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ABSTRACT 

The Marcellus Formation is a valuable shale gas resource in Pennsylvania.  In the southwest 

region of the state (particularly Washington and Greene counties), shale gas drilling and 

hydraulic fracturing are common.  Recently, two wells were drilled in Washington County by 

Antero Resources, the Hill Unit 2H (API# 37-125-23880) and the Hill Unit 3H (API# 37-125-

23879).  The purpose of this study was to examine the lithology and the mineralogy of the 

Marcellus Formation in the 2H and the 3H wells using rock cuttings samples and geophysical 

well log data.  Rock cutting samples from the vertical and lateral portions of the two wells were 

collected and evaluated for mineralogical content using XRD analysis. In addition, both wells are 

compared for similarities in lithological compositions based on geophysical well log 

interpretation.   

Ideal properties for the Marcellus Formation need to consist of greater than 40% quartz and 

carbonates, and less than 30% clays.  The Marcellus shale in the 3H well is more abundant in 

quartz and carbonate content, in both the vertical and lateral portions, than the 2H well.  In 

addition, the clay mineral content in the 3H well lies at, or below, 30% in lateral portion of the 

Marcellus shale.  The 2H well contains greater than 40% clay minerals, less than 10% 

carbonates, and roughly 50% quartz.  The mineral percentages of the vertical and lateral depths 

of both wells suggest that the 2H resides in the Upper Marcellus while the 3H resides in the 

Lower Marcellus. 

A geophysical log was only available for the 3H well.  However both wells were drilled on the 

same well pad.  If both wells contain a similar mineralogy, then the location of each formation in 

the 2H well will be roughly the same as the 3H well.  Both wells show a similar relationship 

between mineralogy and depth as well as a relationship between mineralogy and lateral depth.  

Based on geophysical log interpretation, the Marcellus shale in the 3H well lies roughly 7,815 

feet below the ground surface.  The Marcellus shale displays a high gamma ray curve as well as 

a low density porosity and neutron porosity curve.  The photoelectric curve ranges between 3 and 

4, indicating a shale bed.  Although the 3H well lies within the preferred mineralogy range for 

quartz, clay minerals, and carbonates, more work needs to be performed to further assess the 

reservoir quality of both wells. 
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1.0 Introduction 

1.1 History of Shale Gas in Pennsylvania 

Pennsylvania has a long history of oil and gas exploration and production.  In 1859, the oil and 

gas industry began in Titusville, when Colonel Edwin Drake drilled a well to 69.5 feet and struck 

oil (Harper, 1998).  Following this well’s completion, the industry improving the technologies 

and methods of drilling as they went (Harper, 1998).  Over the decades, the industry drilled both 

oil and gas wells in much of western Pennsylvania.  These wells produced from a myriad of 

reservoirs, although the most popular (and prolific) were shallow Upper Devonian Venango and 

Bradford Group sandstones, and deep Lower Devonian Oriskany Sandstone wells (Harper, 

2008).  In 1939, companies drilled down to the Oriskany sandstone and discovered large 

quantities of natural gas (Harper, 2008).  The gas originated from the Marcellus Formation, an 

organic-rich shale that was tens to hundreds of feet above the Oriskany (Harper, 2008).  In these 

early days of oil and gas development, the occurrence of natural gas in the Marcellus shale was 

assumed to be in ―pockets‖ and that flows could not be sustained for any length of time (Harper, 

2008). 

Oil and gas development in Washington County started in 1881 (Carter, K.M., 2003). Production 

was mostly limited to conventional, shallow reservoirs in the Upper Devonian Venango Group 

sands, with some production from the Upper Devonian Murrysville Sandstone, Mississippian 

Burgoon Sandstone, the Pennsylvanian Conemaugh Group and the Pottsville Formation 

(PA*IRIS/WIS, accessed January, 2015).  Although the Marcellus shale contained natural gas, it 

was not considered a viable reservoir rock due to its low porosity and permeability 

characteristics (Carter et al., 2011).  In 2004, the Marcellus Formation became a target of drilling 

activity when Range Resources Corporation (Range) discovered the play after completing the 
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Renz No. 1 well in Washington County (Carter et al., 2011).  Since then, more than 500 

Marcellus shale gas wells have been completed in Washington County (PA*IRIS/WIS, accessed 

January, 2015), and completing the Renz well, drilling activity associated with the Marcellus 

play has made southwestern Pennsylvania a hub for shale gas production (Carter et al, 2011). 

