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, 
 
Figure 22 – Ternary radioelement map of the south coast of Newfoundland. Courtesy: 
Natural Resrouces Canada -  http://gsc.nrcan.gc.ca/gamma/appgeo_e.php 
 

 
However, with the greater use of additional spectral information derived from the gamma-ray 
channels using the full-spectrum analysis, some of the image-statistical tools can also be 
implemented to obtain additional information from the data.  Principal component analysis (of 
wich the so called MNF is a special case, often and used to remove noise from the data) is an 
effective way to enhance the visibility of subtle variations in gamma-ray data. The technique 
can be applied to both conventional three-channel K-U-Th data (IAEG, 2003) and to multi-
channel radiometric data (Minty, 1998). 
Multivariate analysis techniques such as Supervised and Unsupervised classification provide 
powerful means to understand the information contained in the data, both with respect to the 
spatial and spectral patterns relationships that exist within the dataset (IAEG-2003). This is 
instrumental to the understanding of the meaning of the data in terms of processes such as 
geology, hydrothermal alteration, erosion, weathering, regolith formation, soil degradation, 
environmental impact, etcetera. Good examples of such classifications are provided by e.g. 
Anderson (1998), Martelet et al (2006), Roberts et al (2004), Goossens (1992). 
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Figure 23a - Ternary relative radio-element abundance map; b - Image sharpened with high-
pass filtered Landsat band TM5; c- Image integrated with relief shaded total count data 
(IAEA, 2003); d- Airborne SAR/gamma total count integrated product (Paradella et al., 
1997); e- Combined gamma-ray ternary image with DEM as 3D-perspective enables the 
visualisation of complex relationships between the gamma-ray response and terrain 
morphology attributes (Wilford et al., 2002); f-  Airborne potassium overlain on a hillshaded 
DEM for in a forested area near Batlow, NSW. Outlined dark blue areas correspond to basalt 
flows  (Bierwirth et al., 1999) 
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Figure 24 – Maps of the Panorama Massive Sulphide district with distribution of alteration 
facies (right) and the K/Th ratio from airborne Gamma-ray spectrometric data; from Huston et 
al.  (1998) 
 

6.3.6 Data Integration 
The term “horizontal-data integration” is a more accepted term than the “data-fusion” 
commonly used before to denote methodology of employing combination of multi-source 
data to derive particular set of observables used in target detection. The main reason is that no 
data is actually fused, but is integrated in the variety of layers or defined observables to 
accurately account for all of the imaged target characteristics (e.g. shape, texture, spectral 
features).  The  need to seamlessly integrate various datasets stems from the increasing types 
of sensing systems used, differences in spatial, spectral and radiometric resolution and the 
modes of acquisition (active, passive, nadir-looking, off-nadir, horizontal etc.).  Integrating 
remotely sensed data, especially multi-source remains challenging particularly in regards to 
viewing geometry, nature of the target observed and characteristic observables that may or 
may not be present under all observation conditions. Detailed discussion of horizontal data 
integration is presented in D4.1, §5.5. 
The primary path  of data integration presented in the ImpactMin project revolves along 
merging multispectral/hyperspectral satellite with airborne hyperspectral data, and to a lesser 
extent merging airborne hyperspectral with gamma-ray spectroscopic data. The primary 
concerns are the issues of scale/resolution and their effects on the detectability of particular 
targets. In any data integration, being able to resolve particular targets in varying imaging 
parameters becomes of crucial importance. Smailbegovic (2006) has presented a study on 
analyzing available radiance and reflectance data (and ancillary sets) on ProSpecTIR, 
HyperSpectir (HST), HyMap, Low and High altitude AVIRIS and Hyperion hyperspectral 
data over a cross-correlated discrete target-area present in all of the sets gathered in the 
geospatial database (i.e. Buddingtonite Bump area in Cuprite, NV). The goal was to 
demonstrate at what spatial or spectral resolution, comparable to the available sensor data, the 
target signal would become overwhelmed by the noise. However, it was demonstrated that the 
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majority of hyperspectral sensors produce comparable results and can identify characteristic 
signature of buddingtonite mineral at spatial resolutions ranging from 1m to 30m, sampling 
interval ranging from 5 to 16nm and airborne to spaceborne mode of operation. Furthermore, 
it was demonstrable that the same area yielded very similar results regardless of airborne 
imager used. Improved spatial resolution allows for the spectrally unique areas to be resolved 
and constrained better, while improved spectral resolution allows for sub-classification of a 
particular endmember with regards to minute differences in the type, purity, composition, but 
also illumination, imaging geometry and so on. 
In the course of ImpactMin project, the intent is to repeat this detectability threshold over 
variety of sensing systems used and determine at what spatial/spectral resolution the particular 
target observable disappears or becomes enhanced with an influx of an additional data 
element.   
 

 
 
Figure 25 – Analysis of target detectability as a function of spatial and spectral resolution: 
important parameters in any data-integration (adapted from Smailbegovic, 2006). 
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7. Conclusions 
 
The imaging and analysis of environmental factors related to mineral extraction with airborne 
HSI/GRS remote sensing is a complex task of resolving targets and observable characteristics 
coupled with the inherent dimensionality of spectral data. Ultimately, the ability to resolve the 
subtle indicators and clues is directly proportional to the quality of data collected, but also the 
premises and parameters determined in data acquisition and analysis. In conjunction with all 
other available methods, the airborne spectral imagery yields the highest score in the quantity 
and usability of data collected. Furthermore, by using the sheer quantity and redundancy of 
HSI/GRS data, it is possible to increase the level of confidence in target unmixing and 
detection, reinforcing the advantage over other sensing methods in the terms of confidence, 
time and overall cost effectiveness.  Therefore, the airborne component fills the important 
niche situated between in-situ measurements and spaceborne sensing. 
 
The main advantages of the airborne approach is the ability to resolve the surface detail in 
high spatial and spectral resolution, over relatively wide area and low-to-moderate overall 
cost of acquisition. These qualities make it increasingly popular with the industry in 
appraising mineralization potential of the area, types of surface cover, distribution of 
pollutants, anomaly identification and search/recovery. The spectral information provides a 
fairly robust approach in extrapolating composition of the particular imaged target and its 
classification or isolation from the background.  
 
The main disadvantages of the approach are the requirements for nearly ideal acquisition 
conditions: clear weather and abundant sunlight for hyperspectral and low/level-flight for 
gamma ray sensors. The secondary disadvantages are the relatively high cost of mobilization 
and the amount of data generated that requires considerable technical proficiency in analysis 
and interpretation.  
 
Some of these obstacles can be tackled by using novel methods in acquisition (e.g. use of 
unmanned aircraft, smaller sensors etc.), but also in supporting the airborne data with other 
types of in-situ or satellite data to achieve better calibration, in-fill the coverage gaps, or most 
importantly precisely target the airborne data to the areas where increased spatial/spectral 
detail is required.  
 
The study sites presented in this report present an ideal testing ground in appraising 
capabilities of an integrated airborne collection approach with the other types of data because 
of their environmental diversity, presence of particular signatures characteristic of mineral 
exploration and exploitation and different strategies required or available to collect the 
necessary information.  
 



 
 IMPACTMIN Contract №: 244166 

 58 

 

8. References/Works Cited: 
 
Adams, J., Smith, M. and Gillespie, A., 1993. Imaging spectroscopy: interpretation based on spectral mixture 

analysis. In: C. Pieters and P. Englert (Editors), Remote Geochemical Analysis, Topics in Remote 
Sensing 4. Cambridge University Press, U.K., pp.145-166. 

