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Abstract 

     Baluti Formation of the Rhaetian (Late Triassic) age is composed mainly of 

dolomite, the unit formed with dolomitic limestone, dolomitic breccias and 

limestone begins with gray or dark gray colored and sugar textured dolomitic 

limestones including micrite with shale horizons. Baluti Formation was deposited in 

carbonate platform, and slumped to deeper margins forming carbonate debrites and 

breccias of various types. 

     Petrographic examination of the dolomites reveals various crystal habits and 

textures of the dolomites. Planktonic bivalve, calcisphere and echinoid spicules were 

found in the Baluti Formation settled in deep-margin carbonate environment. Nine 

dolomite-rock textures were identified and classified according to the crystal-size 

distribution and crystal-boundary shape. These are made of unimodal, 1) very fine to 

fine-crystalline planar-s (subhedral) mosaic dolomite; 2) unimodal, medium to 

coarse-crystalline planar-s (subhedral) mosaic dolomite; 3) coarse to very coarse 

crystalline planar-s (subhedral) dolomite; 4) medium to coarse-crystalline planar-e 

(euhedral) mosaic dolomite; 5) medium to coarse-crystalline planar-e (euhedral) 

dolomite; 6) coarse to very coarse-crystalline non-planar-a (anhedral) dolomite; 7) 

coarse to very coarse-crystalline non-planar-c (cement) dolomite; 8) polymodal, 

planar-s (subhedral) to planar-e (euhedral) mosaic dolomite. Dolomitization is 

closely associated with the development of secondary porosity; dolomitization pre 

and post diagenetic dissolution and corrosion and no secondary porosity generation 

is present in the associated limestones. The most common porosity types are non-

fabric selective moldic and vugy porosity and intercrystalline porosity. These porous 

zones are characterized by late-diagenetic coarse-crystalline dolomite, whereas the 

non-porous intervals are composed of dense mosaics of early-diagenetic dolomites. 

The distribution of dolomite rock textures indicates that porous zones were 

preserved as limestone until late in the diagenetic history, and were then subjected to 

late-stage dolomitization in a medium burial environment, resulting in coarse-

crystalline porous dolomites. Baluti dolomites have been formed as early diagenetic 

at the tidal-subtidal environment and as a late diagenetic at the shallow-deep burial 

depths.  

Keywords: Baluti, Gulley Derash, Dolomite, Peritidal, Petrography 

 

 

 

 

 

 

 

ISSN: 0067-2904 

mailto:magnesite2006@gmail.com


Al-Mashaikie
 
and A. Razzak                      Iraqi Journal of Science, 2017, Vol. 58, No.1B, pp: 237-251 

  238 

اصل الدولومايت في تكوين بلوطي )الترياسي المتأخر ( في منطقة كلي 
 لنسيجية والعمليات التحويريةشمال العراق : الصفات الصخارية واديرش 

  
 سعد زكي عبد القادر*، سهاد خلف عبد الرزاق 

 قسم علم الارض ، كلية العلوم ، جامعة بغداد، بغداد، العراق .
 الخخلا

يتكون تكوين بلوطي العائد لعمر الراتين )الترياسي المتاخر( اساسا من الدولومايت المتكون مع الحجر      
دولومايت بريشيا ذي اللون الرصاصي الغامق والنسيج المحبب مع طبقات من الحجر الجيري المدلمت وال

الطيني . لقد ترسبت تكوين بلوطي في هضبة بحرية جيرية وقد زحفت هذه الرواسب الى مناطق بحرية عميقة 
 مكونة الركام الصخري البحري وانواع من البريشيا الجيرية.

ة انواع عديدة من انسجة واشكال بلورات الدولومايت. لقد تم تمييز من تظهر الدراسات الصخرية المجهري     
المتحجرات ذات المصراعين الطافية والكالسيسفير واشواك القنافد البحرية والتي ترسبت في بيئة بحرية عميقة. 