 

1.2 Petroleum Systems 

In a conventional hydrocarbon reservoir model, organic material matures in shale, a source rock 

for natural gas, and migrates to a porous and permeable reservoir rock (Cooney, 2013; Fig. 1).  

The reservoir is usually comprised of sandstone or limestone and sealed by an impermeable rock 

layer (Cooney, 2013).  In contrast to this model, the unconventional reservoir model shows that 

the shale acts as a source, reservoir, trap, and seal in a petroleum system (Laughrey et al., 2014; 

Fig. 1).   

Conventional petroleum systems consist of a source rock, such as an organic-rich shale bed, and 

a reservoir rock, such as a sandstone or a limestone bed (Harper and Kostelnik, accessed January, 

2015; Fig. 1).  Natural gas migrates from the source rock to the reservoir rock where it is stored 

in the pore spaces (Harper and Kostelnik, accessed January, 2015).  A fault or unconformity 

overlies the source rock (Harper and Kostelnik, accessed January, 2015; Fig. 1).  A sealant bed, 

such as a shale or a non-porous limestone bed, overlies faults and unconformities and thus 

provide a trap situation (Harper and Kostelnik, accessed January, 2015; Fig. 1).  The trap keeps 

petroleum in the reservoir (Harper and Kostelnik, accessed January, 2015; Fig. 1).  Organic shale 

reservoirs in a conventional petroleum system lie above the Tully Limestone and are Late 

Devonian age (Shultz, 2002).  In an unconventional petroleum system, the organic shale bed acts 
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as a source and reservoir rock, a trap, and a seal (Harper and Kostelnik, accessed January, 2015; 

Fig. 1).  The shale reservoirs underlie the Tully Limestone and are Middle Devonian age and 

older (Shultz, 2002).  
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1.3 A Significant Resource 

The Marcellus Formation extends throughout New York, Pennsylvania, Ohio, West Virginia, 

Virginia, and eastern Kentucky (Fig. 2).  Like most petroleum resources, the Marcellus formed 

either from continuous authigenic accumulations within Devonian black shale source rocks or 

within overlying and intertonguing Devonian siltstone and sandstone reservoirs (Milici and 

Swezy, 2006).   

Pennsylvania has two core areas of Marcellus production, the northeast region and the southwest 

region.  Drilling in northeastern Pennsylvania occurs in Bradford, Lycoming, Sullivan, 

Susquehanna, Tioga, and Wyoming counties (Harper and Kostelnik, accessed January, 2015; 

Fig. 2).  Here, the Marcellus shale is thicker and contains a higher abundance of organic material 

(Harper and Kostelnik, accessed January, 2015; Fig. 2).  In southwestern Pennsylvania, 

Marcellus production occurs in Allegheny, Armstrong, Beaver, Fayette, Greene, Indiana, 

Somerset, Washington, and Westmoreland counties (Harper and Kostelnik, accessed January, 

2015; Fig. 2).   Here, the Marcellus shale generally is less than 50 feet thick and contains a lower 

abundance in organic matter (Harper and Kostelnik, accessed January, 2015; Fig. 2).  For this 

study, the focus is on Washington County. 

Natural gas exploration began in Washington County, Pennsylvania in 1881 (Fig. 2).  In 1885, 

the operators completed three wells that penetrated into Upper Devonian Venango Group 

sandstones rock units.  These wells, however, produced oil instead of natural gas.  The Gantz 

well was the first commercially productive oil well in Washington County. It produced roughly 

50 barrels of oil per day from the Venango Group’s Gantz sand.  The Gordon well was drilled to 

a depth of 2,408 feet and produced 100 barrels of oil per day.  The reservoir was a 16-feet-thick 

sandstone called the Gordon sand.  As a result of the productivity from the Gordon well, there 
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was an incentive for active oil exploration and development throughout Washington County.   

