
AV
Marcellus Shale – Geologic Considerations for an Evolving North American Liquids-Rich Play* 

 

W.A. Zagorski
1
, D. Bowman

1
, J. Morris

1
, and C. Yang

1
 

 

Search and Discovery Article #110166 (2013)** 
Posted August 12, 2013 

 
*Adapted from oral presentation at Discovery Thinking Forum, AAPG Annual Convention and Exhibition, Pittsburgh, Pennsylvania, May 19-22, 2013. 

Editor's Note: For viewing videos (associated with pages 31 and 32), the viewer may wish to: (1) view article in internet browser (video will not play if pdf file is 

downloaded to the computer), (2) select the Option "Trust this host one time only" (as part of a yellow-banner warning, if the latter appears upon the click to view the 

video), (3) allow ample time for downloading the video, (4) if appropriate, install Windows Media Player, QuickTime Player, and latest version of Acrobat Reader 

(www.adobe.com).  

 

**AAPG©2013 Serial rights given by author. For all other rights contact author directly. 

 
1
Range Resources, Canonsburg, PA (bzagorski@rangeresources.com)   

 

 

Key Points 

 

Regional Extent of Marcellus Liquids Rich Play 

 Play area is significantly west of major Appalachian Fold Belt; key structural features affecting area are basement faults systems related 

to Rome Trough rift system and strike-slip faults with later recurrent movement. 

 Liquids rich portion of play in SW PA discovered in 2006 and 2007. Play is now in full development. 

 Initial results and potential were not immediately evident. 

 Proved/de-risked portion of play under development in SW PA, northern WV, and WV Panhandle. 

 Northern PA is still unexplored and problematic thus far. 

 NY political climate prohibited testing there. 

 

SW PA Play Area 

 Very thin, condensed section; Tully to Marcellus interval condensed. 

 SW PA sedimentation rate was lower. 

 Key pay intervals are maximum flooding surfaces (MFS’s) in Marcellus. 

 High NTG ratio. 

 Higher TOC%. 

 Higher porosity and permeability. 

mailto:bzagorski@rangeresources.com


 GIP- 40 BCF/mile to 150 BCF/mile. 

 IPS – 1.0 Mmcfe/d to over 20 Mmcfe/d per lateral completion. 

 EUR – 2 Bcfeq to over 20 Bcfeq per lateral. 

 NGL’s – Significant, up to 425,000 Bbls per lateral in NGL rich areas. 

 NGL rich areas have superior economics over dry gas areas at current economics. 

 

NE PA Play Area 

 Very thick, expanded section. 

 Lower Average. TOC. 

 Low NTG Ratio. 

 Tully to Marcellus interval is expanded. 

 NE PA sedimentation rate was significantly higher. 

 Key pay intervals are MFS’s in Marcellus. 

 

Potential of Marcellus Play Area  

 Approximately 84 TCF/3.5 billion barrels liquids (Coleman et al., 2011) to 489 TCF (Engelder, 2009). 

 Further, what about the resource potential of the Genesee Group and Utica/Point Pleasant intervals? 
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Liquids rich portion  of play 

in SW PA discovered in 2006 

and 2007. Play in full 

development now. 

 

Initial results  and potential 

not immediately evident. 
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play under development in 

SW PA, northern WV and WV 

Panhandle. 

 

Northern PA still unexplored 

and problematic thus far. 

 

NY political climate 

prohibited testing there. 
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MARCELLUS SHALE

HS=15577

SW NE

PETRA 11/23/2010 4:55:47 PM

SW NE 

TULLY LS 

MAHANTANGO 

MARCELLUS SH 

SW PLAY 

 

Very thin, condensed section. 

High NTG Ratio. 

Higher TOC%. 

Tully to Marcellus interval condensed. 

SW PA sedimentation rate lower. 

Key pay intervals are MFS’s in Marcellus. 
 

NE PLAY 

 

Very thick, expanded section. 

Lower Avg. TOC. 

Low NTG Ratio. 

Tully to Marcellus interval expanded. 

NE PA sedimentation rate significantly higher. 

Key pay intervals are MFS’s in Marcellus. 
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SW Play Area 

 

GIP- 40 BCF/mile to 150 

BCF/mile. 

 

IPS – 1.0 Mmcfe/d to 

over 20 Mmcfe/d per 

lateral completion. 

 

EUR – 2 Bcfeq to over 

20 Bcfeq per lateral. 

 

NGL’s – Significant, up 

to 425,000 Bbls. per 

lateral in ngl rich areas. 

 

NGL rich areas have 

superior economics 

over dry gas areas at 

current economics. 

 



First three lateral wells tested 0 MCFPD to 600 MCFPD. Fourth and afterwards tested 1614 MCFEPD to 

14,100 MCFEPD…What was the driver? All have similar azimuths and length. Initial laterals in liquids rich 

portion of play highlighted in green and were among the first laterals in the play. 

