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ABSTRACT 

The Recent sediments from North Iraq are characterized by a higher content of chromite. This paper deals with the mine

ralogy and geochemistry of chromite in the heavy mineral assemblages from Recent fluvial sediments in an attempt to eluci

date its distribution and source rock. The heavy fraction is composed of iron oxides and chromite forming about 50% of the 

total heavies. Chromite forms up to 80% of the opaque minerals at some areas in North Iraq. The non-opaque heavy minerals 

are composed of epidote, garnet, tourmaline, rutile, staurolite, kyanite, zircon, olivine, chlorite, muscovite, pyroxene and am

phibole. XRD analysis revealed that chromites are mainly aluminian chromite. Geochemical study shows that chromite is de

pleted in Fe and enriched in AI, such enrichment being related to the effect of alteration that leaches iron from chromite in 

the presence of suitable conditions assisting this alteration. Chromite is akin to podiform Alpine-type chromites. Higher con

centration of chromite favours the addition of ophiolite complex of the Zagros-Taurus belt as well as recycling of chromite 

from older formations in North Iraq. Another factor controlling this obvious enrichment of chromite is the hydraulic equiva

lent and meandering morphology of the rivers. 
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INTRODUCTION 

Chromite is one of the abundant opaque minerals that is 

recorded in the heavy mineral fractions from North Iraq, 

both in the Recent and older detrital deposits [1-5]. At 

some localities from North Iraq, the Recent sediments are 

characterized by higher content of chromites. This paper in

volves the results of investigation of the heavy detrital min

erals in the sands at selected areas of North Iraq. 

Attention has been focused on the enrichment of the 

chromite in the studied samples, its distribution and source 

rocks, with a detailed mineralogy and geochemistry of the 

chromite grains. 

Fifteen samples were collected from the Recent fluvia

tile sediments of the Tigris River and its upper reaches and 

tributaries, as well as some small rivers and wadis from 

North Iraq (Fig. 1). Each sample is representative of the 

taken samples in each locality within an area of about 2 m2 

in the meandering parts of the rivers. 

GENERAL GEOLOGY OF NORTH IRAQ 

Iraq is divided into six physiographic provinces (Fig.la), 

each with its distinctive geological environment [6]. North 

Iraq (area of study) lies within the Zagros Mountains and 

Foothills provinces and partly within the Jezira province. 

The Zagros Mountains to the north consist of NW-
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trending parallel ridges of folded upper Paleozoic and Mes

ozoic age limestones, and a Nappe of metamorphosed low

er Paleozoic rocks along the Iranian borders. The Foothills 

province consists of mainly Upper Miocene and Pliocene 

coarse detrital sediments which are gently folded along a 

NW -SE axis parallel to the structural trend of the Zagros 

Mountains. To the west is the Jezira province that consists 

of relatively undisturbed Miocene and Pliocene limestone 

and gypsum, and poorly consolidated Pleistocene detritus 

[6]. 

The Tigris River has its origin in the Taurus Mountains 

in Turkey, travelling a distance of 1718 km. In Iraq it forms 

the boundary between the Jezira and Foothills provinces 

until its junction with the Lesser Zab River. Three major 

tributaries in Iraq, the Greater Zab, Lesser Zab and Diyala 

Rivers, all drain the Foothills and Zagros Mountain. In ad

dition, the Lesser Zab drains the Nappe zone. Samples of 

the present study are collected from different rivers that 

drain the Foothills as well as the folded zone of the Zagros 

Mountains province from North Iraq (Fig.lb). 

Heavy mineral assemblages 

The samples were washed on a 0.38 mm sieve to re

move the finer material. The portion retained on the sieves 

ranges in size from medium to very fine sand (0.25-0.063 

mm). Some of the studied samples contain 
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Figure (1): a. The physiographic provinces oflraq. Provinces are: Zagros Mountains (Folded zone "Al"; Nappe zone "A2"), 

Foothills "B", Jezira "C", Northern- "D" and Southern- "E" Deserts and Mesopotamian Plain "F". b. Enlarged 

part of northern Iraq and sample locations. c. Distribution of the Gercus Formation in Iraq (Source AI-Rawi [3]. 
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a high percentage of carbonates. These were washed in di

lute ( 10%) hydrochloric acid before being sieved. A 10 

gram sample of the sandy portion was separated into heavy 

and light fractions using bromoform (sp. gr. 2.9). Addition

al separation of chromite from the heavy fractions was 

done using Clerici SYMBOL 162 \f "Symbol" \s 14 s solu

tion (sp. gr. 4.3) in order to accumulate chromite grains for 

the next mineralogical and geochemical investigations. 

