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River, Walash Series, According to the mineral chemistry the clinopyrogeis derived from basic igneo
Peridotite rocks crystallized at 11-1220FC and low pressure. Amphibole and epidote crygtdl
under low temperature and/or formed under low ¢ metamorphism. The detrit
chromian spinel is derived from basic and ultrabagneous rocks of Alpine tyg
peridotite formed in for-arc. The probable source of these assemblages hpldp
Complex to the north of the studied area (nortly)liend igieous parts of Walash Seri
and Red Bed Series also the sedimentary rocksicdréh and Tanjero formatiol
Introduction

Clastic rocks, especially sands and sandstones, provideniation about the provenance of
sediments [1, 2]. The sands contain geochemicahandralogical information relating to the histafthe
source area. River sediments originate from the sedcce, exposed igneous, volcanic and sedimet
rocks. Some of these are easily eroded, whereasspthspecially the grained crystalline and metaiol
rocks, are affected by streams only when alterestliface layers [&

The drainage system of Balak' River originates from the south east of MergasuwviT@bout 12kn
south of IragiTurkish border, flows southeastward to intersedelsan River, about 23km to the southe
of Mergasur(Figure:1). The studied area lies in the mountainous regionooth lraq between latitudes
36°4200"N- 36°50'15"N and longitudes ©1930"E- 443020"E (Figure: 1).

The objective of this work is to study the chenyistf heavy minerals from the recent sediment
Balakyan River and their possible provena
Geological setting

The studied area lies within the High Folded Zortecl is part of the Unstable Shelf tectonic zon:
Iraq (Figure: 2) This zone was most strongly subsiding part of Ahgbian Plate since the opening of
southern Nedrethys in Late JurassiMaximum subsidence occurred during the Late Cretac®phiolite
obduction onto the NE margin of the Arabian Platé during Mic-Pliocene continental collision [5,

The High Folded Zone was intermittently uplifted @retaceous and Palaeogene time strongly
deformed in Late Tertiary. The zone was the matgiagt of the Palaeogene molasse that covers nitise
Iraqi Kurdistan Region. It comprises harmonic foldth Mesozoic limestone formations in their coeesl
Palaeogene and Neogene limestand clastic formations on their flanks [6].
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Figure- 1: Geological map and location of the faldediment samples from Balakyan River, KurdisRagion, Iraq
(modified from Stevanovic and Markovic, 2003 [4]).
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Figure- 2: Location and tectonic map of the nonthgaurt of Iraq (after Jassim and Buday, 2006([6]).

The Balakyan River incises different formationseTdge of the exposed rocks in the surrounding area
ranges from Late Campanian (Shiranish and Tanjermdtions) to Pliocene (Red Bed Series). The
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sedimentary rocks of Shiranish and Tanjero fornmatiare exposed along the Balakyan River, the former
consist of blue marl and thin bedded marly limestoand the latter is composed of silty marl, sitiss,
sandstones, conglomerates, and sandy or silty imrgeftrital limestones and globigerinal marl in tbever

part [5, 6]. Tanjero is Upper Cretaceous unit, Whicops out within the Imbricated and High Foldedes

in NE Iraqg. It stretches as narrow NW-SE belt resadt parallel to the Iranian border. It mainly cetssiof
alteration clastic rocks of sandstone, marl andazabus shale with very thick conglomerate and driay
limestones. The formation is divided to three paltsver, middle, and upper [7]. Many sedimentary
structures are found in the formation, by theseyas proved the lower and upper parts were dembaite
shallow water and middle part in deep basinal &he [

The Walash (volcanic) Group and Naopurdan (shatpu@ are exposed to the northeast of the river. The
Walash Group contains a volcanic core enclosednmimadture sedimentary rocks which consists of
mudstones, siltstones and sandstones. The mudsiomsightly calcareous and are more common than t
siltstones and contain sandstones up to few mateatgckness. The volcanic are classified as begles
and lava flows which consists of spilitic diabaggroxene-bearing spilitic basalts and spilites, and
intermediate volcanic which consists of pyroxendesmites and altered andesites. The Naopurdan Gsoup
dividing in to two subgroups, the Naopurdan typaeficalated sedimentary and volcanic units) and the
Sidekan Type (sedimentary rocks only) [5]. The setiitary units of Naopurdan subgroup consist of grey
shale with thin beds of green greywacke, lenticaianglomerates and coralline limestone, overlain by
massive nummulitic limestone capped by red shakeahile the volcanic unit is composed of andesitic
volcanic which comprise lavas, agglomerates anfédtabus slates with occasional basic pillow lavdse
Sidekan subgroup consists of multicolored grit aaddstone, silty shale and marls, and black bitansn
limestone [9].

The Red Bed Series was introduced by Bolt@5§) [10] for a sequence of clastic with occasional
limestone beds ranging in age from Late Maastachto Pliocene. He divided the series into the towe
Suwais Red Beds, the middle Lailuk limestone (Gaealimestone) and the upper Merga Red Beds. The
former group comprises both flysch and molassee glpstic alternating with neritic nummulitic lintese.

The second group comprises a red pebbly sandstodesidstone overlain by silty and sandy detrital
limestone and 80-90m of limestone of fore-reefetef facies [6]. The lithology of the latter growgpmassive
thick bedded limestone, white, pinkish and lightuanish, recrystallized with occasional nodules ed r
chert [11, 5]. Recently, on the basis of stratipsapnd lithology, Al-Barazinjy (2005) [12] dividdtie Red
Bed Series in Chwarta-Mawat area into six unitsantrast to the previous studies: red fine clastiert and
limestone conglomerate, thick bedded gray sandsaiternation of red layer of claystone with sandst
limestone with igneous and metamorphic pebblesbaudders, and the upper most part consist of nrat| a
claystone with some sandstone. He proved that # $eries and Kolosh Formation sharing the same
depositional basin and have the same tectoniagetti

Materials and methods

The heavy mineral occurrence in the fluvial recadiments of Balakyan River was studied along 32km
traverse from Mergasur to Diyana. Twelve recengrrisediments were collected and their heavy miinera
content were separated from the very fine sandiéra¢63-125 pum) using bromoform liquid by the stard
gravity separation method.