The Gabby well drilled to a depth of 2,608 feet and produced oil from the Gordon and Gantz 

sands after stimulation using nitroglycerin torpedoes (Carter, 2003). 

Current drilling activity in Washington County is mostly unconventional and the targeted 

resource is the Marcellus shale.  According the U.S. Geological Survey (USGS), the Marcellus 

play has a mean undiscovered, technically recoverable natural gas resource potential of 84,198 

billion cubic feet (Bcf) and 3,379 million barrels (MMBbl) natural gas liquids (Coleman et al, 

2011).  
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Figure 2: Extent of Devonian formations in the Appalachian basin.  The red 

circles show the core areas of natural gas drilling in Pennsylvania while the X 

shows the location of Washington County (Modified from Milici and Swezey, 

2006). 

 

 X 
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1.4 Statement of the Problem 

Shale gas reservoirs often consist of complex lithological and mineralogical heterogeneities 

(Cooney, 2013).  The amount of petroleum hydrocarbons that occur in Middle Devonian source 

rocks rely on two factors: 1) the amount of organic matter present in the rocks; and 2) the degree 

of conversion of the organic matter into petroleum (Harper and Laughrey, 1987).  Variations in 

organic matter quantity in shale source rocks occur due to differences in depositional 

environments, whereas reservoir quality and production potential, characterized by thermal 

maturity assessments, may also be affected by shale mineralogy.  Within the Marcellus 

Formation, mineralogy changes both vertically and laterally.  These varying mineral 

compositions lead to differences in geochemical properties (Wang and Carr, 2013) and may 

affect the reservoir quality and production potential of the Marcellus shale.  The industry is 

interested in the vertical and lateral change in mineralogy of the Marcellus shale, particularly the 

percentage of quartz, clays, and carbonates (Carter, et al. 2012).  A higher abundance of quartz 

and carbonate content creates a more brittle formation, making the Marcellus shale more 

amenable to fracturing during stimulation (Cooney, 2013).  The mineralogy differs in the Upper 

Marcellus and Lower Marcellus shale beds (Carter et al., 2011).  The Lower Marcellus shale is 

the preferred shale bed (PA*IRIS/WIS, accessed January 2015). 

 

1.5 Research Objective 

The purpose of this study is to describe the mineralogical and lithological characteristics of the 

Marcellus shale in southwestern Pennsylvania, using geophysical well log data and rock cuttings 

samples associated with two wells in West Pike Run, Washington County. 
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2.0 REGIONAL GEOLOGY 

The Marcellus Formation is a Devonian shale [415 – 355 Ma] that occurs in Canada, 

Pennsylvania, West Virginia, eastern Ohio, New York, Maryland, Virginia, and Tennessee (Fig. 

2).  During the Devonian period, the Tioga ash fall was immediately followed by a rapid 

subsidence within the foreland basin (Shultz, 2002).  Sea level rise resulted in the Kaskaskia 

sequence and inundated the Appalachian Basin (Prothero and Dott, 2012).  This resulted in the 

deposition of light gray shale and organic-rich black shale (Shultz, 2002).  The Middle Devonian 

epoch ended with the spread of the argillaceous Tully Limestone across much of the Appalachian 

Basin (Shultz, 2002). 

 

2.1 Lithology and Lithostratigraphy 

The Marcellus Formation was named in 1839 by James Hall after a black shale outcrop near the 

village of Marcellus, New York (Hall, J., 1839).  The Marcellus lies at the base of the Hamilton 

