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Abstract: The border city in the southwestern side of 

Afghanistan, and a predominant portion of Helmand block 

comprises a huge wandering desert, domestic and industrialize 

opportunity, and a vast varieties of mountains (rocks), among 

such mountains one is Tur Ghar (Black mountain) at the north, 

northeastern view of the city, occurred through a volcanogenic 

activity. Kandahar’s Cretaceous sequence consists of 

volcanogenic-terrigenous rocks of the geosyncline type. When 

the Indian plate collided to the Eurasian plate the evidence is 

Kandahar volcanic at the southern margin of Afghan block. 

Geological maps of the area depict magmatic spots. The 

geological formation and rocks varieties are unknown. Here we 

show the geology, stratigraphy, and the petrography that consist 

there in the study area. Tur Ghar occupies the northeastern side 

of Kandahar city and some parts of ShawaliKot and Daman 

Districts. Such Cretaceous volcanogenic formation containing 

Hematite veins, fan alluvium foothills, lamprophyre, Basalt, 

lherzolitic rocks, and olivinite with basanite rocks. More 

obviously the area is completely magmatic (mafic-ultramafic) 

complex, which indicates black shiny appearance. Through the 

advanced geological, and geophysical opportunities some further 

investigations would be considered and expected results would 

be deep stratigraphical variation, its occurrences, and resources.  

Key words: Geology, petrography, ultramafic rocks, 

Kandahar, Afghanistan.    

1. Introduction 

Ultramafic rocks are composed of orthopyroxene, clinopyroxene, 

Olivine minerals, and some of them are hornblende-bearing 

ultramafic rocks (Best, 2003). Ultramafic and ultrabasic rocks, 

though not abundant at the Earth’s surface, provide valuable 

insight into basalt magma genesis and mantle source domains 

(Gill, 2010). A primary earth science information about such area 

is missing in all native and worldwide literature except the 

geological map of Afghanistan by USGS compiled in 2006, 

which is the up to date edition of the Afghan geological map, 

which was designed by BGS in 1977. All that missing is because 

of 40-year foreign and tribal wars that cause many more 

catastrophes like bans of schooling, a huge volume of migration, 

no family without sacrifices, and etc. This transcript provides an 

introduction of the area through the respect of geological 

structures (mountains, and hills), and other varieties like different 

types of deposits especially at the foothill of those structures that 

existing or being visible at each lower part of the mountains. 

Such structures have been considered and investigated with the 

significant of thin-section petrography, mega section 

identification, field observation, including with previous 

geological maps, and areal availabilities that will provide the 

sequence stratigraphy of each structure and general magnitude of 

them. Geological formations of this area exhibit igneous 

(volcanic) formation, and some deposits like fan alluvium. 

Meanwhile, such area in Afghan geological formation belongs to 

the mountainous region of south-eastern Afghanistan that 

includes the Afghan part of the Suleiman Mountains bounded in 

the north by the Spin Ghar and Altamur ridges, in the west by the 

Ghazni-Kandahar Highland and in the south by the Registan 

Desert (SH Abdullah, geology and mineral resources of 

Afghanistan, 2008). As a result, some petrological varieties 

including geological structures, stratigraphic understanding, and 

geographical position would be considered, and the concern 

about the (varieties, occurrences, and identification) of rocks 

among public and private sectors will have vanished. 

 

2. Study area. 
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Kandahar or the southwestern state of Afghanistan comprises 

three major geological varieties, the southern half of it, is 

scorching desert (Sahara), the northern part of the province 

containing a huge volume of mountainous hills, and mountains 

that are called relief zone, finally, the remaining part between  

these controversies are domestic, industrialize city, and 

productive area that is properly applicable for rehabilitation, and 

moderate irrigation. Such staying area is good enough choice 

rather than others through the respect of geological aspects (soils, 

water, and temperature). a city among the ridges existed in the 

center of its districts and neighbors, keeps the role as a focal 

point, and even famous both politically and historically. While 3 

out of 4 highways toward outside are just crossing on or in those 

ridges, and just like a geostrategic spot covered by barriers. Such 

kind of structure has predominant role in the evolution of this 

city, because it safes from rebel or any other enemy, and another 

valuable aspect for it is the revolution the first ancient 

civilization that took place on the edge of Arghandab River, a 

river that guessed a big gift to the area mandating more than 80 

percent of agriculture development, and as well as supports all 

live stocks. The geopolitical importance of the area is more 

considered, which had been being capital of the country several 

times. It is a border city having good relationships with both 3 

native states and 1 country (Pakistan). Hot scorching heat at the 

summit of summer reaches to almost 48oC guessed much more 

annoying but an opportunity for the corpses that matured rapidly 

and saturates the market first, and a tiny winter span that rarely 

reaches to minus 8oC, do not keep people workless for a long 

time, that is why more than a several thousand other states’ 

