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Abstract 
Syn-sedimentary post-diagenetic phenomena are remarkable in Moroccan phosphates. Indeed 
they are reference deposits for geological study, where important interests are given of determi-
nation and identification of these geochemical phenomena. Silicification is one of the phenomena 
that we have studied to determine the diagenetic processes that control the new-formation of sili-
ca in phosphate series of Ouled Abdoun. This study was performed on deposit EL Halassa, which 
belongs to the Ouled Abdoun Basin; they spread out the Maastrichtian to Lutetian. At first, petro-
graphic approach was applied on different terms composing the phosphate series. In a second 
step, a geochemical approach on the same silica and silicified facies of phosphate series Ouled 
Abdoun Basin for characterizing silicification deduced the probable links between this diagenetic 
phenomenon and facies and forms’ affect. Ten major trace elements were measured. According to 
the phases’ petrographic relationship, the results were presented and discussed: silicate phase, 
the carbonate phase and clay phase. 
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1. Introduction 
The late Cretaceous early Eocene phosphate series at the western coast of Morocco have drawn attention of 
many scientists for a long time due to its extreme fossil richness. Beside paleontology several investigations 
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were focused on phosphorite formation, sedimentology and also diagenetic phenomena like silicification. The 
phosphorite deposited on the wide continental shelf [1]-[7] with facies was controlled by eustatic sea level 
changes and low subsidence [6] [8]-[10].  

The phosphates are one of the few industrial minerals that have no competition from other compounds [11]- 
[13]. The phosphorite layers were intensively studied by sedimentological and geochemical means [14] [15]. 
Moreover, many researches have been done on silicification but not in details [16] [17].  

Current studies are focused on the Ouled Abdoun Basin, the largest phosphate basin from Morocco, where the 
silicification with siliceous forms and silicified facies often occur. Here we studied the phenomena of silicifica-
tion in order to determine and describe the diagenetic processes that control the transformation of silica in the 
phosphate series. Besides general petrographic and mineralogical characterizations, geochemical analysis com-
pletes the investigation of the different siliceous units and silicified facies. 

2. Geological Setting 
The Ouled Abdoun phosphate basin covers an area of more than 10,000 km2, is located in the structural zone of 
the Western Meseta of Morocco (Figure 1(a)). The phosphate sequence extends from the Late Cretaceous to the 
Eocene, with at least thirteen phosphate localities: Khouribga, SidiDaoui, Meraâ EL Arech, Mrizig, Sidi Hajjaj, 
Sidi Chennane, Ouled Farès, Al Brouj, Ouled Smain, El Halassa, Ghar Tajer, Sidi El Maâti and Kasbat Tadla. 
Our study is focused on the EL Halassa areain south-southeast part of the basin. 

The stratigraphy of the Moroccan phosphate series is based on the selachian biozonation of [1] and [18], 
which was reviewed and refined by [7]. Recently the chemostratigraphic results realized by [19] and [20] which 
are remarkably consistent with available biostratigraphicdata based on selachian assemblages. In which they 
were able to located Selandian-early Thanetian, early-middle Ypresian, middle Ypresian in the uppermost phos-
phorite horizons and support for absence of the Lutetian in upper part of the Ouled Abdoun phosphate series. 
These biozonations are the base of the stratigraphic scale of the Moroccan phosphate sequence. In the Oule-
dAbdoun basin, marine sedimentary series includes the following succession: Maastrichtian-Ypresian phosphate 
sequence that also contain carbonates (marl and limestone) and clay, and Lutetianchert sequence marked by 
Thersites bank (Hemithersitea, Thersitea) on the top of the sequence. Neogene continental deposits locally cover 
the phosphate series and/or the Lutetian siliceous sediments. 

The studied phosphate series contain a succession of phosphatic levels interbedded by carbonate, siliceous fa-
cies and clay (Figure 1(b)). The most important levels from the bottom the top are: 

1) Maastrichtian: 8 to 10 meters, contains phosphorites with sandy texture rich in bone debris (bone bed), it is 
often graded on marl and clay interbedded with phosphate limestone. The lenticular flint marks it. 

2) Danian-Selandian-Thanetian: 8 meters of sandy and marly phosphate interbedded with siliceous marls. Da-
nianpart is marked by the absence of marl and clay levels and by a reshuffle in the top of the phosphate levels. 
Calcified phosphate marks this unconformity surface rich with internal molds of Cardita Coquandi. This se-
quence lack completely siliceous units. 

