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Appendix 1-1. Instructions/Details regarding attached Topographic and Hydrologic Datasets for 2010 AGS-USGS Minerals Project by P. Chirico, T. Moran, A. Bogdanow

This dataset contains a collection of twenty four file geodatabases, each representing a specific USGS Mineral Project Area (MPA) shown below in Figure 1.1., as well as datasets for MRA subsets. Each geodatabase includes the extent, contours, Digital Elevation Model (DEM), and hydrography of the corresponding MPA, which are organized into feature and raster datasets.  
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Figure 1.1:  	Source: USGS Mineral Assessment Project

DEM 
The 30m resolution ASTER Global DEMs (GDEM) were acquired from the NASA Warehouse Inventory Search Tool (WIST) Server. Using ESRI’s ArcMap 9.3, individual tiles were merged together using the Mosiac to New Raster tool to provide seamless coverage of each area of interest. 

The resulting DEMs were clipped to the MPAs shown above in order to reduce file size, improve processing time, and improve design aspects of the dataset. Coverage is omitted in certain areas where ASTER DEM tiles were not acquired. However, all MPA subsets contain comprehensive DEM coverage (except N. Herat Barium Limestone). 

Projection 
All datasets were re-projected to the Universal Transverse Mercator (UTM) coordinate system with the WGS84 Datum. Mineral Project Areas are projected to different UTM zones according to their geographic location; Afghanistan is divided into UTM zones 41N, 42N, and 43N.

Data Extraction/Modification

The Float (3-D Analyst) command converted each cell value of the DEM from an integer to floating point representation. Integer formatted DEM data restrict pixel values to whole integers and therefore compromise the usability of DEM datasets. The floating point data format allows pixles to store decimal numbers, thereby a grid or range of intermediate values. Converting to float is important for subsequent raster processing operations as it prevents the rounding or truncating of pixel values. 

The Fill (Spatial Analyst) was performed on the DEM data to remove data imperfections such as pits and spikes by filling in “sinks” and removing “peaks” in the raster values. 
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Next, the Focal Statistics (Spatial Analyst) command was used to help filter and smooth the DEM data.  Focal Statistics calculates a statistic on a raster over a specified neighborhood (ArcGIS). Using a 3 by 3 neighborhood, mean statistics calculates the mean value of the center cell based on the surrounding 8 values of the neighborhood cells. 
A series of hydrologic functions were run on the resultant raster from the previous three steps in order to create general hydrography for the MPAs,. The Flow Direction process creates a raster of flow direction from each cell to its steepest downslope neighbor (ArcGIS). The Flow Accumulation process creates a raster which represents the amount of rain that would flow through each cell, assuming that all rain became runoff and there was no interception, evapotranspiration, or loss to groundwater. This could also be viewed as the amount of rain that fell on the surface, upslope from each cell.
The raster derived from the DEM was reclassified to create flowpaths with a upstream contributing area with a threshold of 1500 pixels or above. This eliminated dangles and stream orders. Finally, the resulting flowpath is converted to a new feature class (vector datasets format).

Synthesized steams represent hydrographic flowpaths based on the DEM only and have not been validated in the field or by remote sensing image capabilities. Seasonal variation in rainfall and snow melt significantly effect hydrography in Afghanistan. these flowpaths are meant only to represent likely paths of overland surface water flow. They do not necessarily reflect actual stream channels.

Contours were derived from the processed DEM using the Contour command under the ArcGIS Spatial Analyst extension. Base contour and z-factor parameters were left as their default values. Each set of contours is clipped to the extent of the Mineral Project area or subset’s DEM.  Project Areas contain 100m, 50m, and when necessary, 25m contours. Each subset contains a set of 100m, 50m, and 25m contours. 