residents staying as a labors consuming their forces right here to 

sustain their life properly. Visible mountains from the city like 

Piil Ghar1, Myan Koh2, Tur Ghar, Arghandab Ghar, BaBa Sahib 

Ghar, Kukaran Ghar, Shurandam Ghar, and Surfuza stony hill are 

quite famous, blocking the city from its suburbs. Among these 

local named mountains, the (Tur Ghar) is located from northeast 

to the northern sides of Kandahar city that kept under deep 

consideration through this information.  
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Figure 1: (A) Geological map of Afghanistan published 1977, the block square at the southwestern corner is the study 

area indicates a magmatic structure. (B) Google earth image showing the area, including fan alluvium in the 

basement of the mountain. (C) Dykes at hematite hill. (D) Volcanic dome shows the mode of occurrences of the 

mountain comprises basalt rocks. (E) Hematite vein structures in a single hill at the southern margin of the 

mountain, hand specimen figure (#). (F) foothill of the mountains and hills containing basaltic bolder and conducted 

to fan alluvium. (G) a view of magmatic rocks mountain.   

3. Review of the literature  

An overall geological depiction of two provinces in the 

southwestern zone of Afghanistan revealed in a quadrangle 3146, 

Kandahar (606) sheet (1: 250,000) by USGS and AGC 

(Afghanistan Geodesy & Cartography Head Office, that 

complied by (Dennis W. O’Leary and John W. Whitney 2005), 

such map introduces the updated version of the Magmatic map of 

Afghanistan that complied in 1977. The geological formation 

that exposed in the north-east of the town of Kandahar is known 

by Anagay Formation, consisting of pre-Barremian beds, some 

intrusion, and volcanic-terrigenous rocks (BGS,2008, p. 165). 

Kandahar volcanic-region is depicted in the Helmand-Arghandab 

uplift zone (Map of magmatic formation of Afghanistan.1977, 1: 

2,500,000). The Kandahar forearc basin developed during late 

Jurassic-mid-Cretaceous times along the present SE margin of 

the Helmand Block, and it is separated from the latter by Moqor-

Tarnak Fault. The volcano-sedimentary basin was located on the 

margin of the Neotethys realm of Baluchistan. The basin is 

narrow in the NE, broadening towards the SW, where it 

continues below the Sistan Desert in the Chagai are along the 

Afghan-Pakistan border. To the east, the basin is truncated by the 

Chaman Fault, which separated it from the Paleogene sediments 

of the Katawaz Basin belonging to the Himalayan tectonic 

domain (Siehl, 2017, p.76). The first evidence that India drifted 

north, away from Gondwanaland toward the enlarged Eurasian 

plate with the Afghan block at its southern margin is the 

Kandahar volcanic and that marked the beginning of the 

development of a volcanic arc on the margins of the Eurasian 

supper plate. These were intruded by subduction-related, I-type’ 

