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ABSTRACT

Safra Member (Upper Maastrichtian) represents the upper part of Digma Formation,
which outcrops to the west of Ga'ara depression. It consists of dolostone alternating with
claystone, marl and thin beds of phosphorites; limestone occupies the upper part of the
rocks.

Factor analysis shows that the mineralogical distribution is represented by four
groups; the first is dolomite; the second is montmorillonite and fine grained quartz; the
third is palygorskite, sepiolite and apatite and the last is calcite. There are two main
factors that control the distribution of elements; the first is the offshore environment
factor represented by precipitated calcite and the detrital fraction; montmorillonite and
fine-grained quartz. The second factor is represented by the effect of brackish water
(schizohaline) nearshore environment, which is enriched with Mg, and caused the
complete dolomitization of calcite, and the transformation of the outer part of
montmorillonite to palygorskite. Some palygorskite grains adsorbed dissolved silica,
which has resulted from the dissolution of fine-grained quartz or from amorphous silica
and transformed to sepiolite. Apatite has formed due to decreasing in Mg/Ca ratio. In
addition to the less effective third factor which is represented by the presence of X-ray
amorphous phosphates (collophane) as teeth and fish bones.
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INTRODUCTION

Safra Member outcrops are located to the west and south west of Ga'ara depression
in the western desert of Iraq at a distance of about 100 Km. north of Rutba city (Fig. 1).
Safra (Upper Maastrichtian) is the upper member of Digma Formation. It consists of
alternations of different rocks; dolostones, claystones, marls, limestones and
phosphorites.

This rock assemblage is common in other formations in the western desert, e.g.
Akashat and Rutga Formations (Al-Bassam and Al-Saadi, 1985; Shadfan et al., 1985 and
Aba-Hussain, 1987).

The late Creataceous Safra Beds of Digma Formation and Early Paleocene Traifawi
Member of Akashat Formation represent enormous Palvgorskite resources in western
desert of Iraq. They are marine black shale facies associated with phosphate and
diatomaceous carbonates { Al-Bassam, 1997).

Palygorskite may be found in variety of sedimentary environments as well as in
hydrothermal deposits. It has been mainly reported in brackish and lacustrine
environments, but marine and fluvial deposits may also contain palygorskite, as well as,
weathering products of Mg-rich rocks and soils of arid and semi-arid regions (Singer and
Galan, 1984). Palvgorskite and sepiolite were formed in shallow-marine environment
from saline waters (Hammerly. et al.. 2001). The most major deposits were originally
formed in shallow seas and lakes as chemical sediments or by the reconstitution of
montmorilonite (USGS, 2001).

The studied area is located within the Ga'ara uplift which is the northern part of
Rutba uplift. Tt represents the northern and western limbs of the Ga'ara anticline (Jassim,
etal., 1986).

Safra Member overlies the Na'aja Member (the lower member of Digma formation
(Upper Campanian-Lower Maastrichtian) and laid by Traifawi Member with
conformable surface. The oyster limestone represents the upper bed of Safra member
(Hirmiz, 1989).

The aim of this work is to investigate the factors that control the distribution of the
major and some trace elements and its mineralogical phases within the Safra Member.
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METHODOLOGY

Six outcrops were selected for the study of Safra member located to the west
(sections A-D) and southern west (section E) of Ga'ara depression and section F located
about 29 Km to the west of Rutba city (Fig. 2). All sections represent a narrow sirip of
outerops to the west of Ga'ara depression expanded toward southem desert (Fig. 1).

Fifty-nine samples were analyzed by X-ray diffraction spectrometer (Phillips,
PWI1130) using Cuy, 40 Kv and 20 mA, with chart speed of 28/minute, using standard
charts. The chemical analysis of major and trace elements were carried out by X-ray
fluorescence spectrometer (Phillips, PW1450). CO; and SO; by gravimetric method
{Jeffery and Huichison, 1981). All analyses were done at the department of geology,
University of Mosul,
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Fig. 1: Location map of the studied sections (Hirmiz, 198%),
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LITHOLOGY

Fig. (2) shows the lithology of the studied sections. Claystones found in beds of
varied thickness interbedded with other kind of rocks. They are fissile, friable. grey 1o
vellow and red colour due to the iron oxide phases (limonite and hematite). Claystones
consist of palvgorskite and montmorillonite as the main clay minerals with a little amount
of sepiolite, as well as guartz, which is found in fine grains. Phosphates found as
phosphatic pellets and bone fragments.