Included Datasets: 

DEM:                 Source: ASTER Global DEM (WIST server)
	             Resolution: 30m

Contours:           Interval:  100m
			   50m
			   25m

Hydrology:        Synthesized streams
		Value > 1500 units
		Converted to Vector



Appendix 1-2 Aeromagnetic data layer for Afghanistan:

The reduced-to-pole aeromagnetic map of Afghanistan represents a compilation of several different datasets: 
1) Data collected over southern Afghanistan in 1966 by a German group (Sweeney et al., 2006a),
2) Data collected over western Afghanistan in 1976 by a Russian group (Sweeney et al., 2006b),
3) Data collected as part of a cooperative Afghan-U.S. Government effort in 2006 (Ashan et al., 2007), and
4) Data collected as part of a cooperative Afghan-U.S. Government effort in 2008.
Standard aeromagnetic data processing and merging techniques were applied, as discussed by Ashan et al. (2007).  The final step was to apply a reduction-to-pole transformation, a filter that centers anomalies over their geologic sources (Baranov and Naudy, 1964; Blakely, 1995).  
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Appendix 1-3. DATA DISCUSSION:  HYPERSPECTRAL DATA
The hyperspectral surficial material maps show the distribution of selected iron-bearing and carbonates, phyllosilicats, suphates, altered minerals and other materials derived from analysis of HyMap imaging spectrometer data of Afghanistan (King and others 2010; Kokaly and others, 2010). Using a NASA WB-57 aircraft flown at an altitude of 50,000 ft (15,240 m), 218 flight-lines of data were collected between August 22 and October 2, 2007 over the country of Afghanistan (Kokaly and others, 2008). The grayscale background image is band three image mosaic of Landsat ETM+ data (Davis, 2007). 
The HyMap imaging spectrometer measures 128 channels of reflected sunlight at wavelengths between 0.4 and 2.5 µm (Cocks and others, 1998). The HyMap data were atmospherically corrected and converted to apparent surface reflectance using ACORN (Atmospheric CORrection Now) version 6.lx (ImSpec LLC), then further empirically adjusted using ground based reflectance measurements. Each flight line was georeferenced to Landsat base imagery in UTM projection (Davis, 2007). 
HyMap reflectance data were processed using MICA (Material Identification and Characterization Algorithm), a module of the U.S. Geological Survey PRISM (Processing Routines in IDL for Spectroscopic Measurements) software (Kokaly, 2010). Subsequently, the classified HyMap results were mosaicked and referenced to a Transverse Mercator projection, each pixel on the resulting maps corresponding to a 23 x 23 meter square on the ground surface. Using MICA, the reflectance spectrum of each pixel of HyMap data was compared to the spectral features of reference entries in a spectral library of minerals, vegetation, water, and other materials.  For each pixel, MICA determined the material with the best-matching spectrum. MICA analysis resulted in a “Not Classified” determination for a pixel when all comparisons with reference spectra produced no viable match (see Kokaly, 2010). 
	The carbonate, phyllosilicate, sulphate, altered minerals and other materials map shows the spatial distribution of minerals that have diagnostic absorption features in the short-wave infrared wavelengths. These absorptions result primarily from characteristic structural-mineralogical vibrations. The complimentary map shows the distribution of iron-bearing minerals with diagnostic absorptions at visible and near-infrared wavelengths (King and others, 2010).
	Several criteria including, the reliability of detection and discrimination of materials using the HyMap spectrometer data, relative abundance of materials, and the importance of particular materials to studies of Afghanistan’s natural resources, guided the selection of reference materials employed and designation of MICA classes shown on these maps.  Minerals occurring abundantly at the surface and those with unique spectral features were easily detected and discriminated. Minerals with similar spectral features were less easily discriminated, especially where the minerals were not particularly abundant and/or vegetation cover interfered with the spectral responses. Thus, some identified classes consist of several minerals with similar spectra, such as Fe3+ Type 1 and Fe3+ Type 2, in which the primary difference between them is the width of the absorption feature.  Similarly, some identified classes consist of several minerals with similar spectra, for example, “Chlorite or Epidote”.
	Complications in reflectance calibration also affected material detection and identification. Complications arose because of the large magnitude of the imaging spectrometer data set, which covers an area more than 480,000 km2 ; surface elevations that range from 279 to 5,642 m (915 ft to 18,150 ft); and a protracted data collection period lasting 43 days.  In addition, daily weather, solar angles, and variations in airborne dust levels affected reflectance calibrations.  It was not possible to completely convert data to reflectance in cloud-contaminated areas because of significant water vapor variations. As a result, some classification differences are present at the edges of flight lines containing clouds relative to adjacent flight lines.  Similarly, minor differences in identified material classes occur between adjacent flight lines with large differences in solar illumination angles (see Kokaly and others, 2008, for flight line data collection times and dates).  On October 2, 2007, the last day of data collection, a large dust storm blanketed southern Afghanistan (see Kokaly and others, 2008, for the area flown on that day). No correction for airborne dust, beyond extension of the ground calibration factor, was applied to the data collected along these lines.  
	Hatched lines identify areas where mineral identification was adversely impacted by soil moisture. Material classification in these areas is less accurate due to the distortion of reflectance spectra by water’s strong absorption of light in the infrared wavelengths.  In some limited areas, the MICA analysis misidentified wet, bright soils as snow, as both are highly reflective in the visible wavelengths but strongly absorbing at longer wavelengths.  Correspondingly, pixels for land surfaces lower than a threshold elevation of 10,334 ft (3,150 m) where snow was unlikely but were tentatively identified as being snow covered were re-classified as wet soils.
	The mineral classes included in each of the maps are a necessary compromise between the level of detail achievable in the best-calibrated flight lines and identifications that are robust, reliable, and perceptible across the entire map.  Each class name specifies a mineral, or several minerals, whose reflectance spectra match the HyMap data. However, minerals with slightly different chemical composition may have very similar reflectance spectra. Therefore, the minerals groups of the maps should be evaluated giving consideration to the effects of mineral chemical composition on reflectance spectra.  Knowledge of minerals which are not listed in the class names, but which may be spectrally-similar to listed minerals, is required to fully understand the map classes.
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Appendix 1-4. Philip A. Davis, Jeff L. Sloan, Paul G. Braun, Earl M. Wilson, Stanley R. Wilds, and Mark A. Bauer, 2010, Local-Area-Enhanced, 75-cm Resolution Natural-Color and Color-Infrared Satellite Image Mosaics of Selected Areas of Interest in Afghanistan, by: Data Series XXX, U.S. Department of the Interior, U.S. Geological Survey. 

