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Introduction: 

Materials:  

 For this assessment, ESRI’s ArcGIS 9.3.1 Desktop edition was used on a HP Pavilion 

dv5 1120us model. 

Methods: 

 A blank map was opened in ArcMap.  The GCS (geographic coordinate system) and 

datum used was NAD 1983 state plane north.  The projection used was Lambert Conformal 

Conic.  The GCS and projection used were chosen due to compatibility with data that was 

acquired through PASDA (Pennsylvania spatial data access) which is maintained by Penn State 

University.  Base maps were prepared for the area of interest (AOI).  These included county lines 

for the AOI which included Susquehanna, Wayne, Lackawanna, Wyoming, Luzerne, and 

Columbia counties, Pennsylvania, USA.  The roads layer was clipped to these counties and 

would be used as a reference for locating seismic lines. 

 In order to properly georeferenced the synclinorium illustrated in the Harrison, etal., 2004 

paper, the coal field first needed to be properly established.  A map of the coalfield was 

downloaded from DCNR’s website (figure 1).  The file was converted from a PDF to a JPEG 

and added to the map.  The georeferencing tool was used to place and proportion the DCNR 

map.  County lines were the point of reference used to align the DCNR map with the counties in 

ArcMap.  The coalfield was outline was copied to the map as a shapefile and the DCNR map 

removed from the ArcMap file.   

 With the coal field properly placed, the map from the Harrison, etal, 2004 paper could 

now be placed and proportioned properly on the map.  The map from page 1504 of the 

November/December 2004 issue of the Geological society of America bulletin was scanned and 

saved as a Portable Network Graphics file (.png file extension).   
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Figure 1.  DCNR map used to georeferenced map from Harrison, etal. 2004 paper 

 

. 
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Figure 2.  Map from Harrison, etal. 2004 georeferenced toArcmap. 

 

The Harrison, etal. 2004 map was added to the ArcMap. To ensure proper dimensioning, the 

scale from the Harrison, etal., 2004 paper was measured using the measure tool in ArcGIS.  

Once proper dimensioning was established (25 km reported in the legend of the Harrison, etal., 

2004 equals 25 km in ArcMap), the coalfield and Harrison, etal., 2004 map were aligned.  The 

results are show in figure 3.  The seismic lines from the Harrison etal., 2004 map were traced 

and added as line features in ArcMap.  Upon adding the seismic lines to the ArcMap file, the 

roads layer was then turned on.  There appeared to be a conflict as to the location of the seismic 

lines.  The lines did not follow any roads.  The placement of the seismic lines in the Harrison, 

etal., 2004 map appeared to be approximated rather than taken drawn precisely.  Seismic 

Exchange, Inc. was then contacted.  By giving them longitude and latitude, Seismic Exchange, 

Inc provided shapefiles (.shp file extension) depicting the exact locations of seismic lines within 

a 10 mile radius.   

Scale from Harrison, 

etal., 2004 used for 

proportioning. 

.dimensioning. 
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Figure 3.  Alignment of coalfield to Harrison, etal., 2004 map. 

 

 

The appropriate shapefiles were obtained and combined in order to make one shapefile.  Since 

the shapefiles were given in NAD 1927 state plane, they were projected to NAD 1983 using the 

project tool from ArcToolbox. The conversion was made using 1927 to 1983 NADCON option.   

 The next step in interpolating the seismic data from the Harrison, etal., 2004 paper to the 

map was to locate the synclinorium on the seismic data presented in said paper.  Harrison, etal., 

2004 established where in the seismic profile the synclinorium was located.   

 The distance reported in Harrison, etal., 2004 of the seismic lines used in his paper was 

checked against each seismic profile (S84, PM84, FC84, P80, N78) to ensure that there was no 

data excluded from the profile.  Using the scale given in each seismic profile, distance measured 
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in millimeters was converted to kilometers by dividing number of millimeters for every 5 

kilometers. (Scale of 5 km was given for each seismic profile).  The following is a table listing 

the scale for each seismic profile: 

Seismic 

Line 

millimeters/5 

kilometers 
millimeters/1 km 

Total length as 

reported in 

Harrison etal., 

2004 

Total 

length as 

derived 

S84 24 mm 4.8 mm 29.1 km 29.16 km 

PM84 27 mm 5.4 mm 28.5 km 28.52 km 

FC84 29 mm 5.8 mm 26.7 km 26.54 km 

P80 12 mm 2.4 mm 64.5 km 65.83 km 

N78 20 mm 4.0 mm 40.0 km 39.80 km 

 

The derived lengths are very close to reported lengths of the seismic data presented in Harrison, 

etal., 2004, therefore, no data has been excluded from what was reported in the seismic profiles 

in Harrison, etal., 2004. 

 The next task was to locate the proper segment of each seismic line used by Harrison, 

etal., 2004.  For the S80 and N78 lines, the Susquehanna River was noted in the seismic profiles 

(see figure 4).  The contact between the Pottsville Formation and the Mauch Chunk Formation 

was chosen to represent the outer edges of the synclinorium.  Harrison, etal., 2004 reports, “The 

structure [Lackawanna synclinorium] is 110 km long and attains a maximum width of 15 km as 

defined by the outcrop belt of the resistant Mississippian and Pennsylvanian strata,” (1500).    In 

the seismic profiles for FC84, S80, and N78, the contact point between the Pottsville and Mauch 

Chunk Formations was noted.  In a paper published in Tectonophysics in October 2003, 

Harrison, Marshak, and Onasch provide evidence that the hot fluids moving during the 

Alleghanian orogeny could have caused anthracitization of the bituminous coal insitu.  They 

point to hydrothermal minerals as evidence of elevated temperatures from hot fluids rather than 

from deep burial (Harrison, etal.. 2003).   
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   Figure 4.  Positioning synclinorium on P80 and N78 seismic lines, (Harrison etal., 2004) 

  

Since anthracite coal is found in the Pennsylvanian Formation, the boundary between the 

Pottsville and Mauch Chunk Formations can be used as a conservative estimate in those regions.  