Group which comprises the Tully limestone, Moscow Formation, Ludlowville Formation, and 

the Skaneateles Formation (Fig. 3, 4).  The Tully is a micritic brown to dark brownish-gray, 

argillaceous limestone that ranges from 20 to 60 feet thick (Harper and Laughrey, 1987).  It is an 

important stratigraphic marker that indicates the boundary between Upper and Middle Devonian 

formations (Fig. 4).  Where present, the Moscow shale underlies the Tully (Fig. 3).  Underlying 

the Moscow shale is the Ludlowville shale (Fig. 3).  The Skaneateles shale is bounded between 

the Ludlowville shale and the Centerfield limestone (Fig. 3).  The Marcellus Formation is a black 

shale ranging from 20 to 70 feet thick in southwestern Pennsylvania (Harper and Laughrey, 

1987; Fig. 5).  It is organic-rich and serves as the source rock for many reservoirs in the 

Appalachian Basin.  Although the primary lithology of the Marcellus is black shale, it also 
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consists of dark gray, fissile, carbonaceous shale with locally abundant pyrite, and contains few 

fossils (Shultz, 2002).  In much of Pennsylvania the Marcellus includes a thin limestone (the 

Cherry Valley or Purcell) roughly three feet thick (Fig. 4).  The limestone has been used to 

divide the formation into two parts, the Upper Marcellus and Lower Marcellus. The dark gray 

shale and carbonaceous shale makes up the Upper Marcellus while the organic black shale makes 

up the Lower Marcellus.  In this study, geophysical logs were interpreted to determine the 

lithostratigraphy of the Marcellus shale and overlying Middle Devonian formations. 

 

2.2 Depositional Environments/Paleogeography/Tectonism 

The Devonian foreland basin setting was preceded by a prolonged history of during multiple 

sedimentary basins evolving since the Late Precambrian.  Beginning in the Vendian and 

Cambrian periods, southwestern Pennsylvania was composed of terrigenous, silisiclastic rocks 

(Prothero and Dott, 2010).  Sea level rose during the Sauk transgression sequence during the 

Vendian and Early Cambrian periods (Prothero and Dott, 2010).  This resulted in terrigenous 

passive margin development followed by a dominance of carbonate passive margin 

sedimentation (Prothero and Dott, 2010).  During the Middle Ordovician, North America 

collided with an island arc, resulting in the Taconian orogeny and the development of a 

corresponding foreland basin with Ordovician siliclastic fill (Shultz, 2002).   

Devonian foreland basin evolution was the product of collision between North America and the 

micro continent, Avalonia, causing the Acadian Orogeny and further uplift in what is now central 

Pennsylvania (Fig. 6; Prothero and Dott, 2010).  Terrigenous sediment from the Acadian 

orogenic belt and organic material from the remains of marine flora and fauna accumulated in 

the adjacent foreland basin (Prothero and Dott, 2010; Fig. 7).  The abundance of organic matter 
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led to the development of disaerobic and anaerobic conditions (Prothero and Dott, 2010).  The 

accumulation of organic material and anoxic conditions were ideal in the formation of black 

shale (Fig. 7). 
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Figure 4: Well log of the Unit Hill 3H well showing the gamma ray curve (left) and the neutron porosity, density 

porosity, and photoelectric effect curve (right).  The orange lines show groups of similar geophysical log 

signatures as well as the boundaries of individual formations. 
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Figure 5: Generalized geologic cross section of western Pennsylvania showing the thickness 

of the Marcellus and overlying formations.  Note how the Marcellus thickens from west to 

east.  (Modified from Harper, 1987). 
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Figure 6: Paleotectonic map showing north to south collisions of North America with Europe 

and Avalonia during the Devonian period.  These collisions caused the Caledonian and 

Acadian orogenies.  Note the approach of the African part of Gondwanaland from the south 

and a microcontinent from the north.  (F: Florida, S: Spain, WE: Western Europe, I: Italy, G: 

Greenland, E: Europe.) (Modified from Prothero and Dott, 2010). 
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Figure 7: Paleogeographic map of the Devonian period showing the location of 

North America.  Note the location of the Acadian Mountains in eastern North 

America.  (Modified from americanroads.us). 
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  3.0 METHODS 

3.1 Geophysical Log Interpretation 

Four well log curves aided in interpreting the lithology of the Hill Unit 3H well.  These curves 

are the gamma ray (GR), neutron porosity (NP), density porosity (DP) and photoelectric effect 

(PE).  The gamma ray index measures the natural radioactivity of geologic formations (Asquith 

and Krygowski, 2004).  Rocks containing clay minerals (i.e. shales) tend to have higher GR 

readings because of the presence of potassium as well as thorium and uranium (Asquith and 

Krygowski, 2004; Fig. 4).  High abundances of organic material are associated with shale while 

lower abundances correlate with sandstone or limestone rock units (Asquith and Krygowki, 

2004; Fig. 4).   