 
Adler-Golden, S.M., M.W. Matthew, L.S. Bernstein, R.Y. Levine, A. Berk, S.C. Richtsmeier, P.K. Acharya, 

G.P. Anderson, G. Felde, J. Gardner, M. Hoke, L.S. Jeong, B. Pukall, A. Ratkowski and H.K. Burke, 
1999, “Atmospheric Correction for Short-wave Spectral Imagery Based on MODTRAN4,” in 
Summaries of the Eighth Annual JPL Earth Science Workshop, Vol. I, available at 
http://makalu.jpl.nasa.gov.  

 
Anderson-Mayes, A.M., 1998; Simple spatial analysis of complex multivariate airborne geophysical data. 
 http://www.geocomputation.org/1998/29/gc_29.htm 
 
Andreoli M.A.G., Hart, R.J., Ashwal, L.D., Coetzee, H. 2006, Correlations between U, Th content and 
 metamorphic grade in the Western Namaqualand Belt, Soth Africa, with implications for radioactive 
 heating of the crust/ Journal of Petrology 47:6, 1095-1118 
 
Aoki, M., Yabuki, K., and Totsuka, T. 1981, An evaluation of chlorophyll content of leaves based on the spectral 

reflective ity in several plants. Res. Rep. Natl. Inst. Environ. Stud. Jpn. 66:125–130. 
 
Arthur, J., Leone, I., & Flower, F. 1985. The response of tomato plants to simulated landfill gas mixtures. 

Journal of Environmental Science and Health, A20(8), 913-925. 
 
Asner, G.P., Hicke, J.A. and Lobell, D.B., 2003. Remote sensing of forest environments: concepts and case 

studies. Kluwer Academic Publishers. 
 
Atkinson, P. and Tatnall, A., 1997. Introduction - Neural networks in remote sensing. International Journal of 

Remote Sensing, 18(4): 699-709. 
 
Baresel C., Destouni G., Diffuse subsurface zinc loads from mining areas in the Dalälven River Basin, Sweden, 

Hydrology Research, 40(5), 445-453,doi:10.2166/nh.2009.013, 2009 
 

Baresel C., Destouni G., Uncertainty-Accounting Environmental Policy and Management of Water Systems, 
Environ. Sci. Technol., 41(10), 3653–3659, doi:10.1021/es061515e, 2007 

 
Baresel C., Destouni G., and Gren I.M., The influence of metal source uncertainty on cost-effective allocation of 

mine water pollution abatement in catchments, Journal of Environmental Management, 78(2), 138-148, 
2006 

 
Barisic, D., Lulic, S., & Miletic, P. 1992. Radium and uranium in phosphate fertilizers and their impact on the 

radioactivity of waters. Water Research, 26, 607±611 
 
Baugh, W.M. and Groeneveld, D.P. 2008. Empirical proof of the empirical line. International Journal of Remote 

Sensing, 29:3, p.665-672.   
 
Bedell, R.L. 2004. Remote Sensing in Mineral Exploration; Society of Economic Geologists Newsletter, 

Number 58, July, 2004, 8 p. 
 
Benitez, J. M., Castro, J. L., and Requena, I., 1997, Are artificial neural networks blackboxes? IEEE 

Transactions on Neural Networks, 8, 1156–1164. 
 
Berk, A., L.S. Bernstein, G.P. Anderson, P.K. Acharya, D.C. Robertson, J.H. Chetwynd, and S.M. Adler-

Golden, 1998, “MODTRAN Cloud and Multiple Scattering Upgrades with Application to AVIRIS,’ 
Remote Sens. Environ., 65, 367-375. 

 



 
 IMPACTMIN Contract №: 244166 

 59 

Berman, M., Kiiveri, H., Lagerstrom, R., Ernst, A., Dunne, R. and Huntington, J., 2004. ICE: an automated 
statistical approach to identifying endmembers in hyperspectral images. IEEE Transactions on 
Geoscience and Remote Sensing, 42: 2085-2095. 

 
Bierwirth PN, Aspin SJ, Ryan PJ, McKenzie NJ, 1999; Gamma-ray remote sensing of soil properties in a 
 forested area near Batlow, NSW 
 
Bierwirth PN, Brodie RS, 2005; Identifying acid sulfate soil hotspots from airborne gamma-radiometric data and 
 GIS analysis; Australian Governmnet-Bureau of Rural Sciences report. 
 
Billings S, Hovgaard J, 1999; Modelling detector response in airborne gamma-ray spectrometry.  Geophysics, 64 
 (5) 1378-1392 
 
Boardman, J.W., 1993, “Automated Spectral Unmixing of AVIRIS Data Using Convex Geometry Concepts,” in 

Summaries, Fourth JPL Airborne Geoscience Workshop, JPL Publication 93-26, v. 1, pp. 11-14. 
 
Boardman J.W. and Kruse, F.A. 1994. Automated spectral analysis: A geologic example using AVIRIS data, 

north Grapevine Mountains, Nevada. Proccedings of the 10th Thematic conference on Geologic Remote 
Sensing, Environmental Research Institute of Michigan, Ann Arbor, MI., p.407-418.  

 
Boardman, J.W., Kruse, F.A. and Green, R.O.. 1995. Mapping target signatures via partial unmixing of AVIRIS 

data: Summaries of the 5th Airborne Earth Science Workshop, JPL Publication 95-1, v.1., p23-26.  
 
Bodorkos S, Sandiford M, Minty BRS, Blewett RS 2004;  A high resolution, calibrated  airborne radiometric 
 dataset applied to the estimation of crustal heat production in the Archaean northern Pilbara Craton, 
 Western Australia. Precambrian Research 128, 57- 82 
 
Boero, V. & Schwertmann, U. 1989: Iron oxide mineralogy of terra rossa and its genetic implications.– 

Geoderma, 44, 319–327. 
 
Booth CJ, 2002, The effects on long-wall mining on overlying aquifers, Mine water hydrology and 

geochemistry, Geological Society, London, Special publication, 198: 17-45. 
Thinova, L., Cechak, T., Kluson, J., Trojek, T., 2006. Use of Gamma Spectro- metry Method for Environmental 

Monitoring in the Area of NPP. Journal of Physics: Conference Series, vol. 41, no. 4, London, pp. 569–
572, ISSN 1742-6596. 

 
Bruce, L. M., C. H. Koger, and J. Li. 2002. Dimensionality reduction of hyperspectral data using discrete 

wavelet transform feature extraction. IEEE Trans. Geoscience and Remote Sens 40(10): 2331-2338. 

Buschman, C. and Nagel, E., 1993. In vivo spectroscopy and internal optics of leaves as a basis for remote 
sensing of vegetation.International Journal of Remote Sensing, 14: 711-722. 

Carrier F, Bourdon B, Pili E, Truffert C, Wyns R 2006; Airborne gamma-ray spectrometry to quantify chemical 
erosion processes. Journal of Geochemical exploration 88, 266-270 

 
de Carvalho, O.A. and Meneses, P.R. (2000). Spectral Correlation Mapper (SCM); An Improvement on the 

Spectral Angle Mapper (SAM). Summaries of the 9th JPL Airborne Earth Science Workshop, JPL 
Publication 00-18, 9 p. 

