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NOTICE 
 
 
This report was prepared by Dr. Robert Jacobi and Dr. John Fountain in the course of performing work contracted 

for and sponsored by the New York State Energy Research and Development Authority (hereafter "NYSERDA"). 

The opinions expressed in this report do not necessarily reflect those of NYSERDA or the State of New York, and 

reference to any specific product, service, process, or method does not constitute an implied or expressed 

recommendation or endorsement of it. Further, NYSERDA, the State of New York, and the contractor make no 

warranties or representations, expressed or implied, as to the fitness for particular purpose or merchantability of any 

product, apparatus, or service, or the usefulness, completeness, or accuracy of any processes, methods, or other 

information contained, described, disclosed, or referred to in this report. NYSERDA, the State of New York, and the 

contractor make no representation that the use of any product, apparatus, process, method, or other information will 

not infringe privately owned rights and will assume no liability for any loss, injury, or damage resulting from, or 

occurring in connection with, the use of information contained, described, disclosed, or referred to in this report. 

 



 
 

ABSTRACT 

 

 

Zones of intense fracturing that are associated with fault zones at depth may be identified using 

hyperspectral remote sensing data obtained from a fixed-wing aircraft-mounted spectrometer.  The 

fracture zones are the surface expression of structures that may produce fractured reservoirs.  

Normally the surface expressions of these structures are difficult to recognize due  to both limited 

exposure and difficulty of recognition of offset in the thick sequence of interbedded sands and 

shales.  However, extensive data from previous geologic and geophysical studies demonstrated 

the exisitence and location of fracture zones in Allegany County, New York State. This research 

project demonstrates that lineamens observed in the hyperspectral data are coicident with the 

previously identified fractures zones.  The principal value of the low-altitude flight hyperspectral 

data is high resolution (about 3 m per pixel), which allows clear discrimnation between cultural 

and natural origins of lineaments, and promotes the ability to enhance the recognition of fracture 

zones through a numerical treatment of the spectral data.   
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SUMMARY 

 

 

The importance of structural control on oil and gas reservoir quality, and in some cases, on even 

the presence of a play, is well known. However, mapping structural trends by conventional 

techniques, based on well logs and high resolution seismic data, is often prohibitively expensive, 

especially 3-D seismic or reconnaissance high-resolution seismic. A primary objective of the 

research was to test the efficacy of hyperspectral image analyses for identifying lineaments that 

are associated with fracture intensification domains (FIDs). If such lineaments could be identified 

in the hyperspectral data, then the location of FIDs that were recognized in outcrop or in soil gas 

data could be extended away from the outcrop or soil gas spike. Such lineaments provide a rapid, 

relatively inexpensive method for determining the extent of fractured reservoirs and for 

determining target areas for more expensive exploration technologies, such as seismic profiling or 

exploratory drilling.  

 

The specific study area for this research project was in Allegany County, New York State, where 

Jacobi and Fountain had previously identified faults through an integrated approach that included 

surface stratigraphy, structure, soil gas analyses, VLF, lineament analyses of images such as 

Landsat, air photos, topographic maps and SLAR, and subsurface seismic reflection analyses and 

well log analyses. Subsurface structures identified by this integrative methodology included N-, 

NE- and NW-striking faults. 

 

The result of the present research showed that low-level flight (high resolution) hyperspectral 

images do display lineaments, and that the origin of these lineaments can be discriminated 

between cultlural and natural origins, unlike many of the lineaments identified in the coarser 

resolution Landsat 7 images. Most of the hyperspectral lineaments correspond to FIDs recognized 

in the earlier Jacobi and Fountain study, but a few additonal lineaments were found in the 

hyperspectral data that were never recognized from the previous data sets.  Ths present study 

demonstrates that an integration of hyperspectral lineaments, surface structure and soil gas is an 

extremely effective method for recognizing subsurface structure and mapping the patterns of these 

subsurface structures. The method is essentially a "poor-person's 3-D seismic", especially if 

combined with a confirmation seismic line. 