وانواع  لقد تم تمييز تسعة انواع من انسجة الدولومايت والتي صنفت بالاعتماد على حجم البلورات وتوزيعها
( بلورات دولومايت مستوية وناعمة الى ناعمة جدا واحادية االشكل 1الحدود البلورية . وتتكون هذه الانسجة)

( 3احادية الشكل متوسطة الى خشنة الحجم مستوية وغير متكاملة الاوجه )( بلورات 2وغير متكانلة الاوجه )
( بلورات احادية الشكل 4وغير متكاملة الاوجه ) بلورات احادية الشكل خشنة الى خشنة جدافي الحجم مستوية
( بلورات احادية الشكل متوسطة الى خشنة في 5متوسطة الى خشنة في الحجم غير مستوية متكاملة الاوجه )

( بلورات خشنة الى خشنة جدا في الحجم وغير مستوية وعديمة الاوجه 6الحجم مستوية ومتكاملة الاوجه )
( 8بلورات متعددة الشكل مستوية ومتكاملة الاوجه الى غير متكاملة الاوجه )( 7تكون المادة الرابطة )

     الدولومايت المصاحب لاشنات الستروماتولاتيت.
         ان عملية الدلمتة غالبا ما تكون مصاحبية لعملية تكون المسامية المانوية في الحجر الجيري. ان انواع

غير النسيجية والمتواجدة في اصدارات المتحجرات والفجوات بين المسامية المانوية تتممل في المسامية 
البلورات. تتميز منطقة المسامات هذه ببلورات الدولومايت الخشنة والمتاحره النشأة بينما تتميز المنطقة غير 

يت اومايت متراصة كميفة وذات فسيفساء اولية النشأة. ان توزيع انسجة بلورات الدولوماالمسامية ببلورات دو 
يشير الى ان المنطقه المسامية قد احتفظت بتكوين الحجر الجيري الى بداية العمليات التحويرية المتأخرة 
وعندها تتأمر بالعمليات التحويرية المتأخرة النشاءة في بيئة متوسطة العمق مكونة بلورات دولومايت خشنة تملأ 

شأة متقدمة في بيئة المد البحري وتحتها وكنشأة لذا فأن الدويومايت في تكوين بلوطي قد تكون بنالمسامات 
  متأخرة في اعماق ضحلة الى عميقة.

 

Introduction 

     Baluti Formation is one of Triassic stratigraphic units, which are very little studied. It is of Late 

Triassic age, and is cropping out in a narrow valley inside Jabal Gara Mountain (Figure-1). Previous 

works represented field observations in the study area [1] were generally aimed to elucidate the 

general geology of the area. No previous investigation of petrographic characteristics of dolomites 

found in the Baluti beds. The carbonate rocks are still to investigate in detail. Various mechanisms for 

the formation of dolostone in platform carbonates have been summarized by [2] Among these 

hypotheses, dolomitization related to hypersaline brines, mixed meteoric and sea water, and deep 

basinal brine have found almost acceptance. The only major source of magnesium for 

penecontemporaneous and shallow-burial dolomitization may be seawater [3, 4]. Magnesium for deep 

burial conditions can be supplied from (a) trapped seawater (connate waters); (b) dissolution of 

unstable minerals; (c) pressure solution (stylolitization); (d) compaction of underlying shales; and (5) 

basinal brines. The basinal brines are the most likely magnesium source for dolomitization [4]. In case 

of combined thermodynamic and kinetic parameters, the following environmental conditions are 

responsible for dolomitization: (1) environments of any salinity above thermodynamic and kinetic 

saturation with respect to dolomite (i.e. freshwater/seawater mixing zones, normal saline to 
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hypersaline subtidal environments, hypersaline supratidal environments, schizohaline environments); 

(2) alkaline environments (i.e. those under the influence of bacterial reduction and/or fermentation 

processes, or with high input of alkaline continental groundwater); and (3) many environments with 

temperatures greater than about 50
0
C (subsurface and hydrothermal environments) [5]. Sometimes, the 

dolomites are not macroscopically observed in the field, where different types of dolomites are easily 

distinguished by petrographic examination and scanning electron microscopy (SEM). It was observed 

that Baluti Formation is composed of grey and yellowish drab limestones.  

The aim of this study is to examine the micro textural characteristics, diagenetic development and 

origin of the dolomites in the Baluti Formation. 