Thin and polished thin sections were prepared lier eparated heavy minerals which were studied
petrographically under transmitted and reflecteghtlimicroscopes, and by electron microprobe analyze
(EPMA). The heavy minerals were counted using Ribbaunting technique.

Quantitative (WDS) and semiquantitative (EDS) asialyf major and trace elements for the individual
heavy minerals was performed using fully automakERMA- JEOL 8200 type, equipped with four
wavelength spectrometers, operating under theviolip conditions: accelerating voltage (15 kV), beam
current (20 nA), beam diameter {fn), peak count-time (20 sec), background caimg-(10 sec); available
at Dalhousie University in Canada.
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Petrography of heavy minerals

The results of petrographic examination of the gaainerals in fluvial recent sediments (transparent
and opaque heavy minerals) are showitable: 1 Seven different transparent minerals were idieatiin
sand fraction (63um- 125um) according to theiragbtproperties [13, 14]. The non-opaque heavy maiser
spectrum is characterized by pyroxene, amphibgbéjote, serpentine, apatite, zircon, tourmaline and
weathered grains (i.e., unidentifiable heavy milsehbacause of weathered nature).

The heavy mineral assemblage is characterized bydamnt pyroxene and amphibole that forms >50%
of the transparent heavy minerals and to a les$ative percentage of epidote, serpentine, apatiterarely
tourmaline and zircofirable: 2)

A. Unstable heavy minerals

Pyroxeneis the most important group of ferromagnesian fackiing minerals. They occur in almost
every type of igneous and metamorphic rocks, agstaltize under a range of different conditions][18
appears in the source rocks of basic and ultrazbgseous rocks [15, 16]. Pyroxene grains constitbhe
dominant heavy mineral in the studied sedimentglimgnbetween 39.35 - 47.87% with an average of
44.67% (Table: 2) The pyroxenes are mostly clinopyroxenes includaupite, diposide diallage and
aegeringFigures 3a-f).

Table- 1: Total heavy minerals, opague and non-epawjneral contents in the fluvial recent sediments

Sample Location % Total heavy % Opaque minerals % Non- opaque
1 Bawa 1.02 16.42 83.58
2 Khardan 1.10 15.17 84.83
3 Lailuk 20.10 22.70 77.30
4 Nawmergan 0.13 22.43 77.57
5 Khalan 0.92 22.11 77.89
6 Khirra 1.88 21.65 78.35
7 Balakyan 4.59 20.97 79.03
8 Kwnagwnd 0.42 15.72 84.28
9 Shorawa 0.88 20.97 79.03
10 Mazna 0.87 17.13 82.87
11 Sader 2.30 19.63 80.37
12 Ashkawta 3.01 20.71 79.29

average 3.10 19.63 80.37

Table 2:Relative abundance of the main and minarenais in the non opaque heavy minerals in theidluecent
sedimen

Sample  Pyroxene  Amphibole  Epidote  Serpentine Apatite Tourmaline  Zircon Others

1 42.78 18.34 12.23 4.31 1.03 0 0 4.89
2 47.87 17.72 11.35 3.82 0 0 0 4.07
3 46.95 13.64 8.9 2.03 0.72 0.72 0 4.34
4 45.25 11.75 11.34 3.93 0 1.09 0 4.21
5 44.25 12.39 12.87 3.74 0 0 0 4.19
6 46.39 12.38 13.74 0 0.72 0 0.72 4.4

7 39.35 10.79 14.83 5.94 1.09 0 2.84 4.19
8 46.85 15.84 12.37 0 0.72 0 0.72 5.74
9 44.80 12.76 12.86 2.97 1.58 0 1.93 3.12
10 46.87 12.94 13.45 0 0.72 0 0.72 5.17
11 44.35 13.24 13.73 4.23 1.09 0 0 3.73
12 40.37 12.72 11.95 6.74 2.36 0 0 5.15

Average 44.67 13.70 12.46 3.14 0.83 0.15 0.57 448

150



JZS (2016) 18-4 (Part-A)

Amphibole constitutes an extremely complex group of minethkt form in a variety of igneous and
metamorphic rocks. They crystallize over a broagtspm of pressure- temperature (P-T) conditiontd) &
wide variation of chemical and physical proper{igs, 13, 14, 18]. Members of the amphibole group ar
well represented in young detrital sediments amilpdo more stable than pyroxenes, are more frequentl
encountered in older strata [14].

Amphiboles occur in all samples with ranges andaye of 10.79%-18.34% and 13.70 % respectively.
The highest percentages are recorded in sample8Llwith relatively moderate concentrations in ttleer
samples(Table: 2) The most common minerals of amphibole are tramolactinolite; the former is
characterized by colorless to light grey withowqahroism(Figure: 3g) While the latter have pale green to
pale yellowish green color with clear pleochroi@figure: 3h)

Other type of amphibole is hornblende that chareeté by its light green to brownish green and brow
color (Figure: 4a)with two set of cleavage unperpendicular and magli extinctions with clear pleochroism
from green to pale green. Hornblende is an indiaatib the metamorphic rock such as schist and g%

20] and the brown varieties occurring in basic @mserocks often contain considerable amounts afitim
[21] and also derived from acidic igneous rocks, [23)]. There are different sizes of the amphibgiesns,
some of them are relatively large in size with gted shape and the others are small. Generadly, th
amphibole grains are characterized by low weathsuef@ce.