 

The report that follows is slightly modified from an earlier publication that appeared in 1999; the 

reference for this earlier publication is: Fountain, John C., Jacobi, Robert D., and Fountain, 

Matthew J., 1999, Detection of fracture intensification domains using hyperspectral remote 
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sensing data: A case study in Allegany County, New York: Ontario Petroleum Institute (London, 

Ontario), 38th Annual Conference, Technical Paper13, 10pp.   
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INTRODUCTION 

 

This paper describes an enhanced method of utilizing remote sensing data to aid in locating 

fractured reservoirs.  In western New York, as in other portions of the Appalachian Basin, gas 

production from many units is controlled by the extent of fracturing of reservoir rocks.  Thus, 

recognition of zones of intense fracturing is an essential aspect of exploration and resource 

evaluation.  Although regional fracture sets cut virtually the entire basin, zones of high 

productivity in fractured reservoirs are restricted to areas of unusually intense fracturing; these 

zones are typically associated with fault zones.   In western New York, the displacement 

associated with the fault zones has traditionally been thought to die away above the Silurian 

Salina Group (e.g. Fakundiny et al., 1978), consistent with the apparent minor surface expression 

of most faults.  Although we believe significant offsets at the surface are more common than 

generally believed (Jacobi and Fountain, 1996), the long-lived perception that most faults in the 

region have little surface expression is evidence of the difficulty of recognizing the faults at the 

surface.   The surface expression of typical fault zones is confined to zones of intense fracturing, 

or minor faults with an offset of a few centimeters. These zones, which may be narrow in outcrop 

(less than 100 m in many cases) and segmented, are difficult to locate with conventional 

techniques.  Such zones have been termed fracture intensification domains (FIDs; Jacobi and 

Fountain, 1996; Jacobi and Xu, 1998).   In this paper, a new procedure for identification of FIDs 

using hyperspectral analysis is described. 

 

BACKGROUND/APPROACH 

 

 

It has been well established that remote sensing can be used to help identify fault zones, through 

recognition of lineaments (e.g., Sabins, 1987).  Faults can produce lineaments by many processes; 

large offsets may juxtapose dissimilar rocks across the fault, vertical offset may cause linear fault 

scarps, and highly fractured rock may result in high rates of erosion along the fracture trend.   

Thus topographic lows and streams are often aligned along faults, all of which form lineaments.  

Of course lineaments may have many other origins, including roads, property boundaries and 

dozens of other anthropogenic influences.   Nonetheless, remote sensing has had much success in 

finding major fault systems. 

 

In western New York, however, recognition of faults through lineament analysis is difficult, not 

only due to the weak surface expression of many fault systems but also due to complications 
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resulting from the fact that there are typically at least two, and often more, regional fracture 

systems in each area, each of which may produce lineaments. 

 

The method described in this paper has thus been designed to address two major problems with 

the traditional remote sensing approaches: 

 

1: Fault zones in western New York have been shown to be characterized by narrow (in cases 

less than 10 m) outcrops of intense fracturing (fracture intensification zones or FIDs), and 

may not always form long persistent zones.  Thus a resolution on the scale of a few m is 

necessary to detect some FIDs. 

 

2: A rigorous lineament analysis usually finds many (hundreds to thousands) of lineaments, 

discrimination of which, if any, correspond to the desired fault zone is an onerous task.  As 

the resolution of the lineament analysis increases, the number of lineaments found in a given 

area increases. Thus high-resolution remote sensing methods typically identify more 

lineaments than can readily be field checked. 

 

HYPERSPECTRAL DATA 

 

 

For this project, Jacobi and Fountain used hyperspectral data collected from a fixed-wing aircraft-

mounted spectrometer from GER (Geophysical & Environmental Research, Corp., Millbrook, 

NY, see Appendix A).  The goal was to test whether a procedure could be developed to reduce the 

number of lineaments identified, but still maintain appropriate scale and sensitivity. Jacobi and 

Fountain employed the low-altitude aircraft-mounted spectrometer technique in order to obtain the 

desired resolution. Jacobi and Fountain wanted to have the potential of resolving fracture zones as 

narrow as 10 meters, requiring a pixel size of the same order.  In addition, the high resolution 

would provide easier determination of the origin of many of the lineaments. 