Density porosity measures the density of an entire rock formation.  These measurements are 

recorded in grams per cubic centimeter.  Density porosity curves evaluate shaly sand reservoirs 

and complex lithologies.  Neutron porosity values measure the hydrogen concentration in a 

formation.  The values vary depending on differences in lithology (e.g. sandstone, limestone, and 

dolomite) (Asquith and Krygowski, 2004; Fig. 4).   

The photoelectric curve helps to determine if the lower gamma ray indices portray sandstone or 

limestone rock units (Asquith and Krygowski, 2004; Fig. 4).  A PE curve of 2.5 indicates silica 

(e.g. sandstone), shale ranges between 3 and 4, and a curve near 5 indicates limestone (Asquith 

and Krygowski, 2004: Fig. 4).  A geophysical well log was available for the Hill Unit 3H well 

(API# 37-125-23879), but not for the Hill Unit 2H well (API# 37-125-2388).  As a result, 

lithological interpretations for the Hill Unit 2H well, drilled on the same well pad as the 3H well, 

are based upon the 3H geophysical log. 
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3.2 Sample Preparation 

Dry well cuttings samples donated to the Pennsylvania Geological Survey (PaGS) by Antero 

Resources were analyzed for this project (Fig. 8).  Cuttings samples taken were from the vertical 

and lateral sections of the Hill Unit 2H (API# 37-125-23880) and the Hill Unit 3H (API# 37-

125-23879) (Fig. 8).  For the 2H well, samples for mineralogical analysis were collected and 

provided at 30 foot intervals by Antero Resources for the vertical portion.  The shallowest 

sample provided by Antero started at 7,200 feet and ended at 8,100 feet below ground surface.  

For the 3H well, the vertical samples were also provided by Antero Resources and collected at 

intervals ranging from 10 to 30 feet.  Approximately 3.0 grams were measured from each 

interval, unless sample volumes were limited.  In these instances, however, some of the cutting 

samples were in smaller amounts, so only 2.0-2.5 grams were measured and collected.  Overall, 

26 samples from the vertical portion of the 2H well, 31 from the 3H well, 5 from the horizontal 

2H, and 3 from the horizontal 3H were sampled and evaluated for this work, for a grand total of 

65 samples. 

Bulk mineralogy samples were ground with a mortar and pestle until they reached the 

consistency of talcum powder and placed in clean sample bags for transport to the Middletown 

office of the PaGS (Fig. 9). 

 

3.3 Mineralogical Analysis 

Standard X-ray powder diffraction (XRD) techniques were used to determine bulk mineralogy of 

each cuttings sample prepared for this work.  The analyses were run by John Barnes using a 

PANalytical Empyrean X-ray diffractometer (Fig. 10).  X-ray scanning was performed between 

November 18, 2014 and December 8, 2014.  For this study, the Rietveld method was used to 
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analyze the mineralogy of the rock cutting samples.  The Rietveld considers the preferred 

orientation, cleavage and crystallinity of the minerals (Rietveld, 1967).  Rietveld calculations 

were used to obtain a more reasonable estimate, rounded to the nearest tenth of a percent.  In 

order to check for errors using the Rietveld method, the samples were first run automatically and 

then run manually.  
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Figure 9: Image of a PANalytical EMPYREAN X-ray diffraction machine.  

