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Mineralogy and Geochemistry of Andesites In Popa Area, Kyaukpadaung Township, 

Mandalay Region 

Aye Chan Pyae Kyaw 

Deputy Assistant Computer Specialist 

Myanma Gems Enterprise 

ABSTRACT 

 The Popa area lies in the Kyaukpadaung Township, Myingyan District in the Mandalay 

Region. Five distinct morphological features are a volcanic crater, a volcanic plateau, a 

volcanic neck, a volcanic cone and volcanic slope. Microscopically, the main common textures 

of the studied samples are porphyritic, glomerophyritic, intergranular, radiate seriate and 

ophitic to sub-ophitic textures. Based on the modal composition, andesite samples can be 

divided into augite-hornblende phyric andesite; olivine-augite phyric andesite; hypersthene-

hornblende- augite phyric andesite; and augite phyric andesite. Porphyritic texture indicates 

two phase of crystallization process. Poikilitic texture of augite phenocryst contains other 

minerals indicates that the order of crystallization can be determined. Plagioclase 

microcrystalline laths exhibit pilotassitic texture, the sub-parallel arrangement amongst them 

giving trachytic texture indicate the existence of lava flow processes when rock formation. The 

regular zoning pattern of plagioclase phenocryst in andesite samples is an indication to changes 

in magma composition during the crystal growth. Glomeroporphyritic texture occurs as 

indication of simultaneous crystal growth, in account for heterogeneous nucleation rates 

amongst crystals. On the basis of geochemical facts and discriminant diagrams, the calc-

alkaline nature of andesites from the study area are plotted within the field of volcanic arc and 

these characters are corresponded with volcanism of this area might be regarded as subduction 

related. 

Keywords: andesites; microscopically; Popa; subduction 
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မန္တလ ေးတ ိုငေ်းလေသကက ေး၊ လက ျောက်ပန်လတျောငေ်းမမ  ြို့နယ်၊ ပိုပ ္ ေး လေသတွင်ရ  သည ် အန်ေ ဆ ိုက် 

လက ျောက်မ ျောေး၏ တွင်ေးထွက်ပညျောအရန္ င  ်ဘူမ ဓျောတိုလေေဆ ိုငရ်ျောမ ျောေး 

အ ေးချမ့်ေးပြည ့်အ ျ ့် 

ဒ-ုလ ့်အ   ့် ွန့်ြျျူတ လုြ့်အ  င့်အ ေးမ ျူေး 

ပမန့်မ  အ ျ  ့်မျ ့် တနာအ  င့်ေးဝယ့်အ ေးလုြ့်ငန့်ေး 

စျောတမ်ေးအက ဉ်ေး 

ြုြ ွေးွါး‌အဒသသည့်ွါး‌ မန္တအလေးတ ုင့်ေးအဒသက  ေး၊ွါး‌ ပမင့်ေးခခြံခရ ုင့်၊ွါး‌ အ ျ  ့်ြန့်ေးအတ င့်ေးွါး‌ မမ  ြို့နယ့်တွင့် 
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မ ေးအတ င့် ုန့်ေးပြင့်ပမင ့်၊ မ ေးအတ င့်လည့်တ ုင့်၊ွါး‌ မ ေးအတ င့် အတ  န္ င ့် မ ေးအတ င့် င့်အပခအချ တ ုို့ 

ပြစ့်က သည့်။ နမူနာအ   ့်ယူခ  အသ အ ျ  ့်မျ ေး  ုွါး‌ ပြတ့်ြ ငု့်ေးြ ေးြြံုအသွေး၍ွါး‌  ဏုက ည ့် 
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Mineralogy and Geochemistry of Andesites In Popa Area, Kyaukpadaung Township, 

Mandalay Region 

1. Introduction 

The Popa area lies in the Kyaukpadaung Township, Myingyan District in Mandalay 

Region (Figure 1.1). It is also located about 8 miles northeast of Kyaukpadaung. It is situated 

between latitudes 20°54′00″N to 20°58′00″N and longitudes 95°11′00″E to 95°15′00″E. It is 

bounded by vertical grids 260 to 340 and horizontal grids 100 to 190 in UTM map sheet 

no.2095 01. It is about 8.5 kilometers long in the N-S direction and 7.5 kilometers wide E-W 

direction and hence, the total coverage of the area covers approximately 63.75 square 

kilometers (24.6 square miles). 

Mt. Popa is a stratovolcano in central Myanmar and is located within and protected by 

Mt. Popa National Park. The name Popa is believed to derive from the Sanskrit word puppa, 

meaning flower. Mt. Popa is a popular destination for local people, and there is much history 

and many legends involving the mountain. A volcanic plug, called Taung-Kalat, at the western 

foot of Mt. Popa is a prominent landmark. It is one of the most famous religious sites in 

Myanmar and several thousand people visit each year for religious and tourism purposes. 