 

The spectrometer used a continuous scanning hyperspectral analyzer with 30 channels covering  

the visual and infrared spectrum.  Data were obtained at two flight elevations (height above 

average ground surface), 885 m (2,900 ft) and 8,900 ft.  At an elevation of 885 m (2,900 feet), the 

scan width was approximately 1,530 m (5,030 ft), with 512 pixels per scan, resulting in a pixel 

width of approximately 3 m (10 ft). At an elevation of 2,710 m (8,900 ft), the swath width was 

about 4,700 m (15,400 ft), yielding a pixel width of about 9 m (30 ft).  In comparison,  

conventional Landsat TM data has a resolution of about 30 m (Sabins, 1987). 
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STUDY AREA 

 

Data were acquired in two portions of Allegany County, New York (Figure 1), an area in which 

Jacobi and Fountain (1996) recently completed an intensive structural study.  Also shown on 

Figure 1 is the trend of one of the main branches of the Clarendon-Linden Fault System which 

resulted in many of the north-trending structures in the study area.  Data acquired in Jacobi and 

Fountain’s (1996) earlier study included detailed structural and stratigraphic measurements on 

more than 1200 outcrops, 75 miles of seismic lines, well log and soil gas data, as well as 

topographic lineament analysis (Figure 2).  Over 75,000 fractures were measured in the study.  

Two flight lines were selected for this study (Figure 3) to cover areas of multiple FIDs that were 

recognized in the earlier study; the flight lines were also planned so that they crossed at least one 

seismic line.  The extensive existing studies thus allowed detailed verification of lineament 

identified in this reserch project.  

 

An existing study by Earthsat (Earthsat, 1997) utilized Landsat TM imagery for identification of 

fractures in the New York State.  This study, which has provided a high quality lineament analysis 

of the Appalachian Basin in New York, gives an idea of the number of lineaments that one obtains 

through remote sensing (Figure 4).  The lineaments reported by Earthsat’s (1997) study for 

Allegany County are shown in Figure 5.  Although this study was on the scale of entire state it 

still found a formidable number of lineaments to evaluate, even when considering only a small 

area. 

 

The major lineaments noted on the Earthsat (1997) study on the western edge of the county 

correspond to the Rawson Valley area, where one of the two flight-lines was planned for this 

study, and in which Jacobi and Fountain (1996) found FIDs on the ground.  The area over which 

the second flight was made, in the north central part of the county (Figure 3), does not correspond 

with an area of north-south fractures on the Earthsat (1997) study.   However seismic, outcrop and 

well log data (discussed in a later section) have confirmed the presence of a fault zone and related 

FIDs in this zone (Jacobi and Fountain, 1996).  Apparently the lineaments associated with the 

FIDs in this area were not detected by the Landsat analysis.  

 

METHOD DEVELOPMENT  

 

A lineament analysis can be made using existing techniques that could identify smaller features. 

However, if the lineament analysis is refined with a higher resolution image, for example by using 

a 7.5’ topographic map as the image for lineament analysis, the density of the lineaments becomes 
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proportionately higher (Figure 6). This figure contains topographic lineaments of one 7.5’ 

topographic quadrangle in Allegany County (Houghton quadrangle; Wawrznski and Jacobi, 1992; 

Jacobi and Fountain, 1996). Although lineament analysis of 7.5’ topopgrpahic maps can easily 

identify topographic lineaments as short as 100m, there is no rapid way to evaluate the origin of 

the thousands lineaments thus identified. This increase in number of lineaments with increased 

sensitivity illustrates the need for the paired objectives of this study, to develop a method that is 

both sensitive and selective.  

 

Hyperspectral analysis utilizes more channels of data (the dataset for this study included 30 

channels covering the visible and infrared spectrum, compared to 7 for Landsat TM). In theory 

this provides more sensitivity than data with fewer channels since individual channels may show 

much stronger response to various factors than the averaging that rsults with the wider bands of 

more traditional imaging.  However it also poses a greater problem of processing the data, for 

there is so much more data to evaluate.  There are many approaches at developing a scheme for 

lineament recognition. The methodology in this study was formulated for the specific objectives 

of this study, to recognize the FIDs in the study area. 

 

The approach was to select several areas on the flight lines where Jacobi and Fountain (1996) 

have established from previous studies that FIDs exist, then select a processing procedure that 

made the FIDs highly recognizable on the images. This procedure was then applied to the 

remainder of the study area. The raw data was first corrected for aircraft motion by GER and then 

processed by the University at Buffalo Rock Fracture Group using the program ENVI (Better 

Solutions Consulting Limited Liability Company, Lafayette, CO).  Three bands (#13, 14 and 15: 

670, 689 and 708 nm respectively) showed each FID clearly, while band 30 (infrared, 10,000 nm) 

did not show the FIDs.  Bands 13, 14 and 15 are all within the red portion of the visual spectrum. 