Dolostones are the main rocks in this unit, they are white to grey, fine crystalline
with high porosity and have a varied thickness from Ito 2.5m. they are composed of
dolomite and accessory of iron oxides.

Marl sediments represent about 35% of all Kind of sediments. They are grey to
vellow, fine grains, friable and comprised of montmorillonite, palygorskite and a litle of
sepiolite as well as quartz, phosphatic materials and iron oxides. The carbonate fraction
composed of very fine dolomite,

Phosphorites are thin horizons interbedded with other rocks. They are comprized of
pellets, bone fragments and intraclasts with dolomicrite. While limestones represent the
upper part of Safra member (in the most sections). They are composed of shelly
limestone. The bivalve shells are spary calcite found in groundmass of fine dolomierite.
The shelly limestones are very tough with high porosity (Hirmiz, 1989).
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Fig. 2: Litology of the studied sections (Hirmiz, 1989).

RESULTS
Tables (1 and 2) show the ranges of mineralogical and chemical compositions of the
studied sections, respectively.
The mineralogical interrelationship is stated in (Table 3), It illustrates that dolomite
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displays negative relationship with palygorskite, sepiolite, montmorillonite, calcite,
quartz, and apatite. There are positive relationships among palvgorskite, sepiolite and

apatite, and berween montmorillonite and quartz. (Table 4) shows the
R-mode correlation coefficients among the major and trace elements.
Table 1: Mineralogical analyses of the studied sections (A-F).
| Al—aAld | Bl-—BII Cl—CI12 | DI-—D10 | El—EII F1—-F2
Minerals MN=13 N=§ N=11 N=10 N=9 N=8 l
Range (%) | Range(%) | Range(’s) | Range(®s) Range(%) Range(ts)
Palvgorskite 4.20-T2.00 | 5.00—18.87 | 1.10—2280 | 230-3520 | 2.10—- 26,00 | 22.00- 89.50
Maontmorillonite 0.50-65.00 | 0.50-59.30 | 0.50—67.30 | 0.00-38.10 | 0.00—27.80 | 46 80-63.0"
Sepiolite 0:20-190 | 0.26-270 | 0.00-180 | 0.00-050 | 0.30- 117 | 100—7.10
Dolomite 0.00-9100 | 395-934 | 103-925 | 0.4-9320 | 120-85.00 | 0.70- 16.00
Calcite = 0.90—30.00 | 12.0-96.19 —-
Quartz 1002130 | 0:30-11.30 | 0.50— 1430 | 18- 1360 | 0.80—26.20 | 0.00-3.70
| Aparite | 040—-740 | 0.30-20.00 [ 0.90— 1100 [ 0.00—650 | 0.00-570 | 2.00- 2800
* Omly in two samples
Table 2: Chemical analyses of the studied sections (A-F).
lodig A2—Al4 | B1—BI0 | C1—C12 | DI-—D10 El-—El1 Fl-—F9
i e N=13 N=g N=1] N=10 N=9 N=g
i Range Range Range Rawnge Range Range
SiCy (wi%s) | 086 —51.8% [ 2.07— 1998 | 1.80—52.00 | 2.34 -60.61 | 1.3 51.92 | 3.60- 42.35
ALO;, * [ 0.12-11.92[028-235 | 0.17=11.36 | 030-9.17 | 0.30—11.96 | 0.35—10.19
Tilk [0.00-0.6] | 000017 |0.00-062 [000-0.67 | D00—053 | 0.00—045
FeD; * [ 0.25-587 [028-22% [033-338 [ 026—3.50 |009_4.14 | 036—320
[ MgD = [ 7.00— 1947 | 13.37-21.28 | 5552260 | 6.39-21.79 | 145 1748 | 4.33 _20.15
Call = [231-3360]19.84-34.78 [ 448 3660 | 5.50—33.65 | 4674983 | 7.75-30.77
Ra s 001-064 | 002-021 [001-069 | 0.01-051 [001-069 | 0.10-043
NaO v (002247 [ 009-465 [002-249 | 004118 | 0.04—3.55 | 0.01 -0.93
Py % [021-336 [033-575 [066-587 [032-501 | 0.39-651 | 029-645
E £ 0.01-039 | 0.04-041 | G03-0350 | 0.03-033 | 0.03-0.62 | 0.02-065
Cl “ 1001-082 [001-172 |D01-101 |001—-053 |002—1.16 | DO1—081 |
50;  ® | 010-085 |020-349 [007-32 |0.10-2.66 | 009— 144 | 030-08%
co: * 1.83 4438 [ 3539-43.50 | 1024355 | 0.68—44.85 | 3.38 4338 | 164 - 41.99
Hyr * [ 0361297 | 0.65—647 | 0241270 | 0.84—11.36 | 033 117 | 0.67— 622
MnQ (ppm) | 39— 183 3E-6l 93 | 31-79 9-79 £-81
v » 2-273 =138 3-601 3I-601 3I-260 4380
Cr 3267 =11z 4-246 12-210 R-224 7-214
Ni 5-70 4— 18 3=61 i—az 3-72 468
Co 2-33 2=1I1 3-1§ 3-39 2-33 4-33
['sr % 189435 | 254582 | |69-483 | 265-490 | 210-583 | 189-350
Rk~ 3-33 4-15 3-33 0-20 31-41 4—76
Y - 2-135 3-17 275 3-8 1-27 2-19
Zr 2 5201 1-36 T- 182 8-218% 6-205 613
U " 212 i-3 3-21 216 | 1-1% EPST
Bx - 438 18-41 5-43 7-40 | 5-32 S—42
Cu §-23 5-15 6-45 5-17 | a4-n 420

