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For more detailed information of ore occurrence, see annex 2 and 3 of 
Shadchinev and others (1975).

Table 1.—Explanation of mineral commodity locations from 
Shadchinev and others (1975). The table is repeated from sheet 1.

Contact

Fault—Dashed where inferred

River; ephemeral stream

Province boundary

Road: trail

Town
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INTRODUCTION
In 2007, as part of a collaborative effort, the U.S. Department of State, U.S. 

Geological Survey, National Aeronautics and Space Administration, 
Afghanistan Ministry of Mines and Afghan Geological Survey conducted an 
airborne hyperspectral survey of Afghanistan using the HyMap imaging 
spectrometer, that measures 128 channels of reflected sunlight at wavelengths 
between 0.4 and 2.5 microns (µm) (Cocks and others, 1998). Using Material 
Identification and Characterization Algorithm (MICA) processing techniques, 
the reflectance spectrum of each pixel of HyMap data was compared and 
matched to the spectral features of reference entries in a spectral library of 
minerals, vegetation, water, ice, and snow. Some material classes were created 
to categorize various suites of minerals that have slightly different compositions 
but similar spectral signatures. MICA analysis also resulted in a “not classified” 
determination for a pixel when comparisons with reference spectra produced 
no viable match (Kokaly, 2011). These data are available for most of Afghanistan 
and yield useful information about the composition and mineralogy of the upper 
few millimeters of the Earth’s surface.

The results of the spectroscopic analysis are two data sets, one for spectral 
absorptions that occur at wavelenghts near the 1-µm region and one near the 
2-µm region (King and others 2011a). These data sets resulted in the publication
of two countrywide maps; the “Surface materials map of Afghanistan:
iron-bearing minerals and other materials” (King and others, 2011b), the 1-µm
map; and the “Surface materials map of Afghanistan: carbonates, phyllosilicates,
sulfates, altered minerals, and other materials” (Kokaly and others 2011), the
2-µm map. These maps depict one of the most comprehensive databases of
hyperspectral imagery in the world. In addition, in 2013, a series of 30 
hyperspectral surface materials maps were published at a scale of 1:250,000 
depicting the 1-µm and 2-µm data.

Maps A and B show the spatial distribution of selected minerals and other 
materials that were created by the rescaling and georeferencing of two 
1:250,000-scale hyperspectral maps; the “Hyperspectral surface materials map 
of quadrangle 3568, Pul-e Khumri (503) and Charikar (504) quadrangles, 
Afghanistan, showing iron-bearing minerals and other materials” (King and 
others, 2013); and the “Hyperspectral surface materials map of quadrangle 
3568, Pul-e Khumri (503) and Charikar (504) quadrangles, Afghanistan, 
showing carbonates, phyllosilicates, sulfates, altered minerals, and other 
materials” (Kokaly and others, 2013b). The hyperspectral data for these maps 
were then clipped to the map extend of the geologic map (sheet 1)  in order to 
relate the hyperspectral data to geologic units, faults, drainage, cultural 
information, and locations of mineral deposits and ore occurrences identified on 
the redrafted Soviet map “sheet 1” (Shadchineva and others, 1975). To 
minimize interference with pixel data, contours were not added; however, 
shading was maintained to help identify relief. It should be noted that shading 
will modify the mineral colors as identified in the explanation of material classes. 
For the Description of Map Units, see sheet 1.  

The purpose of sheet 2 was to test the possibility of registering hyperspectral 
data to redrafted vintage Soviet geologic maps. At the scale of 1:100,000, 
these maps when combined with geology, shaded relief, and cultural features, 
provide additional possibilities and application for the hyperspectral data. 
However, since field verification is not possible, no attempt was made to 
interpret possible geologic relationships.

1-µm Hyperspectral Map A

This map shows the spatial distribution of iron-bearing minerals and other 
materials that have characteristic spectral absorption features that occur at 
wavelengths near the 1-µm region. Minerals that have unique spectral 
features such as hematite and goethite are easily discriminated (even 
identified by particle size) and are uniquely identified by using assigned 
colors. However, other Fe2+ and Fe3+ minerals  shown on this map were 
found to have similar spectral features and were less easily discriminated. 
Classes of minerals having similar spectra are identified as groupings in 
which the primary difference between them is the width of the absorption 
feature. These groupings include Fe2+ type 1, Fe2+ type 2, Fe3+ type 1, and 
Fe3+ type 2; and combined groupings as Fe2+Fe3+ type 1, Fe2+Fe3+ type 2, 
and Fe2+Fe3+ type 3. However, each of these Fe2+ and Fe3+ mineral classes 
have been grouped and discriminated with the use of unique color schemes. 
If the reflectance spectrum of a pixel could not be matched to spectral 
features of the reference spectra in a minerals spectral library from Clark and 
others (2007), the pixel is identified as black or “not classified” (see King and 
others, 2013).

2-µm Hyperspectral Map B

This map shows the spatial distribution of carbonates, phyllosilicates, 
sulfates, altered minerals, and other materials that have characteristic 
spectral absorption features that occur at wavelengths near the 2-µm region.  
Minerals that have unique spectral features, for example, illite and 
buddingtonite, are easily discriminated and are uniquely identified with 
assigned colors. However, some mineral classes such as “epidote or 
chlorite” and calcite and muscovite may have spectral features that are less 
easily discriminated. Some minerals are grouped into classes containing 
several minerals (for example,“calcite and muscovite/clay” and “alunite and 
kaolinite”) and discriminated with the use of unique color schemes in which 
the primary difference between them is the width of the absorption feature. 
If the reflectance spectrum of a pixel could not be matched to spectral 
features of reference spectra in a minerals spectral library from Clark and 
others (2007), the pixel is identified as black or “not classified” (see Kokaly 
and others, 2013b).
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Hyperspectral imagery from the “Hyperspectral surface materials map of 
quadrangle 3568, Pul-e Khumri (503) and Charikar (504) quadrangles, 
Afghanistan, showing iron-bearing minerals and other materials,” by King 
and others (2013), U.S. Geological Survey Open-File Report 2013–1201–B.

B.—Hyperspectral surface materials map collected at 2-µm wavelength showing carbonates, 
phyllosilicates, sulfates, altered minerals, and other materials combined with geologic units, 

faults, drainage, and cultural features from sheet 1.

A.—Hyperspectral surface materials map collected at 1-µm wavelength showing 
iron-bearing minerals and other materials combined with geologic units, faults,

drainage, and cultural features from sheet 1.

Hyperspectral imagery from the “Hyperspectral surface materials map of 
quadrangle 3568, Pul-e Khumri (503) and Charikar (504) quadrangles, 
Afghanistan, showing carbonates, phyllosilicates, sulfates, altered minerals, 
and other materials,” by Kokaly and others (2013b), U.S. Geological Survey 
Open-File Report 2013–1201–A.
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