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ABSTRACT

A total number of (45)samples, representing the three types of gypsum, Nodular
,Selenite and Fibrous , were collected from two localities belonging to Fa'tha
Formation (Middle Miocene) at northern Iraq in Jabal Maqroud (40 km .west of
Mosul city) (15 nodular gypsum samples)and Wadi Shaikh Ibrahim(44 km .west of
Mosul city) (15 samples each of Selenite and fibrous gypsum).

Samples were studied petrographically using the polarizing microscope,
mineralogically by X-ray diffraction spectrometers and by chemical analyses. The
analyses of the major oxides (CaO, SO;, H,O") and the Insoluble Residue (I.R.) .A
total number of (55)elements, Of these (27) elements were found to be above
detection limits in nodular gypsum ,(24) elements in selenite and (11) elements in
fibrous gypsum.

Petrographical study showed that nodular gypsum consists of two main
textures:porphyroblastic ,consisting of very large euhedral crystals ,up to (2.2 mm.) in
length, The texture is rather rare and less than (5%) of the two textures. On the other
hand ,Alabastrine texture ,which is characteristic of most nodular and massive
gypsum of the world i1s very common and it is divided into three stages of
crystallization, which could be seen in the the same thin section but in different
proportions' .

Stage one Alabastrine texture is characterized by the indistinct individual
crystals, indistinct crystal edges, wavy extinction and the presence of feathery texture
and composite crystals. Composite crystals or superindividuals are fairly large (~ 500
microns) and when the stage is rotated through about (30°) the individual crystal
splits up into several smaller crystals. First stage Alabastrine texture is indicative of
early stages of crystallization of gypsum resulting from the hydration of anhydrite
and making up of about (70%) of the three stages of the present study.

Second stage Alabastrine texture consists of clear, euhedral to subhedral crystals

having the size of (40-200 &) crystal consist either of four (010 face) or six sided (1*

order prism 011 and third order prism 110) .This texture comprises about (20%)of the
three stages. Third stage Alabastrine texture consists of clear crystals similar to

stage(2)but with larger size (300-350 ). This texture comprises only about (10%) of
the three textures.

Selenite texture under the microscope, consists of one giant crystal (b) pinacoid
or the (010) face.
Fibrous texture consists of long parallel fibres,where their length covers the

whole field of view and their width with a range of (20 -100 M). The Fibres are
similar to “"pyjama twinning = of plagioclase feldspars. Most fibres consist of the



(010) side pinacoid and have the prismatic ("111) cleavage which makes an angle of
(53° to 57°) with the long edge of the fibre.

Accessory minerals identified under the microscope were Anhydrite. dolomite
crystals consisting of subhedral rhombs, , Finally, Celestite crystals characterized by

small size (50-100 U)

Using the X-ray diffraction (XRD) spectrometer, the only mineral identified
was gypsum and there were no accessory minerals indecating that the accessory
minerals identified under the microscope(anhydrite ,celestide and dolomite)are
present in very low quantities(<3% each) and this is confirmed by normative
calculations

Peak patterns of the three types of gypsum,noduler,selenite and fibrous are
similar but have different intensities .

The relative intensity (I/I° %) for the other three characteristic peaks at
(4.27,3.79,and 3.06 A°) is (42 ,18 and 41 %) respectively in nodular gypsum are
higher than in fibrous gypsum (20,18,20%) which are in turn ,higher than in
selenite(7, 17& 11%) respectively. These differences reflect differences in the
number of crystals, belonging to each form. In nodular gypsum, the prismatic faces
corresponding to these three peaks make up from petrographical study about (40 %)
of total crystal faces ,however in fibrous gypsum these faces make up about (25 %) of
total faces and in selenite they make uponly(15 %)

Geochemical study and normative calculations have revealed that out of (27)
elements above the detection limit in the nodular gypsum ,only five (Ca,S,most
Mg,Sr and Ba) are within the chemical fraction which consists of the mineral gypsum
,with small amounts of anhydrite ,dolomite and celestite. This fraction comprises
more than (98 %) of gypsum rock. The other (22) elements are within the detrital
fraction, which mainly consists of clay minerals, quartz, iron oxides and the heavy
mineral. The detrital fraction is represented in the chemical analyses by the Insoluble
Residue(I.R.)which is the highest in nodular gypsum (0.96 %) followed by selenite
(0.45%) and fibrous gypsum (0.24 %). Nodular gypsum contains relatively high
concentration of strontium (916 ppm) compared with selenite (214 ppm)and fibrous
gypsum (97 ppm). These variations reflect differences in brine concentrations. The
brine which gave rise to the precipitation of nodular gypsum (seawater) had the
highest concentration of strontium, followed by selenite brine and then fibrous
gypsum brine Partition coefficient of Strontium in gypsum (Ks.G) for three types is
:(0.22) for nodular,(0.19) for selenite and (0.17) for fibrous gypsum. There is a linear
relationship between partition coefficient(ksG) and the concentration of strontium in
the three types of gypsum.