The heavy minerals were examined under the binocular 

microscope, with the estimation of the abundance ratios of 

each of the heavies according to the method suggested by 

Rittenhouse [7]. The heavy minerals which are present in 

the studied samples are opaque minerals (chromite, magne

tite, hematite, ilmenite, pyrite and goethite), epidotes (epi

dote, zoisite and clinozoisite), garnet, tourmaline, rutile, 

staurolite, kyanite, olivine, zircon, chlorite, muscovite, py

roxenes and amphiboles. The relative abundance of these 

heavies in the Recent sediments are present in Table (1 ). 

The content of heavy minerals in the above size fractions 

generally exceeds 1%. 

The heavy mineral assemblage and their nature indicate 

a combination of igneous and metamorphic source rocks as 

well as recycling from older sedimentary sources. In com

parison with the older clastic deposits from North Iraq, 

mainly in the Foothills province, it appears that the bulk of 

the present heavy minerals were from the older Kolosh (Pa

leocene-Lower Eocene), Tanjero (Upper Cretaceous), Ger

cus (Middle Eocene), Injana (formerly Upper Fars, Upper 

Miocene) and Mukdadiya (formerly Lower Bakhtiari, Plio

cene) Formations, as shown below: 

Mukdadiya (Pliocene) [2]: Heavy mineral suites m

clude: opaque minerals (magnetite, hematite, chromite and 

ilmenite), epidote, pyroxene, amphibole, biotite, chlorite, 

muscovite, garnet, tourmaline, staurolite, kyanite, rutile, 

161 

apatite and zircon. 

Injana (Upper Miocene) [5]: Opaque minerals (magne

tite, hematite, chromite and pyrite), epidote, hornblende, 

garnet, pyroxene, zircon, tourmaline, rutile, staurolite, acti

nolite, glaucophane, kyanite, chlorite and muscovite. 

Gercus (Middle Eocene) [3]: Opaque minerals (mainly 

chromite and hematite, magnetite and ilmenite), spinel, ru

tile, hornblende, zircon, leucoxene, tourmaline, chlorite, 

garnet, muscovite, biotite, pyroxene, topaz, kyanite, apatite 

and sphene. 

Kolosh (Paleocene-Lower Eocene) and Tanjero (Upper 

Cretaceous) [4]: Opaque minerals (magnetite, chromite and 

ilmenite), epidote, hornblende, pyroxene, garnet, tourma

line, rutile, zircon and chlorite. 

It is shown from the above comparison that the suites of 

heavy minerals of the Gercus clastics are composed largely 

of chromite, hematite aggregates, magnetite, ilmenite and 

spinel. The chromite reaches up to 60% of the total heavies 

[3]. 

The Gercus Formation consists of a sequence of fining

upwards cycles that was deposited in a NW-SE trending 

belt that extending from northern to eastern Iraq (Fig. 1c) 

and continuing northwestwards into Turkey, and have simi

lar equivalent in Southeast Iran (Kashkan Formation). 

The opaque minerals form about 50% of the total heavy 

minerals studied and chromite forms up to 80% of the 

opaque minerals in the fine size fraction of the sandy por

tion at some areas in North Iraq (Alqosh and Zawita area, 

localities 7, 9 and 10; Fig. 1). Both areas were located in 

the Foothills province in which the Gercus sediments are 

distributed. The authors believe that the bulk of the chro

mite in the Recent sediments from North Iraq was recycled 

from the Kolosh, Tanjero and Gercus Formations as well as 

other younger clastic formations. 
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Table (1): Relative abundance of heavy minerals in the sandy portion from Recent fluviatile sediments of northern Iraq. A (Very Abundant,> 60%), A (Abundant, 60-30%), 

(Fairly Abundant, 30-15%), VC (Very Common, 15 -7.5%), C (Common, 7.5- 3%), FC (Fairly Common, 3-2%), S (Scarce, 2- 1 %), R (Rare,< 1 %), --(absent). 

