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ABSTRACT

A total of 17 samples from Mukdadia Formation from different
locations in Arbil Governorate and Aqra District of northern Iraq were
collected. These were allocated in sections represented as (A, B, D, R,
W). samples of four sizes were analyzed by ICP-MS and ICP-ES methods
for major and trace elements and rare earth elements in addition to

(L.O.I) loss on ignition .

A number of mudstones and whole untreated sandstones and
siltstones treated with HCI acid specifically of grain size <63um were
analyzed by XRD. This study indicated that mudstones contain clay
minerals in high percent, however others contain small content.
Sandstone and siltstone samples contain very small quantity of clay
minerals, but much higher non clay minerals. Generally the identified
clay included minerals smectite, illite, kaolinite, palygorskite, chlorite and

the non-clay minerals includ quartz, calcite, and feldspar.

Petrographic study of sand size samples (250pum) shows that quartz
constitutes the highest content of the sandstone sediments followed by the
three types of rock fragments (sedimentary, igneous and metamorphic).
Chert is sometimes included within rock fragment fraction. Sheeted
minerals including biotite, muscovite, chlorite constitute very small

fraction. Feldspar as well of small fraction.

The identified heavy minerals include pyroxene, amphibole, epidote,
staurolite, kyanite in addition to dark heavy minerals which are found in

the majority of samples.

The present geochemical study discloses that there is no large
variation in the content of major, trace and rare earth elements in the
samples of the five sections studied. However variation was found when
the four grain sizes of the samples are compared. Silt and fine sand sizes

are found to contain the highest content of trace and rare earth elements.



It is also found that the rare earth elements patterns in different sizes
are generally similar but with some differences that can be attributed to

the variation in the ratios of some elements.

Generally it is noted that the total content of the rare earth elements
in different sizes are small, The reason could be due to two different
factors; the first is the dilution effect of calcite, quartz and the second
may be that the minerals carrying the rare earth elements have been
derived mainly from mafic and ultramafic rocks which naturally contain

small amount of REE.

Generally REE patterns of the samples and the four size fractions are
similar to the pattern shown by PAAS with some differences, for example
relative depletion in LREE and to small extent HREE as well as there is a

negative Ce/Ce* anomaly in the four sizes.

Despite the presence of variation values of Eu/Eu*in the samples,
however these do not differ much from the values of PAAS. The values
are generally highest in the samples because the effect of mafic and ultra-
mafic components in the studied samples. It is found, with exception of
clay size fraction that the XREE varies and increases with the increase of
the contents of Al,O; and Fe,0s.

With respect to the clay size fraction, it is found that there is a
negative relationship between the XREE content and the Mn and P,Os
contents and this is attributed to the mud being deposited in river
environments which do not allow to absorb large amount of the REE as
with clays deposited in marine environment, where the sediments are in
direct contact with sea water which despite its small content of REE
absorption effect is on the clays particularly when the deposition rate is
low. In the present study the clays are river sediments, where river has
small amount of REE and the deposition rate is much faster. This case

does not allow absorption of large amount of REE.



