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Abstract 
The igneous rocks exposed in the The Chaung and Chaung Bya area are composed of 

volcanic rocks of Rhyolite, Andesite, Dacite and Basalt. Major- minor oxides and trace 

elements of volcanic rocks of The Chaung and Chaung Bya area are used to discuss the 
petrochemical characters. According to the chemical classification of various diagrams, the 

volcanic rocks of the study area belong to the acid to basic clan on total alkalis and silica 

content, with the (Na2O+K2O) vs SiO2; within the field of high and low K- Series; 

subalkaline and calc-alkaline nature. The volcanic rocks of the study area show the calc-

alkaline suit of AFM diagram, and with respect to the FeT + Ti-Al-Mg diagram of Jensen. 
According to the trace-element data, Ti-Zr-Sr and Zr/4-2×Nb-Y discrimination diagrams, 

all the basaltic rocks of the study area fall within the island-arc calc-alkaine basalt (CAB) 

and Volcanic-arc basalts field. Calc-alkaline nature of the volcanic of the study area is 

related to the subduction related plate tectonic process. 
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Introduction 
The study area, part of the Wuntho Massif, is situated within theKawlinTownship, 

Sagaing Division, and Northern Myanmar. It is located about 24 km north-west of Kawlin. 
This area is bounded by Latitude 23° 46´ N to 23° 54´ N, and Longitude 95° 27´ E to 95° 34´ 
E. It covers parts of 84 M/5 and 84 M/9 one inch topographic maps and UTM map sheet 
No.2395/05 to No.2395/09. It is about 17 km long in N-S direction and about 12.8 km wide 
in E-W direction covering approximately 218 square kilometers (see Fig. (1)). 
Regional Geologic Setting 
The Chaung - Chaung Byaarea lies in the southern part of the Wuntho Massif which is a 
part of central volcanic line. The Wuntho Massif is an elongated batholith trending NNE-
SSW. It is about 40 km wide and 190 km long and consists of several types of igneous 
rocks. The Wuntho Massif includes the 75-km-long NNE trending Kanzachaung batholith in 
the south, the Pinhinga Plutonic Complex in the northeast, and the Taungthonlon extinct 
stratovolcano.Biotite and hornblende-biotite Granodiorites from the Kanzachaung 
batholith in theWuntho-Banmauk segment of the arc have given K/Ar biotite ages of 93.7 ± 
3.4 Ma and 97.8 ± 3.6 Ma (UNDGSE, 1978a).Moreover, according to Mitchell (2017), isotope 
age on the Kanzachaung batholith is early Upper Cretaceous in age. 
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Figure (1) Location map of the study area (source: MIMU, 2010) 

Materials and Methods 
The present study includes field methods and laboratoryinvestigations and 

employs the three methods to achieve the objectives ofthe research. The three methods 
are (a) making landsat imageand aerialphotographic interpretation before doing the field 
trip, (b) detailedstudiesof outcrops and sampling applying the GPS method and (c)using 
the XRF analysis to discuss the major and trace element content.Systematic sample 
collection of rocks was done in some individual rock types.  Rock samplings were made 
for petrological and geochemical analysis studies.  
Chemical Analyses of Volcanic Rocks 
General Statement 

The study area consists of Rhyolite, Andesite, dacite and basaltic dykes which are 
studied. Samples were collected for the geochemical analysis and analyzed for both 
major and trace element behavior. Twenty seven representative samples of extrusive 
igneous rocks were investigated. These twenty seven samples are fresh, lack alteration 
and veining as much as possible. Analyzed samples and their locations are shown in 
Table (1) and Table (2). The results of the geochemical analysis of whole-rock major 
oxide data and trace elements of rhyolite, andesite, dacite and basalt are presented in 
Table (3), Table (4), Table (6) and Table (7). In the norm calculation, norms of the 
volcanic rocks are shown in Table (5) and Table (8). 
Classification of Volcanic rocks 

Volcanic rocks of the study area are plotted on total alkalis and silica content, 
(TAS) diagram of Le Bas et al. (1986) for the chemical classification of volcanic rocks. 
Major element data suggests that the study area belongs to rhyolite, dacite, basaltic 
andesite, andesite, basalt fields, fall in Sub-alkaline affinity and in acid to basic field, 
according to their position in the (Na2O+K2O) vs SiO2 diagram (Fig.2). 

