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Abstract 

The oolitic limestones from Sitha Formation are well exposed at the foot slope of Dattaw 

Valley, Pyin Oo Lwin Township. The Sitha Formation consists of well-bedded, bluish grey 

limestone with irregular silt partings, locally crystalline limestone and oolitic limestone. On 

the basis of their internal structures, the Sitha ooids are classified into three types, viz., ooids 

with radial laminae, ooids with concentric cortices, and ooids with radial laminae and 

external cortices. The oolites from Sitha Formation may be deposited in low energy quiet 

water with slightly agitated condition (supratidal). The diagenetic processes taken place 

include cementation, dissolution, compaction, dolomitization and neomorphism. Petrographic 

studies show that diagenesis took place in wide diagenetic environments including freshwater 

phreatic zone, vadose zone and deep burial zone. 
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Introduction  

The Ordovician oolitic carbonates are exposed on the Sitha and Wunbye Formations in Shan 

State. Because of limitation in time duration and difficult accessibility, the only one locality, 

Dattaw Valley (N 21° 58' 21"; E 96° 23' 12"; 93 C/5) is selected for this research work 

(Figure 1). The oolitic layer, the lowermost part of Sitha Formation is well exposed in the 

Dattaw Valley, about 10 kilometers in the southwest of Pyin Oo Lwin Township. Ooids in 

the Wunbye Formation of the southern Shan State are examined and described by Win Naing 

(1989). Previous studies on the oolitic carbonates were carried out by several authors (Myint 

Thein and Win Myint, 1988; Win Naing, 1991; Myo Myint, 1990; Ko Ko Gyi, 1991; Zaw 

Win, 1992; Khaing Khaing San, 1999; Kyi Pyar Aung, 2002; Kyi Soe, 2007; Khaing Khaing 

San and Ko Ko Gyi, 2013; Kyi Pyar Aung and Ko Ko Gyi, 2014), some of them focused on 

the stratigraphic and faunal aspects associated with oolitic limestone. This investigation is 

carried out to (1) reconstruct of the depositional environment of the oolite; and (2) describe 

its diagenetic history, emphasizing factors which controlled diagenesis. 
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Methodology 

The representative samples from oolitic limestone units of the Sitha Formation were 

collected, and the gross lithological characters of them were noted. These specimens were cut 

into thin sections for microscopic study. About 30 thin sections of rock samples were 

examined under the Plane Polarized Microscope. Firstly, ooids in the Sitha Formation are 

investigated and classified into three ooid types which are formed in the lower part of Sitha 

Formation. Secondly, diagenetic processes in Sitha Formation are examined and their salient 

fabrics are identified and described. Dolomitization process is found only in the Sitha 

Formation and it indicates the different geochemical conditions.  

 

Stratigraphic Setting  

In Dattaw area, five lithostratigraphic units of formation rank are classified in accordance 

with the present stratigraphic classification. They are Sitha, Kyaingtaung, Nyaungbaw, 

Zebingyi and Maymyo Dolomite Formations (Figure 2). The Ordovician rocks of the 

northern Shan State were first mentioned by La Touche (1913) and named them 

Naungkangyi Series. The Lower Naungkangyi Stage is now designated as ñSitha Formationò.  

This unit is mainly composed of medium-to thick-bedded, bluish grey limestone which is 

easily distinguishable by the presence of irregular silt parting and patches. The occurrence of 

a fairly thick oolitic limestone subunit in the lowermost part of this formation at the base of 

Dattaw Fall (Figure 3A) is rather interesting for the carbonate petrology. The yellowish 

brown colours of Sitha limestone represents the locally dolomitized characteristics (Figure 

3.B-D).  

Figure 1. Location map of the study area. 
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The general trend of Sitha Formation is NNE-SSW and generally dips 30° towards the east. 

Although the contact between Sithas and its lower unit could not be observed in the study 

area, it is conformable overlain by the calcareous siltstone of Kyaingtaung Formation. The 

maximum thickness of oolites is about 30 m. On the basis of stratigraphic position and faunal 

evidence, the age of Sitha Formation can be assigned as the Middle Ordovician and 

correlated with Wunbye Formation of Pindaya Group in southern Shan State (Myint Lwin 

Thein, 1973). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oolite Lithologies 

Petrography of Lithotypes 

Well-rounded minute ooidal grains are easily recognizable even in hand specimens. 

