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ABSTRACT 

This case study examines the mineralogy and porosity of the Gantz and Gordon sandstones in 

Linden Field, Washington, County, Pennsylvania. Cuttings from the #1 Harry Hatfield well (API 

3712590083) as well as geophysical log data from the #3299 Hamilton well (API 3712520703) 

were collected and used for this work. Three types of analyses were performed on the #1 Hatfield 

well cuttings: scanning electron microscope (SEM), sieve, and X-ray diffraction (XRD). This study 

determines an average of 75% quartz minerals and 25% clay minerals for the Gantz and 72% 

quartz minerals, 23% clay minerals, and 5% carbonates for the Gordon. A majority of 47% 

medium-fine grained sand comprises the sandstones, and some porosity is observed in the 

Gordon under the SEM. Using the #3299 Hamilton geophysical log data, both average bulk 

densities and porosities were calculated for the Gantz and Gordon sandstones. The average bulk 

densities of the Gantz and Gordon are 2.48 g/cm3 and 2.51 g/cm3, respectively. The average 

percent porosity of the Gantz in this well is 8.25%, while that of the Gordon is 7%. 
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1.0 INTRODUCTION 

This case study was prepared as a companion to Abigail Remis’ senior comprehensive project 

entitled “Reservoir Characteristics of the Gantz and Gordon Sandstones, Linden Field, North 

Strabane Township, Washington County, Pennsylvania.” The project mapped location, depth and 

gross thickness of the Gantz and Gordon sandstones, as well as computed pore space volumes 

associated with these units. The case study focuses on rock cuttings from the #1 Harry Hatfield 

well to understand the mineralogy and pore space characteristics of the Venango Group in Linden 

Field, which may be a candidate for enhanced oil recovery (EOR). Geophysical log data from the 

#3299 Hamilton well provides more data on the bulk density and porosity of the Gordon and 

Gantz sandstones, as well as a gamma ray (GR) log curve. This report is provided to the Midwest 

Regional Carbon Sequestration Partnership (MRCSP), a public and private consortium assessing 

the technical potential, economic viability and public acceptability of carbon sequestration within 

ten contiguous states: Indiana, Kentucky, Maryland, Michigan, Ohio, Pennsylvania, West Virginia, 

Delaware, New Jersey and New York, as part of its Phase III reporting deliverables.  

2.0 METHODS 

            2.1 Sample Preparation 

Dry well cuttings samples from the #1 Harry Hatfield well were collected from the Pennsylvania 

Geologic Survey (PAGS) core and cuttings repository. In total, thirty samples were collected from 

fifteen intervals for X-ray diffraction (XRD) and scanning electron microscope (SEM) analyses. The 

five to ten-foot sample intervals were collected from the depth range of 2420 to 2808 feet (ft), 

starting with the Gantz sand at the shallowest depth through the Fifth sand at the greatest depth. 

Approximately 3 grams (g) were measured from each interval. For a total list of sampled intervals 

and depths from the #1 Hatfield well, refer to Table 1 in Appendix 1.  

2.2 Mineralogical Analysis 

Fifteen XRD mineralogy samples were ground with a mortar and pestle until powered and 

transported to the Middletown office of the PAGS. The mineral composition of the samples was 

determined using X-ray powder diffraction. The analyses were run using a PANalytical Empyrean 

X-ray diffractometer. The samples were loaded in 16-millimeter (mm)-diameter back-packed 

sample holders that were mounted in a sample spinner. The results were interpreted using 

PANalytical HighScore Plus software and the ICDD PDF-4 database.  

Replicate analyses of five samples were run as a test of precision. The repeated intervals 

consisted of the 2480-2485 ft Fifty-Foot sand, the 2680-2690 ft Gordon and all intervals sampled 

from the Fifth sand. The samples from the Fifth Sand were also ground an additional five minutes 
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each. Standard procedure when running an XRD scan calls for a certain number of replicate 

analyses. The first of each replicated scans was used for the results of this study. 

