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Abstract 

The study Nga-O area lies in the Mabein Township, Northern Shan State. It is situated 
between latitude 23º47´ and 24º01´ N and longitude 96º27´ and 96º41´ E . It falls in 92-D/8, 

92-D/12, 93-A/5 and 93-A/9 of one-inch topographic maps. In the study area Thaungpwet 

Taung Formation (Early to Middle Cretaceous), Baingbin Conglomerate (Paleocene), Male 

Formation (Early to Middle Eocene), Pondaung Formation (Late Eocene), and Shweli Gravels 

(Pleistocene) are exposed. The purpose of this paper is to interpret the depositional 

environment of Male Formation by lithofacies analysis. It can be classified as eleven 

lithofacies in the sediments of Male Formation and can be grouped into three lithofacies 

associations: (1) Prodelta association, (2) Deltafront association and (3) Delta plain 

association. The prodelta, delta front and delta plain facies associations indicate that the study 

area was a segment of delta. In the delta front facies of the Male Formation, no marine 

influence is found for tide related sequence containing sedimentary structures are totally 

absent. In delta plain association, high sandstone percentages, numerous erosional surfaces, 
poorly developed internal sequences are all suggestive of braided stream sedimentation. The 

delta plain facies include coarsening upward sequences and small-scale crevasse channels. 

The succession comprises coarsening upward cycles, each representing of progradation of a 

delta into a moderately deep basin. The above mentioned sedimentary characters indicate that 

a coarse- grained river delta system can be considered for the depositional environment of the 

Male Formation.   
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Introduction  

Location, Size and Accessibility 

 The study area is situated in the Mabein Township, Northern Shan State. It lies 

between latitude 23Ü 47ǋ and 24Ü 01ǋ N and longitude 96Ü 27ǋ and 96Ü 41ǋ E. It falls in one-inch 

topographic maps of 92-D/8, 92-D/12, 93-A/5 and 93-A/9. It is about 16 miles from east to 

west and 15 miles from north to south and covers a surface area of about 240 square miles.  It 

can be reached from Mandalay to Nga-O by car along the Mandalay-Banmaw car road and 

linked only by small motor boat from villages situated along the eastern and western banks of 

the Shweli River. The location of the research area is shown in figure (1). 

Regional Geologic Setting 

 The research area is situated in the southwestern part of the Bhamo Basin (Bender, 

1983). The area is bounded in the northwest by the Katha-Gangaw Range which is formed of 

low to medium-grade metamorphics (considered to be the metamorphosed Ngapyawdaw 

Chaung Formation identified by Myint Thein et al., 1983) and nonmarine Tertiary 

sedimentary rocks; in the west by the Sagaing Fault; in the southwest by the Tagaung Taung 

Ophiolites, Mesozoic Ngapyawdaw Chaung Formation and Cenozoic sediments; in the east 

and southeast by the Mogok Metamorphic Belt; and in the north by the Cretaceous Orbitolina 

Limestone of the first and second defiles of the Ayeyarwady River. Regional geologic setting 

of the study area and its environs is shown in figure (2). Landsat image of the study area and 

its environs is shown in figure (3). 
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   Figure (1). Location map of the study area 

 

Purpose of Study 

 The purpose of this paper is to interpret the depositional environment of Male 

Formation by lithofacies analysis. 

Stratigraphy  

  On the basic of lithology, stratigraphic position, and faunal content, The study area 

consists of five lithologic units; namely Thaungpwet Taung Formation (Ku Taung Limestone 

Member and Nampan Chaung Shale Member) of Early to Middle Cretaceous, Baingbin 

Conglomerate of Paleocene, Male Formation of Early to Middle Eocene, Pondaung 

Formation of Late Eocene, and Shweli Gravel of Pleistocene in age.  

 Thaungpwet Taung Formation is mainly composed of limestone, shale and clay; 

Baingbin Conglomerate is mainly composed of conglomerate; Male Formation, and 

Pondaung Formation is mainly composed of sandstone, siltstone, shale and clay; and 

Pleistocene Gravel is mainly composed of gravels. Geological map of the study area is shown 

in figure (4). The correlation chart of the stratigraphic units with those of the other areas is 

shown in table (1). 
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Figure (2). Regional geologic setting map (Earth Science Research Division, 1977). 