TAS diagram (Na2O+K2O-SiO2) after Middlemost, 1994 shows that the volcanic 
rocks of the study area are confined with rhyolite, dacite, basaltic andesite, andesite and 



basalt fields (Fig. 3). And also R1-R2 diagram of De la Roche et.alshows the classification 
of extrusive rocks of study area (Fig. 4).  
Chemical Analysis Using Selected Major and Trace Element Diagrams  

The AFM diagram (after Irvine and Barager, 1971) shows that all volcanic rocks fall 
in Sub-alkaline Series (Fig. 5). In SiO2-K2O diagram (Peccerillo and Taylor, 1976), most 
volcanic rocks of study area fall in low K (tholeiite series) to calc-alkaline series (Fig.6). 
The volcanic rock samples have a wide range in SiO2, ranging from 51% to 78% and 
potassium content is high and low K series. The basaltic rocks are represented by SiO2 
(51.21-46.79 %), Al2O3 (21.60-11.12 %), CaO (16.92-9.34 %) and Fe2O3 (11.53-8.00 %), and 
low Na2O (3.33-0.87 %), MgO (13.72-3.80 %) and K2O (1.10-0.11 %) (Table.7). Total alkali 
content is between 1.00% and 4.44 %, showing the sub-alkaline nature of these basaltic 
rocks. Subalkaline series can be further subdivided into tholeiite and calc-alkaline type 
(Philpotts, 1990). FeT + Ti-Al-Mg diagram of Jensen shows calc-alkaline, subalkaline 
basalt and KOMATITE field. In this diagram, it can be seen that most basaltic rocks of 
study area are calc-alkaline (Fig. 7).  

Table (1): Analyzed Samples and their Locations of the Study Area 

 
 



Table (2): Analyzed Samples and their Locations of the Study Area

 
Most of the volcanic rocks have experienced various degrees and types of 

alteration. The TAS classification may not accurately classify the rocks because the TAS 
method depends upon Na and K concentrations which are relatively mobile elements. 
Therefore, selected minor and trace elements (e.g, Ti, Zr, Y and Nb) that are believed to 
be relatively immobile under conditions of metasomatism and low grade hydrothermal 
metamorphism are used to characterize the volcanic rocks with respect to original 
composition and possible tectonic environment of formation (e.g., Pearce and Cann, 
1973; Winchester and Floyd, 1977). 

These volcanic rocks are distinguished by TiO2 (0.657– 0.918 %) and P2O5 (0.145 – 
0.069 %). The Zr/TiO2–SiO2 discrimination diagram (Winchester and Floyd, 1977) has 
shown in the rhyolite, dacite, andesite, basalt field (Fig.8). This trace element 
classification generally agrees with the TAS classifications of (Fig. 2). The nature of the 
volcanic rocks of the study area is the calc-alkaline series affinity. So it can be 
considered that calc-alkaline nature of the volcanic of the study area is genetically 
related to the subduction related plate tectonic process. 
Tectonic Discrimination of Basaltic Rocks 

Trace element data can also provide a means to determine the tectonic setting. Trace 

element analyses have been used to investigate the tectonic environment of basalts from 

the study area. Y, Nb and Rb are utilized in tectonic discrimination diagrams as they are 

generally considered immobile under most geologic conditions.The analyses show mafic 

with SiO2 contents lower than 53%. Most of these mafic lavas display rather low contents 

in compatible trace elements (Cr, Co, Ni). On the basis of the content  



Table (3): Major and Minor Element Analyses (in Wt %) and Norms of the Volcanic Rocks  from the Study Area 

 
Table (4): Trace Element Analyses (in ppm) of the Volcanic Rocks from the Study Area 

 
  



Table (5): CIPW Norm or Wt % Norm of the Volcanic Rocks from the Study Area 

 
Table (6): Major and minor Element Analyses (in Wt % ) and Norms of the Volcanic Rocks  from the Study Area 

 
  



Table (7): Trace Element Analyses (in ppm) of the Volcanic Rocks from the Study Area 

 
Table (8): CIPW Norm or Wt % Norm of the Volcanic Rocks from the Study Area 

 
 



 

 

 

Figure (2): TAS diagram (after Le Bas et 

al, 1986) showing the volcanic rocks of 

the study area falling in subalkaline 

affinity and in acid to basic group 

 Figure (3): TAS diagram of study 

Middlemost that shows the classification 

of extrusive rocks of the area 

 

 

 

 