Locality 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Chromite A vc FC R FC FC vc FC vc A FC FC FC s R 

Magnetite FA c FC FC c FC vc A FC vc FA vc vc vc c 
Hematite c FC vc FC c FA FC FC vc vc vc c c FC c 
Ilmenite c FC -- -- s -- FC vc R c FC vc c R s 
Pyrite -- -- s -- FC R -- R -- R s s s -- --
Goethite FC FC vc FC -- FA -- R FC R c c s c s 
Epidote FC vc FA c A vc vc FC FC c c c c vc A 

Gamet R s c FC FC c -- R R R -- FC FC c c 
Tourmaline -- R c FC FC c FC R s -- FC FC FC FC R 

Rutile FC c c FC FC R R R s s -- FC c FC R 

Staurolite R R -- -- FC -- s R R R R s s s --
Kyanite R R -- FC FC -- -- R R -- s s s s --

Olivine R R -- -- R R R R R R -- s c vc s 
Zircon -- R -- -- R -- -- R -- -- FC FC s c --
Chlorite+ muscovite c vc FA VA R c -- FC R R c c c c c 
Pyroxene R c FC FC FC R -- FC -- R vc c c c c 
Amphibole -- c FC -- R R -- FC -- R c c c c vc 

--- ---- -- - ----

Localities : 1. Khabour River before junction with Tigris River, 2. Kabour after junction. 3. Tigris before the lake, 4. Rashidiya, 5-Al-Malah valley, 6. Faida, 7. Alqos, 8. 

Gomel Al-Khazir, 9. Zawita 1, 10. Zawita 2, 11. Barzan, 12. Greater Zab, 13. Al-Kalak, 14. Namrud. 15. Lwesser Zab. 

N 
\0 ...... 
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Factors controlling the enrichment of chromite 

Several ideas have been recorded in the literature con

cerning the accumulation of heavy minerals in the fluvial 

and stream sediments. Rubey (1933) in Wolf [8] estimated 

settling velocity to be the most important segregating mech

anism accounting for the close association of small high

density grains with low-density but larger mineral grains in 

a sediment, together with such factors as density and hard

ness of the minerals, difference in original size of the grains 

in the source rocks, degree of abrasion during transporta

tion and degree of sorting at the site of deposition. On the 

other hand, Rittenhouse [7] attributed the distribution of 

heavy minerals in stream beds to varying hydraulic condi

tions at the time and place of deposition, equivalent hy

draulic size of each of the heavy minerals, availability of 

the minerals, and unknown factors. 

In the present study, the content of heavy minerals in 

the fraction 0.25-0.063 mm generally exceeds 1%. The 

chromite is enriched in the finer fraction 0.063 mm (4<)>) 

(very fine sand) rather than the medium sand 0.25 mm (2<)>). 

Such enrichment may related to several factors: 

1. The studied area of North Iraq lies not far from the main 

ophiolitic complexes of Iraq and Turkey. These com

plexes were enriched with chromites [9 and 10]. The 

weathered chromites were transported and recycled to 

the present area. 

2. Recycling of chromites from the older clastic formations 

(mainly Gercus Formation) that contain more than 60% 

of chromite in the heavy mineral suites studied [3]. 

3. The geologic setting of the studied areas are adjoining 

the hydraulic equivalent of the rivers and the current 

energy that carries the finer particles. 

4. The morphology of the rivers, from which the samples 

were taken, is characterized by meandering. Generally, 

the heavies are well accumulated in those parts of riv

ers rather than others. 

5. The chromite has a specific gravity of (4.6) and is of 

small mean grain size. These characteristics may be re

sponsible for the concentration of chromite grains in 

the finer grain size rather than coarser. This conclusion 

coincides with the ideas suggested by Osovetskii [111 
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who concluded that the overall content of smaller grain 

size heavy minerals increases in going from medium to 

fine detrital varieties. 

6. Chromite grains comprise the bulk studied opaques, 

which include also magnetite and ilmenite. These 

opaque minerals have specific gravity within the range 

of 4.3-5.2, are largely restricted to the finer size grades 

0.125-0.063 mm (3 <)>- 4 <)>),and microscopically show 

comparable shapes (euhedral to subhedral). Their simi

lar size, shape and specific gravities led Luepke [12] to 

conclude that such characteristics effectively eliminate 

any differential sorting of these minerals and promote 

its better accumulation in the Recent fluvial and beach 

sediments. 

MINERALOGY 

The chromite grains are well concentrated in the heavy 

fraction of the finer sandy portions. These grains range 

from sharply euhedral octahedra to subrounded forms. Op

tically, the mineral is quite opaque and appears under bi

nocular microscope (oblique illumination) as smooth, bril

liant and jet-black, especially the worn grains, with a 

pronounced conchoidal fracture for the broken ones. 

X-ray Analyses 

Mineralogical investigation for the chromite is per

formed using XRD technique, with a Philips 1730 diffrac

tometer (Cu a radiation, Ni filter). The diffraction pattern 

(Fig.2) revealed that generally the chromites are of the alu

minian variety. The chromite is normal with the unit cell 

ao =8.24. The followings are the intensity (1/lo), lines (hkl) 

and d-values for the studied chromite. 