Geology and stratigraphy 

The suggested age of the Baluti Shale (as formerly named) is Late Triassic (Rhaetian). The Baluti beds 

composed of 60 m gray to green shales with thin bedded dolomitic, silicified and oolitic limestones 

and breccias (Figure- 2). The formation is cropping out in Ranya area in NE Iraq [6,7,8], and two shale 

units are reported in Serwan gorge SE Halabjah city. In other areas of Iraq, a unit of limestone, 

anhydrite and subordinate shales is usually referred to Baluti Shale Formation [1, 9] but lacks the high 

proportion of shale seen in the outcrops [10]. The thickness of the formation is around 35-60 m at the 

outcrops. It was identified in the subsurface drilled wells; Jabal Kand-1 (61 m), Khlessia-1 (22 m), 

Atshan-1 (40 m) and W Kifl-1 (46 m). In well Dewan-1 was not identified, being either included 

within the Kurra Chine Formation or Butmah Formation. The formation is thinning westwards. Both 

lower and upper contacts of the formation are conformable (Bellen et al., 1959) except in well 

Tharthar-1 [10]. Because of lack of diagnostic fossils, age of the formation was determined from 

stratigraphic position between Upper Triassic Kurra Chine Formation and the overlying Sarki 

Formation (Liassic) [1], where lagoonal/evaporitic and estuarine are the suggested environment of 

deposition. Equivalent formations in western Iraq may be eroded. [11] assumed that the Zor Hauran 

Formation is tentatively correlated with the Baluti Formation [10].  

Methodology  

The study of Baluti Formation based and used data-base of 25 samples collected from non-previously 

studied stratigraphic section from Galley Derash Valley in Jabal Gara Mountain in Amadiya area, N 

Iraq (Figure- 1). Twenty-three (23) thin section slides along the section of the Baluti Formation were 

cutting perpendicular to the bedding plane followed the procedure listed in [12]. The thin sections are 

stained by alizarin red-S solution to distinguish calcite from dolomite [13]. Carbonate rocks are 

classified according to [14] system modified by [15]. Five grinding powdered samples are tested by 

Scanning Electron Microscopy (Zeiss 50 VP) equipped with an Energy Dispersive X-Ray 

Spectroscopy (Oxford Instruments Inca Energy) at the department of physics Science at the Collage of 

Sciences at Kufa University. 
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A-Studied section 
 

 

A-Studied section 

 
Figure 1- Location and geologic map of the Gulley Derash area in Duhok district, North 

Iraq. (geo-map adopted from Sasikian (2000).   
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10m interbedded thin beds of dark gray fragmented shales and pale brown to drab brecciated 

limestones 

1.5m Carbonate breccia with stromatolite fragments, dark gray in color 

3m Laminated dolomitic limestone, drab to dark gray in color with carbonate fragments  

1.5m Black fissile shale with carbonate and organic matter 

6m successive interbedded yellow to drab dolomite/limestone with organic matter 

1.5m Massive, dark gray shale bed 

2m Dolomite, dark gray, massive 

12m Interbedded dark grey (1-2m) with yellow to drab beds of dolomitic limestone (1-2.5m), 

successive cycles 

3m Limestone, yellow, thin bedded with occasional dolomite. 

1.5m Shale, thick massive bed 

 

 

 

4m Sandstone, gray, slump and disturbed thick bed with fragments of stromatolite 

 

5m Carbonate breccia, thick massive and yellowish bed, includes little shale fragments 

 

 

2m Fragmented shale, dark gray, composed of pebble size fragments of shale 

 
5m Carbonate breccia with olistolith, bedded, yellowish to dark gray color 

 

1.5m Dolomitic limestone, massive, gray to yellow color 

2m fissile shale, thick bed and dark gray in color 

 

3m Carbonate breccia, massive, yellow in color with channel structure 

2m fissile shale, thick bed and dark gray in color 

3mDolomitic limestone and shale interbeds, dark to light gray and yellow color 
5m Shale bed, laminated, dark gray, with fissility property 

 
2m Interbedded fine-grained carbonate breccia with limestone, yellow, thin bedded 

2m Fragmented shale, small pebble size fragments, black to dark gray, massive bed 

 
Figure 2- Stratigraphic section of the Baluti Formation in Galley Derash area, Duhok area N-Iraq. 
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Dolomite-rock textures 

Petrography  
     Seven dolomite-rock textures have been recognized and classified according to crystal-size 

distribution (unimodal or polymodal) and crystal-boundary shape (planar or non-planar), using the 

dolomite-rock classification scheme of [16-19]. The classification is descriptive with genetic 

implications, in which the size distribution is controlled by both nucleation and growth kinetics. 