Figure (4): R1-R2 diagram of De la Roche 

et.alshowing the classification of 

extrusive rocks of study area 

 Figure (5): The AFM diagram (after Irvine 

and Barager, 1971) showing Tholeiite 

Series and Calc-alkaline Series 

 

 

 

Figure (6): SiO2-K2O diagram of 

Peccerillo and Taylor showing 

Shoshonite Series, High K calc-alcaline 

series, Calc-alcaline series and Low K 

Series 

 Figure (7): FeT + Ti-Al-Mg diagram of 

Jensen showing TH (tholeiite), CA (calc-

alcaline) and KOMATITE 

of minor elements Zr and Sr, Pearce and Cann (1973) have divided basalts into different 
tectonic settings; island-arc tholeiites (IAT), calc-alkali basalts (CAB) and mid-ocean 

P
ic

ro
b
a
s
a
lt

B
a

s
a

lt

B
a

s
a

lt
ic

a
n

d
e

s
it
e

A
n

d
e

s
it
e

D
a

c
it
e

Rhyolite

Trachyte

Trachydacite

Trachy-

andesite
Basaltic
trachy-

andesite
Trachy-
basalt

Tephrite

Basanite

Phono-

tephrite

Tephri-

phonolite

Phonolite

Foidite

A
lk
al

in
e

Subalkaline/Tholeiitic

Ultrabasic Basic Intermediate Acid

40 50 60 70 80

0
5

1
0

1
5

TAS Le Bas et al. 1986

SiO2

N
a

2
O

K
2
O

P
ic

ro
-

b
a

sa
lt B
a

sa
lt

B
a

sa
lti

c

a
n

d
e

si
te

A
n

d
e

si
te

D
a

ci
te

Rhyolite

Trachyte

Tra
ch

y-
da

ci
te

Trachy-
andesite

Basaltic
trachy-

andesite
Trachy-
basalt

Tep
hr

ite
P
ho

no
-

te
ph

rit
e

Tep
hri-

ph
on

ol
ite

Phonolite

Foidite

Sodalitite/Nephelinolith/Leucitolith

Silexite

40 50 60 70 80 90

0
5

1
0

1
5

TAS Middlemost 1994

SiO2

N
a

2
O

K
2
O

ankaratrit
e

basanite

al
ka

li 
bas

alt

basalt

tholeiite
nephelinite

tephrite

hawaiite lati-

basalt

andesi-

basaltphono-tephrite

mugearite

latite
lati-

andesite

andesite

phonolite

trachy-

phonolite
trachyte quartz

trachyte alkali rhyolite

quartz

latite

dacite

rhyolite

rhyodacite

picritic rock

-1000 0 1000 2000 3000

0
5

0
0

1
0

0
0

1
5

0
0

2
0

0
0

2
5

0
0

3
0

0
0

R1 R2 plot De la Roche et al. 1980

R1= 4Si - 11(Na + K) - 2(Fe + Ti)

R
2
=

 6
C

a
 +

 2
M

g
 +

 A
l

Al Mg

Fe
T

Ti

High-Fe

tholeiite

basalt

A
ndesiteD

a
cite

Rhyolite

R
hyolite

D
a
cite

A
ndesite

B
asa

lt

High-Mg

tholeiite

basalt

K
o
m

a
tiitic

b
a
salt

K
o
m

a
tiite

TH

CA

K
O

M
A

T
IIT

E

Jensen 1976



ridge basalt (MORB). In the Ti-Zr-Sr discrimination diagram, the basalts under present 
investigation area fall within the CAB field (Fig.9). This trace element analysis agrees 
with the FeT+Ti-Al-Mg diagram of Jensen (Figs.7). 

Silica ranges 46.79 - 51.21 % SiO2 of basalts are plotted in the MnO-TiO2-P2O5 
discrimination diagram (after Mullen, 1983); the fields are MORB; OIT-ocean-island tholeiite 
or seamount tholeiite; OIA-ocean-island alkali basalt or seamount alkali basalt; CAB-
island-arc calc-alkaine basalt; IAT-island-arc tholeiite; Bon-boninite. The MnO - P2O5 
values are multiplied by 10 in order to expand the plotted fields. The basaltic rocks of the 
study area fall in the IAT, CAB setting and one sample fall in Bon setting. The boninite field 
occupies the MnO-rich sector of the CAB field. On a triangular plot of Zr/4, 2×Nb and Y (Fig. 
10), Meschede (1986) shows that four main basalt fields, can be identified. Within-plate 
alkali basalts plot in field AI; within-plate tholeiites plot in fields AII and C. E- type MORB 
plots in field B whilst N- type MORB plots in field D. Volcanic-arc basalts also plots in fields 
C and D. From this trace element discrimination diagram, it is clear that all the basaltic 
rocks of the study area fall in Volcanic-arc basalts (field D) (Fig. 11). 