2.3 Sieve Analysis 

Seven samples were used in the sieve analysis: the 2434-2444 ft and 2444-2454 ft Gantz samples, 

the 2480-2485 ft and 2500-2510 ft Fifty-Foot samples and the three Gordon samples. Standard 

U.S. sieves sizes #18, #35, #60, #80, #120, #170, #230 were used. Each sample was weighed and 

separated using a #18 sieve into chips and loose silt and sand. The silt and sand passed through 

the #35, #60, #80, #120, #170 and #230 sieves and was weighed. The measured amount of sieved 

sand was subtracted from the initial weight of loose sand to calculate the grams of sample lost. 

2.4 SEM Analysis 

For SEM analysis, four intervals were studied, the 2420-2424 ft Gantz and all three Gordon 

intervals. Larger fragments were chosen, and, from these pieces, approximately four per interval 

were studied under the SEM. The samples were uncoated before placing into the machine. The 

SEM machine used was a JEOL JSM-6010LV. Two settings were primarily used, backscattered 

electron composition imaging (BEC) and secondary electron imaging (SEI).  

 

Figure 1: The SEM machine alongside the monitor used to view the images. 

2.5 Geophysical Log Interpretation 

For the #3299 Hamilton well, the GR log, geological sample (GEO) log, log analysis form and 
sample study were collected from PA DCNR’s Exploration and Development Well Information 
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Network (EDWIN). The GR log curve was digitized in PETRA® software. Refer to Appendix 6 for all 
#3299 Hamilton well documents. 

2.6 Possible Errors  

  2.6.1 XRD Analysis 

Two factors that may have affected the results of the XRD analysis are the grinding and loading 

of the sample. The sample must be ground thoroughly to optimum particle size and homogeneity, 

and the sample must be loaded into the sample holder in a free-falling manner to reduce 

preferred orientation and packing (Chung, 1974). 

2.6.2 SEM Analysis 

A few factors could have affected the results of the SEM analysis: sample choice, preparation 

methods and the settings used in the SEM machine. The samples chosen for this study were 

relatively large and intact chips from archived rock cuttings samples. As a result of sample age 

and/or the air drilling method involved, no pieces of intact sandstone were available to study. 

The porous, quartz-based sandstone, the primary component of the Gantz and Gordon intervals, 

could have crumbled into sand particles by the time this case study was performed. The chips 

that have stayed intact consist of rocks with clay matrices; this may explain the lack of porosity 

found in the Gantz and majority of Gordon samples studied under SEM.  

Sample preparation and the SEM settings could also have contributed to errors in the 

results. The samples were not coated nor cleaned before insertion into the SEM. Dust from the 

sample bag may have interfered with what was seen on the surface of the chips. The voltage that 

was used in the SEM may have been too high and contributed to washout in pictures of the 

samples.  

 

3.0 RESULTS AND INTERPRETATION 

3.1 Sieve Analysis Results 

The sieve analysis results show that an average 47.1% of loose grains in the Gantz and Gordon 

intervals is comprised of fine sand 0.25 mm in size. Medium-coarse sand grains 0.5 mm or more 

in diameter make up the next largest percentage, averaging 25.1% of the total. Fine to medium 

fine sand grains 0.177 mm in diameter and very fine sand grains 0.115 mm in diameter account 

for an average of 11.0% and 12.2% total, respectively. Coarse silt grains 0.088 mm and 0.063 mm 

in diameter make up an average of 2.7% and 1.4% total, respectively. Fine silt grains less than 

0.063 mm in diameter account for an average of 0.5% of the total. Refer to Table 2 in Appendix 

1 for a listing of these results. 

3.2 XRD Results 
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The XRD results show that most of the intervals sampled from the #1 Hatfield well are composed 

of quartz minerals. Clay makes up the next highest percentage, then carbonates and trace 

minerals. On average, the Gantz consists of 75% quartz minerals, 25% clay minerals and less than 

1% magnetite. The Gordon consists of an average 72% quartz minerals, 23% clay minerals and 

7% carbonate minerals. Refer to Table 3 for the list of XRD results and to Table 4 for the XRD 

results including replicates, both in Appendix 1. 

3.3 SEM Results 

Under the SEM, the Gantz samples look to be primarily comprised of platy clay minerals, and 

porosity was not visible in any of them. The Gordon samples exhibited some porosity, along with 

many clay minerals. Backscatter and secondary electron imaging were used to show more detail 

in selected SEM samples. Refer to Appendix 2 for all images taken of the Gantz sand, and 

Appendices 3-5 for all images taken of the Gordon sand. 