(Modified from http://www.panalytical.com/Empyrean.htm). 
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3.3 Possible Errors 

3.3.1 Preferred Orientation 

The preferred orientation of mineral grains, especially platy minerals, depends primarily on the 

grinding and method used to pack the samples into the sample holder (Chung, 1974).  All 

samples for this study were ground to the equivalent of talcum powder.  Each one was loaded 

into the sample holder using a method called back-packing where they are packed into a cavity, 

turned over in the device, and then removed from the bottom of the cavity.  The surface exposed 

to the X-ray beam is the same surface as the bottom surface during sample packing.  This makes 

a smoother surface and prevents pushing down on the X-rayed surface.  If preferred orientation is 

not accounted for in the calculations, then higher percentages will result for minerals with perfect 

cleavage (i.e., muscovite) and lower for minerals with fractures (i.e., quartz) (Chung, 1974).  By 

using the Rietveld calculations, the entire pattern for the mineral and not just the prominent 

peaks that are most affected by preferred orientation (Rietveld, 1967). 

 

3.3.2 Sample Mixing 

Grinding samples using a mortar and pestle mixes the clays, carbonates, and minerals.   

Inadequate mixing affects the bulk mineralogy results when a harder mineral over- or under-

represented based on whether large grains of it are present on the X-rayed surface.  This also 

occurs when a harder mineral is buried under finer minerals (Chung, 1974; Barnes, personal 

communication, January 2015).  According to John Barnes (personal communication, January 

2015), the samples were adequately mixed; therefore, any errors pertaining to sample mixing 

should be considered minuscule. 
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3.3.3 Crystallinity 

Crystallinity is another variable that can affect mineralogy, particularly when platy minerals are 

evaluated using RIR calculations (Chung, 1974).  For muscovite there are many polytypes and 

when mixed in with chlorite, feldspar, and quartz, it is difficult to know which polytype is 

present (Chung, 1974).  The results also differ depending on the polytype used for muscovite.  

When analyzing platy minerals, the Rietveld method was used to calculate their percentages 

(Chung, 1974).  The results are less dependent on muscovite polytypes (Chung, 1974). 

 

3.3.4 Three Repeated Sections 

Three sample analyses were replicated for this study, all of which were from the vertical section 

of the 2H well.  The intervals were at 7,200, 7,230 and 7,260 feet (appendices).  This was done 

to see if there were any changes that needed to be incorporated to the affected results.  Out of the 

three replicated samples, only one was changed intentionally.  The X-ray optics was changed to 

reduce a high background that was appearing at the start of each scan.  Any other changes 

pertained to the packing of each sample. 
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4.0 RESULTS 

4.1 Lithostratigraphy 

The Marcellus shale is a black organic-rich shale that ranges from 20-70 feet thick in 

southwestern Pennsylvania and greater than 150 feet in northwestern Pennsylvania (Harper and 

Kostelnik, accessed January, 2015).  Based on the geophysical well log for the Hill Unit 3H 

(API# 37-125-23879), the top of the Marcellus starts at 7,765 feet below the ground surface and 

the base reaches a depth of 7,858 feet (Fig. 4).  The Marcellus shale is 93 feet thick.  This 

interval is characterized by low neutron and low density porosity values as well as high gamma 

ray readings (Fig. 4).  The PE curve ranges between 3 and 4, indicating a shale bed (Fig. 4). 

Well log data for the Hill Unit 2H well (API# 37-125-3880) was not available for this study.  

The interpreted location of the Marcellus shale in the 3H well can be applied to the 2H since both 

wells are on the same well pad.  In addition, the Tully Limestone, Ludlowville Formation, 

Skaneateles Formation, Centerfield Limestone, and the Onondaga Limestone will have 

correspondingly similar depths. 

 

4.2 Mineralogy 

Mineralogical results for the 65 samples evaluated by this study are presented below.  Full 

analytical results are provided in Appendices A, B, C, and D. 

 

4.2.1 Vertical Sections 

Based upon the bulk mineralogy results (Appendix A, C), the vertical portions of both Antero 

wells have a similar mineralogy.  In addition, the data shows that mineralogy varies with depth 

(Fig. 10, 11).  Average percent, range, and standard deviation values for both wells were 
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calculated.  The percent averages for the 2H well are 40% quartz, 43% clay minerals, and 17% 

carbonates (Appendix A).  For the vertical portion of the 3H well, the average percent of total 

mineralogy amounted to 45% quartz, 41% clay minerals, and 14% carbonates (Appendix C).  