The U.S. Geological Survey, in cooperation with the Defense Department's Task Force for Business and Stability Operations, prepared a number of databases for mineral-resource target areas in Afghanistan.  The purpose of the databases is to (1) provide useful data to ground survey crews to perform detailed assessments of the areas, and (2) provide useful information to private investors who are considering a particular area for economic development of its natural resources.  The satellite image mosaic presented in this Data Series is one such database.  Although airborne digital color-infrared imagery were acquired for parts of Afghanistan a few years ago, the image data have radiometric variations that preclude their use in creating a consistent image mosaic for geologic analysis.  Consequently, our image mosaics were created using IKONOS and Quickbird satellite images, whose radiometries have been well determined.

The IKONOS satellite was launched on September 24, 1999 and provides multispectral images in blue (445-516 nm), green (506-595 nm), red (632-698 nm), and near-infrared (757-853 nm) wavelength bands with an 11-bit dynamic range and a 4-meter ground resolution.  The satellite also provides a panchromatic (450-900 nm) band image with the same dynamic range, but at a 1-meter ground resolution.  The Quickbird satellite, launched in October 18, 2001, provides very similar imagery as IKONOS, in terms of wavelength bands and dynamic range, but Quickbird provides a ground resolution as high as 2.4-meter for multispectral data and 60-centimeter for panchromatic data.  IKONOS image data are provided by GeoEye Corporation; Quickbird image data are provided by DigitalGlobe Corporation.  We accessed both data sets through the U.S. government’s Clearview license, which is included in the metadata for our products.  We chose to project all image data used to construct our final image mosaics for Afghanistan target areas at an average ground resolution of 75 centimeters.