 

 

 

Figure 2: Platy clay minerals in the 2420-2424 ft Gantz sand. 
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Figure 3: BEC and SEI pictures of the 2690-2700 ft interval of the Gordon sand. The contrasting 

images give insight into the chemical makeup of this sample, which appears to be mostly clay. 

 

Figure 4: BEC and SEI pictures of the 2672-2680 ft interval of the Gordon sand. The white 

mineral in the BEC image may be an oxide or sulfide such as pyrite or magnesite. 

 

Figure 5: Observable porosity in the 2690-2700 ft interval of the Gordon sand. The darker the 

void space, the deeper the pore. 

3.4 Geophysical Log Interpretation 

According to the log analysis report for the #3299 Hamilton well, the average bulk densities of 

the Gantz and Gordon are 2.48 grams per cubic centimeter (g/cm3) and 2.51 g/cm3, respectively.  
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The porosity of the Gantz averaged 8.25% while the Gordon averaged 7%. Refer to Figure 6 for a 

section of the GR curve and GEO log where the Gantz and Gordon sandstones were encountered. 

Refer to Appendix 6 for all #3299 Hamilton well documents. 

 

 

Figure 6: Geophysical logs of the 

#3299 Hamilton well. The GR 

curve is on the left and the GEO 

log is on the right. The Gantz and 

Gordon sandstone intervals are 

marked. 
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4.0 CONCLUSIONS 

This case study determined an average of 75% quartz minerals and 25% clay minerals for the 

Gantz sandstone and 72% quartz minerals, 23% clay minerals and 5% carbonates for the Gordon 

sandstone, based on rock cuttings samples obtained from an old well completed in the Venango 

Group in Linden Field, Washington County, Pennsylvania. Based on sieve analysis, these 

sandstones are comprised mostly of fine grained sand, with lesser amounts of medium-coarse 

sand, fine to medium sand and silt-size particles. Under the SEM, no porosity was noted for the 

Gantz, but some was observed in the Gordon. The average bulk densities of the Gantz and Gordon 

were determined to be 2.48 g/cm3 and 2.51 g/cm3, respectively, based on geophysical log data. 

The average log-derived porosity of the Gantz and Gordon are 8.25% and 7%, respectively. 
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Appendix 1: Tables 

#1 Harry Hatfield Well, Linden Field, Washington County, PA 

 

Tables for Drillers’ Sand Names and XRD Analytical Results for the #1 Harry Hatfield Well, depth 2420’ to 2808’ 

Table for Sieve Analysis Results for the Gantz and Gordon sandstones, depths 2434’ to 2454’ and 2672’ and 2700’, respectively 

Described by Lauren Kanavy, Pennsylvania Geological Survey, November 2018 

 
 
 
 
 
 
 
 
 
 
 
 
 



Gantz Sand 2420 2424 3.1
Gantz Sand 2434 2444 3
Gantz Sand 2444 2454 3
Fifty‐foot Sand 2460 2465 3
Fifty‐foot Sand 2480 2485 2.8
Fifty‐foot Sand 2500 2510 3
Upper Nineveh 2580 2590 3
Lower Nineveh 2590 2600 3.2
Gordon Sand 2672 2680 3
Gordon Sand 2680 2690 3
Gordon Sand 2690 2700 3
Fourth Sand 2740 2746 3
Fifth Sand 2790 2795 3.1
Fifth Sand 2795 2800 3.2
Fifth Sand 2800 2808 3.5

Drillers' Sand Name
Depth at top 

(ft)
Depth at 
bottom (ft) Weight (g)

 
 
Table 1: Drillers’ Sand Names 
 
 
 
 



Gantz 2.889 0.507 2.382 0.495 0.012 28.7 47.9 8.5 9.1 2.8 2 1 100
Gantz 2.943 1.124 1.819 1.078 0.04 30.1 44.8 10.4 11.2 1.2 1.4 0.9 100
Gordon 9.908 3.803 6.104 3.796 0.008 29.3 47.4 10.2 10 2.3 0.6 0.1 99.9
Gordon 9.918 5.848 4.063 5.826 0.029 20.5 46.9 12.4 14.9 3.3 1.8 0.2 100
Gordon 9.92 5.754 4.157 5.725 0.038 16.7 48.6 13.7 15.7 3.7 1.2 0.3 99.92690‐2700