Carter, G.A., 1994. Ratios of leaf reflectances in narrow wavebands as indicators of plant stress. International 
Journal of Remote Sensing, 15: 697-703. 

Campbell, D.L., Horton, R.J., Bisdorf, R.J., Fey, D.L., Powers, M.H., Fitterman, D.V. 1999. Some geophysical 
methods for tailings/mine waste work. In Tailings and Mine Waste ‘99 – Proceedings of the Sixth 
International Conference on Tailings and Mine Waste, Fort Collins, CO, January 24-27,1999. 
Rotterdam, A.A. Balkema, p. 35-43. 

 
Campbell, D.L., Fitterman, D.V. 2000. Geoelectrical methods for investigating mine dumps. In Proceedings of 

the Fifth International Conference on Acid Rock Drainage. SME, Littleton, CO. p. 1513-1524. 



 
 IMPACTMIN Contract №: 244166 

 60 

 
Carter, G.A. 1994. Ratios of leaf reflectance in narrow wavebands as indicators of plant stress. International 

Journal of Remote Sensing, 15, 697-703.  
 
Chang, C.-I., Wu, C.-C., Liu, W.-W. and Ouyang, Y.-C., 2006. A new growing method for simplex-based 

endmember extraction algorithm. IEEE Transactions on Geoscience and Remote Sensing, 44(10): 2804-
2819. 

 
Chevrel, S., 2005. MINEO two years later - did the project impulse a new era in imaging spectroscopy applied to 

mining environments? In: Proceedings of the 4th Workshop on Imaging Spectroscopy, Imaging 
Spectroscopy. New quality in environmental studies. 26-29 April 2005,Warsawa, pp. 389-395. 

 
Clark, R.N., Swayze, G.A., Hoefen, T.M., Livo, K.E., Sutley, S.J., Meeker, G.P., Plumlee, G.S., Brownfield, 

I.K., Hageman, P.L., Lamothe, P, Gent, C., Morath, L.C., Taggart, J., Theodorakos, P.M., Adams, M., 
Green, R.O., Pavri, B., Sarture, C., Vance, J.S., and Boardman, J., 2003, Environmental mapping with 
imaging spectroscopy of the World Trade Center area after the September 11, 2001 attack, in Natural 
science and public health; prescription for a better environment; conference abstracts: U.S. Geological 
Survey Open-File Report 03-0097,p. 49. 

 
Clark, R.N., Swayze, G.A., Heidebrecht, K.B., Goetz, A.F.H., and Green, R.O. 1993, Comparison of methods 

for calibrating AVIRIS data to ground reflectance. InSummaries of the Fourth Annual JPL Airborne 
Geoscience Workshop (R.O. Green, Ed.), JPL Publ. 93-26, Jet Propulsion Laboratory, Pasadena, CA, 
pp. 35-36. 

 
Clark, R.N., Swayze, G.A., Heidebrecht, K.B., Green, R.O., and Goetz, A.F.H. 1995, Calibration to surface 

reflectance of terrestrial imaging spectrometry data: Comparison of methods. In Summaries of the Fifth 
Annual JPL Airborne Earth Science Workshop (R.O. Green, Ed.), JPL Publ. 95-1, Jet Propulsion 
Laboratory, Pasadena, CA, pp. 41-42. 

 
Clark, R.N. 1999, Chapter 1: Spectroscopy of Rocks and Minerals and Principles of Spectroscopy, Manual of 

Remote Sensing (Invited), (A.N. Rencz, ed.) John Wiley and Sons, New York, p 3- 58.  
 
Clark, Roger N; Swayze, Gregg A; Gallagher, Andrea J; King, Trude V V; Calvin, Wendy M. The U.S. 

Geological Survey digital spectral library; version 1:0.2 to 3.0 µm. Open-File Report - U. S. Geological 
Survey, Report: OF 93-0592, 1326 pp., 1993 

 
Clark, R.N., Swayze, G.A., Heidebrecht, K.B., Green, R.O., and Goetz, A.F.H. 2002, Calibration to surface 

reflectance of terrestrial imaging spectrometry data: A Tutorial using AVIRIS. AVIRIS Workshop 
Proceedings, 2002: http://speclab.cr.usgs.gov/PAPERS.calibration.tutorial 

Clevers, J.G.P.W., 1989. The application of a weighted infrared-red vegetation index for estimating leaf area 
index by correcting for soil moisture. Remote Sensing of Environment, 29: 25-37. 

Coutzee H, Larkin J, 2009; Application of the airborne radiometric method in radiation protection applications. 
11th SAGA Biennial Technical Meeting and Exhibition Swaziland, 16-18 September 2009, 453-455 

 
Coulter, D.W., Hauff, P.L and Peppin, W. 2008. The use of high spatial and spectral resolution airborne imagery 

for alteration mapping and waste characterization at the Comstock Lode, Nevada. IGARSS 2008. 
www.igarss08.org/Abstracts/pdfs/3657.pdf 

Crósta, A. and de Souza Filho, C., 2005. Remote sensing in mineral exploration: South American examples of 
benefits gained from recent advances in sensor and processing techniques. In: H. Rhoden, R. Steininger 
and P. Vikre (Editors), Window to the World. Geological Society of Nevada, Reno, Nevada, USA 

Crosta, A.P., Sabine, C. and Taranik, J.V. 1998. Hydrothermal Alteration Mapping at Bodie,California, using 
AVIRIS Hyperspectral Data.Remote Sensing of Environment, Vol. 65, p. 309-319. 

 
Crowley, J.K., Williams, D.E., Hammarstrom, J.M., Piatak, N., Chou, I-M. and Mars, J.C., 2003. Spectral 

reflectance properties (0.4–2.5 m) of secondary Fe-oxide, Fe-hydroxide,and Fe-sulphate-hydrate 



 
 IMPACTMIN Contract №: 244166 

 61 

minerals associated with sulphide bearing mine wastes. Geochemistry: Exploration, Environment, 
Analysis, 3- 3, pp. 219-228(10). 

 
Curran, P. J., Dungan, J. L., Macler, B. A., and Plummer, S. E. (1991), The effect of a red leaf pigment on the 

relationship short-wave infrared region.. Remote- Sens. Environ. 35:69–75. 
 
Curtiss, B., AND A. F. H. Goetz. 1994. Field spectrometry: Techniques and instrumentation, p. 195–203. In R. 

B. Gomez [ed.], Proc. Int. Symp. Spectral Sens. Res. 
 
De Meijer, R. J. (1997). Heavy Minerals: From ‘Edelstein’ to Einstein. Journal of Geochemical Exploration, 

62(1-3): 81-103. 
 
Deronde, B., Kempeneers, P. and Forster, R., 2006. Imaging spectroscopy as a tool to study sediment 

characteristics on a tidal sandbank in the Westerschelde. Estuarine, Coastal and Shelf Science, 69: 580-
590. 

 
Diakow LJ, Shivers RBK 2003; Geoscience parnership in the Toodoggone river and  McConnell Creek map 
 areas, North Central British Columbia. Contribution of the Federal-Provincial Targeted Geoscience 
 Initiative-II (TGI-II)  
 
Dickson BL 2004; Recent advances in aerial gamma-ray surveying. JOurnal of environmental radioactivity 76. 
 225-236 
 
Durn, G., Slovenec, D. & Čovic, M. 2001: Distribution of iron and manganese in Terra Rossa from Istria and its 
 genetic implications.– Geologia Croatica, 54/1, 27–36 
 
Elmore, A. and Mustard, J., 2003. Precision and accuracy of EO-1 Advanced Land Imager (ALI) data for 

semiarid vegetation studies. IEEE Transactions on Geoscience and Remote Sensing, 41: 1311-1320. 