B. Metastable heavy minerals
Epidote occurred in over all samples, and its content m lieavy mineral fractions ranges from 8.9%
t014.83% with average 12.46%able: 2) It appears as epidote and clinozoisite, the forappears as
yellowish green to pale brow(frigure: 4b) while the latter appears as colorless to palerggligure: 4c)
Generally, epidote grains appear as irregular tgr@ms and sometimes equate shape; in additione of
epidote grains are weathered. The clinozoisiteattarizes by weak double refractions and lackinthéo
pleochroism [24]. The type of the epidote minexalsy with the differences in the degree of metarmsm
of the source rocks [25, 23, 26]. Both of them wa&oenain in the low to medium grade metamorphic sock
[14].
Serpentinegenerally occurs as elongated grains with a lovefreind a smooth round outline. It has light
yellow color with opaque inclusions, wavy extinctiand with no pleochroisrtFigure: 4d) Serpentine is
recorded relatively higher content in the sampled@ low content in the sample 3, and not obseivéide
sample 6, 8, 10.
Apatite commonly occurs sporadically, it occurs in volcardcks and in basic to acid plutonic rocks [25],
and as a common accessory mineral of all type ra#ags rocks [14]. The apatite is present in somef
studied samples of relatively little content ramgbetween 0.72- 2.36% with average 0.83%, highetec
is recorded in the sample IZable: 2) It appeared as colorless, moderately relief drmvspleochroism
(Figure: 4e)
C. Ultrastable heavy minerals

The ultrastable minerals are very rare androe] in few studied samples.
Zircon is observed only in the samples 6, 7, 8, 9, 10 walhatively low content ranging between 0.72-
2.84% with average 0.57f&able: 2) It has a light green color with euhedral shap l@ipyramid with high
relief, and parallel extinction&igure: 4f,g)
Zircon is good indication for the source rocks,sthts rounded shape is indication for the high grad
metamorphic rocks and the euhedral shape is indisato the acidic igneous rocks [27].
Tourmaline is observed in the samples 3 and 4 with smalliveligt percentage 0.72- 1.09% with average
0.15%, it has moderately relief and distinct pleodm. It appears as tabular or irregular shi&pgure: 4h)
D. Opaque heavy minerals

Opaque minerals are present in over all sanjitke content in the heavy mineral fractions & thuvial
recent sediments ranges from 15.17% to 22.70%aveinage 19.63% Tl able: 1)
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The most commonpaque heavy minerals in the studied samples e-oxides: magnetite, hematit
and goethitgFigure: 5a) Magnetite is characterized by the low reflecyivand isotropy. The wide range
the shape (angular to rounded) is a good indicditiothe diffeent sources of the magneti

Chromian spinel is present in most of the samplexler transmitted light, the grains of chrom
spinel are generally fresh and there their shapgesifrom angular euhedral to roun (Figure: 5b) and is
deep reddish brown coldiFigure: 5c¢) in thin section indicating higler character with a pronounc
conchoidal fractures for the broken ones. Thickeing are almost opaque, and are truly isotropiwenite
is detected in most of the studieamples and is characterized by trellis textureit®ys detected in fe
samples of euhedral shape with yellow c(Figure: 5d)

The most important alterations in the opaque heawyperals in the studied samples
Alteration of magnetite to hematitee Magnetite is generally completely replaced by hémainder the
oxidizing conditions. The mechanism of martitizatighematization of magnetite) could involve
intermediate phase of maghemip-Fe,0O;), or a compound intermediate in comjtion between F©, and
FeOs; or the direct formation of hematite-Fe,03) from magnetite (R©,) [28, 29]. This replacement is
common in most of the studied sam(Figure: 5e)
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Figure- 3 Photomicrographs of heavy minerals from the filivecent sediments (under pl- polarized light, PPL);
(a) Pyroxene grain shows a diagenetic feature dikke& tooth (sample no.1), (b) Pyroxene grain showathering
feature and pitting (sample no.23, €, e, and f) Varieties of clinopyroxenes (samme9, 3, 7 and 4 respectively),
and h) Varieties of cal@amphiboles (tremolite and actinolite, sample nan8 2, respectively
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Figure- 4 Photomicrographs of heavy minerals from the filirecent sediments (under pli- polarized light, PPL);
(a) Hornblende (sample no.12), (b) Epidote (samplé&?2), (c) Clinozoisite (sample no.9), (d) Serpen{sample
no.7),(e) Apatite (sample no.12{f) Bipyramid Zircon(sample no.7), (g) High relief @ircon (sample no.9), (h)
Tourmaline (sample no.4).

Alteration of pyrite to goethite: Pyrite mineral is altered to goethite under oxidation ¢tod that the
process termed as goethitizatigfigure: 5f). The framboidof pyrite is detected in some studied sam

(Figure: 5b) Framboidal pyrite is common in sediments andtemperature ore deposi30].
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Alteration of ilmeniteto leucoxene: limenite is unstable under oxidizing conditionsl @ commonly altered
to leucoxene(Figure: 5g) thus promoting anatase and iron-oxide/hydroxideethite or hematite)
formation. This alteration is observed in differeamples with a trellis textu(&igure: 5h)

Chemistry of heavy minerals

EPMA was used to analyze pyroxene, amphibole, épidmd chromian spinel.