500 μm ≤ 250 μm ≤ 177 μm ≤ 115 μm ≤

Sum of 
Measured 
Loose Sand  g lost

% Grain Size of Sand

63 μm ≥
2434‐2444
2444‐2454
2672‐2680
2680‐2690

88 μm ≤ 63 μm ≤ Total %
Driller's 

Sand Name
Sampled Interval (ft 
below the surface)

Starting 
Sample 

Weight in g
Loose Sand 
Weight (g)

Fragment 
Weight (g)

 
 
Table 2: Sieve Analysis Results 
 
 
 
 
 
 
 

 



OTHER

Quartz Plagioclase K feldspar
Mica  
Group

Chlori te 
Gp. Ca lci te Dolomite Magneti te?

Tota l  
Quartz+

Tota l  
Clay

Tota l  
Carbonate

Tota l  
Other

2420–2424 Gantz D18–100 79 <1 N.D. 13 8 N.D. N.D. N.D. 79 21 0 0 100

2434–2444 Gantz D18–101 64 <1 N.D. 22 14 N.D. N.D. <1 64 36 0 <1 100

2444–2454 Gantz D18–102 82 <1 N.D. 12 6 N.D. N.D. N.D. 82 18 0 0 100

2460–2465 Fi fty‐foot D18–103 77 <1 N.D. 6 17 N.D. N.D. N.D. 77 23 0 0 100

2480–2485 Fi fty‐foot D18–104 88 1 N.D. 9 1 N.D. N.D. N.D. 89 10 0 0 99

2500–2510 Fi fty‐foot D18–106 89 4 N.D. 6 1 N.D. N.D. N.D. 93 7 0 0 100

2580–2590 Upper Nineveh D18–107 57 12 N.D. 26 5 N.D. N.D. N.D. 69 31 0 0 100

2590–2600 Lower Nineveh D18–108 74 10 N.D. 14 2 N.D. N.D. N.D. 84 16 0 0 100

2672–2680 Gordon D18–109 74 <1 N.D. 18 2 N.D. 6 N.D. 74 20 6 0 100

2680–2690 Gordon D18–110 74 <1 N.D. 17 3 N.D. 6 N.D. 74 20 6 0 100

2690–2700 Gordon D18–112 69 <1 N.D. 20 8 N.D. 2 N.D. 69 28 2 0 99
2740–2746 Fourth Sand D18–113 77 <1 N.D. 18 3 N.D. 2 N.D. 77 21 2 0 100

2790–2795 Fi fth Sand D18–114 87 N.D. N.D. 10 2 N.D. N.D. N.D. 87 12 0 0 99

2795–2800 Fi fth Sand D18–115 86 N.D. N.D. 13 1 N.D. N.D. N.D. 86 14 0 0 100
2800–2808 Fi fth Sand D18–116 84 N.D. N.D. 14 2 N.D. N.D. N.D. 84 16 0 0 100

TOTAL 
PERCENTAGE

PERCENT MINERALOGY

PERCENT OF TOTAL MINERALOGYSampled 
Interva l  (ft 

below 
surface)

QUARTZ+ CLAY CARBONATE+

Dri l ler's  Sand 
Name XRD scan

 
N.D. – Not detected 
 
Table 3: XRD Analytical Results 



Depth Formation Name Repl icate XRD scan Quartz Mica  Group Chlori te Gp. Plagioclase K feldspar Calci te Dolomite Magneti te? TOTAL Comments
2420–2424 Gantz D18–100 79 13 8 <1 100
2434–2444 Gantz D18–101 64 22 14 <1 <1 100
2444–2454 Gantz D18–102 82 12 6 <1 100
2460–2465 50' D18–103 77 6 17 <1 100
2480–2485 50' 1 D18–104 88 9 1 1 99
2480–2485 50' 2 D18–105 90 8 1 2 101
2500–2510 50' D18–106 89 6 1 4 100

