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h PAKISTAN Calcite, abundant (51,458) Alunite and kaolinite (0)

Pyrophyllite (alunite or kaolinite

\\\ Calcite (7,847,489) may be present) (1)
Dand AN Calcite and muscovite/clay (619,253) Jarosite (3)
Dara Daran \
75000 m |\ . ( afa LJara g) \ a75000m N Calcite and clay/muscovite (8,552,277) Buddingtonite (0)
3382
Carbonate and clay/muscovite (177,061) Serpentine (339,856)

Carbonate, iron-bearing (18,562) Serpentine, or dolomite and

calcite (64,775)
Dolomite (252,609) Tremolite or talc (56)
1 1
Chamkani h Dolomite and clay/muscovite (22,300) Hydrated silica (2,176)
N | w
\\ Epidote or chlorite (931,687) Gypsum (0)
Muscovite (2,271,386) Green vegetation (1,152,646)
45' Illite (1,855,835) Dry vegetation (90,153)

Kaolinite (alunite, pyrophyllite, or

dickite may be present) (1,775) Snow and ice (6)

Kaolinite (98) Cloud or cloud shadow (0)
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Kaolinite and muscovite/clay/carbonate Water (32,903)
(32,759)
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Montmorillonite (419,589) Wet soils (364)
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DATA SUMMARY
Musa Khel / This map shows the spatial distribution of selected carbonates, phyllosilicates, sulfates, altered minerals, and

N Kl other materials derived from analysis of airborne HyMap™ imaging spectrometer (hyperspectral) data of Afghani-

stan collected in late 2007 (Kokaly and others, 2008). This map is one in a series of U.S. Geological

Survey/Afghanistan Geological Survey quadrangle maps covering Afghanistan and is a subset of the version 2

3492 O +H A7.968 — 30 map of the entire country shgwing.carbonateg, phyllosiligates, sulfat@s, altered minergls, and other matejals
A (Kokaly and others, 2013). This version 2 map improved mineral mapping from the previously published version
Khost Mela (Kokaly and others, 2011) by refining the classification procedures, especially in areas having wet soils. The

an

version 2 map more accurately represents the mineral distributions and contains modifications to the material class
names, as well as an additional mineral classification (Carbonate and clay/muscovite).

Flown at an altitude of 50,000 feet (15,240 meters (m)), the HyMap™ imaging spectrometer measured reflected
sunlight in 128 channels, covering wavelengths between 0.4 and 2.5 um. The data were georeferenced,
atmospherically corrected and converted to apparent surface reflectance, empirically adjusted using ground-based

570 reflectance measurements, and combined into a mosaic with 23-m pixel spacing. Variations in water vapor and
A757 7 dust content of the atmosphere, in solar angle, and in surface elevation complicated correction; therefore, some
classification differences may be present between adjacent flight lines.

The reflectance spectrum of each pixel of HyMap™ imaging spectrometer data was compared to the reference
materials in a spectral library of minerals, vegetation, water, and other materials (Clark and others, 2007). Minerals
occurring abundantly at the surface and those having unique spectral features were easily detected and discrimi-
nated. Minerals having slightly different compositions but similar spectral features were less easily discriminated;

thus, some map classes consist of several minerals having similar spectra, such as “Epidote or chlorite.” A
/ designation of “Not classified” was assigned to the pixel when there was no match with reference spectra. Further
hekhan

2720

digital spectral library splibO6a: U.S. Geological Survey Data Series 231.
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Kapara Kokaly, R.F., King, T.V.V., and Hoefen, T.M., 2013, Surface mineral maps of Afghanistan derived from
Shamal paray
Dadwal HyMap™ imaging spectrometer data, version 2: U.S. Geological Survey Data Series 787.
Kokaly, R.F., King, T.V.V., Hoefen, T.M., Dudek, K.B., and Livo, K.E., 2011, Surface materials map of
Afghanistan; carbonates, phyllosilicates, sulfates, altered minerals, and other materials: U.S. Geological
S . Survey Scientific Investigations Map 3152—A, one sheet, scale 1:1,100,000.
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information regarding the processing procedures is presented in Kokaly and others (2011, 2013).
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32° LOCATION MAP
Afghanistan 1:250,000-scale topographic
310 series quadrangles shown in blue

USGS/AGS 1:250,000-scale quadrangle
shown in red

HyMap™ imaging spectrometer data-coverage
area shown in gray
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HYPERSPECTRAL SURFACE MATERIALS MAP OF QUADRANGLE 3368, GHAZNI (515) AND GARDEZ (516) QUADRANGLES, AFGHANISTAN,
SHOWING CARBONATES, PHYLLOSILICATES, SULFATES, ALTERED MINERALS, AND OTHER MATERIALS
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