Petrographically, the Sitha Formation is composed essentially of oolites and crystalline 

limestone in the lower part of the formation. The main constituents are micrite 45%, ooids 

30%, sparite 20% and other 5%. The spherical shapes of ooids are deformed into elliptical to 

oval shape by mechanical compaction process. Most of ooids are composed of dolomite 

rhombs. Ooids from Sitha Formation are examined and classified on the basis of internal 

bedding 

D3m 

Geology 

By 

Ko Ko Gyi, 1991 

Figure 2. Geological map of the Okhpo-Dattaw area (Ko Ko Gyi, 1991) 
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structure and pattern of cortices. Although the intense dolomitization occurred, some internal 

structures were retained as relics. On the basis of these relic structures, we classified ooids as 

three main types: 1) Ooids with radial laminae (Figure 4A and 5A); 1) Ooids with concentric 

cortices (Figure 4B and 5A); and 3) Ooids with radial laminae and cortices (Figure 5B) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Depositional Environment 

Oolites may be formed in shallow parts of the open sea where wave or current action is 

sufficient to agitate the bottom (Reading, 1981). It originates through water movement on 

oolitic shoals, beaches and tidal bars. The environment of Sitha Formation is a warm, 

shallow, agitated marine environment. Sitha Formation is mainly composed of thin-to thick-

bedded limestone, bluish grey to light grey, sometimes dark in color. It is good evidence that 

the deposition of Sitha Formation was under varying Eh (oxidation-reduction) condition. 

Radial laminae of ooids are more common and ooids with concentric cortices are slightly 

observed. Radial ooids include high Mg+ calcite. The ooidal grains are also well sorted and 

coarse-grained. Based on lithologic characters, faunal content and sedimentary structures, 

Sitha Formation was deposited in a restricted, warm, shallow marine and winnowed platform 

edge sand belts (platform interior) with low energetic, slightly agitated water, especially 

supratidal environment. 

 

Figure 3(A) Ooilitic limestone of the Sitha Formation at the base of Dattaw valley; (B) 

Well-sorted and well-rounded ooids on the hand specimens; (C-D) Dolomitized 

ooids (yellowish brown and dark grey) on the polished section. Scale bar is 1 

mm.  

A 

C D 

B 
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Diagenesis in Sitha Oolites  

The diagenetic processes mainly concerned with dissolution, cementation, compaction, 

dolomitization, and neomorphism are observed in the Sitha Formation.  

Dissolution 

Oolites are generally affected by pressure solution occurring prudentially at the grain 

boundary surface. The most readily dissolved materials are removed by pressure solution 

(Figure 6-A). This process may cause reduction in rock volume and give rise to porosities. 

These are intergranular porosity, intraporosity and moldic porosity. Stylolites, crenulated 

rock structures or seams are an evidence of the pressure solution process. Rock bodies, which 

are not completely lithified into rock, undergo intense pressure causing dissolution. The 

insolution residues, marked by hematite, are retained as small seams with irregular sinuosity 

(Figure 6-B). 

 

Figure 5 (A) Ooids with concentric cortices (Lithotype 2) and radial laminae (Lithotype 1) 

with replacement of xenotopic dolomite (a); (B) Ooids with radially laminated 

outer cortex (Lithotype 3). Central portion of ooid is now replaced by dolomite 

(a). in the upper part of the photo, moldic porosity of brachiopod shell (b) is now 

filled with drusy calcite cement (c). Scale bar is 1 mm. 

A B 

Figure 4 (A) Non-dolomitized, radially laminated ooid (Lithotype 1); (B) Ooids with 

concentric cortices (Lithotype 2). Dolomite crystal replaced along the cortices 

and central portion retained with sparry calcite. Scale bar is1 mm. 