3) Ypresian: 12 meters of alternating phosphate sequences with: yellow and gray coprolitic sandy phosphates 
containing shark teeth, white to gray coprolitic phosphatic limestone and white and green marly limestones con-
taining coprolites, finally green and brown compacted clay marl with flint. This sequence is marked by devel-
opment of various siliceous facies and indication of silicification.  

4) Lutetian: 10 meters of alternating siliceous and calcitic plastic marl and marly limestone, with presence of 
continuous silicified bank and lenticular flint, thin horizons of silicified phosphate and limestone, the whole se-
riesis covered by dolomitic and siliceous limestone of Thersites. 

3. Materials and Methods 
3.1. Materials 
A steel hammer for sampling and Hydrochloric acid (HCl) for tested the carbonates in-situ of outcrops, poly-
thene bags for conserved samples. In laboratory mortars a steel, porcelain and agate for crushed the samples, 
ICP-OES Atomic Absorption Spectrophotometer ULTIMA 2 JOBIN-YVON for geochemical analysis. 

3.2. Procedure 
Fieldwork and sampling were carried out for the siliceous and silicified facies with a regular mesh of 50 centi- 
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Figure 1. (a) Geological map of the Ouled Abdoun Basin with the sampling 
sites of EL Halassa. (b) Stratigraphic section of the Ouled Abdoun Basin.           

 
metres and each change of facies especially at the siliceous forms, in the Ouled Abdoun Basin of EL Halassa 
deposits. 

The samples are crushed in a steel mortar to a coarser fraction, and then crushed in porcelain mortar until it 
became fine grained. The product is powdered up to mesh sizes suitable in an agate mortar, which was then 
conserved and transferred into polythene bags; they are numbered and packed properly for geochemical analy-
sis. 

3.3. Analyze methods 
The analytical methodologies for this study are the description and analysis outcrops for detected and deter-
mined the various forms of silicification. From this description was carried a stratigraphic column. This work 
was combined with microscopic observations in laboratory for analyzed and interpreted textures of siliceous 
microfacies and forms of silicification. Major (Si, Al, Ca, Mg, P, Fe, K and Na) and trace (Sr, Cu, Cd, and Mn) 
elements were analyzed by ICP-OES whose objective is to determine the chemical composition and the rela-
tionships between these elements of these facies and silicificaton. 
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4. Results and Discussion 
4.1. Facies Classification 
The samples analyzed are classified into three facies groups: carbonate, phosphate and silicate facies based on 
the triangular diagram (Figure 2) of Ca, P and Si content. The samples show large variance, with dominance of 
the carbonate phase but it is clear that, the facies at EL Halassa also have various content of silica. 

4.2. Macroscopic and Microscopic Observations 
4.2.1. Silicification of Phosphate Units (Figure 3) 
Silicification of phosphate appears in the Ypresian layers by silicified phosphate of nodular form with centime-
tric to decametric in size. In some places, it is characterized by continuous bank or flint nodule called nougat fa-
cies. These nodules have a texture similar to the texture of the phosphates. 

Phosphates flint present in all levels of the studied series of El Halassa area, rich in coprolites that not silici-
fied, most often continuous in space with a centimetric diameter. 

4.2.2. Silicification of Marl Units (Figure 4) 
Silicification of marl is manifested from the Maastrichtian in white marl by brown lenticular flint form centime-
tric to decimeter with a zonation from center to periphery. 

In the Ypresian the silicification occurs as ménilite flint which is a very apparent lithological marker to define 
the first phosphate layer exploited in Ouled Abdoun Basin. This silicification is present as brown nodules and 
spherical ellipsoids centimetric surrounded by concretion of whitish marl. 

In the Lutetian the silicification is manifested by flint and marl epigenesis formed the complex of alternation 
siliceous marl, clay and large flint nodules forming the layer called Boujniba roof. 

4.2.3. Silicification of Calcareous Units (Figure 5) 
Silicification of calcareous levels is manifested by partially silicified limestone in Maastrichtian. The Ypresianis 
characterized by centimeter to decimeter continuous bench and by silicified limestone rich in fossil (Thersitées) 
in Lutetian. In this unit, the silica is presented by reddish chalcedony called carnelian. 