 

 

   
 

Figure (3). Landsat image of the study area and its environs (source Google earth, 2008). 
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Figure (4). Geological map of the study area 

 

 

Table (1). The correlation chart of the stratigraphic units with those of the other areas 
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Lithofacies of the Male Formation 

General Statement 

 Sedimentary facies is defined as any areally restricted part of a designated 

stratigraphic unit which exhibits characters significantly different from those of other part of 

the unit. Facies are important because their recognition and analysis provide the basis for an 

environmental interpretation of stratigraphic units. The distribution of facies is subject to a 

number of regularities and the key to the interpretation of facies is to combine observations 

made on their spatial relations and internal characteristics (lithology and sedimentary 

structures) with comparative information obtained from other well studied stratigraphic units, 

and particularly from studies of modern sedimentary environments. 

 At least eleven major lithofacies are recognized in the Male Formation and the brief 

description of each facies is given with interpretation (Table 2). The columnar sections of the 

Male Formation measured along the Dochaung Chaung section are shown in figure (17). 

Lithofacies (A) Crudely bedded to massive conglomeratic sandstone  

 This facies is characterized by buff colour, crudely bedded to massive, moderately to 

poorly sorted conglomeratic sandstone (Fig. 5). Each facies ranges from 3 to 6 meters in 

thickness. The sandstone consists of medium to coarse grits and it contains subangular to 

subrounded pebbles. Isolated pebbles are common within sandstone beds. Pebbles are quartz, 

chert, basalt, limestone, coalchips and mud clasts. The individual unit begins with a thin 

pebble conglomerate layer that passes upwards into alternating pebbly sandstone layers up to 

9 cm thick and gritty layers form as thicker beds up to 20 cm. 

The crude horizontal bedding and the absence of cross-stratification implies 

unconfined sheet flood-dominated flow rather than channelized stream flow. Conglomerate 

stringers and lenses suggest bed load traction transport in a turbulent flow regime. Notable 

size variation in sedimentation attributes the flow transformations from turbulent flow to 

laminar flow (Reading, 1996). The presence of conglomerate stringers and gritty sandstones 

indicate the flow dominantly was transitional between turbulent and laminar regime. 

Lithofacies (B) Massive sandstone with concretions  

 This facies is characterized by massive sandstone with abundance of sandstone 

concretions (Fig. 6). The sandstones are yellowish brown to buff colour, coarse-grained and 

massive. Its thickness ranges from 2 to 5 meters. The average diameter of the concretions is 

measured to be 18 cm and maximum size is up to 25 cm in diameter. Concretions are mostly 

of spherical shape. In some horizon, quartz pebbles are scattering. The lower and upper 

boundaries are sharp and straight with its overlying and underlying facies. 

 Massive sandstone is interpretative of rapid sedimentation or sandy debris flow along 

delta front (Reading, 1996). Rapid sedimentation occurs along the delta front where it gives 

rise too much sediments due to slope instability. 

Lithofacies (C) Trough cross-bedded sandstone 

 This facies is characterized by light grey or buff colour, large scale trough cross-

bedded, medium to coarse-grained sandstone (Fig. 7). Each cross set is varying in thickness 

ranging from 0.5 to 1 m thick. This facies is erosively based, and pebbles sometimes scattered 

at the bases of the cross sets. It usually fines up to sandstone and shale interbeds. 

 The sedimentological studies on recent deposits have shown that trough cross-

stratification is produced by migrating dunes (W.F Tanner, 1978 In: The Encyclopedia of 

Sedimentology). The trough cross stratification is interpretative of distributary channel 
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deposits. Most cross-stratification is the product of migration bed forms produced by water 

and wind flowing over a cohesionless sediment surface. 

Lit hofacies (D) Planar cross-bedded sandstone   

This facies is characterized by grey or buff colour, medium to thick bedded, planar 

cross-bedded, medium- to coarse-grained sandstone (Fig. 8). The cross sets are 0.5 to 1 m in 

thickness. Pebbles and dispersed mud flakes are found along the cross-strata. It fines up to 

ripple cross-laminated sandstone in some cases. This facies has sharp and straight base. 