granitoid in the Helmand and west Nuristan blocks (during the 

Cretaceous to early tertiary). The Farad block was subsequently 

overlain by Upper Jurassic-Cretaceous sediments and the 

Helmand block by Cretaceous sediments only. During this period 

the Pamir and West Nuristan blocks of northeast Afghanistan 

were also accreted onto Eurasia. These four blocks, together with 

the Tadjik block, are collectively known as the Afghan Block 

(Ministry of Mine AGS. n. d). All the igneous extrusions in the 

area including mountains and hills in a wide distribution are 

Neogene volcanoes (AFG Geology). Early in the Mesozoic, 

Pangaea began to break apart into two major pieces: Laurasia to 

the north of the Tethys Sea and Gondwana to the south. Smaller 

landmasses split off from Gondwana into the Tethys Sea. During 

the Cretaceous, one of these landmasses, now part of central 

Afghanistan south of the Hari Rud fault, was sutured against 

Laurasia. India was another one of these landmasses, migrating 

during the Cretaceous and Paleocene across the Tethys; by the 

middle Eocene, it had begun to collide with Laurasia northeast of 

Afghanistan, forming the beginning of the Himalayan orogeny. A 

tongue of the Tethys Sea remained between Afghanistan and 

India until the Pliocene. Deposited upon this remnant of oceanic 

crust was marine sediments. As this oceanic crust was subducted 

westward beneath Afghanistan, igneous activity increased along 

the eastern margin of Afghanistan that is now west of the 

Chaman fault (Schindler, 2002). Petrographic study of the 

chromite samples recorded between 5-10% interstitial silicate 

minerals in the ultramafic lithology. In chromite sample LGR 

013 this consists largely of olivine with minor alteration to 

serpentine, whilst the other samples are more altered with mainly 

serpentine, chlorite and a few remnants of olivine. A 

photomicrograph of chromite LGR 010 showing olivine with the 

serpentine alteration. The chromite itself is generally fresh 

showing red to red-brown colors with some minor darkening 

along with fractures, but LGR 001 (chromitite) is much more 

intensely darkened indicating alteration to ‘ferrit-chromite’ and 

magnetite (Styles, June 2009). The most prospective areas for 

gold-bearing skarn are the south-central provinces of Zabul, 

Ghazni, and Kandahar which contain over 50 gold-bearing sites 

including the largest gold resource currently known in 

Afghanistan. The occurrences are associated with Cretaceous 

subduction-related volcanic arcs within the Helmand Block 

(Coats, January 2006). The beginning of the development of a 

magmatic arc on the southern margin of the Eurasia Plate was 

marked by the Late Jurassic and middle Cretaceous Kandahar 

volcanic (Klaus Steinmuller, Dec 2010, p. 10). Cu and Pb-Zn 

skarn deposits and their related vein and manto style deposits are 

found adjacent to both late Triassic intrusions formed during the 

Cimmerian orogeny in Herat and Baghlan provinces, and to 

Oligocene intrusions in Uruzgan and Kandahar. Many of these 

occurrences are small but those at DarraAlasang in the Baghlan, 

as well as Darra-i-Nur and Kalai-Assad in the Kandahar 

province, are larger and more economically significant (Klaus 

Steinmuller, Dec 2010, p. 28). Organic remains are scarce. 

Poorly preserved remains of ammonites were collected in an area 

20 kilometers east of Kandahar along the road to Spin Boldak. 

After preliminary examination, N.P Luppov identified 

Costidiscus sp., Paraspiticeras sp., and Leptoceras sp. On this 

basis, he dated the enclosing rocks as Barremian. Later he 

succeeded in identifying one of the forms as cotidiscus ex gr. 

Recticotatus Orb., and placed the rocks into a range of Upper 

Barremain-Lower Aptian (SH Abdullah, geology and Mineral 

resources of Afghanistan, 2008). The report of Pajwak Afghan 

news about Kandahar prescribed estimated iron mine around 8.5 

million tons in Khakriz district, Marble mine in Dara-e-Noor in 

Maiwand district, fluorite mine in Bakhtu mountain in Nish 

district, Stacoo mine around 2.5m deep and 5m wide in Dama 

district 22,242 cubic meters extracted annually, Cement mine in 

Zakir Shirif in Dand district 14 kilometer east to Kandahar city, 

Coal in Spin Buldak pajwak news. Iron bearing deposits in 

Kandahar province like Haji Alam mine in Khakriz district, Asad 
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Kala with 63% magnetite, Syah Darah in khakriz district, Dara 

Chinar in Khakriz district, including with some other ore-bearing 

deposits (Taniwal, 2009). 

 

4. Regional geology  
The south-western side of Afghanistan consists different 

geological formations from ancient Precambrian up to 

quaternary, and it is one of the terrane (Helmand block) of the 

afghan block (Helmand block, Pamir block, West-Noristan 

block, Farad block these are the anterior separated blocks of 

Gondwana supercontinent and Tajick block in the southern 

margined part of Eurasia supercontinent), however, the Helmand 

block is among the Helmand and Chaman faults and contains 

Maqur and Tirin sub-faults, and with so many other geological 

varieties such as (Sistan basin, Chagay Arc, Rashkoh Arc, and 

northeast of Kandahar city Kandahar Arc,). The sampling area 

completely consists of Kandahar Arc (Kandahar mountain). 

Kandahar Arc is the distinguished part of the Helmand block (SH 

Abdullah, geology and Mineral resources of Afghanistan, 2008). 

Some portion of it is the evidence of Late Cimmerian, and the 

Kandahar forearc basin developed in the Late Jurassic–Mid 

Cretaceous at the active west-directed subduction zone of the 

Balochistan Neotethys (Siehl, 2017). This Arc consists of so 

many local named mountains as (Pil-Koh; Baba-Sahib; Khaybar; 

Toor-Ghar; Dahla Dam; Kokaran; Chilzini), and even so many 

hills at the foothills of such mountains, including with some 

mineral resources like a huge amount of gypsum veins in 

different places, dolomite containing rocks and in the further 

west of the province in Khakriz district the iron-bearing deposits 

accompanied with marble and precious stone. 