The three bands were thus summed and band 30 subtracted.  The images were then edge-enhanced 

with a non-directional edge-enhancement routine in ENVI. The contrast of the resulting image 

was adjusted by stretching.  This technique was then applied to each image. 

 

To determine if this technique is capable of identifying FIDs, the technique was then applied to 

each of the flight lines.  An operator who was not familiar with the geology of the area was 

instructed in the technique and asked to identify all lineaments that were prominent after 

processing, and that were not associated with an obvious non-geologic origin (field edges, roads 

etc.).   Prior to this test, a list of known FIDs in the area was compiled.  In evaluating the origin of 

the lineaments, the high-resolution images were of immense help. It is clear on these images 

which lineaments are associated with cultural features such as field boundaries, roads, and other 

non-geologic origins.   
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RESULTS 

 

The resolution of the data is compared to Landsat TM data in Figures 7 and 8.  Figure 7 shows the 

north shore of Rushford Lake on a Landsat image; Figure 8 shows the same scene using the data 

from this study. In each case, a single channel, selected for the best resolution of this image, was 

used.  It may readily be seen from these two figures that while many lineaments may be 

recognized in the LandSat data, it is usually difficult to determine the origin of the lineaments.  In 

contrast, one can see in Figure 8 that the origins of most lineaments are readily apparent in the 

hyperspectral image.  

 

A demonstration of the increased ability to recognize lineaments in the hyperspectral data 

compared to the Landst 7 data can be seen in Figure 9. This figure diplays an unprocessed 

hyperspectral image from an area with a FID previously identified by Jacobi and Fountain (1996).  

This FID cannot be recognized in Landsat images, but a number of lineaments can readily be seen 

in figure 9.  Although the high-resolution of the image allows identification of many of the 

lineaments as field edges, about a half dozen strong lineaments would require further evaluation.   

Figure 10 shows the same image with our processing applied.  Here there are only two strong 

lineaments, one of which is clearly related to a field boundary, the other is apparently not related 

to any obvious origin.  The second lineament, marked by the arrow in Figure 10, is an FID.  The 

very strong lineament of the FID is obvious, and the lineament is not associated with any obvious 

cultural cause such as a road or field edge.  As a further check of lineaments, the topography can 

be compared with the lineament by overlaying a digitized USGS topographic map.  The FIDs are 

almost invariably associated with topographic lineaments, whereas many of the field boundaries 

and other man-made lineaments are not. 

 

The correspondence of lineaments identified by this study’s method and faulting is confirmed by a 

seismic line shot across the lineament (see Figure 3 for the location of the seismic lines). Figure 

15 is a seismic section along the lineament, which shows clear offset at depth (Jacobi and 

Fountain, 1996; 1998).  It is important to note that there was no outcrop near this lineament, thus 

it could not have been identified as an FID by conventional mapping techniques. 

 

Another example of the processing technique developed for this study is shown in Figure 11, 

which is an image of another area with two known FIDs.  Although a NE-trending lineament can 

be seen (marked by an arrow in Figure 11), a NW-trending lineament (which is evident on the 

ground as a dry valley) cannot be seen, even on a large high-resolution print of this image.  After 

processing (Figure 12), one can see that there are two intersecting lineaments (the lines on figure 
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12 are added for clarity; they are parallel to the lineaments, but offset slightly so that they do not 

obscure the anomalies).  A seismic line  (not shown) from a study by the New York State 

Geological Survey (Fakundiny et al., 1978), located very near these valleys found about 77m of  

offset of the basement, confirming these lineaments are associated with major faulting. 

 

Similar results were found on the Rawson Valley flight line.  In this case several areas of known 

FIDs were located too far from the flight path to be imaged by the low level flight (which has 

about a 1 mile swath) and thus the high elevation data was used.  Figure 13 shows an unprocessed 

image of one area with known FIDs.  After processing, distinct lineaments may be seen on both 

sides of the valley (Figure 14: again for clarity the lines are offset the lineaments). Excellent 

outcrop on the valley sides allowed direct comparison of the lineaments to fracture orientation and 

density.  The master fractures, which elsewhere in the area area are NW- or NE-striking, were 

oriented north-south in Rawson Valley, as were the lineaments.   The lineament on the right side 

of the photo corresponds to one of the zones with the highest frequency of N-strking frcatures 

(Figure 16), and the lineament on the left to the other zone.  A seismic line shot across the valley 

confirmed that the FIDs found in outcrop, topographic lineaments, and the lineaments found by 

our processing, all correspond to faulting at depth (Figure 16). 

