonate

Woodford Datum



Whole Rock Mineralogy (Weight %)

(n=25) AVG SD

Quartz 37.71 12.92

K-Feldspar 1.65 1.19

Plagioclase 6.67 1.92

Calcite 37.82 21.95

Ankerite 0.10 0.27

Fe-Dolomite 3.51 2.75

Pyrite 0.68 0.43

Apatite 0.66 1.17

Phyllosilicates 11.19 6.96

Phyllosilicates AVG SD

 ML I/S 13.03 9.72

Illite&Mica 56.52 11.84

Kaolinite 10.30 6.65

Chlorite 20.15 8.87

% detrital ?

Fresh water mixing OR altered mafic igneous rock fragments? 

MERAMEC to CANEY XRD facies down-dip change

• Increasing clay % at expense of carbonate, much lower chlorite

• Increasing % TOC basinward

31%
50%

1% chlorite

SCMR

CNEY

Caney
CLAYQUARTZ

Caney

40%
Illite-Mica

5%
Illite-Smectite

40%

7%

MRMC

STACK



MERAMEC OIL -STACK  BLURTON  6-7 16N 10W
Rock extract from core

Blurton MRMC oil is like many of the 
others from that area. It is not a 
mixture, there is no cracked oil mixed 
in with it. The rock extract had low 
yield. The 191 plot for the terpanes
were similar to the oil, but had small 
very subtle differences. There are some 
compounds in this chromatogram not 
in the oil. This oil does not have a 
Woodford contribution.  

Source rocks with > 6%TOC 

TOC    6.36%
Tmax  444 oC
HI 323

MERAMEC OIL-SOURCE ROCK CORRELATION
• Good source rocks present but discreet beds are not common.  

• Thinner laminae and dispersed organic matter are common. 

• Meramec is partly self sourced – imprints Woodford + Caney 

I



MRMC > 300ft

Mississippian Shelf

OVERPRESSURE SANWICH BETWEEN 2 OVERPRESSURE SYSTEMS 

NEMAHA RIDGE
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WOODFORD - MERAMEC MATURITY & FLUID PROPERTIES

NEMAHA RIDGE



STACK: MERAMEC+WOODFORD - EUR 10,000 MMBOE

Continental, Devon, Newfield down-spacing units.
6 to 10 wells 800-1,200 mboe per well 40%-60% liquids.

High-NGL to dry gas window with wells up to ~20bcfg EUR

STOCK TANK OIL and GAS IN PLACE ESTIMATED ULTIMATE RESERVES

Osage NOT included

FM

TYPE 

CURVE
#SEC

TC EUR 

OIL

TC EUR 

GAS

TC EUR 

MBOE

WELLS / 

SECTION

TC EUR OIL 

MMBO

TC EUR GAS 

BCF

TC EUR 

MMBOE
ALL TOTAL SECTIONS6190

MRMC BLUE MONKEYS68 188         1,236  394 6 77                504              161

MRMC BOBBY KEYES118 109         634      215 6 77                449              152

MRMC BRIAN JONES144 30           5,381  927 6 26                4,649          801

MRMC BRIAN JONES DEEP125 1 5,564  927 6 1 4,173          695

MRMC CHARLIE WATTS141 153         562      246 6 129             475              208

MRMC GREEN MONKEYS98 289         1,633  561 10 170             1,600          550

MRMC IAN STEWART108 209         2,439  615 8 135             2,108          532

MRMC KEITH RICHARDS55 178         1,156  371 8 59                509              163

MRMC MERRY CLAYTON72 301         1,547  559 8 130             891              322

MRMC MICK JAGGER129 56           3,172  584 8 43                3,274          603

MRMC MICK TAYLOR109 243         1,919  563 8 159             1,673          491

MRMC RONNIE WOOD117 197         1,005  364 8 138             941              341

EUR MRMC 1,145      21,246     5,020       

WDFD ANNE BONNY86 172         1,879  486        8 119             1,293          334              

WDFD BLUE BARRACUDAS72 45           1,301  262        6 19                562              113              

WDFD BLUE_THUNDER64 23           1,989  355        4 6                  509              91                 

WDFD DARRYL JONES72 218         1,025  389        6 94                443              168              

WDFD KING CRIMSON112 4             4,460  747        6 3                  2,997          502              

WDFD MOBY_GRAPE122 0 7,058  1,176    6 0 5,166          861              

WDFD PURPLE_RAIN88 30           2,047  372        4 11                721              131              

WDFD RAIDER RED151 1             4,915  820        4 1                  2,969          495              

WDFD RED JAGUARS61 68           1,945  392        4 17                475              96                 

WDFD SILVER SNAKES55 29           1,815  332        4 6                  399              73                 

WDFD SOONER_MAGIC51 18           2,534  441        6 6                  775              135              

WDFD WC_COYOTES141 60           4,503  811        10 85                6,350          1,143           

WDFD WHITE_LIGHTENING93 36           3,672  648        4 13                1,366          241              

WDFD JEAN LAFITTE306 174         820      311        6 319             1,506          571              

EUR WDFD 698         25,530     4,954       

EUR STACK 1,843   46,776 9,974    

Single Section Lateral TCs @  RF 15%

12 MRMC

14 WDFD

MERAMEC HCIIP



SCOOP:WOODFORD + SPRINGER PRIMARY TARGETS

Springer restricted  deposition
only locally overlies Woodford 

SCOOP - Woodford western extension of Arkoma shale play. Springer discovered later 
Prolific legacy vertical production in the Golden Trend and Carter-Knox
Woodford shale thick enough to support stacked completions with 12 well down-spacing