A. Pyroxene

Forty spots of detrital pyroxene were analyaad the formulas were calculated on 6 oxygen Ilf&sisle
3). The data were plotted on Morimoto (1988) [8idgram for their classification which showed ttiaty
fall in the field of diopsidgFigure: 6). The EDS-EPMA scan shows the peaks of the maistitoants of
diopside (O, Si, Mg, Ca, Fe, and Aigure: 7). The clinopyroxenes have a compositional ranges\¥/o
Enuss3 Fo.11, AlbOs= 2.64%, TiQ= 0.44%, and GOs= 0.32%. Detrital clinopyroxenes are a more reéabl
indicator of source rock chemistry [2].

The presence or absence of clinopyroxenes is thidogbe primarily a function of P and T, and bulk-
rock chemistry; i.e., only the rocks with bulk CaO from 11- 14.4% contain clinopyroxenes [32, 33]. Soesoo
(1997) [34] calculated P-T crystallization conditimf pyroxene based on the statistical multivariate
calculation. Depending on this calculation, all gli@opyroxene samples plot in the low pressurkd f{@-
5kb) with some close to the lower pressure linelafinson et al. (1985) [35], and formed between the
temperature 1150- 1220 (Figure: 8).

B. Amphibole

Amphiboles are crystallized over a broad spectof P-T conditions, with a wide variation of cheal
and physical properties [17, 13, 14, 18].

The formula of studied amphiboles which aneresented in Table 4 was calculated on the bask3 of
oxygens and proved to be actinolites and magnesiblendes based on the classification of Leakd.et a
(1997) [18] (Figure: 9). The [Mg/(Mg+Fé")] ratio vary between 0.68-0.86 in actinolites ab.d4 in
magnesiohornblende. Most actinolites have the gaifo0.75-0.85, in metabasalt= 0.55 reflecting higgh
content of iron in the host rocks [33]. The [Mg/(Meg*")] ratio in the studied actinolites ranges between
0.68 to 0.86, i.e. it have low Fe contents in thethocks.

The studied amphiboles are Al-poor (8.83 wtA%0; in magnesiohornblende and <4 wt.%@J in
actinolite), Ca-amphiboles. There is relation bemveéhe tetrahedral Al contents of the amphibolespai
(actinolite and hornblende) and the estimated teatpees of crystallization [36]. Also, the tetrahaldAl and
alkali contents decrease with decreasing gradeetdmmorphism [37]. Ernst and Liu (1998) [38] sudges
low-temperature to crystallization for amphibolelsen A" is less than one and Ti is less than 0.30, this is
typical of retrograde metamorphic rocks or altemadfic igneous rocks [39]. Accordingly, the low
tetrahedral Al and alkali content of the studiecbhiboles can be considered to have been crysilliner
low temperature and/or formed under low grade metphism(Table 4)
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Figure- 5 Photomicrographs of heavy minerals from the #ilivecent sements (under reflected light except c is ur
PPL} (a) Goethite, magnetite, and ilmenite (sample no. 12), (b) Rounded chromite and goethitized framboidal pyrite
(sample no.9)(c) Reddish brown chromii(sample no.3), (d) Euhedral shape of py(gamplt no.3), (e) Hematite
replacing magnetite (sample no. 12), (f) Goethitipgrite and ilmen-magnetite (sample no. 9), (g) Leucoxeni.
iimeno-magnetite (sample no. 9), (h) Trellis texture oféhite (sample no. 9).

Table- 3:Electron microprobe analysis clinopyroxene from the fluvial recent sedimentspfalae calculated to
Oxygen.
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GGrain niimher

Elements 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SiC, 53.1z2 50.9¢ 53.37 51.0¢ 52.0z 51.6¢ 51.2( 51.8¢ 51.4C 51.27 52.37 52.3¢ 53.17 51.8¢ 52.4¢ 48.7¢
TiO2 0.23 1.20 0.18 0.36 0.2010.33 0.32 0.15 0.39 0.36 0.27 0.36 0.06 0.10 044 591
Al,O; 231 2.96 149 352 237 187 218 177 158 250 343 270 3.14.493 242 5.317
Cry04 0.10 037 0.07 015 059 0.17 019 0.26 022 017 138 042510 1.04 0.35 0.15
FeO 3.68 5.75 6.10 593 4.89 459 459 429 8.13405.190 537 325 296 4.88 7.68
MnO 0.10 0.14 0.17 014 0.14 0.5 0.13 0.14 0.22160.1.11 0.17 0.09 0.09 0.15 0.14
MgO 17.40 16.18 15.9216.89 17.68 16.96 16.68 16.75 14.87 16.00 17.14 16.27 18.718 17.00 16.65 13.92
CaO 2256 21.66 22.2919.25 21.52 22.53 22.84 23.40 22.02 22.60 23.02 22.02 21.0 23.19 22.29 21.88
Na,0 0.25 0.32 0.19 0.87 013 0.27 027 012 031 02649 0.30 0.13 0.13 0.35 0.45
K;0 0.02 0.01 0.01 0.10 0.02 0.03 0.02 0.02 0.02 0.0201 0.02 0.03 0.02 0.03 0.02
Total 99.76  99.59 99.7598.23 99.57 98.57 98.42 98.77 99.15 98.73 101.05100.00 100.17 99.85 100.00  99.87

Si 1.93 1.88 197 189 190 191 190 192 1920149.88 192 1.92 1.89 1.92 181
Al(iv) 0.10 0.13 0.07 0.15 0.10 0.08 0.10 0.08 0.07 0.11 0.11 0.12.130 0.15 0.10 0.23
Sum 2.03 2.03 203 204 201 199 199 199 1991 2199 204 205 204 202 2.04