2580–2590 Upper Nineveh D18–107 57 26 5 12 100

2590–2600 Lower Nineveh D18–108 74 14 2 10 100
2672–2680 Gordon D18–109 74 18 2 <1 6 100
2680–2690 Gordon 1 D18–110 74 17 3 <1 6 100
2680–2690 Gordon 2 D18–111 71 17 2 1 9 100
2680–2690 Gordon 3 D18–117 73 18 3 <1 6 100
2690–2700 Gordon D18–112 69 20 8 <1 2 99
2740–2746 Fourth Sand D18–113 77 18 3 <1 2 100
2790–2795 Fi fth Sand 1 D18–114 87 10 2 99

2790–2795 Fi fth Sand 2 D18–118 85 12 2 <1 99

Ground 5 
addi tional  
minutes

2795–2800 Fi fth Sand 1 D18–115 86 13 1 100

2795–2800 Fi fth Sand 2 D18–119 92 6 2 100

Ground 5 
addi tional  
minutes

2800–2808 Fi fth Sand 1 D18–116 84 14 2 100

2800–2808 Fi fth Sand 2 D18–120 78 18 2 2 100

Ground 5 
addi tional  
minutes

2800–2808 Fi fth Sand 3 D18–121 81 17 2 <1 100

Same 
grinding as  
D18–120  

 
Table 4: Full XRD Analytical Results 
 



 

 

 

 

 

 

 

 

 

Appendix 2: SEM Photomicrographs 

#1 Harry Hatfield Well, Linden Field, Washington County, PA 

 

SEM photomicrographs of the Gantz sandstone, depth 2420’ to 2424’ 

Described by Lauren Kanavy, Pennsylvania Geological Survey, November 2018 

 

 

 

 

 

 

 

 

 



 

 

 

 

Figures 1‐4: Surfaces of chip samples taken at x100 magnification.  

These samples are most likely mudstone. The majority of grains are 
silt to clay in size, with some fine sand grains infrequently present. 

No porosity observed in the samples.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: SEI 20kV x100. 

 

 

Figure 2: SEI 20kV x100. 

 

Figure 3: SEI 20kV x100. 

 

 

Figure 4: SEI 20kV x1



 

Figure 5: SEI 20kV x200. Platy clay minerals on the surface of the 
sample. 

 

 

Figure 6: SEI 20kV x330. Platy clay particles surrounding larger fine 
sand or coarse silt grains. 

 

Figure 7: SEI 20kV x270. A larger particle surrounded by clay 
minerals. 

 

 

Figure 8: SEI 20kV x370. A larger grain surrounded by clay minerals. 

 

 

 

 

 

 

 

 

 

Figure 9: SEI 20kV x500. Varying particle sizes make up the sample. 

 

 

 

 

 

 

 

 



 

Figure 10: SEI 20kV x600. Particle size ranges from micrometers to 
100 micrometers.  

 

 

Figure 11: SEI 20kV x950. Most of the particles are flat, platy, and 
flaky. A crack in one of the grains is present in the bottom of this 
photomicrograph. 

 

Figure 12: SEI 20kV x600. Smaller silt to clay‐sized particles coat the 
surface of the sample. 

 

 

 Figure 13: SEI 20kV x1,100. The particles are rounded to sub‐
rounded. 

 

Figure 14: SEI 20kV x700. Very fine silt and clay particles lie on top of 
and between larger coarse silt particles, serving as the cement of the 
rock. 

 

Figure 15: SEI 20kV x1,300. Clay‐size particles 1 micrometer in 
diameter are present. 

 



 

 

 

 

 

 

 

 

 

 

Appendix 3: SEM Photomicrographs 

#1 Harry Hatfield Well, Linden Field, Washington County, PA 

 

SEM photomicrographs for the Gordon sandstone, depth 2672’ to 2680’ 

Described by Lauren Kanavy, Pennsylvania Geological Survey, November 2018 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
Figures 1‐7: Photomicrographs of a section of one of the samples studied 
at different magnifications and SEM settings. Backscattered electron 
composition imaging (BEC) was used alongside secondary electron 
images (SEI). The SEI and BEC photomicrographs in the same column 
correspond to each other. 
 
 
 

 
 
Figure 1: SEI 20kV x37. A section of interest in this sample. 
 
 
 
 
 

 
 
Figure 2: SEI 20kV x75. The SEI and BEC images showcase different 
qualities of this section of the sample. The SEI image displays more of the 
shape and geometry of the grains. 
 

 
 
Figure 3: BEC 20 kV x75. The BEC image displays the differing composition 
of the grains.  