Both wells contain a low abundance of carbonates and a high abundance of quartz and clay 

minerals (Fig. 11; Appendix A, C).   

 

4.2.2 Lateral Sections 

The lateral portion of the 2H well displays an increase in quartz and clays with increasing 

measured depth (Fig. 12).  The carbonate values, however, decrease with increasing measured 

depth (Fig. 12).  Average values for quartz, clay minerals, and carbonates content are 36%, 43%, 

and 21% respectively (Appendix B).  In the lateral portion of the 3H well, the abundance of 

quartz and clays decrease with increasing measured depth while the percentage of carbonates 

increases (Fig. 13).  The calculated average percent of total mineralogy for quartz, clay minerals, 

and carbonates was 54%, 25%, and 21% respectively (Appendix D).  There is also a relationship 

between mineral percentage and lateral depth (Fig. 13).  These lateral section results suggest that 

the 2H well may be completed in the upper Marcellus horizon while the 3H well is in the lower 

Marcellus horizon. 
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Figure 10: Graph showing the tops of each formation and the base of the Huntersville Chert in 

the vertical 2H well.  Note how the quartz carbonate, and clay mineral content varies with 

depth. 

Onondaga Limestone 
Huntersville Chert 

Huntersville Chert (base) 

Tully Limestone 

Ludlowville Formation 

Centerfield Limestone 
Skaneateles Formation 
Marcellus Formation 
Cherry Valley Limestone 
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Figure 11: Graph showing the tops of the Tully Limestone through the Huntersville Chert in 

the vertical 3H well.  Note how the quartz, carbonate, and clay mineral content varies with 

depth. 

Marcellus Formation 

Onondaga Limestone 

Huntersville Chert 
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Figure 12: Graph showing the quartz, clay, and carbonate content in the lateral portion of the 

2H well.  Note how the samples at 7,600 feet are in the curve for this well.  The mineralogy 

varies with lateral distance. 
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Figure 13: Quartz, clay, and carbonate content of the lateral 3H well.  The quartz and 

carbonates increase while the clay mineral content decreases with lateral distance in the 

Marcellus shale. 
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4.2.3 Apatite 

On mineralogy sample reported a large percentage (20%) of apatite.  This sample was from 

7,600 feet in the vertical portion of the Hill Unit 2H well (API# 37-125-23879) (Appendix A).  

This was the only detection of apatite reported for this study.  When a high abundance of apatite 

shows up suddenly, it may indicate volcanic or sedimentary (phosphate) origins (Smith, personal 

communication 2015).  According to Smith (personal communication, 2015), the apatite is a 

fossil bed.  

Figure 4: Well log of the Unit Hill 3H well showing the gamma ray curve (left) and the neutron 

porosity, density porosity, and photoelectric effect curve (right).  The orange lines show groups of 

similar geophysical log signatures as well as the boundaries of individual formations. 
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5.0 DISCUSSION 

5.1 Mineralogy 

According to a study by Wang and Carr (2013), the three most important minerals to consider for 

evaluating natural gas shale reservoirs are quartz, clay minerals, and carbonates.  Ideally for a 

productive reservoir, the quartz and carbonates amount need to be greater than 40% while the 

amount for clay minerals need to be less than 30% (Wang and Carr, 2013; Table 1).  A Marcellus 

sample from 7,830 feet, analyzed for the Hill Unit 2H well (API# 37-125-23880) has a combined 

quartz and carbonates value above the 40% range, but the clay minerals value is above the 30% 

range (Appendix A).  Similarly in the Hill Unit 3H (API# 37-125-23879), a Marcellus sample 

from 7,830 feet also shows a combined quartz and carbonates value above the 40% range and a 

clay mineral value above the 30% range (Appendix C).  The sample taken at 7,850 feet is in the 

ideal mineral range.  When comparing the lateral portions of both Antero wells, only one out of 

five cutting samples from the 2H and all three samples from the 3H well are within the ideal 

mineral range (Appendix B, D). 