Ti 0.00 0.03 0.01 001 001 0.01 0.01 000 0.0110®01 0.01 0.00 0.003 0.01 0.04
Cr 0.00 0.01 0.00 0.00 0.02 0.01 0.07 0.09 0.0710®04 0.01 0.02 0.0 0.01 0.00

Fe 0.08 0.12 0.18 0.07 0.08 0.05 0.03 0.05 0.1790.0.00 0.13 0.08 0.04 0.09 0.14
Mn 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.0810.®03 0.01 0.00 0.00 0.01 0.00
Mg 0.94 0.89 0.88 093 096 094 092 092 0.8390.894 0.89 1.08 092 0091 0.77
Ca 0.88 0.86 0.88 076 084 089 091 093 0880099 08 082 091 0.87 0.87
Na 0.02 0.02 0.01 0.06 0.01 0.01®019 0.01 0.02 0.02 0.03 0.02 0.01 0.01 0.03 0.03

K 0.00 0.00 0.00 0.01 0.00 0.000.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Wo 46.33  45.94 45.4743.47 44.75 47.60 48.71 48.82 46.9 48.08 49.12 45.98 42.96 48.45 46.62 48.78
En 49.69 47.78 45.2152.93 51.16 49.86 49.50 48.62 44.08 47.35 50.88 47.27 53.07 49.43 48.47 43.15

Fs 3.98 6.30 9.32 370 4.09 253 179 237 09.0094%.0 6.75 3.97 213 491 8.07

Grain number
elements 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
SiO, 48.83 52.36 52.35 49.73 52.14 51.90 51.13 51.28 47.38 44.82 5230 51.14 5272 51.85 53.63 52.69
TiO, 1.64 0.12 0.18 0.02 0.04 0.07 0.05 0.22 2.33 3.50.14 0.65 0.05 0.33 0.17 0.26
Al,O; 533 307 228 209 245 196 310 237 472 6.82.17 2.84 0.05 3.14 0.69 1.72
Cr,03 0.05 0.70 0.13 0.01 0.86 0.1000.50 0.72 0.05 0.01 0.45 0.05 0.83 0.19 0.02 0.25
FeO 7.60 3.1 563 7.80 3.18 490 375 444 7.26 06.94.34 5.73 2.57 6.09 5.60 4.89
MnO 014 012 018 0.18 0.07 012 009 014 0.13150. 0.11 0.13 0.05 0.16 0.14 0.13
MgO 13.94 16.68 15.8913.95 17.19 17.47 17.10 16.16 13.46 12.72 17.44 16.42 16.93 15.44 16.34 16.53
CaO 2226 23.64 23.2®1.08 23.05 22.17 20.52 2273 22.49 22.81 22.07 21.88 2323 2155 22.852294
Na,O 0.46 0.12 0.15 0.19 0.19 0.14 0.15 0.33 0.48 0.52.19 0.24 0.10 0.21 0.23 0.20
K20 0.01 000 0.01 0.03 0.00 000 0.03 000 0.01 0.00.01 0.00 0.00 0.01 0.008 0.021
Total 100.30 100.00 100.0595.13 99.21 98.88 96.45 98.45 98.34 98.28 99.26 99.15 96.57 99.01 99.72 99.67
Si 1.80 1.91 191 194 1.91 1.91 1.93 1.90 1.79 91.61.92 1.89 1.99 1.93 1.97 1.93
Al(iv) 023 013 010 0.10 0.11 0.09 014 0.10 021 0.30 0.09 0.12 0.00 0.14 03 0. 0.08
Sum 2.03 2.04 2.02 2.03 2.02 1.99 2.06 2.01 2.0000 2. 2.01 2.01 1.99 2.06 2.00 2.01
Ti 0.04 000 0.01 0.00 0.00 000 002 0.07 0.07 00.10.00 0.02 0.00 0.01 0.01 0.01
Cr 0.00 0.02 0.004 0.00 0.02 0.00 0.01 0.02 0.00 0.00 0.01 0.00 0.02 .01 0 0.03 0.01
Fe 0.13 006 012 021 004 005 011 0.06 0.11 70.00.07 0.10 0.08 0.19  0.00 0.10
Mn 0.01 000 0.01 0.01 0.00 000 0.00 001 0.00 10.00.00 0.00 0.00 0.01  0.00 0.00
Mg 0.77 0.91 0.87 0.81 0.94 0.96 0.96 0.89 0.76 20.70.95 0.90 0.95 0.86 0.90 0.90
Ca 088 092 091 088 091 088 083 090 091 20.90.87 0.87 0.94 0.86 0.90 0.90
Na 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.04 40.00.01 0.01 0.01 0.01 0.01 0.01
K 0.00 0.000 0.00 0.00 0.000 0.0000.00 0.000 0.00 0.000 0.00 0.000  0.000 0.00 0.000 0.00
Wo 49.58 48.83 48.0916.35 48.09 46.34 43.60 48.69 51.15 53.96 45.90 46.38 47.60 45.20 46.45 47.34
En 43.22 4795 45.8442.69 4991 50.79 50.58 48.17 42.61 41.85 50.48 46.45 48.28 45.06 46.21 47.45
Fs 7.20 323 6.07 10.96 2.00 2.86 582 314 6.24 420 3.62 5.16 4.12 9.74.347 5.21

Wo
4
50 50
MDiopside Hedenbergite\
70 Augite 70
Pigeonite
90 90
en L Clingenestetite | _Clinoferasjlite A=A

) ) 100 - 80 60 - 40 20 )
Figure- 6: Clinopyroxene classification diagram tlee fluvial recent sediments according to Morim(ite88).
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C. Epidote

Epidote minerals crystallize dominantly in imwlly metamorphosed rocks and also form in a wide
variety of igneous parageneses, and they are atemon in the sedimentary record.