Moreover, the crystal-boundary shape is controlled by growth kinetics [16, 20].  

In this study, the classification of dolomite-rock textures is based on petrographic studies supported by 

analysis of scanning electron microscope (SEM) images.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     The following dolomite-rock textures have been defined: (1) unimodal, very fine- to fine-

crystalline planar-s (subhedral) mosaic dolomite, (2) unimodal, medium- to coarse-crystalline planar-s 

(subhedral) mosaic dolomite, (3) coarse- to very coarse-crystalline non-planar- to planar-c (cement) 

dolomite, (4) medium- to coarse-crystalline planar-e (euhedral) mosaic dolomite, (5) stromatolitic 

dolomite, (6) non-planar-a (anhedral), coarse to very coarse-crystalline, and (7) Polymodal planar-s 

(subhedral) to planar-e (euhedral) Mosaic dolomite (Plate/1, Figures- 4 to 9).   

Dolomite texture 1: unimodal, very fine- to fine-crystalline planar-s (subhedral) mosaic dolomite  
     This type represents the first phase of replacive dolomites that have planar-s texture. Typically, the 

dolomites consist of scattered crystals of <20 µm in diameter in a micrite matrix groundmass (Plate/1-

A). The dense very fine mosaics show no recognizable allochems, but in some times preserved 

sedimentary structures (laminae) can be observed. An alteration of very fine-crystalline (dark) with 

fine-crystalline (clear) dolomite laminae is very common in the laminated dolomudstone/wackestone 

facies. In places, patches of fine-crystalline calcite occur within the fine-crystalline mosaic dolomite. 

Dolomite texture 2: unimodal, medium- to coarse-crystalline planar-s (subhedral) mosaic 

dolomite 
     This type comprises dense mosaics of subhedral to anhedral planar-s (subhedral) crystals (80-250 

μm). These dolomite crystals are cloudy core with clear rim texture to totally cloudy crystals (Plate/1-

B). The most characteristic feature is the non-mimic replacement of allochems (ooids, peloids, 

intraclasts, fossils and fossil-fragments). These allochems can be recognized as ghost textures (Plate/1-

G pellets). In this type, it is difficult to recognition the original depositional textures. SEM analysis 

shows the presence of medium to-coarse crystalline, planar-s dolomite rhombs (Figure- 6). In the SEM 

(Figure- 6), the dolomite appears slightly dissolved. The EDX spectrum indicates the presence of (Ca, 

Mg) major elements as typical of dolomite Figures-(4, 5).  

 

 

 
Figure 3- Dolomite textural classification combined from [18, 16] supplemented by a 'transitional' 

form. The figure is reproduced with permission from [21]. 
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Dolomite texture 3: Coarse to very coarse-crystalline planar to non-planar-c (cement) dolomite  
     This type of texture reveals coarse to very coarse-crystalline (150-1500 μm) dolomite cement 

(Plate/1-C, J). The boundary between the dolomicrite and some of the dolomite rhombs are mottled. 

The most petrographic character is the milky-white to clear crystals with sweeping extinction under 

crossed Nichols. Under plane polarized light, triangular surface irregularities may be observed, as well 

as curved crystal faces. Planar-c dolomite type present to lines the vugs and fractures and occurs as 

major void-filling dolomite. Thus, it is responsible for occlusion of pore spaces and fractures. 

Dolomite texture 4: Medium- to coarse-crystalline planar-e (euhedral) mosaic dolomite  
     In this type of texture, the dolomite crystals make mosaics of mostly planar-e, medium- to coarse-

crystalline (60-600 μm) dolomite (Plate/1-D). The crystals are clear to cloudy textures. No 

replacement textures are observed. This type is filling the interior of replaced fossil shells, makes up 

the mottled parts in the mottled dolo-mudstone facies, is responsible for sucrose dolomites in breccias, 

and occurs near stylolite. SEM analysis shows the presence of coarse to-very coarse crystalline, 

planar-e rhombic dolomite Figures-(6, 8). In the SEM (Figure- 6), the dolomite appears slightly 

dissolved. The EDX spectrum indicates the presence of Ca and Mg major elements of typical of 

dolomite (Figure- 7). 