The Popa area locating in the central Myanmar attracts everybody for its fantastic and 

majestic landscape which is mainly originated by volcanogenic origin. The scenic Mt. Popa 

(locally called Taungmagyi) and lovely volcanic stock (Taunggalat) are prominent forms which 

evident the central eruption type. Five distinct morphological features are volcanic crater, 

volcanic plateau, volcanic neck, volcanic cone, volcanic slope. 

 Mt.Popa appears as a great mountain as it dominates the surrounding flat plain. It is an 

ancient volcano and is only about 3000 feet high from its base. Mostly, the volcanic vent is an 

elevated upland forming rugged terrain, covering fairly vegetation. Mt.Popa is a stratovolcano 

with 1 mile in diameter from west to east and the average depth is 2000 feet. The inner slope 

of the crater is steeper than the outer slope. Originally, its crater may have assumed a circular 

shape. Due to the final paroxysmal outburst (violent explosion), the northern flank of the older 

crater rim was blown away and retained as a northward opening crater forming a horse-shoe-

shaped crater. The final stage of volcanism occurred in Mount Popa could be a "Vesuvian" type 

of volcanic eruption. Magma violently explored form the stratocone and lava flowed outward 

in some distance. Ngayangon and Taungbaw flows indicated this explosion. The most 

prominent peaks in the crater rim are Hmanpya Taung (4981') at southeastern part, Sabapon 

Taung (4801') at southwestern rim and Saemon Taung (4502') at the western rim. On the 

southwestern slope Taunggalat (2417') is a precipitous peak which is the in filled neck of a 

subsidiary volcano. 

 This area under the present investigation is situated in the Central Cenozoic belt that is 

underlain by various orderly successions of Cenozoic sedimentary strata and some igneous and 

metamorphic rocks. Chhibber (1934) suggested that Mt. Popa could have had an eruption 442 

BCE. Belousov et al. (2018) mentioned that the latest period of volcanic activity on Mount 

Popa took place at the beginning of the Holocene. It included several mild explosive eruptions 

and Mt. Popa should be listed as an active volcano. 
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Figure 1. Location map of the Popa area, Mandalay Region 

 

2. Objectives 

The main purpose of this investigation reflects the petrogenesis of andesites from Popa 

area based on mineralogy and geochemistry. The present investigation will focus on the 

following objectives. 

(a) To investigate the petrographic features of the andesites of the Popa area. 

(b) To interpret the geochemistry and petrogenesis of the andesites exposed in the popa area. 

(c) To investigate the tectonic setting of rocks of the Popa area. 

3. Materials and Methods 

3.1 Materials  

 UTM map no.2095 01 was used as guide map in the field. Outcrop mapping was carried 

out by conventional means by using Brunton Compass, Global Positioning System (G.P.S), a 

geological hammer, and tape. About twenty (20) representative whole rock samples were 

collected for the purpose of petrographic studies. 

3.2Methods 

3.2.1 Field Method 

    Before going to the field, a literature survey, aerial photo, satellite image 

interpretation, and collection of maps were taken. Rocks and mineral samples were collected 

for detailed mineralogical and geochemical analyses. Topographic features, exposures, 

structures, etc. were taken photographs in the field. The traverses especially along the car road 

and stream were made by many measurements. All observed and measured data along traverse 

lines were plotted on the base map in the field.  

3.2.2 Laboratory Method 

Represented samples were selected from the andesites of the study area. About (20) thin 

sections were prepared in the laboratory for the petrographical and mineralogical studies. 

Petrographic analysis of andesites will be determined by using the polarizing microscope. 

According to the petrographic studies, (8) samples of unaltered rocks were selected for 

chemical analysis. The selected samples were crushed and powdered using pulverizer. These 

powdered samples were used for measuring the major and trace elements by Energy Dispersive 

5km 0 
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X-ray Fluorescence (EDXRF). Moreover, results of major and trace element composition have 

been plotted to deduce the magma composition, the origin of crystallization, the fractionation 

process, and possible tectonic setting by using Geochemical Data Toolkit (GCDkit) software. 

4. Results 

Microscopically, the main common textures of the studied samples are porphyritic, 

glomerophyritic, intergranular, ophitic to sub-ophitic, radiate and seriate textures. Based on the 

modal composition of minerals, andesites of the study area can be divided into (1) augite-

hornblende phyric andesite; (2) olivine-augite phyric andesite; (3) hypersthene-hornblende- 

augite phyric andesite; and (4) augite phyric andesite.  