Elvidge, C.D. and Chen, Z., 1995. Comparison of broad-band and narrow-band red and near-infrared vegetation 
indices. Remote Sensing of Environment, 54: 38-48. 

ERMITE Consortium. 2004. Mining Impacts on the Fresh Water Environment: Technical and Managerial 
Guidelines for Catchment Scale Management. Younger, P.L. & Wolkersdorfer, C. (eds). Mine Water 
and the Environment 23A: S2-S80 

 
Farrand, W.H. and Harsanyi, J.C. 1995. Mineralogic Variations in Fluvial Sediments Contaminated by Mine 

Tailings as Determined From AVIRIS Data, Coeur d'Aldene River, Idaho. AVIRIS Workshop, pp. 47-
50, JPL Publication. 

 
Farrand, W.H., and J.C. Harsanyi, 1997, “Use of a Modified Constrained Energy Minimization Technique to 

Map Ferruginous Sediments Along The Alamosa River, Colorado”, Twelfth International Conference 
and Workshops on Applied Geologic Remote Sensing, Denver, Colorado, 17-19 November 1997, 
Vol.2, pp. 385-392. 

Farrand, W., Stewart, R. and Vance, L., 1999. Preliminary results from a comparative mapping analysis in the 
Tintic Mining District using AVIRIS and ESSI-PROBE 1 data. 

Fichtner consortium. Feasibility Study, November 2006, KfW Bankengruppe, City of Mostar Rehabilitation of 
the Coal Mining Complex Vihovici in Mostar - Bosnia and Herzegovina, Preparatory Stage Report 

 
Girouard, G., Bannari, A., El-Harti, A, and Desrochers, A. (2004) Validated Spectral Angle Mapper for 

Geological Mapping: Comparative Study Between High and Medium Spatial Resolutions. ISPRS, 
Istanbul, Turkey, 10-23 July 2004, Actes sur CD, papier-599, commission-7. 

 
Gitelson, A., 2004. Wide dynamic range vegetation index for remote quantification of crop biophysical 

characteristics. Journal of Plant Physiology, 161: 165-173. 
 



 
 IMPACTMIN Contract №: 244166 

 62 

Gitelson, A., Gritz, Y. and Merzlyak, M., 2003. Relationships between leaf chlorophyll content and spectral 
reflectance and algorithms for non-destructive chlorophyll assessment in higher plant leaves. Journal of 
Plant Physiology, 148: 271-282. 

 
Gitelson, A., Kaufman, Y., Stark, R. and Rundquist, D., 2002. Novel algorithms for remote estimation of 

vegetation fraction. Remote Sensing of Environment, 80: 76-87. 

Gitelson, A.A. and Merzlyak, M.N., 1998. Remote sensing of chlorophyll concentration in higher plant 
leaves. Remote Sensing of Environment, 22: 689-692. 

Gitelson, A.A. and Merzylak, M.N. 1994. Quantitative estimation of chlorophyll-a using reflectance spectra: 
Experiments with autumn chestnut and maple leaves. Journal of Photochemical Phytobiology, 22, p. 
247-252. 

 
Goetz, A.F.H.1980. Geological Remote Sensing in the 1980s. In Remote Sensing in Geology. Barrys S. Seigal 

and Alan R. Gillespie, Ed.p.679-687. 1980. 
 
Goetz, A.F.H., Vane, G., Solomon, J.E., Rock, B.N. 1985. Imaging spectrometry for earth remote sensing, 

Science, 228:1147-1153. 
 
Goldshleger, N., Ben-Dor, E., Benyamini, Y. and Agassi, M. 2004. Soil reflectance as a tool for assessing 

physical crust arrangement of four typical soils in Israel. Soil Science, 169, pp. 677-687. 
 
Godwin, R., Abouguendia, Z., & Thorpe, J. (1990). Response of soils and plants to natural gas migration from 

two wells in the Lloydminster area (No. E- 2510-3-E-90): Saskatchewan Research Council. 

Goossens, MA 1992; Petrogenesis of the mineralozed granitic intrusion near Los Santos, Western Spain and 
Remote sensing and Data Integration as a tool in regional exploration for granite related mineralization. 
PhD-thesis GeologicaUltraiectina. ISBN 90-71577-43-0 

Goossens MA 1994: in IAEA-tecdoc-782: Spatial data integration for mineral exploration, resource assessment 
and environmental studies; A guidebook. International Atomic Energy Agency, 151- 160 

Götze, C. and Glässer, C., 2007. Detection of vegetation stress characteristics in the open cast lignite mining area 
Goitzsche/Central Germany using hyperspectral remote sensing data, 5the EARSeL Workshop on 
Imaging Spectroscopy, Bruges, Belgium. 

Grasty, R.L., 1993 Environmental Monitoring by Airborne Gamma-ray Spectrometry, Experience at the 
Geological Survey of Canada; in Application of Uranium Exploration Data and Techniques in 
Environmental Studies, Proceedings of a Technical Committee Meeting, November 9-12, 1993, 
International Atomic Energy Agency, Vienna, IAEA TECDOC-827. 

 
Grasty RL, Minty BRS 1995; A guide to the technical specifications for airborne gamma-ray surveys. Austrailan 

Geological Survey organisation. Record 1995/60 
 
Gunn PJ, Minty BRS, Milligan PR 1997; The airborne gamma-ray spectrometric response over arid Australian 

terranes. In: Proceedings of Exploration97: Fourth decennial iInternational Conference on Mineral 
Exploration. Ed. Gubis AG. pp 733-740 

 
Guogang Jia, Maria Belli, Umberto Sansone, et al., 2006. Concentration and characteristics of depleted uranium 

in biological and water samples collected in Bosnia and Herzegovina,  in: Journal of Environmental 
Radioactivity Vol. 89 (2006), No. 2, p. 172-187 

 
Harsanyi, J.C., 1993, “Detection and Classification of Subpixel Spectral Signatures in Hyperspectral Image 

Sequences”,Ph.D. Dissertation, University of Maryland, Baltimore County, 116 pp. 
 
Harsanyi, J. C. and C. -I. Chang, 1994. Hyperspectral image classification and dimensionality reduction: An 

orthogonal subspace projection, IEEE Transactions on Geoscience and Remote Sensing, vol. 32, pp. 
779-789 



 
 IMPACTMIN Contract №: 244166 

 63 

Hauff, P., Coulter, D., Peters, D., Sares, M., Prosh, E., Henderson, F. and Bird, D., 2005. Using AVIRIS in 
the NASA BAA project to evaluate the impact of natural acid drainage on Colorado watersheds, 12th 
JPL Airborne Earth Science Workshop. 

Hauff, P.L., D.C. Peters, G.A. Borstad, W.A. Peppin, E. Dillenbeck, L.G. Closs, and E.C. Prosh, 2000, 
Hyperspectral investigations of mine waste and abandoned mine lands – The Dragon calibration site 
case study, in Proceedings of the Ninth JPL AVIRIS Workshop, February 23-25, 2000, Pasadena, 
California: Jet Propulsion Laboratory. 

 
Healy, G. and D. Slater, 1999, “Models and Methods for Automated Material Identification in Hyperspectral 

Imagery Acquired Under Unknown Illumination and Atmospheric Conditions,” IEE Trans. Geosci. 
Remote Sensing, Vol. 37, pp. 2706-2717. 