5. Method 

Topographical studies of the targeted relief structures have been 

conducted through fieldwork, including their structural varieties, 

positioning, and their average width and length.  

Sampling for petrographical studies has been done in the 

applicable points mainly at the crashing and excavating spots, 

and then provided them to polarize microscope to be considered 

micro-petrography of the rocks.  

Considering the Lithostratigraphy of each point and explaining it 

with diagrams and figures including the basement structures, and 

the deposits at the skirt of those mountains. 

6. Result 

The following section is the overall description of my research 

(petrographical, and structural information of the mountains 

located at the boundaries of Kandahar city.  

 

1. Tur Ghar: Tur Ghar or black mountain (figure 1) occupies a 

huge area at the northeastern side of Kandahar province, it views 

east-to-west from the city, but it lays from northeast-to-

southwest, beginning from the middle of Shawali Kot at the 

southern corner of Dahla Dam up to the northern margin of 

Kandahar City, almost 35 kilometers in length, average width is 

4-5 kilometers, and around 1300-1500m elevation. It separates 

Arghandab, and Shawali Koot districts from Dand district. Both 

sides of such mountain are comprised of fan alluvium deposits. 

 
                  Figure (2): The illustrations introduce fresh samples, marginal appearances of some spots, and visibility from a remote area.    

1.1. Petrography: Almost 6 types of different rocks were 

collected, while 3 types were more abundant and prepared 

for petrographical studies, and the rest were identified 

through hand specimens, including basalt, lamprophyre, 

hematite with quartz veins and studied for further 

investigation. Under the petrographic microscope plane and 

crossed polarized light has been conducted, both textural and 

mineralogical studies were done with the prepared slides.
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Figure (3): Magnesium-rich olivinite of Tur Ghar and microphotograph of PPL and XPL. The study area of the 

samples is located at the southern portion of Tur Ghar at the further north of Ayno Mina new city at the northeastern 

side of Kandahar old city. Its aphanitic texture covered a huge area such as domes and isolated peaky structures, 

including enough soils or sand deposits at the basement that makes clear it's adjusting to easy weathering rather than 

others (figure 2). Such rocks occur at the margin of other siblings like dunite rocks, serpentinite, and basalt. The 

specimens are free from any injected veins and vessels but only surficial variation at weathered spots that causes the 

easy brittle in such a portion. Compose of it is 90% olivine mineral with quarts, and magnesium accessories. Under 

microphotography, the rock looks green with white spots and the crystals of the rock are not distinguishable, which 

means very fine grains with the result of rapid cooling through cold atmospheric surroundings. The specimens look 

free from relief structures and no twining with zero cleavage. Hand specimen or seeing from the remote area it looks 

like a black monster, but when you take it out or took a broken sample it looks like green leaves of arid zone tree.  

       
Figure (4): Hematite with magnesite veins of Tur Ghar and microphotograph of PPL and XPL Samples area at the 

further north of Ayno new city almost 15 km at the northeastern side of Kandahar old city, appeared just like a middle 

reddish hill in front of that black mountain, and just separated by a valley (figure 1c). The geology of the hill looks like 

layers around 10 cm to 1m of such reddish hematite, between those layers fragments of such hematite deposited that 

introducing its adjustment to the dominated weather phenomenon. With its aphanitic texture no, one capable to 

distinguish the grains. Low metallic luster with the reddish streak, and with massive structure. The samples with its 

heavy scale rather than its neighbor rocks (serpentinite, dunite, lherzolite). The rock composition with its opaque 

diaphaneity containing a huge amount of Hematite with magnesite veins. No more accessories are applicable. 

2mm 2mm 

2mm 2mm 
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Figure (5): Lherzolitic of Tur Ghar and microphotograph of PPL and XPL. Lherzolitic from such Tur Ghar complex 

containing more than 70 percent volume, such rock with blackish basanite blanket occurred at near beneath of basalt 

rocks, mainly contact with basalt. Geographically located at the northeastern side of Kandahar city, well known by a 

black mountain in the local area but after taking a fresh hand sample except a thin black layer the whole body is 

greenish to dark greenish lherzolite rocks. This rocks with its massive appearance containing medium grains which are 

enabled to see through the necked eye. By containing visible grains introduce us to a phaneritic igneous texture. The 

colorless in thin section is Clinopyroxene, the green and greenish are orthopyroxene, the brown indicates the spinal 

minerals, the reddish is the chromite accessories. With a no twining containing, that has relief structures. 

 

Figure (5): Lherzolitic of Tur Ghar and microphotograph of PPL and XPL. Lherzolitic from such Tur Ghar complex containing more than 

70 percent volume, such rock with blackish basanite blanket occurred at near beneath of basalt rocks, mainly contact with basalt. 