4.3. Geochemical Analysis 
The use of ICP-OES Atomic Absorption Spectrophotometer makes dosing of major and trace elements, our re- 
 

 
Figure 2. Triangular diagram Silica-Carbonate-Phosphate of samples analyzed.   
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Figure 3. Texture of siliceous microfacies and forms of silicification of 
phosphate units of EL Halassa in Ouled Abdoun Basin.                       

 

 
Figure 4. Texture of siliceous microfacies and forms of silicification of marl 
units of EL Halassa in Ouled Abdoun Basin.                                

 

 
Figure 5. Texture of siliceous microfacies and forms of silicification of cal- 
careous unitof EL Halassa in Ouled Abdoun Basin..                        
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sults were completed to those published and, more particularly, those of the mineralogy [21] for silicified facie-
sin the Ouled Abdoun Basin. Based on the classification made on silicified facies we present geochemical results 
into two categories a unit related to phosphate and other non-phosphate (Table 1). 

The first category that relates to phosphate unit show various content of Silica Si: 0.15% to 12.72%, Phos-
phorus P: 4.93% to 29.27%, Carbonates Ca: 5.35% to 34.77% and Mg: 0.07% to 0.51% and low proportion of 
Al, Fe, K and Na whose percentages do not exceed 2.6%. 

The contents of trace elements are as follows: Sr: 510.44 to 825.47 mg/kg, Cu: 15.3 to 32.33 mg/kg, Mn: 6.24 
to 14, 84 mg/kg and Cd: 2.73 to 22.12 mg/kg. 

The second category related tonon-phosphate units show that the silica Si varies between 0.08% to 70%, P 
between 0.09% to 41.85%, Carbonates for Ca between 0.91% to 95% and for Mg from 0.09% to 37%, indicat-
ing the presence of dolomite. As for the elements Al, Fe, K and Na the percentages do not exceed 5.93%, with a 
singularity of one sample that show high percentages can reach 25% of aluminium. 
 
Table 1. Major and trace element concentrations for siliceous and silicified samples from the EL Halassa area of Ouled Ab-
doun Basin.                                                                                            