Susquehanna River 

noted in seismic used to 

position synclinorium. 
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Measurements were taken from the seismic data using the Susquehanna River as a point of 

reference from USGS DRG’s (digital raster graphics) that were added to the map.  In the N78 

line, a marker was placed 0.8 km NW of the Susquehanna River.  As a check, a measurement 

was made from the eastern end of the seismic back to the SE point.  The distance derived was 

21.5 km and the distance measured was 21.15 km indicating that the end of the seismic profile 

marked the end of the seismic line.  Another marker was placed 5.75 km from the Susquehanna 

River.  In the P80 seismic line, a marker was placed 3.33 km NW of the Susquehanna River and 

another marker placed 5.8 km SE of the Susquehanna River.  As a check, measuring from SE to 

NW from the indicated end of the seismic line, a length of 31.77 km was reported.  A distance of 

32.5 km was derived using the seismic profile for P80, therefore the end of the seismic line is the 

end of the seismic profile. 

In the FC84 seismic profile, the collapse structure is clearly indicated by Harrison, etal., 

2004 and is used as the reference points. (See figure 5).
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                                                          Figure 5. Synclinorium positioning on seismic data. 

 

 Using the end of the seismic line and measuring from east to west, reference markers were 

added to the map.  The Forest City gap that is indicated in the seismic data was also used to help 

position the synclinorium on the map.  The gap in data is approximately 2.26 km wide.  

Measurements were taken from the marker points to the gap in data and marker to mark the 

Forest City data gap were placed on the map (Figure 6). The placement of the data gap is also 

used as a check to ensure proper synclinorium positioning. 



 Georeferencing the Lackawanna synclinorium using GIS 10 
 

 

The PM84 seismic data was correlated to the map next.  For both the PM84 line and the 

S84 seismic lines, there were no other markers as in the previous three seismic lines that could be 

used as a check to ensure proper placement, however, since the eastern or southeastern end of the 

seismic line correlated to the end of the seismic profile on the three previous seismic lines, it was 

assumed that the eastern end of the seismic line is the end of the seismic profile given in 

Harrison, etal., 2004.  Measuring from east to west, markers were placed 16.67 km and another 

one 3.15 km from that marker to indicate the edges of the synclinorium. 

 The same process was repeated for the S84 line.  A marker was placed 19.16 km 

from the eastern end of the seismic line.  Another marker was placed 3.33 km to the west of the 

first marker.  Since no seismic data to the north of this line was present to the researcher, 

interpolation any further to the north was not made though it is assumed that the synclinorium 

extends to the north for an undetermined distance and an undetermined direction. At the southern 

end of the synclinorium, a point placed at the tip of the coalfield to indicate the tip of the 

synclinorium. 

Once all of the points were in place, a polygon was drawn connecting each point.  This 

would be the Lackawanna synclinorium.  The smooth tool was used to smooth out the angular 

corners with a maximum offset distance of 0.001 used. Multiple ring buffers were added to the 

map with each ring being 1 mile wide.  Miles was used here as it is a more familiar unit of 

measure than kilometers for those presented the map.  

  Results: 
 

 See figure 7. 
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Figure 6.  Screen shot indicating the Forest City data gap between green points.  Blue points indicate markers for  

                 synclinorium edge. 

 

 

Discussion: 

 The fit of the Lackawanna synclinorium to the Pennsylvanian Formation between 

Scranton and Wilkes-Barre indicates that methods used to georeferenced the Lackawanna 

synclinorium are accurate.  The assessment of the synclinorium in this region is a conservative 

estimate.  The border between the Pennsylvanian Formation and Mississippian Formations was 

used on the N78 and P80 seismic lines due to the lack of clearly defined synclinorium.  The 

Susquehanna River was used in order to increase accuracy of the synclinorium positioning due to 

shorter measuring distances from the river as opposed to measuring from the end of the seismic 

line.  Measuring over these longer lengths could have introduced inaccuracies.  Once the boarder 

points for the synclinorium were established, measurements to the end of the seismic lines 

indicate that using the Susquehanna River as a point of reference was valid. 
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          Figure 7. Seismic Profile of the Lackawanna synclinorium with digital elevation model base map. 
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 The shape and direction of the salt collapse structure to the north of Forest City is a 

source of disagreement and is of great concern to local land/mineral rights owners and natural 

gas production companies due to the implications that the salt collapse could have on natural gas 

production.  There is speculation of a two tongued formation north of Forest City, but given the 

limited seismic information at the time of this assessment, exploring that possibility is beyond 

the scope of this paper.   

 The Lackawanna synclinorium follows the topography of the surface features in the 

southern and central regions, but as indicated by Harrison, etal., 2004,  in the northern regions, 

“…the attitude of the strata indicates that the margins of the synclinorium are defined by 

monoclines,” (1508).  Looking in the seismic profiles of each seismic line indicates a much more 

shallow collapse in the S84 and PM84 lines than in the N78 line and may not have impacted the 

topography as much as in the southern regions.    
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