Geographically located at the northeastern side of Kandahar city, well known by a black mountain in the local area but after taking a fresh 

hand sample except a thin black layer the whole body is greenish to dark greenish lherzolitic rocks. This rocks with its massive appearance 

containing medium grains which are enabled to see through the necked eye. By containing visible grains introduce the phaneritic igneous 

texture. The colorless in thin section is Clinopyroxene, the green and greenish are orthopyroxene, the brown indicates the spinal minerals, the 

reddish is the chromite accessories. With a no twining containing, that has relief structures.  

 

1.2. Stratigraphy: The area containing varieties of 

stratification that is distinguishable during field observation. 

Both sides along the strike covered through alluvium fan that 

comprises rock samples including from tiny particles up to the 

size of a boulder, and at the near margin solitary hills comprising 

hematite veins with eroded soil’s particles, apart from that the 

valley shape between hill and mountain is again alluvial fan 

(figure). The vertical lithostratigraphical variation forms the 

bottom of the mountain started by lherzolitic, Basanite-Dunite 

and at the top a massive basalt. 

 
Figure (7): diagram shows surficial stratigraphy  
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7. Discussion  

                 This geological spot is at the middle of Helmand 

terrain (Kandahar province) occupies the central, south-

southwestern geography of Afghan block, depicts completely 

mafic-ultramafic rock containing geological structures 

(mountains, and hill), and easily distinguishable from the rest 

geological structures (sedimentary, metamorphic, losses, and vast 

area of sand Sahara). Such mountainous ridge is a subpart of 

Afghanistan central mountains that started from the north of 

Ghuzni and Bamyan provinces crossing the north of Zabul and 

Uruzgan provinces reaches to the north of Helmand Kajakie 

water dam, and southeastern wing of such enlarged structure 

become weak at the north of Kandahar city, but more furtherly 

vanished at the periphery of Kandahar Registan Desert (Taniwal, 

2009). It is volcanos geological formation that may have 

occurred at the age of mega colliding or some convergent 

geological formation at the peripheries of this terrane. In the 

Kandahar, in contrast to all others, the Cretaceous sequence 

consists of volcanogenic-terrigenous rocks of the geosyncline 

type (BGS,2008, p. 26). On behalf of the field observation 

majority of the rocks are basalts, regarding its physical, and 

chemical properties, basalt rock weathers fast, so that is why 

soils and other weathered particles are accompanied up to the 

upper peaky points of the mountains. Stratigraphical formation of 

the area shows (1) fan alluvium, (2) hematite dikes containing 

hills, (3) volcanogenic valley full of basanite rocks boulders, (4) 

soil aggregated with fine grains olivinite rock, (5) combination of 

lherzolitic, lamprophyre, and magnesium-rich serpentine, (6) and 

finally the whole surficial rocks structures containing basalt, and 

basanite rocks. It strikes from northeastern to the northwestern 

direction. The foothill of the southern side of the mountain that 

consists of soil and boulder particles in the form of a huge vast 

plain was free and weapon’s storage zone called (Kishla Jijid) in 

the previous government, but right now changed to a very new 

urbanized area. One unexpected idea that I have such rock would 

not good enough capable to industrialize at the bridge, and dam 

area while continuously faced to water flow because these rocks 

are unresisting against erodible agents, and the discharging of the 

gravels should be avoided from the visible attractive area 

because it destroys the landscape of the mountains. The lack of 

petrological, and geophysical opportunities limited me from 

further beneath, and advanced consideration, by such advanced 

instruments the garnet, and lamprophyre formation will be 

available. However; the area with dark and greenish color 

explains volcanic rocks, the darkish foothill and rested plain area 

have occurred during magmatic activities and latter geological 

and environmental impacts. The resources are quite applicable 

industrializing objects rather than liquid confrontation 

foundation.  

8. Conclusion        
The northeastern portion of Kandahar city including some parts 

of Shawalikot, and Daman districts occupied by mafic-ultramafic 

intrusive, and extrusive rocks containing hematite veins, 

basanite, lamprophyre, and basalt. Stratigraphical variation from 

bottom to top is indicated by the grain size of the rocks, while the 

coarse grains rocks at the foundation and the very fine grains 

rocks at the top. Soils and rock’s weathered particles being 

visible up to the very peaky point of the mountains, that is 

because of the non-consistency of extrusive basalt rocks. Deep 

stratigraphical (borehole) researches should be conducted for 

garnet and other related valuable resources. Extracting of 

construction sands at random spots should be avoided regarding 

the landscape of the area. 
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