Formula calculations based on 12.5 oxygengdpresentative minerals of epidote group showetl th
they fall between the field of epidote and clinaitei closer to epidotélable: 5; Figure: 10). The EDS-
EPMA spectrum of epidote shows the main peaks of ABi Ca, Fe, and Mg(Figure: 7b) The
100F€&*/(Fe*+Al) ratios of these epidotes are between 21-33efohnd are restricted to pistacite (Ps) in
comparison with epidotes from mafic schists froreotareas whose Ps content has a wide range between
12-70 mole% [27, 33]. The Fe content in epidotere@ses with increasing metamorphic grade. Theedudi
epidote can be considered rich in Fe which rangésden 9.19-14.20 wt. %.

Experimental studies of Moody et al. (1983)][4n mafic systems indicated that the compositbn
epidote is a function of P and T as well as of btk rock composition. Normally, Fe-rich epidote
crystallizes with Mg-actinolite at low temperaturalsthe green schist facies. Epidote and clinozmiaire
common with hornblende at intermediate temperaturee average Fe/Al ratios in the coexisting emdot
and clinozoisite from the low grade zone are 0.33 and 0.13, respectively; while those from the high-grade
zone are 0.28 and 0.20, respectively); i.e., decrease with increasing temperature [37]. The Fe/Absafor the
studied samples are between 0.26- 0.49, this mggested the low-grade metamorphic source complexes
[39].

Full scale counts: 14683 NiMocontactzone(15037) Cursor: 0.831 keV
209 Counts

0 1 2 3 4 5 6 7 8 9 10
kim -6 - C keV

Full scale counts: 5873 NiMocontactzone(15043) Cursor: 4.500 keV
46 Counts

5 10
kim -6 - C keV

Full sc:

NiMocontactzone(15016) Cursor: 4.500 keV
107 Counts

Figure- 7: Energy Dispersive Kay Analyzer (EDXRA) spectra for; (a) Diopside (pyroxene group) for grain no. 4
(Table 3), (b) Epidote (epidote group) for grain 48 (Table 5), (c) Chromian spinel for grain n8.(3able 6).
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Figure- 8: Calculated pressure- temperature chiitibn conditions for pyroxenes of fluvial sedintesamples, based
on the statistical multivariate calculation of So@$1997) [34].
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Figure- 9: Amphibole classification diagram for fhevial recent sediments, according to Leake e(197) [18].
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Table- 4: Electron microprobe analysis of amphitfaden the fluvial recent sediments, formulae cadted! to 23

Oxygen.
Grain number
Oxides 41 42 43 44 45 46
SiC, 53.1¢ 46.3¢ 53.9( 53.4¢ 52.5( 54.02
TiO, 0.11 1.82 0.0: 0.04 0.0C 0.0¢
AlL,O3 2.64 8.8 1.0¢ 1.57 3.11 2.92
Cr,03 0.4¢ 0.27 0.28¢ 0.0: 0.0C 0.04
FeC 10.8¢ 10.07 6.1 12.2¢ 12.7¢ 11.3¢
MnQ 0.21 0.1€ 0.0¢ 0.3t 0.17 0.31
MgQ 17.4¢ 15.9¢ 20.6¢ 16.3¢ 15.44 16.7¢
CaC 11.37 12.0¢ 12.7( 12.2( 11.01 11.41
Na,0 0.27 1.3¢ 0.1¢ 0.1¢ 0.2: 0.27
KO 0.0t 0.12 0.01 0.0: 0.0z 0.01
ZnC 0.1: 01€ 0.0z 0.0t 0.0C 0.0z
Total 96.5¢ 97.0¢ 94.9¢ 96.31 95.2( 97.2(
Si 7.57 6.7¢% 7.7 7.7¢ 7.7:2 778
Al (iv) 0.3: 1.2F 0.1¢ 0.2z 0.2¢ 0.27
T 8.00( 8.00( 7.9% 8.00( 8.00( 8.00(
Al (vi) 0.11 0.2¢€ 0.0C 0.0t 0.2€ 0.2:
Ti 0.01 0.2C 0.0c 0.0c 0.0C 0.01
Cr 0.0¢€ 0.0z 0.0: 0.0c 0.0C 0.0c
Fe(iii) 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C
Fe(ii) 1.31 1.22 0.7¢ 1.4¢ 1.57 1.3€
Mn 0.0z 0.0z 0.01 0.0¢ 0.0z 0.0¢
Mg 3.7¢€ 3.4¢ 4.4¢ 3.5¢€ 3.3¢ 3.5¢
C 5.27 5.2C 5.2t 5.1t 5.2¢ 5.2Z
C-5 0.27 0.2C 0.2: 0.1¢ 0.24 0.2z
Ca 1.7¢ 1.8¢ 1.9¢€ 1.9C 1.7¢ 1.7
Na -0.0z -0.0¢ -0.1¢ -0.0¢€ 0.0: 0.0:
B 2.00( 2.00( 2.00( 2.00( 2.00( 2.00(
Type magnesic magnesic actinolite actinolite actinolite actinolite
Mg/(Mg+Fe*?) 0.7¢ 0.7¢ 0.8€ 0.7¢ 0.6¢ 0.7¢
Fe/(Fe™+MAl 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C
W Pistacite ,
@ | caFesiouOH) o™
—~ (o)
< o g' o)
o+r)+ © | Ferriepidote W
& = CagAIFezsigolz (OH) ]
~ o
o<
W o Clinozoisite
LIII' - 2 Al 3
a Epidote mP
N |CaAlFe*[Si,0,][Si0,]O(OH) o
© o
o ¢ Clinozoisite C&Alg [S|207][S|O4]O(OH) |
O v T T 1 1 1
0.0 0.5 1.0 15 20 25 3.0

Figure- 10: Nomenclature of the epidote group far fluvial recent sediments according to Armbrustérl. (2006)

[40].
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Table- 5: Electron microprobe analysis of epidotarf the fluvial recent sediments, formulae cal@dabl12.5 oxygen.