The factor analysis for mineralogical phases is useful to define the factors that
control the mineralogical distribution in Safra beds. There are three main groups; the first
15 montmorillonite and guartz, the second is dolomite and the third is palygorskite,
sepiolite and apatite, as well as the secondary group of calcite (Fig. 3). All these groups
are distributed by three main factors with variance of 79% (Table 5). The first factor is
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loaded by mentmorillonite and guartz perpendicular to the second bipolar clustering
factor of palygorskite - sepiolite - apatite loaded on the positive side, while dolomite on
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the negative side. Calcite has a poor loading on the third factor (Fig 3).

Tahle 3: R-mode correlation coefficient of minerals.*

| Palvgo. | Monim. | Sepiol. | Dolem. | Calcite | Quartz | Apantite

Paleo. | 1 - 0.6 0.49 -0.36 | -0.15 0.06 058
Montm. 1 0.15 -0.52 -0.15 0.43 ~0.18
Sepiol. 1 -0.51 -0.16 0.03 .39
Diolom. 1 =0.27 «0.3% -0.41
Calcite 1 - (.08 -0.11
Cruartz | | 1 = (.80
Apatite | ] | ] 1

* Number of samples = 52, confidence level = 95%,

of oxides and trace elements.*

Tahle 4: R-mode correlation coeficient
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¥ Number of samples = 59, confidence level = 95%.

Factor analyses for oxides and trace elements show that they are clustered into three
main groups: the first is SiCk,, AlyO;, Fey0s, TiO,, KaO, HaO, Ni, Co, Bb and Zr which is
attributed to clastic fraction of true marine environment corresponding to clay minerals,
quartz, iron oxides, anatase and/or rutile and zircon. The second group is P10s. F, S0
and U, which is related to phosphate phases. The third group is MgQ, CaQ, CO,, Sr and

Ba which is attributed to the carbonates (the dolomite dominated system) (Fig. 4).




Table 3: Factors loading for minerals {after rotation).

Factors Controlling the Mineralogical.....