 
Hendriks, P.H.G.M., Limburg, J. and de Meijer, R.J. 2001. Full-spectrum analysis of natural[gamma]-ray 

spectra. Journal of Environmental Radioactivity, 53: 365-380. 
 
Hook, S.J.; Abbot, E.A.; Grove, C.; Kahle, A.B. and F. Palluconi, “Use of Multispectral Thermal Infrared Data 

in Geological Studies”, in Remote Sensing for the Earth Sciences: Manual of Remote Sensing, 3rd ed., 
vol. 3, A. N. Rencz, Ed., pp. 59-110, 1999. 

 
Horler, D.N.H., Dockray, M. and Barber, J., 1983. The red edge of plant leaf reflectance. International Journal of 

Remote Sensing, 4: 273-288. 
 
Hunt, Graham, R. 1980. Electromagnetic Radiation: The communication Link in Remote Sensing. In Remote 

Sensing in Geology. Barrys S. Seigal and Alan R. Gillespie, Ed.p.6-45. 1980. 
 
Huston DL, Brauhart CW, Wellman P, Andrew AS 1998; Gamma-ray spectrometric and oxigen-isotope 

mapping of regional alteration halos in massive sulphide districts: an example from Panorama, centra  
Piblara Craton. AGSO Research newsetter 29 

 
Hyvonene E, Turunen P, Vanahanen E, Arkimaa H, Sutinen R 2005; Airborne gamma-ray surveys in Finland.  
 Geological Survey of Finland, special paper 39 119-134 
 
International Atomic Energy Agency-tecdoc-1363, 2003; Guidelines for radioelement mapping using gamma-ray 

spectrometry data 
 
Isaksson H, Thunbed H, Keisu M, 2004; Forsmark Site investigation. Intrpretation of airborne geophysics and 

integration with topography. Report Svensk Kämbränslehantering AB, Swedish Nuclear Fuel and waste 
management Co. 

 
Ivan, K., Dusan, B., Franc, K., & Milos, V. 1990. Radionuclides in e.uent from coal mines, a coal fired power 

plant and a phosphatic fertilizer plant in Zasavje, Slovenia (Yugoslavia). Health Physics, 58, 81±85. 
 
Jia G, Belli M, Sansone U, Rosamilia S, Gaudino S. 2006. Concentration and characteristics of depleted uranium 

in biological and water samples collected in Bosnia and Herzegovina. J. Environ.Radioactivity. 89: 172-
187. 

 
Jupp, D. L. B., Kirk, J. T. O. & Harris, G. P. 1994. Detection, identification and mapping of cyanobacteria. using 

remote sensing to measure the optical quality of turbid inland waters. Aust.  
J. Mar. Freshwater Res., 45, 801.828. 

Kancheva, R. and Borisova, D., 2008. Vegetation spectral response to stress conditions, Fundamental Space 
Research, Sunny Beach, Bulgaria. 

Kettles IM, Rencz AN, Bauke SD 2000; Integrating Landsat, geologic and airborne gamma-ray data as an aid to 
surficial geology mapping and mineral exploration in the Manitouwadge area, Ontario. 
Photogrammetric Engineering and Remote Sensing 66 (4) 437-445 

 



 
 IMPACTMIN Contract №: 244166 

 64 

Kettunen MJ, Nikkinen MT 2005; Fixed-wing gamma measurement for the detection of radioactive materials. 
Journal of Radioanalytical and Nuclear Chemistry 263 (1) 241-243 

 
Kljaji ć R., Mašić Z., Žunić Z., Pavlović S., Tošić M., Mandić M., Gordanić V., Polić P.: Natural radionuclide 

emission from a coal power plant and the population exposure to external radiation in its 
vicinity.Environment International, 22, Suppl.1, S227-S235, 1996 , R51 5,0 

 
Kruse, F. A., 1988, Use of Airborne Imaging Spectrometer data to map minerals associated with hydrothermally 

altered rocks in the northern Grapevine Mountains, Nevada and California:  Remote Sensing of 
Environment, V. 24, No. 1, p. 31-51. 

 
Kruse, F. A., and Lefkoff, A. B., 1993, Knowledge-based geologic mapping with imaging 

spectrometers:  Remote Sensing Reviews, Special Issue on NASA Innovative Research Program (IRP) 
results, v. 8, p. 3 - 28. 

 
Kruse, F. A., Huntington, J. H., and Green, R. O, 1996, Results from the 1995 AVIRIS Geology Group Shoot: in 

Proceedings, 2nd International Airborne Remote Sensing Conference and Exhibition: Environmental 
Research Institute of Michigan (ERIM), Ann Arbor, v. I, p. I-211 - I-220. 

 
Kruse, F. A., 1999, Visible/Infrared Sensors and Case Studies, Chapter 11, in Rencz, A., (ed.), Remote Sensing 

for the Earth Sciences, Manual of Remote Sensing, Volume 3, p. 567 – 606. 
 
Kruse, F. A., Boardman, J. W., and Huntington, J. F., 2003, Comparison of Airborne Hyperspectral Data and 

EO-1 Hyperion for Mineral Mapping:  in Special Issue, Transactions on Geoscience and Remote 
Sensing (TGARS), IEEE, v. 41, no. 6, June 2003, p. 1388 - 1400. 

 
Kulkarni, A.D., Giridhar , G.B. and  Praveen Coca, Neural network based fuzzy logic decision systems for 

multispectral image analysis, Neural, Parallel & Scientific Computations, v.3 n.2, p.205-218, June 1995 

Kuosmanen, V., Laitinen, J. and Arkimaa, H., 2005. A comparison of hyperspectral airborne HyMap and 
spaceborne Hyperion data as tools for studying the environmental impact of talc mining in 
Lahnaslampi, NE Finland. In: B. Zagajewski, M. Sobczak and M. Wrzesien (Editors), 4th EARSel 
Workshop on Imaging Spectroscopy. New quality in environmental studies, Warsaw, Poland. 

Lentilucci, E.J. and Gartley, M. Impact of BRDF on Physics Based Modeling as Applied to Target Detection in 
Hyperspectral Imagery. Proceedings of SPIE, Vo. 7334. Algorithms and Technologies for 
Multispectral, Hyperspectral, and Ultraspectral Imagery XV, edited by Sylvia S. Shen, Paul E. Lewis, 
Proc. of SPIE Vol. 7334, 73340T  

 
Lobell, D. and Asner, G., 2004. Cropland distributions from temporal unmixing of MODIS data. Remote 

Sensing of Environment, 93(3): 412-422. 
 
Lottermoser, B., 2003. Tailings, Mine Wastes. Springer, Berlin, pp.153-182. 
 
Lottermoser, B., 2003b. Sulfidic Mine Wastes, Mine Wastes. Springer, Berlin, pp. 33-90. 
 
Malmström M., Destouni G., and Martinet P., Modeling expected solute concentration in randomly 

heterogeneous flow systems with multi-component reactions, Environmental Science and Technology, 
38, 2673-2679, 2004 

 
Mariotti, M., Ercoli, L., and Masoni, A. 1996, Spectral properties of iron-deficient corn and sunflower leaves. 

Remote Sens. Environ. 58:282–288. 
 
Mars, J.C. and Crowley, J.K., 2003. Mapping mine wastes and analyzing areas affected by selenium-rich water 

runoff in southeast Idaho using AVIRIS imagery and digital elevationdata. Remote Sensing of 
Environment, 84, 3, pp. 422-436. 