Conclusion 
Therefore, Major element data suggests that the study area belongs to rhyolite, 

dacite, basaltic andesite, andesite, basalt fields, arefallen in Sub-alkaline affinity and in 
acid to basic group in TAS plot. The AFM diagram shows in Tholeiite Series and Calc-
alkaline Series. FeT + Ti-Al-Mg diagram falls in calc-alcaline field. The basaltic rocks of 
the study area fall in the IAT, Bon and CAB setting. Ti-Zr-Sr discrimination diagram 
shows that basalts of study area falls within the calc-alkali basalts (CAB) field. The calc-
alkaline nature of the volcanic of the study area is genetically related to the subduction 
related plate tectonic process. 

 

 

 

Figure (8): Trace element discrimination 

diagram showing classification of volcanic 

rocks of the study area (After Winchester and 

Floyd, 1977) 

 Figure (9): Ti-Zr-Sr discrimination 

diagram showing MORB, IAT and CAB 

field (after Pearce and Cann, 1973 in 

Rollinson, 1995) 
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Figure (10): The MnO-TiO2-P2O5 discrimination 

diagram for basalts of study area belongs to CAB-

island-arc calc-alkaine basalt; IAT-island-arc tholeiite; 

Bon-boninite (after Mullen, 1983) 

 Figure (11): The 2Nb-Zr/4-Y discrimination 

diagram for basalts after Meschede (1986), 

the study area fall in Volcanic-arc basalts. 

Acknowledgements 
I am greatly indebted to Dr. Maung Maung Naing, Rector, Yadanabon University for hispermission 

to carry out this research and for paying attention to this work. I wish to express my sincere gratitude to 
Dr. Htay Win, Professor and Head and Dr. Khaing Khaing San, Professor, Department of Geology, 

Yadanabon University, for their interest, encouragement and valuable advice.I would like to express my 

special thanks toDr Tin Aung Myint, Professor, Department of Geology, University of Mandalay, for his 

advice to carry out this research work and valuable suggestions. 

References 
Cox, K.G., Bell, J.D., &Pankhurst,R.J., 1979. The interpretation of igneous rocks. George, Allen and Unwin, 

London, 464p 

D.G.S.E,1976. Geology and Exploration Geochemistry of the Pinlebu-Banmauk Area (unpublished report 

No.2).Igneous Rocks.GeoTimes, 18, 26-30. 

Goldschmidt, v.M.1992.nDer Stoffwechsel der Erde. Manson.,B, 1956. Principles of Geochemistry. Second 
printing, United State of America. P 276 

Khin Maung Myint, (1982). A Petrological Study of the Okkan-Ainggyi Area, West of Kawlin. Unpublished 

M.Sc. thesis, Mandalay University. 

Ohn Thwin (2004). Systematic investigation of copper-gold mineralization at Shangalon,Kawlin Township, 

Sagaing Division, Upper Mhyanmar. Unpublished Ph D Thesis, Dept. of Geology, University of 
Yangon.  

Rollinson, H.R. 1993. Using Geochemical Data: Evaluation, Presentation, Interpretation. © Longman Group 

Ltd, CM202JE, England. 

Thornton, C.P., & Tuttle, O.F, 1960.Chemistry of igneous rock; I. Differentiation Index, Am. J. Sci., vol. 258, 

p.664-684. 
Winchester, J. A., Floyd, P. A., (1977). Geochemical discrimination of different magma series and their 

differentiation products using immobile elements, Chemical Geology, Vol. 20, pp. 325-342. 

Ye Min, (1992); Geology of the Mingon-Sondaw Area, Wuntho, Banmauk, and IndawTownships, Mandalay 

University, (Unpublished). 

Zaw Win, (2009). Petrology and Economic Significance of the Igneous Rocks Exposed in Pinlebu-Banmauk 
Area, Sagaing Region. Unpublished Ph D Thesis, Dept. of Geology, University of Mandalay.

10MnO 10P2O5

TiO2

CAB

OIT

MORB

IAT

OIA

Bon

SiO2 54 and SiO2 45

Zr/4 Y

2Nb

AI

AII

B

C

D



 


