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Abstract

The oolitic limestones from Sitha Formatiare wellexposed at the foot slope of Dattaw
Valley, Pyin Oo Lwin Township. The S#hFormation consists of wdtledded, 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 radid laminae, ooids with concentric cortices, and ooids with radial laminae and
external cortices. The oolitesofn Sitha Formation may be deposited in low energy quiet
water with slightly agitated condition (supratidal). eTlkliagenetic processdaken 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 Odovician oolitic carbonates are exposedthe Sitha and Wunbye Formations in Shan
State. Because of limitation in time duration and difficult accessibility, the only one lpcality
Dattaw Valley (N 21° 58' 21"; E 96° 23' 12"; 93 (Q/3s selectedor this research work
(Figure 1) The oolitic layer,the lowermostart of Sitha Formation is well exposed in the
Dattaw Valley, about 10 kilometers the southwest of Pyin Oo Lwin Townshi@oids 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 aitiots (
Thein and Win Myint, 1988Win Naing, 1991 Myo Myint, 1990;Ko Ko Gyi, 1991; Zaw
Win, 1992; Khaing Khaing San, 199RQyi Pyar Aung, 2002Kyi Soe, 2007Khaing Khaing

San andKo Ko Gyi, 2013 Kyi Pyar Aung and Ko Ko Gyi, 2014), some of them focused on
the stratigraphic and faunal aspects associated with oolitic limesidmg.investigationis
carried out to (1) reconstruof the depositional environment of the ooliggrd (2) describe

its diagenetic history, emphasizing factors which controlled diagenesis.
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Taniftharyi

Methodology

The representative samples frooolitic limestone units of the ®ia Formation were

Figure 1.Location map of the study area.

collected, andhe gross lithological characters of them were noléése specimens were cut
into thin sections for microscopic study. Abo80 thin sections of rock samples were

examined under the Plariolarized Microscopekirstly, ooids in the Sitha Formation are
investigated and classifiedtmthree ooid types whicare 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 classifie¢dar@ance
with the present stratigraphic classification. They are Sikaingtaung, Nyaungbaw,
Zebingyi and Maymyo Dolone Formations Kigure 2. The Ordovician rocks of the

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

Naungkangyi SeriesThe Lower Naunglkan g v i

Stage

S

now des.i
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This unit is mainly composed of medictm thick-bedded, bluish grey limestone which is

easily distinguishable by the presence of irregular silt parting and patchescclineence of

a fairly thick oolitic limestone subunit in the lowermost part of this formation at the base of
Dattaw Fall (Figure3A) is rather interesting for thearbonate petrologyThe yellowish
brown colous of Sitha limestonaepresents théocally ddomitized characteristicgFigure

3.B-D).
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The general trend of Sitha Formation is NSEW and generally dips 30° towaritie east.
Although the contact between Sithas and its lower unit could not be observed in the study
area, it is conformable overlairy lthe calcareous siltstone of Kyaingtaung Formation. The
maximum thickness of oolites is ab@@ 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 Wunbyé&ormation of Pindaya Group in southern Shan State (Myint Lwin
Thein, 1973).

Explanation

Qal Alluvian

Maymyo Dolomite
Zebingyi Formation
Nyaungbaw Formation
Kyaingtaung Formation

Sitha Formation

Village

Dip and strike of bedding

Stratigraphic contact
Railway

F Certain fault

<« HEERD

Streams

Geology
By
Ko Ko Gyi, 1991

B
d

%850 21°5¢

s6°24° 96°2430"

Figure 2. Geological map of the Okhpattaw area (Ko Ko Gyi, 1991)

Oolite Lithologies
Petrography of Lithotypes

Well-rounded minute ooidal grains are easily recognizable even in hand specimens.
Petrographically, the Sitha Foation 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%. Théecal shapes of ooids adeformed intcelliptical to

oval shape bymechanical compaction process. Most of ooids are composed of dolomite
rhombs. Ooids from Sitha Formation are examined and classified on the basis of internal
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structure and pattern of corticédthough theintense dolomitization occurredpme internal
structures were retained as relics. On the basis of these relic structures, we classifiexs
three main typesl) Ooidswith radial laminae (Figure 4A argh); 1) Ooids withconcentric
cortices (Figure 4B anBlA); and 3)Ooids with radial laminae anaxtices (Figure 5B)

Figure 3(A) Ooaillitic limestoneof the Sitha Formation at the base of Dattaw valley;
Well-sorted and welfounded ooid on the hand specimens;-0g Dolomitized
ooids (yellowish brown and dark grey) on thdigited section. Scale bar is
mm.