Grain number No. (3)

Elements 47 48 49
SiO 38.01 37.60 37.67
TiO, 0.00 0.14 0.07
Al,O, 24.72 20.52 23.28
Cr,0; 0.03 0.04 0.03
FeO 9.19 14.20 11.33
MnO 0.11 0.05 0.11
MgO 0.01 0.02 0.80
caO 23.73 23.23 22.396
Na,O 0.00 0.002 0.00
K0 0.01 0.01 0.00
Total 97.71 97.69 97.59

Si 3.03 3.04 3.02

Ti 0.00 0.01 0.00

Al 2.32 1.96 2.20
Fe(iii) 0.61 0.96 0.76

Mn 0.01 0.00 0.01

Mg 0.00 0.00 0.10

Ca 2.03 2.01 1.92

Na 0.00 0.00 0.00

K 0.00 0.00 0.00
Fe"/(Fe+Al) 0.21 0.33 0.27

D. Chromian spinel

Chromian spinel [(Mg, B&(Cr, Al, F€),0,] is a ubiquitous accessory mineral in ultramationmafic
rocks. It owes its value as a petrogenetic indicédoits particular chemical character, being exeb
sensitive to bulk rock composition and petrogenestbe host rock [42]. The principal constitue(@s, Mg
and Al) behave differently during fractional cryzation or partial melting [43, 44, 45, 46, 47].

The chemical composition of the detrital chromigimsls can potentially be used as a sensitive @tdic
of the host-rock tectonic setting or of physicocheiconditions under which the host rock formef,[47,

48, and 49].

The EPMA of 11 chromian spinels and an EDS specsbowing the main constituting peaks (Cr, Si,
Mg, Al, Ca, and Fe) are presentediable: 6andFigure: 7c, respectively. The calculations of ferrous¥{JFe
and ferric (F&) are from raw analysis assuming spinel stochioyneéfhe Cr/(Cr+Al) ratio (Cr#), the
Mg/(Mg+Fé&") ratio (Mg#), and F& # and TiQ contents are the common parameters used to get
petrogenetic information from the composition af tthromian spinels.

The analyzed chromian spinals fall in thédBeof magnesiospinels, chromite, and spifadure: 11)
and have relatively high Cr and low TiGontent{Table: 6)
Provenance of the sediments

The most common association of heavy minerals & dtudied sediments is the unstable minerals
(pyroxene and amphibole) which represent more &G of the heavy minerals. This means that these
sediments were not transported for very long detarand are close to the source area.

The heavy mineral assemblages can distinguish eetseme tectonic settings. Plotting of percentdge o
heavy minerals on a right angle MF/MT/GM diagram,piarticular, MT (at the right angle corner of the
diagram) is less certain in distinguishing betwsediments of different tectonic settings than ttieiotwo
components [52]. The plotted data shows that thdiei sediments reflect the active continental imarg
where MF>GM in the sampld€Eigure: 12)
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Depending on Soesoo (1997) [34] calculations thdistl clinopyroxene is derived from igneous rocks o
low pressure (2-5kb) and temperature between 1220°C (Figure: 8).

The minerals of amphibole group are well represkimeyoung detrital sediments [42], it form in ety of
igneous and metamorphic rocks. All analyzed ampbgare Ca-amphiboles, the majority is Mg-rich (Mg#
68-86) and Al- poor with compositions ranging fronagnesiohornblende (8.83wt% ,8%) to actinolite
(<4wt% AlLO;). Based on the low tetrahedra Al and alkali corgefi the studied actinolite and hornblende
(Table: 4) the amphibole is crystallized under low tempewator/ and formed under low grade of
metamorphism.

Fe-rich epidote crystallizes with Mg-actinolite latv temperatures, and epidote and clinozoisite are
common with hornblende at intermediate temperaturbe Fe/Al ratios are between 0.26- 0.49, this may
suggest the low metamorphic source complexes (7, 3

Chromian spinel is an accessory mineral in ultrdengf mafic rocks. The Cr# and Mg# are the most
characteristic parameters employed in classifioamd nomenclature of chromian spinel. These are
integrated by major and minor oxides {Gy, MgO, FeO; and TiQ) which are very important as
provenance indicators. The relatively high contdr€r,Os;, when plotted against AD; shows that all of the
studied chromian spinels are of podiform type ektep samples are of stratiform tydegure: 13)

The Cr# is the most characteristic indicator ofoohian spinel discrimination of tectonic setting.eLe
(1999) [47] suggests the range of the Cr# of chrepmeel as summarized Figure: 14 They reviewed

0.9 -
°
0.8 —
° |®
07 Chromite |¢ Magnesiochromite
Cr# o
06 - o ®
°
0.5 L
Hercynite e Spinel
0.4 =
1 1 1 1 1
0.4 0.5 0.6 0.7 0.8 0.9

Mg#
Figure- 11: The Cr# versus Mg# plot showing thessiffication and nomenclature of the chrome spirehfthe fluvial
recent sediments, according to Augé (1987) [50]A&imehed and Arai (2002) [51].

from both volcanic rocks and peridotites; the latould be the more probable source for the détrita
chromian spinel in sediments and sedimentary rdoksital chromian spinel can be derived from vasio
types of ultramafic complexes, such as Alpine tyjdaskan type, and stratiform peridotites comple¥es.