Minerals Facior | Facier 2 | Factor 3 | Factors %% ofvar. Cumi %
Palyaor. 04090 0218 | -0826 Factor | 38479 3848
Montmo, 0.185 0678 | -0.160 Facior 2 24132 6261
Sepiolite 0477 -0.146 -0.127 Facior 3 16.555 To.T1
Diglomite -0.521 - 0.262 - L350
Calcite - 0,057 0.049 0.916
Quartz 0.177 0.557 - 0.105
Apatite 0438 - 0,392 - 0BI9
Tan. Value 0,999 0.995 | 1.683

Table 6: Factor loadin

for minerals, oxides and trace elements (after rotation).

M Factor 1 Facter 2 | Factor 3 Factors | % of var. W Cum. %
& Trace cle. |

Palvgor. 019753 (L0361 | -0.07228 Facior | 59.5 59.5
MMonimo. (46200 -0.19347 | 001573 Factor 2 10.6 70.1
Seplolite 017351 081830 | - 002656 | Factor 3 935 784
Dolomite - 0.38542 | - 053609 002145
Quartz 067958 | -0.304106 | 004119

Apatite (05948 090961 0.17

510, 092998 | 022792 - 001778

Al 0.93877 | 017165 | -0.00286
Tich, 0.90205 | 005515 001984

Fe.0, 090205 | 006204 | -0.12581

Mg - 036526 | -0.20558 | -0.17320
Cald -0.9324%9 | - 024577 00763

K-0 085735 | 002662 | -0.08177

Py 015877 | 002164 054912

F -0.24805 | -0.0011e | 051006
0y -0.91780 | -0.15426 | -0.0364]

H.0" 091758 007907 042340
Cr 080493 028252 006189
Mi 092138 | 0.167ad = 001002
Co 090432 | 0.1841% 0.00337
Sr -0.77968 | - 020651 026677

Rb 091003 | 0.04200 000254
Zr 091493 | 011340 - 0.0185]
i) 036670 0048040 0.75312

Ba -0B7177 | -0.2486] | 006338

Ign. value 13.26136 301773 2 AGDER

GEOCHEMISTRY

49

Silica and alumina represent the main components of clay minerals (montmo-
rillonite, palygorskite and sepiolite). The excess silica is related 1o the quartz and
amorphous silica, Alumina is distributed among the clay mineral phases in different
ratios. (Fig. 5) shows two groups of Al distribution; low Al content group, which reflects
palygorskite and sepiolite while the other group, represents high Al content reflected by

montmorillonite.

Mg is distributed between clay minerals (palygorskite and sepiolite) and dolomite.
Both palygorskite and sepiolite require alkaline environment and high Si and Mg
activities for stability (Singer, 1989). Although both minerals are Mg silicates,
palvgoskite has less Mg and more Al than sepiolite (USGS, 2001, Murray, 2002). KO
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and some of CaQ) represent interlayers in montmorillonite; the later is also associated
with COs in dolomite and caleite.

Til: correlates with clays in the form of isolated minerals (anatase and/or rutile)
which are associated with clay minerals as weathéring and leaching products (Millot,
1970; Weaver and Pollard, 1975), or may be substituted for $i and/or Al in erystal
structure of montmorillonite (Brindley and Brown, 1980). Fesl); shows similar behavior
in clays by substitution for AI'* and/or as iron oxides and hydroxides; like hematite and
limonite-goethite, respectively (Ibanga et al., 1983; Ambrosi and Nahon, 1986},

dicd = Montmorillonite
* Quartz
oL 4
ToR
2 [
i :
g Calcite' .
i i 2 o Sepiolige °
oz 4 :
.. Dolomite Palygorskite
gl Apatige
UL 5
FACTOR 1

Fig.3: The distribution of minerals by the two main factors (1&2).

P;0;, F and some S0; represent phosphate minerals, the remaining 50y is related to
the secondarv gypsum. Very few samples reflect the presence of S0, in apatite (Fig. 6).
50, substitutes for POy in phosphates (Mebia and Simpson, 1975). but most samples show
no relation between them. The S0; found as a secondary sulphate salts (gypsum).
Fluorine, found in apatite: it is necessary for the fixation and deposition of apatite (Aba-
Hussain, 1987), and decreasing the dissolving of phosphate rocks (McConnell, 1973).
a0 and C1 mostly represented as secondary halite. They have not been used with S0; in
the factor analysis in this study due to their presence as secondary minerals.