A B 
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Cementation 

Cementation occurs in many different diagenetic environments. Two kinds of calcite cement 

are commonly observed in the carbonate rocks of the Sitha Formation. The first type is 

blocky, filling completely the interooidal spaces. This type is often called granular cement. In 

the Sitha oolite, blocky cement is more common (Figure 7-A). Figure 7-B shows the 

characteristics of the drusy cement which filled the moldic porosity of brachiopod shell and 

Figure 8-A shows that the periphery of ostracod fragment is also drusy cement.  

 

 

 

 

 

 

 

 

 

 

 

Another cement type is rim or syntaxial overgrowth. In this type, cement crystal nucleates on 

the micrite surrounding the grains rather on the bioclast (Figure 8-B). No other volumetrically 

significant types of cement have been observed in the Sitha oolites. 

 

 

 

 

A B 

Figure 7 (A) Granular calcite cement in interooidal porosities and sparitized ooid with 

distinct outer cortex (a) is also noted; (B) Drusy cement (a) which filled the 

moldic porosity of brachiopod shell (b). Scale bar is 1 mm. 

Figure 6 (A) Microfracture that passes through the micritized ooid is now filled with 

microspar. Micritized ooid is locally replaced by dolomite; (B) Stylolite seam 

marked by insoluble iron residue. Scale bar is 1 mm. 

A B 
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Compaction 

Mechanical compaction has a common effect on the Sitha limestone. Some mechanical 

rearrangement of grains probably occurred soon after deposition resulting generally in close 

packed rock fabric and alignment of grains. Some dolomitized ooid grains are scattered in 

cement by grain breakage of mechanical compaction processes. Ooid grains deformation may 

be found in some places within the micrite or sparite (Figure 9-A). Figure 9-B is showing the 

dolomitized ooid with recognizable displacement along the fracture zone by micrite. Figure 

10-A also shows closely spaced dolomitized ooids with distinct sutured contact between 

them. Pressure solution (chemical compaction) features are common within grains, at grain 

contacts, and along stylolite surface. The compaction of Ordovician limestone in the present 

area took place soon after deposition and before cementation. 

 

 

 

 

 

 

 

 

 

 

 

 

B A 

Figure 9 (A) Displaced dolomitized ooid transversed by microfracture spars. Sutured 

contact between ooids and observable displacement in ooid indicating 

mechanical compaction; (B) Dolomitized ooid with recognizable displacement 

along the fractured zone marked by micrite. Scale bar is 1 mm. 

A B 

Figure 8 (A) Ostracod fragments (a) now filled with secondary calcite in the center and 

drusy cement (b) coating along the periphery is also noted and echinoid plates 

(c) and ostracod (a) are embedded in the micrite mass; (B) Syntaxially growth 

over echinoid plate (a) with distinct glide planes intersecting at 120.the central 

canal of echinoid is now filled with micrite (b) and quartz silt (c). Scale bar is 1 

mm. 
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Dolomitization 

Dolomitization typically occurs throughout the Ordovician limestones. The dolomites exhibit 

several features which suggest that they are replacement products of dolomitization. The 

degree of dolomitization ranges from a few rhomb scattered throughout pores to replacement 

of allochems such as ooids and peloids. Therefore, the rhombs are morphologically identical 

to dolomite (Figure 10-B). Dolomitization completely destroys all evidence of original 

depositional lithofacies.  

The occurrences of yellow colored patches in dark grey limestone can be recognized in the 

field. It is considered that the yellow color is evidently due to near-surface oxidation of 

discriminated iron components such as sulphide extracted from dolomite. Zoned dolomite has 

been preserved to be widely distributed throughout the Ordovician Sitha limestone. The 

distribution of zone dolomite (Figure 10-B) has been commonly found in several facies. It is 

more volumetrically significant. The dolomite is composed usually of fine-grained, almost 

uniform rhombic crystal without iron oxide coating which is loosely referred to as crystalline 

or granular dolomite (Figure 11-A) and rarely of medium-grained, subhedral to euhedral 

rhomb with iron oxide coating dolomite (Figures 6-B, 10, 11-A) . 