For distinguishing these complexes, a ternary diagnetween the major constituent§*CAI**, and F&" is
commonly used [55].

The studied samples fall within the Alpine type igetites spinel(Figure: 15) in fore-arc dynamic
processesgFigure: 14)where Cr# ranges between 0.44- ((8&ble 6)and most frequently around 0.7 [56,
47]. This is supported by low content offF.340- 1.871) as shown Trable: 6[57, 58, 49].

Based on the Ti@content(Table: 6) it is suggested that the studied chromian speneéérived from two
sources; the low content (less than 0.2) is from peridotitic source rock, whereas more than 0.2 may indicate
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volcanic source [59, 49]. Mohammad (2008) [60] ®sigd that there are four main ultramafic rock esdi
distribute along Iraqi Zagros Thrust Zone, whicle #ne typical lithological markers of the sutureneo
between Arabian and Iranian plates. The peridoiitescate that they are mantle tectonite, rath@nth
cumulate or replacive rock. He studied the spiaal] found some of them are analogous to those from
abyssal peridotites and the chromian spinel resesrthbse from arc-related peridotite.

The rare occurrence of ultrastable minerals sudiresn and tourmaline suggest the lack of or paesence

of the acidic igneous rocks in the source aredhf@istudied sediments”.

According to the mineralogical and chemical studiee most probable source of the sediments igisout
eastern Turkey and north eastern Iraq that reptiege@phiolite Complex, Walash Series, and Qandiies
(represent the basic and ultra basic rocks). Tindiesd chromian spinels belong to the Alpine- typegtite
spinel as they contain low Heand TiQ.

Table- 6: Electron microprobe analysis of chronspimel from the fluvial recent sediments, formutaéculated to 24 oxygen.

Grain number Sample number (3)

Elements 50 51 52 53 54 55 56 57 58 59 60
Sio, 008 007 010 010 012 011 014 013 012 011 0.06
TiO, 017 026 027 018 047 024 011 009 021 025 030
Al,Oq 116 2489 135 11.6 2000 11.8 806 20.84 200 17.17 30.50
Cr,0s 56.4 37.46 49.9 562 3881 423 604 4863 453  48.26 35.72
FeO 201 2448 241 201 2802 242 217 1718 211 21.65 19.34
MnO 046 038 045 046 045 044 049 038 039 410. 0.29
MgO 102 1155 102 101 991 948 814 1271 117 10.66 15.66
CaO 004 005 004 004 006 004 005 003 004 030. 0.03
Zno 038 045 041 042 052 045 052 041 035 420. 0.323
Total 99.6 9960 99.1 99.3 9837 991 99.6 100.39 99.4 9897 100.21
Si 002 002 003 003 003 003 004 003 003 300 001
Ti 003 005 005 004 009 005 002 002 004 500 0.05
Al 061 721 417 362 603 369 257 607 593 052 850
cr 11.7 728 103 11.7 785 109 129 947 900 981 6.68
Fe' 058 137 137 054 187 122 038 034 093 084 069
Fe' 384 369 390 389 413 414 455 321 350 381 3.14
Mn 010 008 011 010 010 010 011 0.08 008 900 0.6
Mg 402 423 399 397 378 374 329 468 441 740 481
Ca 001 001 001 001 002 001 001 001 001 100 001
Zn 007 008 008 008 010 009 010 008 007 800 006
Total 24 24 24 24 24 24 24 24 24 24 24
cr 076 050 071 076 057 075 083 061 060 0.65 0.44
Mg’ 051 054 051 051 048 047 042 059 056 0.52 061
ME MF (common constituents of mafic magmatic rocks) =
Volcanic provenance and total content of all pyroxene, brown-green hornbken
deen basir L . .
80 - indingsite and olivine.
5 MT (common constituents of basic metamorphic rocks)
a0 —i’ = total content of pale colored and blue green
- . .
éﬁgﬁg%’:‘ténsgﬂnﬁ{al N 0 amphiboles, epidote (group) and garnet.
4q | Sopesofmarginalseg GM (accessory minerals of granites and sialic
metamorphic rocks) = total content of zircon,
20 - Mature continental tourmaline, staurolite, kyanite, andalusite, moteaand
margin (passive and sillimanite.
transforms
MT T T T T GM
20 40 60 8C

Figure- 12: Interrelationship of the MF, MT, GM fas in the studied sediments, Kurdistan Region r(&farkevich et al., 2007
[53)).
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Figure- 13: Relationship between,@k and CpO; to determine the origin of chrome spinel, thedgehre from Bonavia
et al. (1993) [54].
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163



JZS (2016) 18-4 (Part-A)

Conclusions

The heavy mineral assemblages in fluvial resediments from Balakyan River are mainly represgn
by pyroxene, amphibole, epidote, serpentine, apatiturmaline, zircon, and opaque minerals (chromia
spinel, magnetite, hematite, goethite, and ilmgnite

The high contents of unstable and metastalphenads confirm their direct derivation from thejaxknt
primary source.

According to the chemistry of clinopyroxene it ssepossible that their source could be basic igneous
rocks crystallized under temperature 1150-£22@nd low pressure. While from the chemistry ofceal
amphibole the low temperature crystallization aodithe low grade of metamorphism; also the present
epidote group suggests the low metamorphic sowcplexes.

The chromian spinel is derived from basic and blisac rocks of the Alpine type peridotite of theefo
arc origin. The heavy mineral assemblages refleet dctive continental margin were FIEM in the
sediments.

The presence of few zircon grains of euhedral shafiects the limited effect of the acidic igneous
source rocks.
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