 Planar cross beddings are most abundant in pebbly coarse sand sediments of braided 

streams (Reineck & Singh, 1980). The planar cross-bedded sandstone is interpreted as bar 

deposit of distributary channels. 

Lithofacies (E) Bioturbated sandstone  

 This facies is characterized by yellowish brown colour, medium- to coarse-grained 

bioturbated sandstone (Fig. 9). Each of the facies is 1.5 m to 3.5 m in thickness. It is well 

observed in the upper part of the Male Formation. This facies is vertically associated with 

ripple cross-laminated sandstone and silty lamination is occurred. 

 The occurrence of extensive bioturbated and fine-grained sediments and silty 

lamination are rhythmically. These characters indicate the tide influence and deposited under 

prodelta condition (Reading, 1996). 

Lithofacies (F) Sandstone with convolute lamination  

 The characteristic feature of this facies is the dominance of convolute lamination in 

sandstone (Fig. 10). The individual bed ranges from 0.2 to 0.5 m in thickness. The sandstone 

is bluish grey colour, thin- to medium-bedded, fine- to medium-grained sandstone. This 

facies usually occurs in the middle part of the Male Formation. It has sharp and straight 

boundary with massive sandstone unit. 

Convolute bedding is rather common feature on the steeper slopes of sand bars in tidal 

environment (Reineck & Singh, 1980). The common occurrence of the slump beds in 

turbiditic sandstones, and just below the sediment surface in delta front. 

Lithofacies (G) Small scale cross-bedded sandstone 

This facies is characterized by buff colour, small scale cross-bedded, fine-grained 

sandstone (Fig. 11). The cross sets are about 0.1 to 0.4 m thick. This facies is associated with 

trough type cross-bedded sandstone. It sometimes fines up to cross-bedded sandstone. It 

belongs to sharp base with underlying facies. 

This facies found in the lower part is interpreted as distributary mouth bar facies that 

occur at basin margin. This interpretation is mainly based on the association of trough type 

cross-bedded sandstone. This facies is as distributary channel or crevasse splay deposits. 

Lithofaci es (H) Interbeds of sandstone and siltstone with coal seam 

 This facies is characterized by light yellow colour, thin to medium bedded fine-

grained sandstone interbedded with buff colour siltstone (Fig. 12). Sandstone beds interbed 

with siltstone in different thickness. Towards the upper part of the Male Formation, sandstone 

tends to be more dominant.  

Small scale cross-bedding are occasionally found in the upper part. The thickness of 

sandstone bed ranges of 0.5 to 1.5 meters and siltstone bed ranges from 0.5 to 1 meters. In the 

siltstone bed, coal seams (Fig. 13), leaf imprints and woodchips are abundant. The upper and 

lower boundaries are sharp and non- erosional. 
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Small scale cross-bedding in this part suggest that the facies was deposited under 

wanning current condition. This facies can be interpreted as marsh environment. 

Lithofacies (I) Alternation of sandstone, siltstone and clay  

 This facies is characterized by alternation of sandstone, siltstone and clay  

(Fig. 14). Fine-grained sandstone is yellowish brown colour and the bed thickness is 10 cm to 

25 cm. Siltstone is buff colour and bed thickness is 10 cm to 20cm. Clay is yellowish brown 

colour and usually massive. In this facies, leaf imprints and woodchips are abundant. This 

facies is vertically associated with bioturbated sandstone. 

 This facies is interpreted as levee and crevasse splay deposits formed at the 

distributary channels in delta front condition. 

Lithofacies (J) Thinnly-bedded to massive concretionary silty clay  

This facies is characterized by thinly bedded to massive silty clay (Fig. 15). The clay 

is bluish gray colour but sometimes it gives greenish grey colour. Each of the facies is 1.5 

meters to 5 meters thick. This facies is well-developed in the lower part of the Male 

Formation and is alternated with crudely bedded conglomeratic sandstone facies. 

This facies is interpreted as prodelta deposits. It also occurs in fluvial dominated delta 

front in association with the coarse sediments formed by density current. 