Fault Propagation Fold

Local anoxic
bottom water 

MODEL FOR SPRINGER SHALE PAY DEPOSITION

SCOOP Woodford play 
EUR: 976mmbo and 28tcfg

NE

SW

SCOOP PLAY STRUCTURAL SETTING SCOOP TYPE LOG

Permian

Pennsylvanian

Precambrian 
crystalline basement

Carter-Knox

Golden Trend

NESE SCOOP
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In addition to the Woodford, excellent regional Mississippian age 
source rocks in Oklahoma, Texas, and Arkansas 

World-wide only 0.4% of 
generated HC are from 
Mississippian source rocks.   

From a global perspective  
development of Barnett, 
Fayetteville, Moorefield, 
Caney, and Meramec source 
rocks is anomalous. 



REGIONAL CONSIDERATIONS: CHARGE & TRAP
• STACK-SCORE is essentially a mega-stratigraphic trap

Rapid Burial 300-250 Ma
Peak generation & expulsion
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OVERPRESSURED MORROW

Super-charged tight rock.
Close to Sw irr? 

Miss Lime charged via Osage ?

Foreland basin
Penn sands OP disequilibrium compaction



Gutschick and  Sandberg 1983

PLAYMAKER CONSIDERATIONS: WHERE TO GO TO FIND ANOTHER ONE?
• SOURCE ROCKS – restricted circulation in peripheral foreland basins

RANCHERIA
BARNETT

MOOREFIELD

BODREN SILT
Above New Albany

CHAINMAN
& 

DESERET



PLAYMAKER CONSIDERATIONS: WHERE TO GO TO FIND ANOTHER ONE?

The Borden Silt in Illinois is a slightly calcareous, glauconitic, fine-
grained siltstone.  Some fine sandstone and siltstones near the 
base of the Borden contain oil (Stevenson, 1964). 

IL State students presented Borden Silt detrital zircon data at GSA-
2016. Rather than a transition from continental to Appalachian 
derived sediment, the Borden has a unique northerly provenance 
and was likely transported by wind rather than water.

• RESERVOIR- WHAT’S THE SOURCE OF THE MERAMEC SILTSTONES?
• ARE THEY RE-WORKED LOESS DEPOSITS?  If so how widespread are they? 

BLOW INTO THE MARINE ENVIRONMENT
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Moorefield Target Area
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ARKOMA BASIN:  The Moorefield shale is an emerging play 
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PERMIAN BASIN:  Could Barnett siltstones represent an exploration target? 
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ILLINOIS BASIN:  Could BORDEN SILT represent an exploration target?
Charge from New Albany / Woodford equivalent. 

Higley  et al.  2003



Devonossippian Petroleum Systems of Southern Laurasia: 
What Makes the STACK-MERGE-SCOOP in Oklahoma so Special

AAPG Playmaker Forum Oklahoma City, OK 2017

• SUPER CHARGED FROM MULTIPLE SOURCE ROCKS 
• HIGH GOR = STRONG DEPLETION DRIVE
• HIGH API GRAVITY = LOW VISCOSITY 
• THICK SILTSTONE RESERVOIR (200-600ft)
• PERMEABILITY IN THE MICRO-DARCY RANGE
• OVERPRESSURE SANDWICH



SOME FINAL PLAYMAKER THOUGHTS

AAPG Playmaker Forum Oklahoma City, OK 2017

• BUILD YOUR PLAYS FROM THE BOTTOM UP
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EQUIVICAL

YOU CANNOT HAVE HIGH CONFIDENCE
AND ALSO BE HIGHLY UNCERTAIN 

YOU BE HIGHLY CERTAIN BUT NOT 
HAVE  HIGH CONFIDENCE 

YOU BE HIGHLY CERTAIN BUT NOT 
HAVE  HIGH CONFIDENCE 

BAD NEWS GOOD NEWS

• BE HONEST ABOUT YOUR CONFIDENCE & RISKS

• APPLY RISK SEGMENT MAPPING TO HIGH GRADE 

MATURITY

STORAGE

PRESSURE

BRITTLNESS

“You’ve got the play the game
with fear and arrogance”        

Crash Davis

Don’t forget to learn your clichés.



THANK YOU!     QUESTIONS?

Klias Peninsula NW Borneo: Padas River debouching mud and silt into Brunei Bay