Most trace elements are related to clay minerals and iron oxides in the form of
discrete clay fraction minerals, either substituting for Al and Fe, adsorbed on the clay and
iron oxide surfaces due to charge deficiency, interlayer element, isomorphic replacement
or as exchangeable cations. e.g. Cr. V and Y substituted for Al. Rb for K. Co, Ni and Cr
for Fe. Cu and Ni adsorbed on clay mineral surfaces (Millott, 1970).

Apatite is more enriched in U than carbonate (Altschuler, 1980); on the other hand,
clay minerals have adsorbed 1 (Prevot and Lucas, 1980), so that U is distributed between
phosphate and clays but more towards phosphate (Fig. 7). It may be released from
transformed montmorillonite and then enter the amorphous apatite lattice by isomorphous
substitution rather than adsorption. Sr and Ba are present in low concentration (<600 ppm
and <35 ppm, respectively) possibly due to dolomitization process. The strong
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interrelationship among Sr, Ba, Ca and CO; reflect the presence of both Sr and Ba in the
remaining calcite phase.

Crystalline Apal
apatite—» | ®  Scp
@81 Pa™  Diagentic modified
clastic i,
35 AlOy
X-ray amorphous Cra ,I;%Ot
” phosphate Ue Marine clastic r ,;ID,:
= ¢ -~ 24 S
z =
= -4z -0.8 -4 P a4 (-] = i
3 E‘% 2. s omed S NiCo
o Ba Carbonate i £ RbZr
* Dol
08
FACTOR 1
& el
R Uy
B0
ALO:
4 2Lt
- s Apat K_:ﬂ
- Ca - Ba Dl = Mont Qtz Tidy
% - . ot s e °
£ s 0Dk 0.8 0§ MeD | g TR :e®e Co Rbajz
g Mg : Fe
o
04
-0.8
FACTOR 1

Fig.4: The distribution of minerals, oxides and trace elements by the three factors (1, 2 & 3)

Zr found as discrete fragments within the clay fraction (e.g. zircon). (Weaver and
Pollard, 1973).

All these distributions are inherited in palygorskite and sepiolite diagentic process,
except Mg which enter the octahedral layer through alteration process.
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THE FACTORS
The main factors controlling the distribution of major and trace elements and their
mineral phases are:
The offshore true marine affinity factor, which is represented by the clastic fraction
montmorillonite, very fine quartz and calcite, as well as minute grains of anatase and/or
rutite and zircon. Caleite is extensively replaced by daolomite.

14 4
12
= ot
z 10 3
L z
- o
5, 4 .-, g 3
4 * ’
- ¥ Pa}ygc!rskitn— :
Sepiolite
2 9
¢ W 2 W 4 s 60 . 3 4 5
Si0) — Qtz (wt%) PChe (w1%)
Fig.5: Al;O; distribution in two group Fig.6: SO; distribution in apatite and
Clay minerals. Secondary minerals.
]
- -
6 -
=
& =
2
o
0 10 20 0 4p

PO + F (wi%)
Fig.7: The presence of U in apatite more dominant than in clay minerals.

The second factor, however, is represented by the nearshore diagentic process
involving the interaction of fresh and marine waters (schizohaline) and represented by the
minerals: dolomite, palygoskite, sepiolite and apatite. Due to the mineralogical and
elements interrelationships the factors may mean that the carbonate fraction of true
marine sediment was completely replaced by delomite. The secondary porosity resulted
from the diagentic process gave excess for the schizohaline fluid to partially transform
montmorillonite to palvgorskite. The association of sepiolite with palygorskite may
suggest that the diagentic processes have provided excess of Mg to react with amorphous
silica or very fine quartz to sepiolite. The tendency of apatite towards palygorskite is
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related to the offshore environment.

The third factor exhibited the loading by P,Os and F may be represented by the
phosphatic fragments like teeth and fish bones composed of amorphous phosphate phase
(Collophane).