Samples 
Major elements Trace elements 

Si Al Ca Fe K Mg Na P Cd Cu Mn Sr 

1 12.72 2.12 34.77 0.99 0.18 0.49 2.60 18.89 6.52 30.02 9.40 710.21 

2 13.66 2.12 40.11 0.81 0.14 0.31 2.00 12.98 82.53 19.61 8.40 485.06 

3 12.19 2.09 31.16 0.43 0.57 0.51 2.56 17.15 22.12 25.33 6.24 825.47 

4 22.58 2.54 53.55 0.64 0.12 0.40 2.48 16.50 145.87 21.81 8.60 402.52 

5 38.90 5.93 122.95 0.58 0.30 1.02 3.31 22.35 42.73 17.58 8.97 297.09 

6 0.15 0.08 8.44 0.09 0.14 0.15 0.27 14.47 4.07 27.06 7.11 535.04 

7 4.24 0.13 5.35 0.14 0.14 0.07 0.29 4.93 7.24 15.30 8.19 619.43 

8 6.20 0.18 8.47 0.24 0.07 0.08 0.54 7.30 6.98 15.62 7.14 643.52 

9 8.03 1.27 24.50 0.33 0.17 0.20 1.58 29.27 2.73 32.33 14.68 510.44 

10 1.16 1.58 8.07 1.11 0.38 0.73 0.09 1.98 13.28 29.46 79.24 124.48 

11 70.03 25.63 73.12 24.88 5.46 44.27 6.87 41.85 5.83 52.46 79.97 214.24 

12 4.03 0.51 9.65 0.53 0.53 0.25 0.56 10.30 27.21 26.59 15.48 304.50 

13 1.29 3.49 4.21 3.61 0.54 2.64 0.13 2.50 3.17 76.83 105.92 191.64 

14 5.29 0.70 8.11 0.43 0.13 10.17 0.84 0.09 17.56 14.35 48.85 71.38 

15 8.74 0.59 12.56 0.24 0.12 0.27 0.61 7.11 4.61 15.04 14.56 513.40 

16 6.39 0.36 8.87 0.40 0.07 0.23 0.45 3.40 3.61 11.10 18.20 108.79 

17 8.75 0.51 9.88 0.37 0.11 2.46 0.45 5.82 4.63 10.45 29.30 382.14 

18 5.99 0.75 5.24 1.16 0.16 4.09 0.37 2.51 9.48 24.06 35.45 136.75 

19 3.95 1.08 3.15 0.71 0.31 3.39 0.38 0.41 13.72 19.26 80.83 53.83 

20 9.00 0.73 7.17 0.30 0.12 0.26 0.57 6.13 22.87 36.16 25.85 582.74 

21 6.07 1.33 9.55 1.24 0.32 0.65 0.51 0.60 148.36 20.90 41.19 45.64 

22 1.40 0.22 2.00 0.54 0.06 0.09 0.12 1.93 1.31 35.27 109.78 114.69 

23 0.08 0.29 0.91 0.36 0.08 0.14 0.06 0.75 0.49 15.74 56.20 73.66 

24 8.15 0.23 8.12 0.78 0.05 0.09 0.50 8.19 9.18 30.17 14.84 625.69 
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For trace elements, values are as follows: Sr: 45.64 to 513.4 mg/kg, Cu: 10.45 to 76.83 mg/kg, Mn: 8.4 to 109, 
78 mg/kg and Cd: 1.31 to 148.36 mg/kg. 

The samples analyzed are part of cloud limited by maximum values about 60% of Ca, 30% of P, 6% of Al and 
4% of Na. These four elements show strong positive correlations successively 0.66, 0.64, 0.84 and 0.89, which 
indicate that these elements are associated with the silicate phase, the proportions in the samples ranged from 
10% to 40% according to the results of the triangular Silica-Carbonate-Apatite. 

The concentrations of Mg, K and Fe are lower and most often at the limit of detection. Analysis show low 
correlation of these components with Si, these correlations indicate that the silica does not replace with dolomite 
in these samples. 

Geochemical characteristics identified at the base of the study of silica and silicified facies of phosphate series 
Ouled Abdoun Basin, show that this series has not suffered large geochemical change during diagenesis. It is 
remarkable for the low value of oxides of aluminium, iron and trace elements such as cadmium for silicified 
phosphate terms.  

The high content of strontium is similar to the more open marine area and additional strontium can be substi-
tuted for the Tardi-diagenetic stage during the silicification from biological silica. 

The petrographic and mineralogical study shows that the silica in the siliceous and silicified samples of Ouled 
Abdoun Basin [21], is presented by amorphous and crystalline form Quartz, Opal (A, C, T and CT). The origin 
of this silica was attributed to the organisms testing dissolution that populated the basin at the time, through to 
the contribution of upwelling currents that favored the proliferation of these organisms (sponges and radiola-
rians). 

The formation of the opal is favored by pore water rich in silica, opal mark the early diagenetic stage, the 
same results were proposed by [22] in the study of the diagenetic evolution of phosphates Bouabout of deposit 
Meskala. 

5. Conclusions 
The silicification associated with limestones is a little difficult to interprete, because of the contrast between the 
conditions of solubility of carbonates and silica. This opposition promotes the mutual replacement and erases 
primary structures. 

Petrographic observations of the siliceous and silicified samples from the Ouled Abdoun Basin have revealed 
that phosphatic grains described are fragments of phosphatic mudstone intact and partially silicified because 
they sometimes contain bone fragments and silicified coprolite. The absence of concentric structure within the 
phosphatic mud clasts and the absence of phosphatic cements in the phosphorites also support the reworked ori-
gin of the phosphatic grains and presence of border silicification around phosphatic grains, which is of early si-
licification. The presence of bone fragments into some silicified phosphate and filling silicified phosphate in 
bone cavities that is comparable to the matrix of the silicified phosphate and siliceous mudclasts suggests that 
the bioclasts are also of reworked origin and derived from similar phosphatic mudstones rich at silica. 

In general, the microscopic observation shows that the phosphatic grains, coprolites and skeletal fragments 
are silicified partially or totally and the cavities are filled by microcrystalline quartz indicating diagenetic silici-
fication. 

Chemical elements associated to silicified phosphatic units and non-phosphatic units show three trends. 
A positive trend is marked by high contents of Sr, and low contents of Al, Fe, K and Na, reflecting early di-

agenetic phase with the rate of organic matter indicated by the mean contents of Mn and Cu.  
A negative trend is marked by low contents of Sr and higher contents of Cu and Mn, which characterizes con-

tinental influences during the declining of paleoenvironmental water. 
A neutral trend is marked by the average contents of Sr and medium for Cu and Mn. These characteristics are 

remarkable at the beginning of depositional sequences. 
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