Overall mineralogy varies with depth, both vertically and laterally, within the Marcellus shale 

(Figs. 10-13).  In the vertical portions of 2H and the 3H well, quartz, carbonate, and clay mineral 

content varies with depth in the Marcellus (Figs. 10, 11).  According to Cooney (2013) an 

increase of quartz and carbonate content with depth, along with a commensurate decrease in clay 

mineral content with depth, promises greater petroleum reservoir potential.  This increase allows 

for more brittle formations that may contain continuous free gas (Cooney, 2013) and certainly 

those that will respond well to hydraulic stimulation.  Based upon the low clay mineral content 

and the higher quartz and carbonate contents, the 3H well is completed in the more promising 

hydrocarbon reservoir (Fig 13; Appendix D). 
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5.2 Implications For Reservoir Quality 

From the mineralogy and geophysical log data, the Hill Unit 3H will likely be more productive 

than the Hill Unit 2H well.  The Marcellus shale within the vertical portion of the 2H well 

contains 50% quartz by weight, but more than 40% clay minerals and less than 10% carbonates 

(Fig. 10).  With lateral distance, quartz and clay mineral content varies while carbonate content 

decreases (Fig. 12).  In comparison, the 3H well consists of more than 55% quartz and 

carbonates, but more than 30% clay minerals at the top of the Marcellus Formation (Fig. 11).    

The lateral portion of the 3H well shows an increase in carbonate content while clay mineral and 

quartz content decrease with lateral distance (Fig. 13).  The lack of clay minerals reduces the 

tendency for hydrocarbons to be adsorbed to clay mineral surfaces (Cooney, 2013).  With a 

smaller percent of clay minerals in the 3H well, the fracing process will be more successful in 

this rock, which leads to better gas drainage and a more productive well. 

 

 

 

 

 

 

 

Table 1:  Ideal Mineralogic Properties for Shale Gas Producing Reservoirs 

(Modified in Wang and Carr, 2013)

Clays

Quartz and Carbonates Greater than or equal to 40%

Less than or equal to 30%

Mineral Type Percenatage
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6.0 CONCLUSIONS 

Based on mineralogy and geophysical well log interpretations, the Marcellus Formation in the 

3H well is the more viable natural gas reservoir.  Both the vertical and lateral portions of the 2H 

and well and the 3H well do not have similar mineralogical characteristics in the Marcellus 

(Appendix A, B, C, and D).  In the vertical 2H well, the clay mineral content is above 30% , but 

the combined quartz and carbonates content is above 40% (Appendix A).  For the vertical 3H 

well, the combined percentage of quartz and carbonates content is greater than 40% while the 

clay mineral content is equal to 30% (Appendix C).  

The lateral portion of the 3H has a favorable mineralogy and is interpreted to within the lower 

Marcellus horizon (Appendix D).  Average percent values for quartz, carbonates, and clay 

mineral content were 54%, 62%, and 25% respectively (Appendix D).  The mineralogy within 

the lateral portion of the 2H well is less favorable and resides in the upper Marcellus horizon 

(Appendix B).  Average percent values in the lateral 2H are 36% quartz, 43% clay minerals, and 

21% carbonates (Appendix B). 

Since the Hill Unit 2H and 3H wells lie on the same well pad, it can be inferred that the 

Marcellus intervals are at corresponding similar vertical depths (Appendix E, F).  For the two 

wells, mineralogy varies with depth both vertically and laterally (Figs. 10, 11, 12, 13).  Although 

mineralogy plays a role in reservoir quality, more work needs to be done in order to fully assess 

the reservoir quality of this shale, namely through the studies of thermal maturity and total 

organic carbon content of the Marcellus shale in this area of southwestern Pennsylvania.
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Appendix A: Vertical 2H Results 
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Appendix B: Lateral 2H Results 
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Appendix C: Vertical 3H Results 
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Appendix E: 2H Well Location Plat 
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