Dolomite texture 5: Stromatolitic dolomite 
     This type of dolomite texture consists of mimetic replacement of stromatolite in the limestone 

rocks (Plate/1-E). It is also fills the pores of the stromatolite with dolomite crystals and in the same 

cases the calcite cement was replaced by dolomite. This type forms dense mosaics of subhedral to 

anhedral planar-s crystals (10-100 μm). The crystals of dolomite are milky white, clear, or have a 

cloudy core with clear rim texture or vice versa. 

Dolomite Texture 6: non-planar-a (anhedral), coarse to very coarse-crystalline  

     This type of texture comprises dense and tightly packed mosaics of coarse to very coarse-

crystalline non-planar-a dolomite crystals (Plate/1-F). The crystals have irregular, serrated, curved or 

otherwise indistinct boundaries. The crystals show vague non-mimetic replacement. Preserved crystal 

faces are rare or absent. 

Dolomite texture 7: Polymodal planar-s (subhedral) to planar-e (euhedral) Mosaic dolomite.  

     This type comprises replacement dolomite, which attains polymodal planar-euhedral to planar-

subhedral crystals. The crystal size distribution is ranging between 50 and 750 µm (Plate/1-G). The 

centers of the rhombs are cloudy and surrounded by clear zone. Some of the rhombs show clear sugar 

habit, and other rhombs are cutting across by micro-stylolite. 

Dolomite texture 8, Mosaic dolomite. Polymodal planar-s (subhedral) to planar-e (euhedral)  

     This type comprises replacement dolomite, which attains polymodal planar-euhedral to planar-

subhedral crystals. Crystal size distribution is ranges between 50 and 750 µm (Plate/1-H). The centers 

of the rhombs are cloudy and surrounded by clear outer zone. Some of the rhombs show clear sugar 

habit, and some of the rhombs are cutting across by micro-stylolite. 

Dolomite texture 9, Mosaic dolomite. Non-planar-p (porphyrotopic)  

     This type comprises replacement and cementing dolomite, which attains non-planer coarse crystals 

surrounded by small crystals groundmass. Crystal size distribution is ranges between 50 and 750 µm 

(Plate/1-J, I). The crystals are clear and some skeletal grains are embedded within. 

Petrographic interpretation 

     Dolomite fine crystal size may form by early replacement of peritidal lime mudstones and/or 

neomorphism of syndepositional or early diagenetic dolomite [20, 22-25]. The formation of fine-

crystalline (<50 m), planar-s (subhedral) type 1 dolomite is associated with evaporites, typical of arid 

peritidal sequences and/or subtidal/supratidal settings. These dolomites replace open-marine intraclasts 

and bioclastic packstones and grainstones [25-30]. 

     The rate of nucleation and rate of growth are controlling the crystal size habits. Very fine dolomite 

crystals are of very large surface areas in comparison to their volume and therefore, rapid nucleation 

rates were formed. Therefore, the high nucleation rate compared to the growth rate is resulted fine 

crystal size [20, 24, 3].  

     Experimental data of [16] reported that increases of dolomite formation results increase crystal 

size. This indicates selective dolomitization of finer crystalline calcium carbonate and early 

dolomitization of subtidal to supratidal lime muds [20, 23-27, 29, 30]. These data are interpreting the 

dolomite type 1 as early diagenetic dolomite and/or synsedimentary formation [23, 31] 
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replacing subtidal to intertidal carbonate mud. Based on paragenetic relationships, the dolomite type 2 

to 8 is interpreted as intermediate to late diagenetic replacement dolomites. 
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Plate/ 1. Microphotographs show types of dolomite textures in the Baluti Formation. 