Li thofacies (K) Massive variegated clay  

 This facies is characterized by massive variegated clay (Fig. 16). It is well-developed 

in the upper part of the Male Formation. The bed thickness ranges from 2.5 meters to 6 

meters. In this facies coal chips and plant remains are abundant. 

This facies is interpreted as swampy deposits at basin margin and interdistributary bay 

deposits on delta plain. 

 

  

Figure (5). Crudely bedded to massive, 

conglomeratic sandstone of Facies A 
in the Male Formation (N 23º47.127 ,́ 

E 96º 35.102 )́  

Figure (6). Massive sandstone with concretion of 

Facies B in the Male Formation (N 
23º 53.235 ,́ E 96º 30.436 )́  
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Table (2). Lithofacies of the Male Formation exposed in the Nga-O Area 

 

 

   

 

 

 

 

 
Facies Grain size 

Bed 

Thickness 

Structure

/Texture 

Boundarie

s 

Interpretatio

n 

A Crudely bedded 

to massive, 

conglomeratic 

sandstone 

pebble to 

granule 

3-6 meters fining 

upward 

sharp, 

straight 

sheet flood 

flow at delta 

front 

B Massive 

sandstone with 

concretion  

 coarse 

grained to 

gritty 

2 to 5 meters crudely 

bedded to 

massive 

sharp, 

straight 

sandy debris 

flow along 

delta front 
C Trough cross-

bedded sandstone  

medium to 

coarse-

grained 

0.5 to 1 

meter sets 

grouped sharp, 

erosional 

distributary 

channel 

deposits 
D Planar cross-

bedded sandstone 

medium to 

coarse-

grained 

0.5 to 1.0 

meter 

isolated sharp, 

straight 

distributary 

channel 

deposits 
E Bioturbated 

sandstone 

medium- to 

coarse-

grained 

1.5 to 3.5 

meters 

blocky, 

columnar 

sharp, 

straight 

prodelta 

deposits 

F Sandstone with 

convolute 

lamination 

fine- to 

medium-

grained 

0.2 to 

0.5meter 

convolute 

lamination 

sharp, 

straight 

delta front 

deposits 

G Small scale cross-

bedded sandstone 

fine- 

grained 

0.1 to 0.4 

meter 

current 

ripple 

sharp, 

straight 

distributary 

channel 

deposits 

H Interbeds of 

sandstone and 

siltstone with coal 

seam 

fine- to 

medium-

grained 

0.5 to 1.5 

meters 

horizontal 

lamination 

sharp, 

straight 

marsh 

deposits 

I  Alternation of 

sandstone, 

siltstone and clay 

fine-

grained 

0.2 to 1.0 

meters   

alternation 

sequence 

sharp, 

straight 

distributary 

channel 

deposits 

J Thin bedded to 

massive 

concretionary 

silty clay 

very fine- 

to fine-

grained 

1.5 to 5 

meters 

concretion

ary 

sharp, 

gradational 

prodelta 

deposits 

K Massive 

variegated clay 

very fine-

grained 

2.5 to 6 

meters 

mottled sharp, 

straight 

basin margin 

and inter-

distributary  
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Figure (7). Large scale trough cross-bedded 

sandstone of Facies C in the Male 
Formation (N 23º 52.324 ,́ E 96º 

33.204´)  

Figure (8). Medium scale planar cross-bedded 

sandstone of Facies D in the Male 
Formation (N 23º 53.425 ,́ E 96º 

33.135´)  

  
Figure (9). Bioturbated sandstone of Facies E in 

the Male Formation (N 23º 53.521 ,́ E 
96º 33.543 )́  

Figure (10). Sandstone with convolute lamination 

of Facies F in the Male Formation 
(N 23º 51.723 ,́ E 96º 30.854 )́  

  
Figure (11).  Wavy small scale cross-bedded 

sandstone of Facies G in the Male 

Formation (N 23º 53.542 ,́ E 96º 
23.754´)  

Figure (12). Interbeds of sandstone and siltstone 

of Facies H in the Male Formation 

(N 23º 52.632 ,́ E 96º 33.462 )́  

 