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 -t tiick-
beddedimestone bluish grey to light grey, sometimes damnkcolor. It is good eulence that

the deposition of Sitha Formation was under varying Eh (oxida#idaction) condition.

Radial laminae of ooids are more common and ooids with concentric cortices are slightly
observed. Radial ooids include high Mg+ calcite. The ooidal graeslao well sorted and
coarsegrained. Based on lithologicharactersfaunal content and sedimentary struesjr
Sitha Formation was deptsil in a restricted, warm, shallow marine and winnowed platform
edge sand belts (platform interior) with low eneigeslightly agitated water, especially
supratidal environment
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Figure 4 (A) Norndolomitized, radiallylaminated ooid (Lithotype 1); (B) Ooids wit
concentric cortices (Lithotype 2). Dolomite crystal replaced along the cot
and central portion retained with sparry calcite. Scale banml1

Figure 5 (A) Ooids with concentric cortices (Lithotypeand radial laminae (Lithotype 1
with replacement of xenotopic dolomite ;(@B) Ooids with radially laminatec
outer cortex (Lithotype 3). Central portion of ooid is now replaced by dolo
(a). in the upper part of the photo, moldic porosity of bigobd shell (b) is now
filled with drusy calcite cement (ckcale bar is Inm.

Diagenesism Sitha Oolites

The diageneticprocesses mainly concerned with dissolution, cementation, compaction,
dolomitization, and neomorphism are observed irSitlea Formation.

Dissolution

Oolites are generally affected by pressure solution occumpimglentially at the grain
boundary surface. The most readily dissolved materials are removed by pressure solution
(Figure 6-A). This processnay cause reduction irock volume andjive rise to porosities.

These are intergranular porosity, intraporosity and moldic pordStiyolites, crenulated

rock structures or seams are an evidence of the pressure solution process. Rock bodies, which
are not completely lithifiednto rock, undergo intense pressure causing dissolution. The
insolution residues, marked by hematite, are retained as small seams with irregular sinuosity
(Figure6-B).
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Figure 6 (A) Mcrofracture that pass through the micritized ooid is now filled wit
microspar. Micritized ooids locally replaced by dolomite; (B) Stylolite see
marked by insoluble iron residu&cale bar is Inm.

Cementation

Cementation occurs in many different diagenetic environmé&mts.kinds of calcite cement
are commonly observed in the carbonate rocks of the Sithaakorm The first type is
blocky, filling completelythe interooidal spaces. This type is often called granular cement. In
the Stha oolite, blocky cement is more cormm (Figure 7-A). Figure 7-B shows the
characteristics othe drusy cement which filled the moldic porosity of brachiopod shell and
Figure 8-A shows thathe periphery of ostracod fragment is also drusy cement.

Figure 7 (A) Granular calcite cement in interooidal porosities and sparitized ooid
distinct outer cortex (a) is also noted; (Bjusy cement (a) which filled th
moldic porosity of brachiombshell (b). Scale bar isrim.

Another cement type is rim or syaxial overgrowth. In this type, cement crystal nucleates on
the micrite surrounding thea@ns rather on the bioclast (Figurd3® No other volumetrically
significant types of cement have been observed in the Sitha oolites.
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Figure 8 (A) Ostracod fragments (a) now filled with secondary calcite icghterand
drusy cement (b) coating along the periphery is also noted and echinoid
(c) and ostracod (a) are embedded in the micrassn(B) Syntaxially growtr
over echinoid plate (a) with distinct glide planes intersecting at 120.the ct
canal of echinoid is now filled with micrite (b) and quartz silt (c). Scale bar
mm.

Compaction

Mechanical compaction has a common effect on the Sitha limestone. Some mechanical
rearrangement ajrains probablyccurred soon after deposition resulting generally in close
packed rock fabric and alignment of grains. Some dolomitized ooid grains are scattered
cement by grain breakage of mechanical compaction processes. Ooid grains deformation may
befoundin someplaces wihin the micrite or sparitégure 9-A). Figure9-B is showing the
dolomitized ooidwith recognizable displacement along the fractuneezby micrite. Figure

10-A also shows closely spaced dolomitized ooids wdi$tinct suturedcontact between
them.Pressure solutiofchemical compactionfeatures are common within grains, at grain
contacts, and along stylolite surface. The compactid@rdbvician limestone in the present

area took place soon after deposition and before cementation.