1. Type-1, unimodal, very fine- to fine-crystalline planar-s (subhedral) mosaic dolomite. B) Type-2, 

unimodal, medium- to coarse-crystalline planar-s (subhedral) mosaic dolomite. C) Type-3, Coarse- to 

very coarse-crystalline planar- to non-planar-c (cement) dolomite. D) Type-4, Medium- to coarse-

crystalline planar-e (euhedral) mosaic dolomite. E) Type-5, Stromatolitic dolomite. F) Type-6, non-

planar-a (anhedral), medium to coarse-crystalline. G) Type-7, Polymodal planar-s (subhedral) to 

planar-e (euhedral) Mosaic dolomite. H) Type-8, Mosaic dolomite. Polymodal planar-s (subhedral) to 

planar-e (euhedral). I and J), Type-9, Mosaic dolomite. Non-planar-p (porphyrotopic). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-Energy dispersive X-Ray Spectrum (EDX).shows fine to very-fine crystalline planar-s 

dolomite (dark gray) rhombs. 
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Figure 5- Energy dispersive X-Ray Spectrum (EDX) shows medium to coarse crystalline planar-s 

dolomite (dark gray) rhombs.  

 

  

A B 

Figure 6- SEM photomicrograph shows, A) fine to medium crystalline planar-e dolomite (dark gray) rhombs 

B) fine crystalline planer-e dolomite. 
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Figure 7- Energy dispersive X-Ray Spectrum (EDX) shows medium to coarse crystalline planar-e 

dolomite (dark gray) rhombs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8- SEM photomicrograph shows medium to coarse crystalline planar-e dolomite (dark gray) 

rhombs (SEM), and energy dispersive X-Ray Spectrum (EDX). 
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     The preservation of original depositional textures and the coarse crystal size suggest major and 

probably long later dolomitization events. This type compares in part to dolomite type 3 of [4] and 

compares to the dolomite type 2 of [32, 20], which interpreted to originate during late burial origin. 

The main characteristic feature of dolomite type 2 is the cloudy core, clear rim texture, which is 

common in rocks of all ages [33, 20] and non-mimetic replacement of allochems. Cloudy cores 

represent replacive dolomite, whereas the clear rims are zoned dolomite cements that occupied 

intercrystalline porosity [20, 24]. Preserved primary sedimentary fabric needs volumetric rate of 

dolomite growth, equal to the volumetric rate of calcite dissolution [34, 20]. This refers to host-phase 

dissolution and precipitation must occur simultaneously along with thin solution film [35, 34, 20, 23]. 

This type comprises dolomite cement and dolomite replacing precursor cement. The term void-filling 

dolomite [16] is employed for this type, because it is often not possible to differentiate between 

dolomite cement and dolomite replacing precursor cement. Dolomite type 3 occurs together with 

dolomite types 1 and 2. Paragenetic relationships indicate that dolomite 3 is of later origin than 

dolomite 1 and contemporaneous (replacive dolomite) or later (cement) than dolomite 2.   

     The planar-e mosaics dolomite texture does not give much evidence of the original texture. It can 

be assumed that the dolomite nucleation sites are homogeneously distributed because of the unimodal 

crystal size in individual mosaics [33, 36, 20, 31]. The dolomite crystals are shared compromise 

boundaries, indicating that they formed in situ. They grow simultaneously to form compromise crystal 

boundaries and planar-e mosaics by coalescence growth [36] of zones in adjoining crystals [20]. The 

lack of intracrystalline truncation features, the continuity and equal width of zones indicate continuous 

growth of the crystals [20]. Dolomite type 4 occurs as a matrix in collapse breccias. It is also forms 

mosaics in the dolo-mudstone, which is encountered within the fossil shells and replaced later by 

dolomite type 2. These paragenetic relationships indicate an intermediate to late diagenetic origin, 

which is associated with significant intercrystalline porosity [26, 27, 29, 30].  

     The planar-e of medium to coarse crystalline, selective replacive dolomites are generally 

selectively replaced the fine crystalline calcium carbonates e.g. limestone [16, 20]. The finer particles 

have very large surface areas and, therefore rapid nucleation rates are formed. The high rates of 

nucleation in comparison to the growth rate results small crystal size. The formation of medium to 

coarse crystal sizes dolomites suggest replacement in fine crystalline calcite or dolomite originated in 

shallow-medium burial late diagenetic processes. The preservation of original textures of coarse 

crystal size suggests a major and probably long late dolomitization of late burial origin [20, 26, 27, 29-

31]. 