 
Martelet G, Truffert C, Tourleère B, Ledru P, Perrin J, 2006; Classifying airborne radiometry with 

Agglomerative Hyrarchical Clustering:  A tool for geologic mapping in context of rainforest (French 
Guiana. International Journal of Applied Earth Observation and Geoinformation 8, 208-223 



 
 IMPACTMIN Contract №: 244166 

 65 

Martin, P., Tims, S., McGill, A., Ryan, B., Pfitzner, K., 2006. Use of airborne g-rayspectrometry for 
environmental assessment of the rehabilitated Nabarlek uranium mine, Northern Australia. 
Environmental Monitoring and Assessment 115, 531–553. 

 
Mas, J.-F., Puig, H., Palacio, J. and Sosa-López, A., 2004. Modelling deforestation using GIS and artificial 

neural networks. Environmental Modelling & Software, 19(5): 461-471. 
 
Matthew, M.W., S.M. Adler-Golden, A. Berk, S.C. Richtsmeier, R.Y. Levine, L.S. Bernstein, P.K. Acharya, 

G.P. Anderson, G.W. Felde, M.P. Hoke, A. Ratkowski, H.-H Burke, R.D. Kaiser, and D.P. Miller, 
2000, “Status of Atmospheric Correction Using a MODTRAN4-based Algorithm,” SPIE Proceeding, 
Algorithms for Multispectral, Hyperspectral, and Ultraspectral Imagery VI, Vol. 4049, pp. 199-207. 

 
McCafferty AE, van Gosens BS, 2009; Airborne gamma-ray and magnetic anomaly signatres of serpentinitte in 

realtion to soil geochemsitry, Northern California. Applied Geochemistry 24, 1524-1537 
 
MINEO: MINEO Assessing and monitoring the environmental impact of mining activities in Europeusing 

advanced Earth Observations techniques; Annex 1: Description of Work. Shared-costRTD, Contract 
no.: IST-1999-10337. 

MINEO: MINEO Hyperspectral Airborne Survey. Survey Report. http://www.brgm.fr/mineo; 2000. 

MINEO Final Report 2003: http://www2.brgm.fr/mineo/final.htm 

Minty BRS 1997; Fundamentals of airborne gamma-ray spectrometry. AGSO Journal of Australian Geology and 
Geophysics 17 (2) 39-50 

 
Minty BRS, Luyendijk APJ, Brodie RC 1997; Calibration and data processing for airborne gamma-ray 

spetrometry. AGSO Journal of Australian Geology and Geophysics 17(2) 51-62 
 
Minty BRS, McFadden P, Kennet BLN 1998: Multichannel processing for airborne gamma-ray spectrometry. 

Geophysics 63 (6) 1971-1985 
 
NASA Space Flight Center, Tech Brief.  http://www.techbriefs.com/component/content/article/2890 
 
Nascimento, J. and Dias, J., 2005. Vertex component analysis: a fast algorithm to unmix hyperspectral data. 

IEEE Transactions on Geoscience and Remote Sensing, 43: 898-910. 
 
Neville, R., Staenz, K., Szeredi, T., Lefebvre, J. and Hauff, P., 1999. Automatic endmember extraction from 

hyperspectral data for mineral exploration, International Airborne Remote Sensing Conference and 
Exhibition, 4th/21st Canadian Symposium on Remote Sensing, Ottawa, Canada, 21-24 June, 1999. 

 
Newcombe, C.P., and MacDonald, D.D., 1991, “Effects off suspended sediments on aquatic ecosystems,” North American 

Journal of Fisheries Management, Vol. 11, pp. 72-82. 
 
Olli G., Destouni G., Long-term heavy metal loading to near-shore sediments, Water, Air, and Soil Pollution, 

192, 105-116, DOI 10.1007/s11270-008-9638-7, 
 
Ong, C., Cudahy, T.J. and Swayze, G., 2003. Predicting Acid Drainage Related Physicochemical Measurements 

UsingHyperspectral Data. Proc. 3rd EARSeL Workshop on Imaging Spectroscopy, Herrsching, 13th-16 
th May 2003, pp. 363-369. 

 
Paradella WR, Bignelli PA, Veneziani P, Pietsch, RW, Toutin T 1997; Airborne and spaceborne Synthetic 

Apertur Radar (SAR) integration with Landsat TM and gamma ray spectrometry for geologcal mapping 
in a tropical rainforest environment, the Carajás Mineral Province, Brazil. International Journal of 
Remote Sensing 18 (7) 1483-1501 

 
Peppin, W. 2009. White Paper: An investigation of hyperspectral imagery over Cuprite, Nevada. At: 

http://www.spectir.com/assets/Text%20Files/AnInvestigationOverCuprite_BPeppin.pdf 
 



 
 IMPACTMIN Contract №: 244166 

 66 

Peters, D.C., P.L. Hauff, G.A. Borstad, F.B. Henderson III, W.A. Peppin, E. Dillenbeck, E.C. Prosh, L.G. Closs, 
J.L. Thiros, D.W. Coulter, K. Lee, D.A. Robbins, and K.W. Wangerud, 2000, Mine and mill waste 
characterization using CASI/SFSI hyperspectral data: Utah abandoned mine lands study areas, in 
Proceedings of the 14th International Conference and Workshops on Applied Geologic Remote 
Sensing, November 6-8, 2000, Las Vegas, Nevada: Ann Arbor, Environmental Research Institute of 
Michigan, p. 54-61. 

 
Pfitzner K, Martin P, Ryan B, 2001; Airborne gamma survey of the upper South Alligator River valley, second 

report 2001;  Report: Environmental Research Institute of the Supervising Scientists (eriss) 
 
Pöllänen R, Toivonen H, Peräjärvi K, Karhunen T, Ilander T, Lethinen J, Rintala K, Katajainen T, Niemelä J, 

Juusela M 2009; Radiation surveillance using an unmanned aerial vehicle.. Applied Radiation and 
Isotopes 67, 340-344 

 
Pontius, J., Martin M., Plourde, L. and Hallet R.  2008. Ash decline in emerald ash borer-infested regions: A test 

of tree-level, hyperspectral technologies. Remote Sensing of Environment.  
 
Porter JK, Lowe C 2000; Airborne Gamma-ray spectrometry over the Endako porphyry molybdenum district in 

Central British Columbia. Geological Survey of Canada. Contribution to the Nechako NATMAP 
project. 

 
Pysek, P., & Pysek, A. (1989). Changes in vegetation caused by experimental leakage of natural gas. Weed 

Research, 29(193-204). 
 
Quadros TPF de, Koppe JC, Strieder AJ, Costa JFCL 2003; Gamma-ray processing and intergration for lode-Au 

deposites exploration. Natural Resources Research 12 (1) 57-65 
 
Ramadan TM, El Mongy SA, Salah el Dein S 2009; Exploration for Uranium mineralisations at Wadi Um 

Laseifa area, Central Eastern Desert, Egypt: Using remote sensing technique. Australian Journal of 
Basic and applied Sciences 3 (2) 689-697 

 
Rangelov, R., Hetu, R., Grant, J.A. and Grasty, R.L., 1993 Monitoring Man-made Radiation by Airborne 

Gamma-ray Spectrometry, Kozloduy Area, Bulgaria, Geological Survey of Canada, Open File 2573, 10 
pages.  