Serial number Intensity (hk1) d(A) 

10 111 4.766 

2 30 022 2.909 

3 100 113 2.479 

4 55 004 2.047 

5 8 224 1.668 

6 20 115 1.578 

7 40 044 1.459 
-----------------------------------------------------------
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A luminian Chtomite 

2.471 

Figure (2): Diffractogram pattern of the studied Aluminian Chromite (Cu a radiation, Ni-filter). Sample taken from zawita,, 

locality 9. 

GEOCHEMISTRY OF THE CHROMITE 

Geochemical analysis of the chromite grains using 

atomic absorption spectrophotometry (AAS) shows that the 

chemical composition of the studied chromites is relatively 

constant (Table 2). Each sample contains an average of 100 

grains. The samples are taken from those localities that 

were enriched with chromite (locality 7 and 9, Table 1, 

Fig.l b). The technique of analysis is carried out at the la

boratory of Chemistry Department, Baghdad University. 

The accuracy and precision depend on using of internation

al and internal standards in addition to duplicates. The anal

yses show that the studied chromite grains are highly en

riched in Al203, but with lower Cr203 and total Fe 

contents, as compared with other chromites that were separ

ated from the ophiolitic complexes of Iraq and Turkey [9, 

13 and 10]. 

The chromites of the Recent sediments of North Iraq 

have been plotted (Fig.3) to show the variation of Cr203, 

Al203 and Fe203 in comparison to the podiform and strat-

iform chromites from the Alpine-type peridotite and Still

water complex in Montana respectively [14], as well as the 

chromites from the Iraqi Zagros ophiolitic complexes 

(Mawat, Penjwin and Bard-i-Zard) and those of the Orta

kale region of Turkey. The figure shows that the Recent 

sediment chromites are aluminian chromite and more akin 

to the podiform Alpine-type, and on an average it may 

compared with other chromites from the ophiolitic com

plexes of Iraq and Turkey. 
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The origin of Al-rich varieties of chromite occurs 

only in the Alpine-type peridotite bodies and peridotite 

nodules in basaltic volcanic rocks [15]; whereas Hutton 

[16] has shown that high percent of alumina appears to be 

general in chromian spinels from ultrabasic rocks. The pod

iform chromite deposits are the sole source of high alumina 

ores, in which Al203 exceeds 20 percent and Cr203 com

monly exceed 65 percent [14]. This relation appears to be 

suitable for the studied chromite. 
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Table (2): Chemical compostion and structural formulae 

of the studied chromite and from ophiolitic complexes. At

oms on the basis of 32 Oxygen. A = Chromite from Alqosh 

area, locality 7; B = chromite from Zawita area, locality 9 

(Fig. lb). C and D = Chromite from Ortakale region, Tur

key [10]. E = Chromite from Penjwin area, Iraq [9]. F = 

Chromite from Mawat area, Iraq [9]. 

,! 

Cr203 

Al203 

Fe203 

MgO 

Total 

Cr3+ 

AJ3+ 

Fe3+ 

Mg2+ 

Cr/Cr +AI 

Mg/Mg +Fe 

' Fe~o3 

A 

43.88 

32.63 

13.92 

9.42 

99.85 

9.25 

10.26 

2.79 

3.74 

0.47 

0.57 

B 

44.65 

33.91 

11.67 

8.94 

99.17 

9.48 

10.73 

2.36 

3.58 

0.47 

0.60 

c D E 

52.89 55.12 54.05 

16.69 14.90 9.22 

16.67 18.20 26.97 

12.64 12.94 9.30 

98.89 101.16 99.54 

11.14 11.61 11.38 

5.24 4.68 2.89 

3.34 3.65 5.40 

5.02 5.14 3.69 

0.68 0.71 0.80 

0.60 0.58 0.41 

Figure (3): Crz03, Ah03, Fez03 variation in chromite from the Recent sediments (present 

study) in comparison with other chromites separated from ophiolitic complex

es of Iraq and Turkey (After Thayer [14]). Symbols: Solid triangles "up and 

down" are the average chromites from Mawat and Penjwin in Iraq respective

ly [9], solid diamond is the average chromite from Bard-i-Zard [13], solid 

square is the average chromite from Ortakale Region in Turkey [10], asterisks 

are the samples A and B (the present study) from Alqosh area "locality 7" and 

from Zawita area "locality 9" respectively. P= Podiform chromite, S = Strati

form chromite, fc = ferroan chromite, ac = aluminian chromite, fs = ferroan 

spinel, cs = chromian spinel. 
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F 