     Dolomite type 5 is characterized by cloudy core and clear rim texture, which is common in rocks of 

all ages [33, 20] with mimetic replacement of allochems (Plate/1-A). The presence of intercrystalline 

truncation in the dolomite rhombs are indicated dissolution later than dolomitization. Late diagenetic 

filling crack with saddle dolomites are occurred at elevated temperatures (burial origin and/or 

hydrothermal solutions) in the faulted carbonate breccias, which are cut across dolomite type 5. The 

euhedral form of saddle dolomite rhombs suggests formation at temperatures below 50-100
0
 C (critical 

roughening temperature) since higher temperatures favor anhedral forms [16, 26, 27, 37, 29, 30].  

Non-planar-a dolomite occurs as replacement of precursor limestones or dolostones and it is usually 

obliterating all original textures [20, 29]. This type corresponds to the xenotopic-a dolomite as defined 

by [18, 16]. They propose that the xenotopic dolomite texture is resulted from the replacement of 

dolomite or by neomorphic recrystallization of pre-existing dolomites at elevated temperatures [18, 20, 

31].  

     It was recognized the non-planar-a dolomite type is replacing precursor limestones in a burial 

environment. Such replacement took place only in zones of original high porosity and permeability. 

This coarse non-planar dolomite cement is usually termed saddle dolomite [20, 29], and mostly 

interpreted to form at elevated temperatures (60- 150
0
C) and from high-salinity brines [29,31].  

These evidences interpret that the non-planar type-c dolomite has formed at elevated temperatures 

from brines in higher salinity seawater [20]. The Polymodal size distributions may develop from 

heterogeneous nuclei distribution, multiple time periods of nucleation, or rate variations in the local 

growth [16]. The original rock of high porosity and planar crystals is tending to form euhedral crystals 

of planar-e type (Plate/1-H). The original rocks of low porosity and planar dolomite is tending to form 

subhedral to anhedral crystals of planar-s type (Plate/1-C) [16, 26, 27, 29, 30].  
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Genesis of dolomite 

     The origin of magnesium in shallow-burial dolomitization is probably come from seawater [3, 4]. 

Magnesium for deep-burial environments is most probably supplied from (a) trapped seawater 

(connate waters, (b) disintegration of unstable minerals, (c) pressure solution diagenesis 

(stylolitization), (d) overburden pressure of underlying shales, and (e) basinal brines [4, 38, 39, 40, 

41].  The thermodynamic and kinetic parameters suggest the following conditions of environments to 

chemically conducive dolomitization:  

(1) Salinity conditions to form dolomite in response to thermodynamic and kinetic saturation e.g. 

normal saline/hypersaline subtidal environments, mixing zones of freshwater/seawater, supratidal 

hypersaline and schizohaline environments) (2) Alkalinity of the sea water e.g. with high input of 

alkaline continental groundwater, influence of bacterial reduction and/or fermentation processes. (3) 

Temperatures higher than 50
0 

C c.f. subsurface and hydrothermal solutions [5]. The main sources of 

diagenetic fluids are meteoric, seawater and deep basinal brines.  

Previous workers such as [4, 41, 42-50] noted that burial diagenetic alteration of illite and smectite led 

to release metal ions to provide the pore fluids. It is well documented that the basinal shale act as a 

source of Ca, Fe, Mg, Na and Si during deep burial diagenesis. Smectite is typically tend to release the 

Fe
2+

 and Mg
2+

 ions at high temperatures of transformation [41]. The smectite-illite transformation is 

carried out at temperature of 50 to 125
0
 C and burial depths of 2-4 km in normal geothermal gradients 

[41]. Similarly, siliciclastic rocks e.g. shales, are suggested to give the metal ions needs to 

dolomitization [51].  

Several suggestions are sited for the fluid mechanism in response to tectonic activities of the gravity 

driven fluids, episodic dewatering of basinal sediments with fluid flows [41,42].   