 
Rock, B. N., Hoshizaki, T., & Miller, J. R. (1988). Comparison of In Situ and airborne spectral measurements of 

the blue shift associated with forest decline. Remote Sensing of Environment, 24, 109-127. 
 
Roberts, D.A., Adams, J.B., and Smith, M.O., 1993, Discriminating Green Vegetation, Non-Photosynthetic 

Vegetation and Soils in AVIRIS Data, Rem. Sens. Environ., 44: 2/3 255-270. 
 
Roberts, D.A., Green, R.O., and Adams, J.B., 1997,Temporal and Spatial Patterns in Vegetation and 

Atmospheric Properties from AVIRIS, Remote Sens. Environ 62: 223-240. 
 
 
Robers LM, Wilford JR, Field JB Greene RSB 2004; High resolution ground based gamma-ray sectrometry and 

electromagnetics to assess regolith properties, Boorowa, NSW. Advances in Regolith 352-357 
 
Sabine, Charles. 1999 Remote Sensing Strategies for Mineral Exploration. In Manual of Remote Sesning. Vol. 3. 

p.379-449 Edited by Rencz, Andrew, N.; ASPRS & John Wiley and Sons, Inc., New York. 
 
Salvador, M.Z., Resmini, R.G. and R. B. Gomez, “Hyperspectral trace gas detection using the wavelet packet 

transform,” in Proc. SPIE'08, 2008, pp. 69661T.1-69661 
 
Sanderson DCW, Cresswell AJ, Whit DC 2008; The effect of flight line spacing on radioactivity inventory and 

spatial feature charactersistics of airborne gamma-ray spectrometry data. International Journal of 
Remote Sensing 29 (1) 31-46 

 



 
 IMPACTMIN Contract №: 244166 

 67 

Sandmeier, Ch. Mueller, B. Hosgood and G. Andreoli, 1998, Sensitivity Analysis and Quality Assessmentof 
Laboratory BRDF Data, Remote Sensing of Environment,vol. 64, no. 2. 

 
Schetselaar EM, Rencz AN 1997; Reducing the effects of vegetation cover on airborne radiometric data using 

Landsat TM data. International Journal of Remote Sensing 18 (7) 1503-1515 
 
Scott EM, Sanderson DCW, Cresswell AJ, Lang JJ 2004; Spatial scale and its effects on comparisons of airborne 

and ground-based gamma-ray spectrometry for mapping environmental radioactivity. 
 
Siegal, B.S., and A.F.H. Goetz, 1977. Effect of vegetation on rock and soil type discrimination, 

Photogrammetric Engineering Remote Sensing, 43(2):191-196. 
 
Singer, A., Schwertmann, U. & Friedl, J. 1998: Iron oxide mineralogy of terre rosse and rendzinas in rela-tion to 

their moisture and temperature regimes.– European Journal of Soil Science, 49, 385–395. 
 
Shafique, N.A., Fulk, F., Autrey, B.C., and Flotemersch, J. 2002. Hyperspectral Remote Sensing of Water 

Quality Parameters for Large Rivers in the Ohio River Basin. Available at: 
http://www.tucson.ars.ag.gov/icrw/Proceedings/Shafique.pdf. 

Shives RBK, Ford KL 1997; The detection of potassic alteration by gamma-ray spectrometry-recognition of 
alteration related to mineralisation; In: Exploration 97: Geophysics and Geochemistry at the 
Millennium 

Smailbegovic, A., Taranik, J., Silberman, M. and Oppliger, G., 2005. Regional and local constraints on 
metallogenesis in the Bodie Hills of Nevada and California - A case history on horizontal integration of 
geospatial data sets. In: H. Rhoden, R. Steininger and P. Vikre (Editors), Window to the World. 
Geological Society of Nevada Symposium 2005, Reno, Nevada, pp.1023-1033. 

Smailbegovic, A. 2006. Analysis of multiple hyperspectral datasets over Cuprite, Nevada. Report to the DOE 
Na-22 proposal.  

 
Smith, B.D., McCafferty, A.E., McDougal, R.R. 2000. Utilization of airborne magnetic, electromagnetic, and 

radiometric data in abandoned mine land investigations. In Proceedings from the Fifth International 
Conference on Acid Rock Drainage. SME, Littleton, CO. p. 1525-1530. 

Smith, K., Steven, M. and Colls, J., 2004. Use of hyperspectral derivative ratios in the red-edge region to 
identify plant stress responses to gas leaks. Remote Sensing of Environment, 92(5): 207-217 

Smith, K. L. (2002). Remote sensing of leaf responses to leaking underground natural gas. Unpublished PhD, 
University of Nottingham, Nottingham, UK 

 
Smith, K. L., Steven M. D., & Colls J.J (2004). Spectral responses of pot-grown plants to displacement of soil 

oxygen. International Journal of Remote Sensing In press. 
 
Spinetti, C., Buongiorno, M.F., Lombardo, V. and Merucci. L. 2003. Aerosol optical thickness of Mt. Etna 

volcanic plume retrieved by means of the Airborne Multispectral Imaging Spectrometer. Annals of 
Geophysics, Vol. 46, N. 2.  

 
Spinetti, C., Carrère, V., Buongiorno, M. F., Sutton, A. J. & Elias, T., 2008. Carbon dioxide of Pu`u`O`o 

volcanic plume at Kilauea retrieved by AVIRIS hyperspectral data. Remote Sensing of Environment 
112: 3192-3199.  

 
Street GJ; Spatial tools for land management: The regional institute Ltd. 

http://www.regional.org.au/au/gia/01/002street.htm 
 
Sumanovic-Glamuzina, D. Violeta Saraga-Karacic, Zeljko Roncevic, Aleksandar Milanov, Tomica Bozic, 

Milivoj Boranic; 2003. Incidence of Major Congenital Malformations in a Region of Bosnia and 
Herzegovina Allegedly Polluted with Depleted Uranium, in: Croatian Medical Journal Vol. 44 (2003) 
No. 5 (October), p. 579-584 



 
 IMPACTMIN Contract №: 244166 

 68 

 
Sudduth, K.A., Kitchen, N.R., Wiebold, W.J., Batchelor, W.D., Bollero, G.A., Bullock, D.G., Clay, D.E., Palm, 

H.L., Pierce, F.J., Schuler, R.T., Thelen, K.D., 2005. Relating apparent electrical conductivity to soil 
properties across the North-Central USA. Comp. Electron. Agric. 46, 263–283. 

 
Sterckx, S., Knaeps, E., Bollen, M., Trouw, K. and Houthuys, R., 2007. Retrieval of suspended sediment from 

advanced hyperspectral sensor data in the Scheldt estuary at different stages in the tidal cycle. Marine 
Geodesy, 30: 1-12. 

 
Swayze, G.A.  R. F. Kokaly, C. T. Higgins, J. P. Clinkenbeard, R. N. Clark, H. A. Lowers, and S. J. Sutley, 

2009.  Mapping potentially asbestos-bearing rocks using imaging spectroscopy 
Geology (Boulder) (August 2009), 37(8):763-766 

 
Swayze, G.A., Kokaly, R.F., Higgins, C.T., and Churchill, R.K., 2003, Mapping natural occurrences of 

potentially asbestos-bearing serpentine rocks in the foothills of the Sierra Nevada, California using 
imaging spectroscopy, in Natural science and public health; prescription for a better environment; 
conference abstracts: U.S. Geologial Survey Open-File Report 03-0097, p. 70. 