 
 
Figure 4: SEI 2kV x250. Large pores are visible between these grains. 
Large particles over 100 micrometers in diameter and smaller particles 
less than 10 micrometers are present. 
 

 
 
Figure 5: BEC, 20kV x250. Observable porosity in the sample. The white‐
appearing grain is most likely an oxide or sulfide.  
 



 
 
Figure 6: SEI 20kV x500. A closer look at the pore in the bottom left 
corner of Figure 4. 
 

 
 
Figures 7: SEI 20kV x1,100. An even closer look at the same pore from 
Figure 4. Platy particles 10 micrometers or less can be seen coating the 
larger grains. 

 
 
Figure 8: SEI 20kV x37. 
 
 

 
 
Figure 9: SEI 20kV x75. A closer look at the grains in Figure 8. A 200‐
micrometer grain is present in the center of the photomicrograph. No 
observable porosity. 
 
 
 
 

 
 
Figure 10: SEI 20kV x75. 
 
 

 
 
Figure 11: SEI 20kV x250. A closer look at Figure 10. Possible porosity 
between the larger grains. 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 12‐15: Another section of interest in a sample from this interval. 
The photomicrographs show the section at different magnifications.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 12: SEI 20kV x37. 
 
 

 
 
Figure 13: SEI 20kV x75. Grains around 100 micrometers in width are 
present. 

 
 
Figure 14: SEI 20kV x150. 
 
 

 
 
Figure 15: SEI 20kV x250. Some porosity present between the largest 
grains. 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 16‐19: SEI images taken to display the surface texture of one 
section of a sample. These Figures show no observable porosity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 16: SEI 20kV x250. 
 
 

 
 
Figure 17: SEI 20kV x500. 

 
 
Figure 18: 20kV x1,100. 
 
 

 
 
Figure 19: 20kV x2,200. Particles 1‐10 micrometers in size are present. 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
Figures 20‐23: These photos focus on one pore of a section within a 
sample from this interval. This sample is made up of primarily of platy 
particles ranging from 5 to 15 micrometers in diameter. Some larger 
grains over 100 micrometers in diameter are also present. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 20: SEI 20kV x250.  
 
 

 
 
Figure 21: SEI 20kV x500. 

 
 
Figure 22: SEI 20kV x1,100. The platy particles are visible in here. 
 
 

 
 
Figure 23: SEI 20kV x2,200. A closer look into the pore. The flat, platy 
minerals extend into the space. 
 
 
 
 
 



 
 
Figure 24: SEI 20kV x500. Three gaps appear to be in the center of this 
sample. 
 

 
 
Figure 25: SEI 20kV x1,000. Corresponds to Figure 24—a closer look at the 
“gaps”. What appeared to be a possible pore in Figure 24 was just a dark 
spot in the photomicrograph. Platy minerals can be seen in a higher 
magnification. 
 
 
 

 
 
 
 
 

 
 
Figure 26: SEI 20kV x2,000. A closer look at the minerals in Figures 24 and 
25. Some porosity may be present—a few gaps around 2‐3 micrometers 
in diameter can be seen in the center of the photomicrograph. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 27: SEI 20kV x500. The gaps present may be instances of porosity. 
 
 
 

 
 
Figure 28: SEI 20kV x1000. Corresponds to Figure 27. A closer look at the 
gaps of this section as well as the flat, platy minerals composing the 
sample 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Appendix 4: SEM Photomicrographs 

#1 Harry Hatfield Well, Linden Field, Washington County, PA 

 

SEM photomicrographs for the Gordon sandstone, depth 2680’ to 2690’ 

Described by Lauren Kanavy, Pennsylvania Geological Survey, November 2018 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Figure 1: SEI 20kV x330. Flat, platy particles ranging 10‐50 
micrometers in diameter make up the surface of this sample. 
 

 
 
Figure 2: BEC 20kV x330. Corresponds to Figure 1. There could be 
some pore space between the grains larger than 25 micrometers in 
the center of the sample. 
 

 
 
Figure 3: SEI 20kV x350. Another look at the type of minerals 
composing this sample. 
 

 
 
Figure 4: BEC 20kV x350. Corresponds to Figure 3.  

 
 
Figure 5: SEI 20kV x550. More platy particles observed. 
 
