
Obe

Qadis

Herat

Injil

Karukh

Guzara

Qala-I-Naw

Chishti Sharif

Pashtun Zarghun

Obe

Kushk

Qadis

Herat

Injil

Karukh

Guzara

Qala-I-Naw

Kushk Kuhna

Chishti Sharif

Pashtun Zarghun

1489

1258

1383

1663
1337

1864

20471657

2490

2456

2380

2472
2567

26152717

1903

15331350

1495

1717

1642
1504

1561

1617

18421535

19421953

2284

2421

2178
1822

2783

2597
23102754

30873070

26072842

2888

30922746

30142749

3081

2433

30032728
2952

30483545
30121599

3222

28033172
172114691541

3107
3057

2275

2404

2358
2799

27343305

30251969

2459

25402133
2094

1496

31102554

2588
2705

2213

1591

28883000
2656

2804

34393154
3005

1864

20471657

2490

2456

2380

2472
2567

26152717

1903

15331350

1495

1717

1642
1504

1561

1617

18421535

19421953

2284

2421

2178
1822

2783

2597
23102754

30873070

26072842

2888

30922746

30142749

3081

2433

30032728
2952

30483545
30121599

3222

28033172
172114691541

3107
3057

2275

2404

2358
2799

27343305

30251969

2459

25402133
2094

1496

31102554

2588
2705

2213

1591

28883000
2656

2804

34393154
3005

34°00'
62°00'

35°00'

34°00'

35°00'

30' 30'

45'

15'

45'

15'

15' 30' 45' 63°00' 15' 30' 45' 64°00'

62°00' 15' 30' 45' 63°00' 15' 30' 45' 64°00'5857565453525149484746444342 550000 m E

386

384

383

382

381

380

378

377

387

3850000 m N

386

384

383

382

381

380

378

377

387

3850000 m N

450000 m E

58 59565453 550000 m E52514948474644434241 450000 m E

LOCATION MAP

Afghanistan 1:250,000-scale topographic 
series quadrangles shown in blue

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

HyMapTM imaging spectrometer data-coverage 
area shown in gray

64°

62°

60°

66° 68°

70° 72°

35°

34°

74° 76°

32°

33°

30°

29°

31°

36°

37°

38°

39°

410409
3462

HERAT

BADGHIS

GHOR

Obe

Kushk

Qadis

Herat
Injil

Karukh

Guzara

Qala-I-Naw

Kushk Kuhna

Chishti Sharif

Pashtun Zarghun

30'30' 63°00'

30'

62°00' 64°00'
35°00'

34°00'

REFERENCES CITED
Clark, R.N., Swayze, G.A., Wise, R.A., Livo, K.E., Hoefen, T.M., Kokaly, R.F., and Sutley, S.J., 2007, USGS 

digital spectral library splib06a: U.S. Geological Survey Data Series 231.
King, T.V.V., Kokaly, R.F., Hoefen, T.M., Dudek, K.B., and Livo, K.E., 2011, Surface materials map of 

Afghanistan; iron-bearing minerals and other materials: U.S. Geological Survey Scientific Investigations 
Map 3152–B, one sheet, scale 1:1,100,000.

Kokaly, R.F., King, T.V.V., and Hoefen, T.M., 2013, Surface mineral maps of Afghanistan derived from 
HyMap™ imaging spectrometer data, version 2:  U.S. Geological Survey Data Series 787.

Kokaly, R.F., King, T.V.V., and Livo, K.E., 2008, Airborne hyperspectral survey of Afghanistan 2007; flight 
line planning and HyMap™ data collection: U.S. Geological Survey Open-File Report 2008–1235, 14 p.

DATA SUMMARY
This map shows the spatial distribution of selected iron-bearing minerals and other materials derived from 

analysis of airborne HyMap™ imaging spectrometer (hyperspectral) data of Afghanistan 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 map of the entire country showing 
iron-bearing minerals and other materials (Kokaly and others, 2013). This version 2 map improved mineral 
mapping from the previously published version (King and others, 2011) by refining the classification procedures, 
especially in areas having wet soils. The version 2 map more accurately represents the mineral distributions and 
contains an additional mineral classification (Fe2+Fe3+ type 3). 

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 µm. The data were georeferenced, atmospheri-
cally corrected and converted to apparent surface reflectance,  empirically adjusted using ground-based reflectance 
measurements, and combined into a mosaic with 23-m pixel spacing. Variations in water vapor and 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 “Goethite and jarosite.”  A 
designation of “Not classified” was assigned to the pixel when there was no match with reference spectra. Further 
information regarding the processing procedures is presented in King and others (2011) and Kokaly and others 
(2013).

International boundary

City, town, or village

Peak; elevation in meters3725

Road, improved or unimproved

No data

Not classified  (19,302,695)

OTHER SYMBOLS
[Not all symbols shown may be present on this map]

Wet soils (779)

Water (7,313)

Cloud or cloud shadow (0)

Snow and ice (0)

Dry vegetation (5,718,544)

Green vegetation (1,224,721)

Ferrihydrite (42)

Maghemite (2,363)

Chlorite (0)

Epidote (105,118)

Fe2+Fe3+ type 3 (14,695)

Fe2+Fe3+ type 2 (1,042,595)

Fe2+Fe3+ type 1 (329,238)

Fe3+ type 2 (12)

Fe3+ type 1 (1,838,657)

Fe2+ type 2 (475,955)

Fe2+ type 1 (0)

Jarosite (285)

Goethite and jarosite (31)

Goethite, coarse-grained (51,565)

Goethite, medium-grained (143,660)

Goethite, fine-grained (133,547)

Iron hydroxide (825,223)

Hematite, coarse-grained (25)

Hematite, medium-grained (20)

Hematite, fine-grained (33)

Hematite, nanocrystalline (3,247,999)

[Materials are listed based on quality of match with reference spectra; class may contain one or more minerals 
or material types with the most likely option listed first. Number in parentheses indicates pixel count. Material 
classes that have small areal extent may not be visible at the publication scale of this map]
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Figure 1.—Provinces and selected cities, towns, and villages in the map
 area. Topography is shown as shaded relief.
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