Water chemistry is one of the controlling factors in the formation of zoned dolomite. It may 

be attributed to changing Mg/Ca ratio of pore water when saline water is mixed during 

sedimentation. Dolomitization began earlier but overlapped with the initial phases of sparry 

calcite cementation. Therefore it is considered that zoned dolomites allow forming at 

approximately at the same time and/or even as late as sparry calcite. Initial replacement 

origin of dolomite in oolite is obviously preserved in the two facies, namely oosparite and 

dolomitized peloidal oobiosparite facies. The internal structures and composition of Sitha 

ooids have been partly lost by dolomitization (Figure 10, 11-B). 

 

 

 

 

 

 

 

 

 

 

 

 

Neomorphism 

Neomorphism is the process between one mineral and itself or a polymorph. In Sitha oolite, 

neospar, orthospar and microspar are clearly observed (Figure 11-B). In neospar, fine 

crystalline carbonate is replaced by a coarser mosaic (sparry). Micritic material may be 

altered to coarse calcite. Microspars (between 4-10 µm) replace the cement and occupy the 

B A 

Figure 10 (A) Closely spaced dolomitized ooids with distinct sutured contacts among 

them. Dolomite intensely replaced the ooids and thieir internal details are 

obliterated by dolomites; (B) Deformed dolomitized ooids in sparite. The 

deformation in ooids probably due to intense compaction before lithification. 

Scale bar is 1 mm. 
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fractures within the dolomitized ooid grains. Orthospars form within the micrite as clear 

transparent crystals. Dolomitization is one of the most prominent processes in neomorphism. 

Dolomite rhombs partially or pervasively replace the original ooidal grains and are locally 

disseminated throughout the micritic groundmass. 

 

Diagenetic Environment 

Diagenesis is greatly controlled by the nine major parameters: temperature, pressure, Mg/Ca 

ratio, and salts in solution, pH, PCO2, fluid movement, grain size and mineralogy. The 

observable diagnetic processes and their diagenetic fabrics tell the previous history of 

diagenesis. Each diagenetic environment (Figure 12) may be defined on the basis of the 

chemistry and distribution of fluids in the pores. Six major environments are recognized as: 

1) the marine-phreatic zone, 2) the marine-vadose zone, 3) a zone of mixed fresh and marine 

water, 4) the fresh-water-phreatic zone, 5) the freshwater-vadose zone and 6) the deep-burial 

zone (Table 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B A 

Figure 11 (A) Syntaxially growth over bioclast and ooid entirely replaced by dolomite; (B) 

Dolomitized ooid with iron cement coating (a), neospr (b), microspar (c), and 

orthospar (d). Scale bar is 1 mm. 

Figure 12. Idealized distribution of the six major diagenetic 

environments (Cantrell et al., 1985) 
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Table 1. Diagenetic processes and their environments of the Sitha Formation 

 

Conclusion 

The important facts may be drawn from this investigation: 

1) The environment of Sitha Formation is a warm, shallow, agitated marine 

environment. Based on lithologic characters, faunal content and sedimentary 

structures, Sitha oolites were accumulated in a restricted, warm, shallow marine and 

winnowed platform edge sand belts (platform interior) with low energetic, slightly 

agitated water, especially supratidal environment. 

2) Ooids occurred in the shallow-water can be grouped into three Lithotypes: Ooids with 

radial laminae, ooids with concentric cortices, and ooids with radial laminae and 

cortices. 

3) The diagenetic processes mainly concerned with dissolution, cementation, 

compaction, dolomitization, and neomorphism are observed in the Sitha Formation. 

4)  Each lithotype had a characteristic sequence of diagenetic events and depositional 

environment controlled the diagenetic history. 

5) Most of the ooids in the Sitha Formation are intensely dolomitized and almost the 

whole ooids are composed of dolomite rhombs. The dolomitization process indicates 

different geochemical conditions, composition and seawater fluctuation. 
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Diagenetic processes Diagenetic environments 

Dissolution 
Pressure solution 

Stylolite seam 

Vadose or phreatic zone, fresh-

water phreatic zone 

Cementation 

Drusy cement 

Blocky cement 

Rim cement 

Vadose zone, fresh-water phreatic 

zone 

Compaction 
Mechanical compaction 

Chemical compaction 

Deep burial, shallow to deep burial 

Dolomitization Dolomite rhomb Near surface to deep burial 

Neomorphism 

Neospar 

Microspar 

Orthospar 

Near surface, meteoric, burial 
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