The most common andesite of the study area is the augite-hornblende phyric andesite. 

It is made up of plagioclase, hornblende, pyroxenes, olivine, opaque minerals (mainly iron 

oxides) and secondary minerals such as iddingsite.  

 

Table 1. Modal composition in vol% of andesites from the study area 

Sample No.  A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 

Plagioclase 15 20 10 16 14 12 5 7 4 14 

Orthoclase - - - 2 3 2 2 - 1 - 

Nepheline - 3 - - - - 2 3 2 - 

Augite 22 10 25 3 5 3 19 20 21 25 

Hornblende 3 4 2 20 23 25 4 5 3 4 

Hypersthene   2 5 2 - - - - 2 

Olivine 2 - - - 2 2 2 3 2 - 

Opaque & secondary 

minerals 

2 1 1 2 2 1 1 2 2 1 

Groundmass 56 62 60 52 50 55 66 60 65 54 

Total 100 100 100 100 100 100 100 100 100 100 
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4.1 Plagioclase 

 Under the microscope, the plagioclase crystals are the predominant minerals forming 

up to 60% and occur both in phenocrysts and microcrystalline groundmass.  They are subhedral 

to euhedral, tabular crystals in phenocrysts and lath-liked microcrystals in groundmass. The 

size of plagioclase ranges from 0.2mm to 3mm in length. Moreover, oscillatory and other types 

of zoning occur in plagioclase (Figure 2). The zonal arrangement of minute melt inclusions in 

plagioclase suggests that the several stages in the growth of plagioclase crystals. Crystal clots 

of plagioclase, augite and olivine forming glomeroporphyritic texture are commonly observed 

in some samples. In some slides, plagioclase crystals in groundmass give subparallel alignment, 

trachytic texture (Figure 3). 

 

4.2 Orthoclase 

 Rarely, orthoclase occurs as phenocrysts in some samples with plagioclase and 

hornblende. It is found as subhedral form, colorless (cloudy due to alteration), first order grey 

interference color and simple and baveno twinning is present (Figure 4 & 5). 

4.3 Hornblende 

 Hornblende occurs as major amphibole mineral in andesites of the study area. 

Hornblende has euhedral to subhedral long prismatic form. The average grain size is 0.5 to 

3mm in length. It is high relief and two sets of cleavage. The basal section gives 2-set of 

cleavage cut nearly 60 º /120 º (Figure 6) and symmetrical extinction can be seen frequently. 

Zoning can be occurred and simple twin is also present. The maximum interference color is 

third order reddish brown color.  Most of them are oxo-hornblende with pale yellowish brown 

to dark chestnut brown pleochroism. The black iron-oxides often seen around the edge of Oxo-

hornblendes can be found frequently (Figure 7).  

 

Figure 2. Photomicrograph of augite phyric 

andesite showing the oscillatory zoning in 

plagioclase (XPL magnification,4×) 

 

pl 

1 mm 0.5mm 0.5 mm 

Figure 3. Photomicrograph of olivine 

augite phyric andesite giving trachytic 

texture with subparallism of plagioclase 

laths. (XPL magnification, 4×) 
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Figure 4. Photomicrograph showing simple 

twins in orthoclase of augite-hornblende 

phyric andesite (XPL magnification, 10×) 

 
Figure 5. Photomicrograph showing Baveno 

twins in orthoclase (arrow) in olivine-augite 

phyric andesite (XPL magnification, 10×) 

 

 
Figure 6. Photomicrograph of basal section 

of hornblende having 2-set of cleavage cut 

nearly 60°/120° in augite-hornblende phyric 

andesite (XPL magnification, 4×)  

 
Figure 7. Photomicrograph of augite-

hornblende phyric andesite showing iron-

oxide rim in euhedral to subhedral Oxo-

hornblende. (XPL magnification, 4×) 

 

4.4 Augite 

Augite occurs mostly as megacryst or phenocryst, microphenocryst as well as in 

groundmass. It is eight-sided euhedral to subhedral, up to 1.5mm in diameter and fresh 

prismatic crystal. It has colorless or pale green in color, high relief and pleochroic from light 

green to green color. It also gives well defined cleavage of 2-set cutting at right angle (Figure 

8). Most of the longitudinal sections show inclined extension with higher degree and 

symmetrical extinction can be seen in basal section. It is noteworthy that augite in andesite of 

the study area has sector zoning (Figure 9), oscillatory zoning (Figure 10) and twinning (Figure 

11). Numerous inclusions in augite showing poikilitic texture can be seen in olivine-augite 

phyric andesite. 