 
Swayze, G.A., Clark, R.N., Smith, K.S., Hagemann, P.L., Sutley, S.J., Pearson, R.M. 1998: Using 

ImagingSpectroscopy to Cost-Effectively Locate Acid-Generating Minerals at Mine Sites: An Example 
from the California Gulch Superfund Site in Leadville, Colorado. - Summaries of the 7th JPL Airborne 
Earth Science Workshop, JPL Publ. 97-21, Vol. 1: 385-389 

 
Swayze, G.A., 1997, The hydrothermal and structural history of the Cuprite Mining District, Southwestern 

Nevada: An integrated geological and geophysical approach, Ph. D. Dissertation, University of 
Colorado, Boulder, Colorado, p. 399. Available from University Microfilms Inc., Ann Arbor, Michigan, 
USA (313) 761-4700 or 1-800 521-3042 Catalogue no. 9725795 Color figures and plates can be 
downloaded from our ftp site: ftp://ftpext.cr.usgs.gov/pub/cr/co/denver/speclab/pub/cuprite/ 

 
Taranik J.V. 1988, “Application of Aerospace Remote Sensing Technology to Exploration for Precious Metal 

Deposits in the Western United States,” Bulk Mineable Precious Metal Deposits of the Western United 
States, Symposium Proceedings, GSN, Ed. Robert W. Schafer, 1988. 

Thenkabail, P., Smith, R. and De Pauw, E., 2002. Evaluation of narrowband and broadband vegetation indices 
for determining optimal hyperspectral wavebands for agricultural crop characterization. 
Photogrammetric Engineering and Remote Sensing, 68(6): 607-621. 

Toulière B, Perrin J, Le Berre P, Psquet JF 2003; Use of airborne gamma-ray spectrometry for kaolin 
exploration. Journal of applied geophysics 53, 91-102 

 
Truffert C, Perrin J, Martelelt G, Deparis J, Duffy A, Eberle D 2009; Airborne gamma-ray spectrometry- How to 

settle Rn atmospheric correction. 11th SAGA Biennial Technical Meeting and Exhibition Swaziland, 
16-18 September 2009, 450-452 

 
Urquhart WES, 2004; Airborne gamma-ray spectrometry surveys. Geoexplo Ltda. 

http://www.geoexplo.com/airborne_survey_workshop_rad.html 
 
Ustin, S.L., Roberts, D.A., Pinzon, J., Jacquemoud, S., Gardner, M., Scheer, G., Castaneda, C.M. and Palacios, 

A., 1998, Estimating Canopy Water Content of Chaparral Shrubs Using Optical Methods, Rem. Sens. 
Environ. 65:280-291. 

 
Varshney, P. and Arora, M., 2004. Advanced image processing techniques for remotely sensed hyperspectral 

data. Springer, pp.322. 
 
Vaughan, R.G. 2004. Surface Mineral Mapping at Virginia City and Steamboat Springs, Nevada with Multi-

Wavelength Infrared Remote Sensing Image Data. unpublished PhD Dissertation, University of 
Nevada. Reno, 259 p. 

 



 
 IMPACTMIN Contract №: 244166 

 69 

Vaughan, R. Greg, and Calvin, Wendy M., 2005, Mapping weathering and alteration minerals in the Comstock 
and Geiger Grade areas using visible to thermal infrared airborne remote sensing data, in Rhoden, H.N., 
Steininger, R.C., and Vikre, P.G., eds., Geological Society of Nevada Symposium 2005: Window to the 
World, Reno, Nevada, May 2005, 

 
Vogelmann J.E., Rock, B.N. and Moss, D.M. (1993). Red edge spectral measurements from sugar maple leaves. 

International Journal of Remote Sensing, 14, p.1563-1575. 
 
Van der Meer, F., 1995. Spectral unmixing of Landsat Thematic Mapper data. International Journal of Remote 

Sensing, 16(16): 3189-3194. 
 
Younger PL, 2000, predicting temporal changes in total iron concentration in groundwater flowing in abandoned 

deep mines: a first approximation. Journal of Contaminant Hydrology, 44(1), 47-69. 
 
Younger PL, 2002, Mine water pollution from Kernow to Kwazulu-Natal: geochemical remedial options and 

their selection in practice. Geosciences in Southwest England, proceedings of the Ussher Society, 10, 
255-266. 

 
Wilford JR, Bierwirth PN, Craig MA, 1997; Application of airborne gamma-ray spectrometry in soil/regolith 
 mapping and applied geomorphology. Journal of Astralian Geology and Geophysics, 17 (2), 201-216 
 
Wilford JR 2002; Airborne gamma-ray spectrometry. In: Papp  E (editor) 2002, Geophysical and Remote 

Sensing Methds for Regolith Exploration. CRCLEME open file report 144, 46-52 
 
Wilford F, Murphy B, Summerell G 2008; Delineating reolith Materials using multi-scaled terrain attributes and 

Gamma-ray imagery- applications for updating soil-landscape maps and managing dryland salinity. 
Geoscience Australia/ CRC LEME-Canberra 

 
Wilford JR, Worral L, Minty B,  2009; Radiometric map of Australia provides new insights into uranium 

prospectivity. AUSGEO news, 95 
 
Winkelman I, Thomas M, Vogl K, 2001; Aerial measurements on uranium ore mining,  milling and processing 

areas in Germany. Journal of environmental radioactivity 53, 301-311 
 
Winter, M., 1999. N-FINDR: an algorithm for fast autonomous spectral end-member determination in 

hyperspectral data. Proceedings SPIE, 3753(266). 
 
Wolkersdorfer Ch, 2002, mine water tracing. Geological Society, London, Special Publication, 198, 47-61. 
 
van Wijngaarden, M., Venema, L.B. en de Meijer, R.J. 2002. Radiometric sand mud characterisation in the 

Rhine-Meuse Estuary. Part B: in situ mapping. Geomorphology, 43: 103-116.  
 
White, H.P.;   Lixin Sun;   Champagne, C.M.;   Staenz, K.;   Leblanc, S.G.; 2002.    BRDF normalization of 

hyperspectral image date. Geoscience and Remote Sensing Symposium, IGARSS’02. IEEE 
International, vol4, pp.2572-2574. 

 
Zabcic, N., Ong, C., Müller, A., Rivard, B., 2005. Mapping pH from airborne hyperspectral data at the Sotiel-

Migollas mine; Calanas, Spain, Proceedings 4th EARSeL Workshop onImaging Spectroscopy, 27th-
29th April 2005, Warsaw (Poland), 

 
Zarco-Tejada, P. J., Pushnik, J. C., Dobrowski, S., & L, U. S. (2003). Steady-state chlorophyll a fluorescence 

detection from canopy derivative reflectance and double-peak red-edge effects. Remote Sensing of 
Environment, 84, 283-294. 

 
Zhang, J., Rivard, B. and Rogge, D., 2008. The Successive Projection Algorithm (SPA), an algorithm with a 

spatial constraint for the automatic search of endmembers in hyperspectral data. Sensors, 8: 1321-1342. 
 



 
 IMPACTMIN Contract №: 244166 

 70 

Zhengming, W. and Li Zhao-liang, 1997, “A Physics based algorithm for retrieving land surface emissivity and 
temperature from EOS/MODIS data “,IEEE Transactions. Geoscience and Remote Sensing, Vol. 35, 
No.4, pp. 980-996 

 