0 MCFPD 

No. 2 

14,100 

MCFEPD 

No. 21 
3,168 MCFEPD 

No. 4 
300 MCFPD 

No. 1 

817 MCFEPD 

1,614 MCFPD (2) 

No. 5 

1,010 MCFEPD 

No. 6 

4,982 MCFEPD 

No. 10 

600 MCFPD 

No. 3 

2004 - RENZ UNIT #1 

DISCOVERY WELL 



Initial four wells on left landed lower in Marcellus section: all low IP’s. Four laterals on the right landed 

higher in section with major changes in results.  Landing point/target = Major driver!  

Note the sequence and IP’s of the liquids rich laterals.  IP test rate strong driver in focus of field 

development but not the entire story. 

1 

2 

3 
4 

5 
6 

10 

7 

0 MCFPD 300 MCFPD 600 MCFPD 1,010 MCFEPD 3,168 MCFEPD 817 MCFEPD (G) 

1,614 MCFEPD (2) 

4,982 MCFEPD 4,344 MCFEPD 



Cross section shows significant differences between western liquids rich area and eastern dry gas trends. 

Note the rapid thinning from east to west but see hints of increasing porosity and permeability. 



Play area is significantly west of major 

Appalachian Fold Belt. Key structural features 

affecting area are basement faults systems 

related to Rome Trough rift system and later day 

recurrent strike-slip movement. 



Western Washington County 

Well Eastern Greene County Well 

 

 

Eastern Greene County Well 

The number and width of vertical calcite-filled fractures increases significantly from the Western 

Washington County cores to the eastern Greene County cores.  



GIP ranges from 50 BCF/mi2 to over 140 BCF/mi2 with lower values in liquids rich portion of play. Note 

strong control by basement faults. Note NW portion of play in liquids rich area does not show high GIP. ? 



Net pay thickness ranges from 40 to 150 feet with rapid thinning associated with the western liquids rich 

portion of the play. 



Note the decrease in bulk density to the west suggesting increased porosity and permeability on a unit of 

pay basis. Note control of basement fault blocks. 



Note the increase in average TOC content to the west and strong influence of basement faults. 



155 samples 

GOETTEL 

Brownlee 

McAdoo 

Hewitt Douglas 

Lehman 





GOETTEL 

Brownlee 

McAdoo 

Hewitt Douglas 

Lehman 



SEISMIC EVIDENCE OF LIQUIDS IN MARCELLUS 

LOWER 

MARCELLUS 









Early expansion testing in the super rich area initially not as 

successful as hoped for in NW Washington County. 

Combining FIB SEM into landing designs led to significantly 

improved results in the subsequent wells. 



Example standard SEM images are from NGL rich portion of SW Core area. Note large degraded organics 

and suggestions of larger pore sizes and high concentration of organics. Large pore sizes and degree of 

interconnectivity not effectively imaged by standard SEM. 



Traditional SEM Method Ar-Ion Beam Milling Method 

Use of Ar-Ion Beam milling techniques greatly aiding in showing role of organic porosity over standard 2D SEM 



Example FIB/SEM images are from NGL rich portion of SW Core area. Note large pore sizes and high 

concentration of organics. Large pore sizes and degree of interconnectivity only imaged by FIB SEM. 

Nargiz
Text Box
Cllick on image to view animation, which may require up to 1 min



Example 3D FIB/SEM images are from NGL rich portion of SW Core area. Note large interconnected pore 

sizes and volume related to high concentration of organics combined with large pore sizes and surprising 

degree of interconnectivity. 

Nargiz
Text Box
Click on image to view animation, which may require up to 2 min.



Early expansion testing in the super rich area initially not as 

successful as hoped for in NW Washington County. 

Combining FIB SEM into landing designs led to significantly 

improved results in the subsequent wells. 



2 
Note high TOC of sample but very small pore size. Effect on ability to produce liquids and ngls.? 



v 

Again note greater amount of larger pores and a somewhat lower TOC content. 
 



Again note larger concentration of large pores and presence of significant TOC, but not dominant. 



5 
Note larger concentration of large pore throats and lower TOC content. 



1 

1 

1 

2 
2 

Note bottom interval #2 is similar to the high TOC/low porosity interval observed in Well  Example 1. The #1 

interval has much bigger pore development. NOTE: This is opposite of interval of high porosity & permeability 

suggested by log. 

2 



Marcellus Play Potential – 84 TCF/3.5 Billion Bbls liquids (USGS 2011) to 489 TCF (Engelder PSU 2009)!!! 

What about the resource potential of the Genesee Group and Utica/Point Pleasant intervals?!?!?!! 