0.5 mm 0.5 mm 

0.5 
0.5 mm 

0.5 mm 

hb hb 
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Figure 8. Photomicrograph showing the 

subhedral augite with well-defined 2-set of 

cleavage cutting at right angle in augite of 

hornblende phyric andesite (XPL 

magnification, 4×)  

 
Figure 9. Photomicrograph showing the 

sector zoning in augite of olivine augite 

phyric andesite (XPL magnification, 4×) 

 
Figure 10. Photomicrograph showing the 

oscillatory zoning in augite of olivine-

augite phyric andesite (XPL magnification, 

4×)  

Figure 11. Photomicrograph showing the 

simple twinning of euhedral augite (aug) 

crystal in augite phyric andesite (XPL 

magnification, 4×) 

 

4.5 Olivine 

 Olivine occurs as minor amount in the andesites of the study area. Petrographically, 

most of the olivine gives six-sided euhedral to subhedral phenocrysts, colorless, high relief and 

parallel extinction. In some samples, olivine is characterized by sector and oscillatory zoning 

(Figure 12). It also occurs in association with plagioclase, augite giving glymeroporphyritic 

texture (Figure 13). 

4.6 Hypersthene 

Hypersthene occurs as phenocrysts in some samples (Figure 14). It has nearly similar 

characteristics to augite, it tends to be lighter in color, characteristic pleochroism from green to 

pink, lower order of interference color, and has parallel extinction. Black opaque inclusions are 

found in some hypersthene phenocrysts. 
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Figure 12. Photomicrograph showing the 

six-sided euhedral olivine with sector and 

oscillatory zoning in olivine-augite phyric 

andesite (XPL magnification, 10×)  

 
Figure 13. Photomicrograph showing 

glomerocrysts of olivine and augite in 

olivine-augite phyric andesite (XPL 

magnification, 4×)  

 

 

 

 

 

 

 

 

 

 

 

 

 

4.7 Opaque Mineral 

 Under microscope, magnetite is found as black opaque, anhedral grain as 

microphenocryst and groundmass. In addition to magnetite also formed as inclusion in large 

phenocrysts.  

4.8 Secondary Mineral 

Iddingsite, clay minerals and chlorite are found as secondary minerals in andesites of 

the study area. Iddingsite occurs in the fracture and boundary of olivine crystals. Yellowiah 

brown color clay minerals can be found rarely as groundmass and alteration product from 

plagioclase. Deep green chlorite are anhedral forms as alteration product of hornblende. 

 

0.5mm 0.5mm 

hp 

pl 

0.5mm 

Figure 14. Photomicrograph of augite-hornblende 

phyric andesite showing the cluster of hypersthene 

(hp) and plagioclase (pl) phenocrysts. (XPL 

magnification, 4×) 
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4.9 Geochemistry 

In order to geochemical studies, (8) andesite samples as much as possible unaltered and 

minimum weathering and secondary streak which covered characteristics of the area rocks 

were selected and transferred for powdering with pluverizer. These powder samples were 

chemically analyzed for major oxides and trace elements by using Energy Dispersive X-Ray 

Fluorescence (EDXRF). The analytical data were plotted in classification and tectonic 

discrimination diagrams by using GCDkit version 2.3 software.    

 Based on geochemical compositions, the studied samples have shown the character of 

andesite and basaltic andesite which is predominantly calc-alkaline in nature. Andesites and 

basaltic andesites are characterized by SiO2 (52.42- 56.29%), Fe2O3 (6.71-7.89%), Al2O3 

(18.98-22.50%), MgO (2.24-3.73%), CaO (8.29-10.86%), Na2O (2.32-3.50), K2O (1.14-1.55), 

and TiO2(0.72-0.91). The analytical results of trace elements show some significant values viz. 

Ba (2060-2590ppm), Cr (95.79- 143.68ppm), Rb (10-54.86 ppm), Sr (846-1057ppm), V(120-

190ppm), Y(10ppm) and Zr (20-60ppm) (Table 2). 