Figure 9 (A) Displaced dolomitized ooid transvers by microfracture spars. Suture
contact between ooids and observable displacement in ooid indic
mechanical compaction; (B)dlomitized ooid with recognizable displaceme
along the fractured zone marked by micrite. Scale bamml
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Dolomitization

Dolomitization typically occurs throughout the Ordovician limestones. The dolomites exhibit
several features which suggest thatythare replacement products of dolomitization. The
degree of dolomitization ranges from a few rhomb scattered throughout pores to replacement
of allochens such as oals and peloidsTherefore the rhombs are morpholmglly 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 recaogrtzed

field. It is considered that the yellow color is evidently due to -sedace oxidation 6
disciiminated iron components suchsadphide extracted from dolomite. Zoned dolomite has
been preserved to be widely distributed throughout the Ordovician Sitha limestone. The
distribution of zone dolomiteHgure 10-B) has been commopnffound in several facies. It is
more volumetrically signi€ant. The dolomite is composecsually of finegrained, almost
uniform rhombic crystal without iron oxide coating which is loosely referred to ataltirys

or granular dolomite Kigure 11-A) and rarely of mediurrgrained, subhedral to euhedral
rhomb withiron oxide coating dolomite<gures6-B, 10, 11A) .

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 evatvhen saline water is mixed during
sedimentation. Dolomitization bega&arlier but overlapped with thénitial phases of sparry
calcite cementation. Therefore it is considered that zah@dmites allowforming at
approximately at the same time and/oemwas late as sparry calcitaitial replacement
origin of dolomite in oolite is obviously preserved in the two facies, namely oosparite and
dolomitized peloidal oobiosparitiacies. The internal structures and compositbrsitha
ooids have beengptly lost by dolomitizationKigure 10, 11B).

Figure 10 (A) Closely spaced dolomitized ooids with distinct sutured contacts ar
them. Dolomite intensely replaced the ooids and thieir internal detail
obliterated by dolomites; (B) Deformed doloméilz ooids in sparite. The

deformation in ooids probabbue to intense compaction before lithificatic
Scale bar is Inm.

Neomorphism

Neomorphism is the procebgtween onenineral and itself or a polymorph. In Sitha oolite,
neospar, orthospar and microspar atearly observed Rigure 11-B). In neospar.fine
crystalline carbonate is replaced by a coarser mosaic (sparry). Micritic material may be
altered to coarse calcite. Microspdbetween 410 um)replace the cement and occupy the
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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
disseminatedhroughout the micritic groundmass.

Diagenetic Environmert

Diagenesis is greatly contretl by the nine major parametetsmperature, pressure, Mg/Ca
ratio, and salts in solution, pH, PgCluid movement, grain size analineralogy. The
observable diagnetic processes and their diagenetic fabrics tell theugréusiory of
diagenesisEach diagenetic environment (Figure 12) may be defined on the basis of the
chemistry and distribution of fluids in the pores. Six major environments are recogsized

1) the maringphreatic zone, 2) the marivadose zone, 3) ame of mixed fresh and marine
water, 4) the freslwaterphreatic zone, 5) the freshwateadose zone and 6) the ddmyrial
zone(Table 1)

Figure 11 (A) $ntaxially growth over bioclast and ooid entirely replaced by dolomite;
Dolomitized ooid with iron cement coating (a), neospr (b), microspar (c),
orthospar (d)Scale bar is Inm.
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Table 1. Diagenetic processes and their environments of the Sitha Formation

Diagenetic processes Diagenetic environments
. . Pressure solution Vadose or phreatic zone, fresh
Dissolution : .
Stylolite sean water phreatic zone

Drusy cement
Cementation | Blocky cement
Rim cement

Vadose zone, fresivater phreatic
zone

Mechanical compaction| Deep burial, shallow to deep burii

Compaction Chemical compaction
Dolomitization | Dolomite rhomb Near surface to deep burial
: N(_aospar Near surface, meteoric, burial
Neomorphism | Microspar
Orthospar
Conclusion

Theimportantfactsmay be drawn from thisivestigation

1)

2)

3)
4)

5)

The environment of Sitha Formation is a warm, shallow, agitated marine
envirorment. Based on lithologic characters, faunal content and sedimentary
structures, Sithaoliteswereaccumulated in a restricted, warm, shallow marine and
winnowed platform edge sand belts (platform interior) with low energetic, slightly
agitated water, esgially supratidal environment

Ooids occurredn the shallowwater can be grouped into three Lithotypes: Ooids with
radial laminae, ooids with concentric cortices, and ooiitt wadial laminae and
cortices.