The following (16) trace elements (Li, Mg, AlLP, K,Sc, Ti,Mn,Fe, Zn,
Zr,Nb,Mo, Ba,La, and (Ce) are all below the detection limit in fibrous gypsum. The
elements (K, Sc and Ba) out of (27) elements are below the detection limit in selenite.



These (16) elements plus the following (9) trace elements ,above the detection limit
in fibrous gypsum (Co, Ni,Cu, Ga, As,Rb, Sr,W and Pb) and the major elements
(Ca&S) make up the (27) elements above the detection limit in the nodular gypsum.

The elements(Al™) part of (Mg*?) and (K") are mostly within the clay minerals,
like Illite and chlorite.(Al™) is in the tetrahedral layer substituting for (Si**) and in the
octahedral layer. (Mg™) in the octahedral layer substituting for (A1™) to balance the
negative charge caused by substitution of (Al*?) for(Si™) in the tetrahedral layer.(K")
is an interlayer large cation binding Illite layers with strong ionic bonds .(Ga™) and
(Rb") substituting for(Al**) and.(K") respectively in the clay minerals.

Iron (Fe™ and Fe™) in two phases, as iron oxides(hematite and magnetite) and
in the octahedral layer of the clay minerals, substituting for(Al**) and (Mg*?)
.Titanium (Ti**) is in the heavy minerals, like Rutile (Ti O) and (Ilmenite Fe TiO3).

Phosphorus (p) together with (La&Ce) is in the heavy mineral Monazite
[(La,Ce,Y,Th)POy4]. The following eight trace elements (Li, Mn, Sc, Ni, Co, Zn, Mo
and As) are mainly within the clay minerals in the octahedral layer substituting for
(Al and /or Mg*?) or adsorped on the clay mineral surfaces. Zirconium (Zr**) and
niobium (Nb™) are mainly in the heavy mineral Zircon (Zr SiOs;Where (Nb*)
(substitutes for (Zr**). The three elements (Cu,W and Pb) do not show any significant
correlation with most of the remaining (24) elements and therefore could be present
as independent mineral phases, like sulphides,sulphates and carbonates(for Cu&Pb)
or tungstate (for W). It is possible that a large part of (W) in gypsum of the present
study, is due to contamination by the Tema crushing mill.

The slight departure of the ratio(CaO/SO;) from the theoretical (0.700) in
gypsum is due to the presence of small amounts of dolomite in nodular gypsum
(0.42%) and in selenite(0.16 %).

The molar ratio of (Mg/Ca mol.mol) and (Sr/Ca mol.mol) in nodular gypsum
are higher enough than and similar to the ratio for calcium sulphate precipitating from
sea water at gypsum saturation, indicating that nodular gypsum of the present study is
precipitated from sea water.

The ratios(Fe/Mn),(Gax10#/Al) and (Rb x10* /K) are similar to the same ratios
in other detrital sediments indicating the strong geochemical associations of(Mn for
Fe),(Ga for Al) and(Rb for K)and hence could not be used for environment indicator
or provenance . The ratio (P,Os /Al,O3) and (Li/Al) are both low enough to suggest
that nodular gypsum of the present study was precipitated in shallow marine
environments.

The ratio (Co/Ni) in nodular gypsum , Fat’ha Formation is much higher than the
same ratio in nodular gypsum, Gercus Formation indicating, that the detritals of
Fat’ha Formation were derived from more felsic and acidic igneous rocks compared
with detrital Gercus Formation which were derived from more basic igneous rocks
.The ratio (Cu/Zn) in nodular gypsum of the present study is less than one (<1)
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indicating that Fat’ha Formation sediments were precipitated in an oxidizing
environments.

Out of (24) trace elements in selenite which are above the detection limit, the
average concentrations of (21) elements are less than in nodular gypsum. Only (3)
elements (As,Cu &Ni) are higher in selenite. In fibrous gypsum, out of nine trace
elements above detection limit only one element (Co) is higher than in nodular
gypsum and in selenite. Another elements (W) is higher in fibrous gypsum than in
selenite. The higher concentration of the(21) elements in nodular gypsum possibly
reflect the higher concentrations of insoluble residue(0.96 %) (impurities) of this
gypsum compared with selenite (0.45 %) and fibrous gypsum (0.24 %). The higher
concentrations of the three elements (As,Cu &Ni)in selenite and(Co &W) in fibrous
gypsum, could reflect a local enrichment in marl impurities.

The average concentrations of the following eight elements (Li,Ga,Rb,Zr,Nb,
Mo ,Ce and Pb) in nodular gypsum, Fat’ha Formation of the present study are higher
than their averages in nodular gypsum, Gercus Formation,Duhok
area,(Alhadeedi,2010). On the orther hand, the average concentrations of the trace
elements(Sc and Zn) are higher in Gercus gypsum. All these concentrations and the
ratio(Co/Ni)suggest that Fat'ha detrital sediments were derived from more felsic and
acidic igneous rocks, compared with more mafic and basic igneous source for Gercus
detrital sediments.