 

To evaluate the process we compiled a list of 12 known FIDs along the flight lines.  Our analysis 

of the hyperspectral data found all 12 of these FIDs.  In addition, several other lineaments were 

identified in areas with little other data.  These lineaments occured in zones defined by north-

south topographic lineaments that are probably also FIDs.  It should be noted that the flight lines 

were selected to follow bands of known FIDs, thus the probability of a hypewrspectral lineament 

being associated with FIDs was higher than normal. However, the superb visual resolution of the 

images was primarily responsible for the ability to eliminate most cultural-related lineaments from 

further consideration.   

 

CONCLUSIONS 

 

The use of high resolution (approximately 3 m per pixel) hyperspectral images, combined with 

simple processing, allows rapid identification of zones of intense fracturing.  The technique works 

even where outcrop is poor to nonexistent and where the surface expressions of the faults are not 

well developed.  
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Figure 1.  Location of Allegany County, New York.  The Clarendon-Linden Fault System is labeled CLF. 
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Figure 2. Location of sites in Allegany County for which structural and stratigraphic data are available (Jacobi and 
Fountain, 1996).  Dashed lines are county lines, heavy black lines are seismic lines.  The northern line is Wiscoy 
(Figure 15) and the southern line is Rawson (Figure 6).Quadrangles: PI: Pike,  PO Portageville, FR: Freedom, HO: 
Houghton,  FI: Fillmore,  BI: Birdsall, RA: Rawson, AN Angelica,  BC: Black Creek,  WA: West Almond. 
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Figure 3. Location of Flight Lines (heavy black lines).  The gray boxes are north-trending FIDs (Jacobi and 
Fountain, 1996; Peters and Jacobi, 1997; Zack and Jacobi, 1997; Jacobi and Xu, 1998). Open boxes are 
seismic lines. 
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Figure 4. Lineaments in New York State from Earthsat (1997).  
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                                  Figure 5. Earthsat (1997) Lineaments in Allegany County. North at top of figure. 
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Figure 6. Topographic lineaments in the 7.5' Houghton Quadrangle (from Wawrzynski and Jacobi, 1992).  
North at top of figure. Distance across base of map is 10.2 km (6.36 mi).  
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Figure 7. Landsat TM Image of the north shore of              Figure 8. Hyperspectral image of the north shore of 
Rushford Lake. Image is approximately 1.6 km (1 mi)       Rushford Lake. Image is approximately  1.6 km (1 mi)               
across.  North at top of image.                                              across.  North at top of image. 
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  Figure 9. Hyperspectral image. Width of image approximately 1.6 km (1 mile). North at top of image.                   
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Figure 10. Area shown in Figure 9, after processing.  Arrow is aligned with FID. Width of image approximately 1.6 
km (1 mi).             
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Figure 11. Hyperspectral Image near Pike, New York. North is at base of image. Arrow points to lineament. Width 
of image is approximately 1.6 km (1 mi). 
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Figure 12. Scene in Figure 12 after processing. North is at base of the image. Image is approximately 1.6 km (1 mi) 
wide. Note that for clarity the black lines denoting lineaments are offset from actual lineaments on the image. 
Arrows point to locations of the actual lineaments  
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    Figure 13. Hyperspectral high-elevation image of Rawson Valley.  North is at the base of the image. Width of    

image is approximately 4.8 km (3 mi).                                                                
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        Figure 14. Processed version of Figure 13.  North at base of image. Width of image is approximately 4.55 km  
        (2.8 mi). Note that for clarity the black lines denoting lineaments are offset from actual lineaments on the         

image. 
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            Figure 15. Wiscoy interpreted seismic section.  (From Jacobi and Fountain, 1998)                                               
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Figure 16. Rawson seismic section. Topography and fracture frequency across Rawson Valley also shown. (From 
Jacobi and Xu, 1998) 
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