49.14 

19.18 

18.15 

13.50 

99.97 

10.35 

6.02 

3.64 

5.36 

0.63 

0.60 
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In Table (2), the Cr/Cr + AI ratio of the Recent sedi

ment of Cr20 3 and higher Al203 content. The Mg/Mg + 

Fe ratio ranges from 0.57 to 0.60. These results are compar

able to those obtained by Cocherie et a!. [17], that less 

Cr20 3 and more Al203 contents with Mg/Mg + Fe ratio 

between 0.42 and 0.59 are suitable for disseminated chro

mite in harzburgite due probably to subslidus re-equilibration 

processes rather than those of disseminated chromite in du

nite that shows higher Cr20 3 content. Harzburgite with 

subsidiary dunite and pyroxenite are suggested to be the 

main intrusive facies of the ultramafic rocks of Iraqi ophio

litic complexes. The disseminated type of chromite is re

corded as accessory type in these complexes as compared 

to the common massive (podiform) type chromite [13]. 

Alteration of detrital grains of chromite in sedimentary 

environment has been discussed by Mihalik and Saager 

[18]. They showed that the major proportion of the chro

mite grains which form a common constituent of the heavy 

mineral suite in the Basal Reef of Witwatersand system, 

South Africa, is rimmed by altered borders showing higher 

reflectivity. They suggested also that the rounded form of 

the Witwatersand chromite indicates the transportation over 

a considerable distance. Such transportation with subse

quent alterations are responsible for the higher iron and 

chromium content and the lower magnesium and aluminum 

that leads to the higher reflectivity of the chromite borders. 

The lower Fe content in the studied chromite may be at

tributed to the effect of alteration on the Recent sediment 

chromite that leaches iron through weathering and transpo

tation (for short distance) from the source rocks in the pres

ence of suitable conditions assisting this alteration. The per

sence of common sharply euhedral octahedra shapes of 

chromite indicates such short distance transportation. Im

mature chemical weathering of the ophiolites of Zagros 

thrust zone under highly oxidizing and alternating wet and 

dry conditions resulted in unique composition of the weath

ering products from which a suite of heavy minerals, con

sisting essentially of chromite grains, was quickly flushed 

away during the wet seasons to be deposited in various lo

cal environment, along a nearby elonga ted trough, which 

included deltaic, floodplains and alluvial fans and even a 
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shallow marine environment [19]. These conditions may as

sist in the alteration and leaching of iron from the Recent 

sediment chromite. The higher content of chromite in the 

fluviatile sediments of North Iraq is reflected in the higher 

Cr content in the Recent sediments and soil of North Iraq. 

Jawad Ali [20] has concluded that higher concentrations of 

Cr in the Recent Tigris River sediments are higher than 

those of Euphrates River sediments due to a provenance 

richer in ultramafic source for the Tigris samples. He con

cluded also that the higher concentration of Cr is mostly 

incorporated with chromite rather than entering the struc

ture of clay minerals. 

CONCLUSIONS 

1. The heavy mineral suite of the Recent fluviatile sediment 

from North Iraq generally includes opaque minerals 

(chromite, magnetite, hematite, goethite and ilmenite) 

and the non-opaques (epidote, garnet, tourmaline, ru

tile, staurolite, kyanite, chlorite, muscovite, pyroxene 

and amphibole). 

2. Chromite is very abundant at some localities of North 

Iraq reaching up to 80% of the opaque minerals. This 

mineral is concentrated in the fine-sand size fraction. 

3. Microscopically, the mineral is quite opaque and ranges 

from sharply euhedral octahedra to well rounded forms 

with a smooth, brilliant, jet-black appearance and 

shows a pronounced conchoidal fracture for the broken 

grains. 

4. Mineral identification by XRD shows that the mineral is 

aluminian chromite. This is supported by chemical 

analysis of chromite, which revealed its enrichment 

with Al20 3. but depleted amounts of Cr20 3 and total 

iron content. 

5. The comparison with the chromite separated from the 

ophioliticc Zagros Taurus complexes of Iraq and Tur

key, appears that all the chromites fall within the podi

form chromite field. There is fundamentally lenticular 

concentration of chromite ranging from massive to dis

seminated and it occurs in peridotite complexes of the 

Alpine-type. 

6. Higher concentration of chromite favours the addition of 
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recycling from older clastic formations mainly the Eo

cene Gercus Formation, as well as Kolosh and Tanjero 

Formations. 

7. Hydraulic equivalent, setting velocity and meandering 

morphology of the rivers from which the samples were 

taken all affect the accumulation of chromite, whereas 

the specific gravity and the overall small sizes of the 

chromite grains are responsible for the better concen

tration in the finer grade sizes. 
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