The diagenetic processes mainly concerned witissolution, cementation,
compaction, dolomitization, and neomorphism are observed in the Sitha Formation.

Each lithotype had a characteristic sequence of diagenetic events and depositional
environment controlled the diagenetic history.

Most of the ooidsn the Sitha Formation are intensely dolomitized and almost the
whole ooids are composed of dolomite rhombs. The dolomitizatiocess indicates
different geochemical conditions, composition and seavilatuation

Acknowledgments

This paper represenpart of a Master of Research done by the first autar.thank to Dr
Khin Maung Myint, for allowing undertaking this research work (MRes). Professor Dr Zaw
Min Thein, Head of Geology Department, Meiktila University is grateful for his warm
encouragemerand providing necessaries at the department.

167



The First Myanmar National Conference on Earth Sciences (MNCES, 2017)
November 27-28, 2017, University of Monywa, Monywa, Myanmar

References

Cantrell, D.L.,andWalker, K.R., B85, Depositional and diagenetic patterns, ancient oolite,
Middle Ordovician, Eastern Tennessee: Journal of Sedimentary Petrology, v. 55, no.
4, p.05280531.

Khaing Khaing San, 1999, Geology of the Anisalkaangyigon area, Pyin Oo Lwin
Township [M.Sc. thesis]: University of Mandalay, 116 p.

Ko Ko Gyi, 1991, Geology and mineral resources of the KywenaQdiipo area, Pyin Oo
Lwin Township [M.Sc. thesis]: Universityf Mandalay, 148 p.

Khaing Khaing Sarand Ko Ko Gyi, 2014, Some important evidences of diagenesis in the
oolitic limetone of Sitha Formation, Okhyigattaw area, Pyin Oo Lwin Township:
Universities Research Journal 6,n0. 5,p. 155172.

Kyi Pyar Aung,2002, Depositional environment and diagenetic patterns of oolites from Sitha
Formation, Pyin Oo Lwin Township and from Pan Laung Formation, Myiiha
Township [M.Res. dissertation]: University of Mandalay, 78 p.

Kyi Pyar Aung and Ko Ko Gyi, 2014, Depositidrenvironment and diagenetic patterns of
oolites from Pan Laung Formation, Myittha Township, Mandalay Region: Loikaw
University Research Journal, v.rg. 1,p. 5%77.

Kyi Soe, 2007, The stratigraphic paleontology of the Jurassic and Cretaceous uhés of t
eastern part of the southern Shan State [Pdisertatioft University of Yangon,

195 p.

La Touche, T.H.D., 1913, Geology of the northern Shan Skéé¢enoir of the Geological
Suvey [India), Calcuttav.39,183p.

Myint Lwin Thein, 1973, The Lower Paleoic stratigraphy of western part of the southern
Shan State, Burm&ulletin of the Geological Society [Malaysia], no. 6, p. 14:8.

Myint Thein and Win Myint, 1988, Stratigraphy and paleoenvironment of the Jurassic
Cretaceous rocks of the Lungydda-U-Bin area, Myittha and Yengan Townships:
Research Paper [Mandalay], 47 p.

Myo Myint, 199, Petrological study of the Paleozoic and Mesozoic rocks dfitida-Dok
Toye area, Myittha and Yengan Townships [M.Sc. thesis]: University of Yangon,
226p.

Reading, HG., 1981, Sedimentary environment and facies: Oxford, The Whitefriars Press
Itd., p. 1214, 352358, 259312.

Win Naing, 1989, Geology and petrology of Shwepahtogyi area and its environs [M.Sc.
thesis]: University of Yangon, 318 p.

Win Naing, 1991, Supratal, intertidal and subtidal carbonate rocks of the Wunbye
Formation, Panzit, southern Shan State, Geological Reports, v.14B. 35

Zaw Win, 1992, Lithostratigraphy and carbonate petrology of Lungyakangyi area,
Myittha and Yengan Townships [M.Scegis]: Universityof Yangon,174p.

168