DIAGENESIS
. Most of the detrital low-potassium smectite (montmorillonite) were probably
transformed into palygorskite ( Hirmiz, 1989, Al-Bassam et al., 1990 and Qassim, 1993)
in the depositional site. The transformation of smectite has been proposed by Weaver and
Beck (1977) to be the dominant mechanism by which palygorskite may form in brakish
water, (Al-Bassam et al., 1997a).

Near shore schizohaline environment with brackish water supply of Mg- rich
solution have led to the transformation of calcite (as sparite and micrite) to dolomite. It is
postulated that diagensis of carbonate have increased the porosity and facilitates to higher
pH. Such mechanism transforms the outer part of montmorillonite to palygorskite. The
solution provides sufficient Mg to transform the soluble silica that comes from very fine
grain quartz and may be amorphous silica in such high pH into sepiolite. So there is no
evidence of association of montmorillonite with sepiolite only.

In the early transformation stages, the planar character of the parent smectite or
illite-smectite is maintained and the palygorskite fibers are stacked within the boundaries
of the precursor grains. The palygorskite and sepiolite have similar fibrous or lath-like
morphology (USGS, 2001). The following stage shows the growth of short fibers to the
outside of the transformed grains (Murray, 2002). The later diagentic outgrowth
palygorskite occur as elongated fibers, isolated or in bundles, and sometimes associated
with other minerals but usually developed in cavities, (Al-Bassam et al.. 1997b).

The growth of palygorskite on the edges of the plate of montmorillonite grains
indicates that Al has been provided from montmorillonite, which transformed to
palygorskite in situ. As well as, there are no evidences of a detrital origin of palygorskite
since all the palygorskite grains are in perfect shape (Aswad et al, 1997). The short fibers
of palygorskite grains with, mesh-like texture (Aswad et al., 1997) and linked with
montmorillonite indicated that no direct precipitation from solution but formed by such
above mechanism.

The decreasing of Mg/Ca in solution due to dolomitization process as well as,
transformation of montmorillonite to palygorskite has lead to release of Ca and caused a
decrease in pH. All these factors affected the growth of very fine apatite (Bentor, 1980).
So that there are more than one phosphatic phase associated with palygorskite and
sepiolite. The unassociated P,Os and F with apatite in the factor analysis are due to the
presence of teeth and bone fragments in the carbonates which are composed of very fine
apatite and/or amorphous phosphate as collophane which undetectable by x-ray
diffraction. Figure (8) shows three linear relationships between P,Os and F, which reflect
three kind of phosphatic phases. Fluorine has been found as an additional fluorine too. in
crystal structure of apatite. The additional F is due to the CO; substitution. F substitute
for oxygen to reduce the negative (-ve) valance which come from reducing of 3- valance
of (POy) to 2- valance of (COs;) and/or (SO,) which substitute for (PO,) (Mebta and
Simpson, 1975). The percentage of phosphatic phases, very fine apatite and collophane
calculated from both P,Os and F show asymmetrical linear relationship. Therefor, it is
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clear that there are different phases varied in their content of Fluorine.
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Fig &: Different F/P,Os ratio in three kinds of phosphatic phases.

CONCLUSION

The distribution of minerals, major and trace elements in the Safra Member has
been controlled by two main factors; the first is the off shore environment factor; the
carbonate precipitated as caleite with clastic fraction supplied as clay minerals which are
represented by montmorillonite in marine environment together with fine grained quartz
and resistant minerals e.g. hematite, anatase and/or rutile and zircon. The second factor is
the schizohaline and brackish water near shore environment, which provided sufficient
Mg to transform nearly all calcite to dolomite. This mechanism during diagenesis has
increased porosity and facilitates infiltration of high pH and supply silica rich solution to
rransform monimorillonite to palygorskite which has grown around montmorillonite
grains. Some of the palyzorskite has absorbed colloidal silica, which has been dissolved
from amorphous silica and/or from very fine quartz and transformed to sepiolite by
diffusion process. Decreasing in Mg/Ca and pH enabled apatite and other phosphate
phases to grow. The third factor is represented by the presence of X-ray amorphous
phosphates as teeth and fish bones.
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