 

 
 
Figure 6: BEC 20kV x550. Corresponds to Figure 5. The gaps between 
some of the larger grains could be possible pore spaces. 



 
 
Figure 7: BEC 20kV x400. A variety of different sized particles make 
up the sample. 
 
 

 
 
Figure 8: BEC 20kV x650. A grain around 40 micrometers across is 
surrounded by a gap. 
 
 

 
 
Figure 9: SEI 20kV x1,600. Angular, flat, and platy minerals. 
 
 
 

 
 
Figure 10: SEI 20kV x1,900. More platy minerals. 
 
 

 
 
Figure 11: SEI 20kV x3,000. 
 
 
 

 
 
Figure 12: SEI 20kV x3,300. 
 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

Appendix 5: SEM Photomicrographs 

#1 Harry Hatfield Well, Linden Field, Washington County, PA 

 

SEM photomicrographs for the Gordon sandstone, depth 2690’ to 2700’ 

Described by Lauren Kanavy, Pennsylvania Geological Survey, November 2018 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   



 
 
Figure 1: SEI 20kV x950. Pore space is present in the center of the 
image. 
 

 
 
Figure 2: BEC 20kV x950. Corresponds to Figure 1.  
 
 
 
 
 

 
 
Figure 3: SEI 20kV x330. A large grain around 200 micrometers 
across is surrounded by particles 10 micrometers in diameter. 
 

 
 
Figure 4: BEC 20kV x330. Corresponds to Figure 3. 

 
 
Figure 5: SEI 20kV x650. Pore space is observed around the 100‐
micrometer grain. 
 

 
 
Figure 6: BEC 20kV x650. Corresponds to Figure 5.  
 
 
 
 
 



 
 
Figure 7: SEI 20kV x650. Particles of varying sizes ranging from 50 to 
5 micrometers across make up the sample. 
 

 
 
Figure 8: BEC 20kV x650. Corresponds to Figure 7. 

 
 
Figure 9: SEI 20kV x800. Pore space seems to be present towards the 
left of the sample are. 
 

 
 
Figure 10: BEC 20kV x800. Corresponds to Figure 9. The BEC 
photomicrograph of this section shows that what looked like 
possible pore space in the sample was just a dark spot in the picture. 
 
 
 

 
 
Figure 11: SEM 20kV x400. There is a larger mineral around 60 
micrometers of which to take note. 
 

 
 
Figure 12: BEC 20kV x370. Corresponds to Figure 11. The larger 
mineral in Figure 11 is white in this photomicrograph. This indicates 
that the grain is of a different composition than its surrounding 
minerals. 
 
 



 
 
Figure 13: SEI 20kV x400. Larger grains around 100 micrometers in 
diameter are center in this section. Possible pore space lies in 
between the large grains. 
 

 
 
Figure 14: BEC 20kV x500. Corresponds to Figure 13. Pore space is 
observed between the larger grains. 

 
 
Figure 15: SEI 20kV x950. Porosity as well as flaky minerals are 
present in this sample. 
 
 

 
 
Figure 16: SEI 20kV x800. Platy clay minerals and possible porosity 
are shown. 
 
 
 

 
 
Figure 17: SEI 20kV x1,500. Details of the smaller particles of the 
sample. The platy and flaky minerals range from 1 to 10 
micrometers in diameter. 
 

 
 
Figure 18: SEI 20kV x5,500. Corresponds to the upper center portion 
of Figure 17. The mineral pictured is cubic in shape, and the texture 
appears to be flaky and platy.  
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Appendix 6: #3299 Hamilton Well Documents 

#3299 Hamilton Well, Linden Field, Washington County, PA 

 

Well documents including the geophysical log, GR curve, Log Analysis, and Sample Study Log 

  

 
 



 
 

Figure 1: Geophysical logs. GR curve and GEO log. The Gantz and Gordon sandstone intervals 
are marked on the logs. 

 
 



 

 
Figure 2: The Peoples Natural Gas Co. Log Analysis containing the corrected porosity and bulk 
density of selected intervals 1526’ to 2546’ in depth.  



Figure 3: The Peoples Natural Gas Co. Sample Study Log. The Gantz is characterized as a 
medium‐grained sandstone with grey shale (p.4). The Gordon is characterized as a sandstone 
with red and grey shale (p.4‐5). 
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