     Mahboubi et al., [52] refer that the concentrations of Fe
2+

 and Mn
2+

 ions in the meteoric water is 

lower than Na
+
 and K

+
. the increases of Fe

2+
 and Mn

2+
 ions with decreases of Na

+
 ion is probably 

related to reducing of organic matter, which is supported by positive correlation observed between 

Fe
2+

 and Mn
2+

. Dolomitization process is possibly take place in environment rich in organic matter and 

associated with positive correlation between Fe
2+

 and Mn
2+

 ions in the dolomites [51]. Intense 

dolomitization possibly formed in shallow subtidal of moderate to high hypersaline environment [5]. 

Dolomites in mixing-zone, is probably developed extensively during major regressive periods in the 

carbonate platform. The regression of sea is accompanied with progradation of the meteoric-marine 

mixing zone. The active circulation of water in the carbonate sediments, reflect extensive effect of 

climate in this model [53].   

     The principal mechanism of this model is the compactional dewatering of basinal mud rocks and 

associated expulsion of Mg
2+

 rich fluids into adjacent shelf-edge of the carbonate platform. The source 

of Mg
2+

 ions is the pore water and clay mineral transformation. The composition of subsurface fluids 

is not well known but in fact many formational waters have low Mg/Ca ratios (1.8-0.04) than seawater 

(5.2) [53]. The low Mg/Ca ratio is mainly being come from the formation of chlorite and of dolomite 

formation during shallow burial stage. It is well documented that the transformation of clay minerals 

in increasing burial depth is associated with increases temperature. It is frequently suggested that Mg
2+

 

along with Fe
2+

, Ca
2+

, Si
4+

 and Na
+
 are released during the transformation of smectite to illite, while 

Ca
2+

 and Si
4+

 are releasing in the early stage of diagenesis to precipitate the calcite cement and 

authigenic quartz, and the Fe
2+

 and Mg
2+

 in later stage [53]. The black shales in the Baluti Formation 

is commonly rich in organic matter c.f. basinal shales, and the diagenesis of organic matter could have 

contributed CO3
-2

 [53]. 

     Otherwise, dolomitization is proceeding more easily at depth with higher temperatures.  

[54] has been found out stratified stromatolite and planktonic bivalve fossils in the Baluti Formation. 

Existence of the stromatolite fossils suggest that carbonate sediments is deposited in shallow-marine 

carbonate platform. The presence of planktonic bivalve is characteristic of deeper marine margin, 

suggests that the Baluti sediments are slumped to deeper margins. In conclusion, the dolomite of the 

Baluti Formation has been formed as early diagenetic at the tidal-subtidal environment and in late 

diagenetic at the shallow-deep burial depths.  

Conclusion  

     Unimodal, very fine to fine-crystalline planar-s (subhedral) mosaic dolomite is interpreted as early-

diagenetic dolomite replacing subtidal to intertidal carbonate muds. Unimodal, medium to coarse-

crystalline planar-s (subhedral) mosaic dolomite is interpreted to represent intermediate to late-
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diagenetic replacement dolomite. Coarse to very coarse-crystalline planar-s (subhedral) dolomite is 

later than dolomite 1 and contemporaneous (replacive dolomite) or later (cement) than dolomite 2. 

Medium to coarse-crystalline planar-e (euhedral) mosaic dolomite occurs as matrix of collapse 

breccias, it forms mosaics in the burrowed dolomudstone facies, and it is encountered within fossil 

shells that were replaced by dolomite type 2. The medium to coarse size formation in medium to 

coarse-crystalline planar-e (euhedral) replacement dolomites suggests fine crystalline calcite or 

dolomite replacement originated from shallow-medium burial late diagenetic processes. Coarse to very 

coarse-crystalline non-planar-a (anhedral) dolomite was occurred as replacement of a precursor 

limestone or dolostone. Coarse to very coarse-crystalline non-planar-c (cement) dolomite is usually 

termed saddle dolomite formed at elevated temperatures from basinal brines with higher salinities than 

seawater. Polymodal, planar-s dolomite formed probably by non-mimetically replacement of unimodal 

matrix and allochems. Polymodal, planar-e dolomite was occurred by dissolution of undolomitized 

matrix and allochems. The shales and siliciclastic of the Kurra Chine Formation, which is 

conformability lies in the bottom of Baluti Formation could have provided the ions required for the 

dolomitization of Baluti formation. Dolomites have been formed as early diagenetic at the tidal-

subtidal environment and of late diagenetic at the shallow-deep burial depths.  
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