The selection criteria for the satellite imagery used in our mosaics were images having (1) the highest solar elevation angles (near summer solstice), (2) the least cloud, cloud-shadow, and snow cover, and (3) the highest resolution (Quickbird preferred over IKONOS).  The multispectral and panchromatic data were orthorectified using the SRTM DEM data.  Unfortunately, these image pairs could not be rectified as a single image set.  As a result, the multispectral and panchromatic image pairs were generally not co-registered well enough to perform resolution enhancement on the multispectral data.  Therefore, we had to co-register each multispectral image to its respective panchromatic image, to within one picture element, using an automated control point algorithm that we developed.  The resulting co-registered multispectral and panchromatic images were converted to radiance and then relative reflectance values using the methods described in Davis (2006).  The resolution of each multispectral image was increased to that of its respective panchromatic image using the SPARKLE logic, which is described in Davis (2006).  Starting with the image with the highest sun-elevation angle and the least atmospheric scattering, we adjusted the reflectance values of all other multispectral images to that of the standard image, by determining band reflectance correspondence between overlapping images using linear least-squares analysis.  The initial SRTM image orthorectification was also insufficient at the 75-centimeter level to produce an image mosaic without geographic offsets along various image borders.  Thus, we had to also co-register adjacent, overlapping images.  After all the multispectral images were merged into a single, seamless image mosaic for a particular target area, the four bands were subjected to our local-area histogram stretch algorithm, which is described in Davis (2007).  The two final databases provided in this Data Series are three-band color-composite images of the local-area-enhanced, natural-color data (the blue, green, and red wavelength bands) and color-infrared data (the green, red, and near-infrared wavelength bands).

All image data were initially projected and maintained in Universal Transverse Mercator projection using the target area’s local zone and the WGS84 datum.  The final image mosaics were subdivided into a number of overlapping tiles or quadrants due to its enormous file size.  The 7 image tiles (or quadrants) for the Khanneshin area are provided as embedded geotiff images, which can be read and used by most GIS and image-processing software.  The tiff world files (tfw) are provided, even though they are not generally needed for most software to read an embedded geotiff.

----------------------------------------------
This Data set includes the following data structure. 
----------------------------------------------
DIRECTORY
Index_Maps
XXXX Area-of-Interest _Index_Map.pdf – Index map stored in Adobe Acrobat (PDF) format. Also contains said image in jpeg format.

XXXX_Mosaic_Tiles_Index_Map.pdf – Index map of the image tile or quadrant scheme used to subdivide the image mosaics for this target area.  Map is stored in both PDF and jpeg formats.  Tile or quadrant scheme is displayed on the Landsat natural-color base map of Davis and Turner (2009).
IMAGES

Image tiles of the local-area-enhanced, 75-cm natural-color and color-infrared mosaics in geotiff format with their wtf files.  The image tiles are compressed with standard file compression software to facilitate file transfer.

METADATA

Khanneshin_UTM_WGS84_Z42_NC_Qx.tif.xml – FGDC compliant metadata files for each image tile or quadrant (designated by Qx).  NC designates natural-color image data.

Khanneshin_UTM_WGS84_Z42_CIR_Qx.tif.xml – FGDC compliant metadata files for each image tile or quadrant (designated by Qx).  CIR designates color-infrared image data.

SHAPEFILES

Khanneshin_Mosaic Tiles_Index – An index shapefile of the tile scheme used to subdivide the high-resolution image mosaic into reasonably sized partitions.  

	Khanneshin_Satellite_Image_Index – An index of the IKONOS and Quickbird images used to construct the image mosaic.

index.html
	The webpage associated with this data series.

README.txt
	This file.

Contact.txt - Text-only file that provides scientific contact information for any questions regarding this publication. 

Disclaimer.txt - Text-only standard disclaimer for this publication.
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