  The analytical results of the studied samples are plotted in Total Alkali-Silica (TAS) 

diagram which indicate that the most of samples fall in the andesite and basaltic andesite fields 

(Figure 15). SiO2 versus Zr/TiO2 diagram of Winchester and Floyd (1977) is used which come 

under the andesite and andesite-basalt fields (Figure 16).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. TAS diagram, after (Cox et al., 1979), showing the andesite samples located within 

andesite to Basaltic andesite field 
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Table 2. Geochemical data for representative andesites of the Popa area  

Samples A1 A2 A3 A5 A6 A7 A8 A11 

Major oxides 

(%) 

 

SiO2 54.448 54.625 53.772 56.286 55.806 55.887 52.422 52.617 

TiO2 0.724 0.752 0.907 0.788 0.919 0.836 0.81 0.757 

Al2O3 19.079 18.797 21.502 18.7 17.984 18.713 21.434 21.006 

Fe2O3 7.342 7.778 7.657 7.302 7.895 7.291 6.715 6.991 

MnO 0.116 0.141 0.144 0.142 0.156 0.135 0.125 0.159 

MgO 3.738 2.982 2.243 2.633 3.466 2.856 3.601 2.894 

CaO 9.18 9.758 8.296 9.535 9.241 9.942 10.417 10.862 

Na2O 3.5 3.223 3.382 2.621 2.801 2.613 2.324 2.691 

K2O 1.38 1.406 1.56 1.558 1.091 1.14 1.492 1.393 

P2O5 0.352 0.421 0.383 0.279 0.511 0.466 0.514 0.472 

Total 99.859 99.883 99.846 99.844 99.87 99.879 99.854 99.842 

Trace 

elements 

(ppm) 

 

Rb 10 27.432 45.72 10 54.864 10 54.864 27.432 

Sr 1006.26 845.6 1090.82 1116.19 904.79 854.05 1006.26 1057 

Zr 50 20 60 30 30 40 40 50 

Ba 2510 2450 2600 2060 2300 2590 2750 2700 

Cr 123.156 95.788 136.84 136.84 123.156 109.472 143.682 102.63 

Y 10 8 9 10 8 10 7 6 

Hf 30 25 35 20 30 20 30 35 

La 590 550 530 540 620 610 630 570 

Ce 320 200 290 180 260 320 190 300 

Eu 500 520 440 460 480 540 530 555 

V 180 190 170 120 130 170 160 150 

CIPW-Norms 

(wt%) 

 

Or 9.13 9.26 10.23 9.90 7.35 7.75 10.08 9.48 

Ab 29.48 27.15 28.48 21.86 23.60 22.00 19.95 23.15 

An 34.33 34.74 38.82 36.44 35.38 37.97 40.95 38.49 

Di 7.46 9.16 - 7.22 6.00 6.95 6.92 10.49 

Hp 14.46 12.32 14.65 14.06 15.03 12.30 13.78 10.75 

Ne - - - - - - - - 

Ol - - -  - - - - 

Hm - - - - - - - - 

Ap 0.83 0.99 0.90 0.65 1.20 1.09 1.23 1.13 

Pf - - - - - - - - 

Il 1.37 1.42 1.71 1.48 1.74 1.58 1.56 1.46 

Mag 1.27 1.35 1.33 1.25 1.37 1.26 1.19 1.24 

Zr 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 

Or: Orthoclase; Ab:Albite; An:Anorthite; Ol: olivine; Di: Diopside; Ap: Apatite; Il: Ilmenite; Hm: 

Hematite; Pf; Perovskite; Ne: Nephaline; Hp: hypersthene; Mag: magnetite; Zr: zircon 
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Figure 16. Rock classification diagram modified from Zr/TiO2 vs. SiO2 (Winchester and Floyd, 

1977) 

The total alkali vs. silica diagram (Irvine and Baragar, 1971) show that the andesite 

samples dominantly plot within subalkaline field (Figure 17). These results have been 

documented by previous authors such as Sano (2022) and Hla Min (2022).  

Irvine-Barager Discriminant diagram (1971) used to determine series of magma that 

formed andesites of the study area. Irvine-Barager diagram discriminate magma series between 

tholeiitic and calc-alkaline series. Geochemical compound that used in this diagram is total 

FeO (Fe2O3+FeO), Na2O+K2O and MgO (in wt%). Data plotted on the AFM diagram (Figure 

18) clearly indicate that almost all of the andesites fall in the field of calc-alkaline series. So, it 

can be interpreted that calc-alkaline nature of andesites from the study area is genetically 

related to the subduction related plate tectonic process.  

Whereas Al-Mg-FeT+Ti ternary diagram (after Jensen1976), most of the studied 

samples plotted within the andesite field of calc-alkaline series (Figure 19).  

 

 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 17. Total alkali vs. silica diagram showing all samples fall into subalkaline Series 

(after Irvine and Barager, 1971) 
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Figure 18. AFM ternary diagram showing all samples fall into Calc-alkaline Series (after Irvine 

and Barager, 1971) 

 

 

Figure 19. Al-Mg-FeT+Ti ternary diagram (after Jensen1976) showing the studied samples 

plotted in the andesite Calc-alkaline field 

4.10 Geotectonic Implication 

The geochemical analysis of major and trace elements for studied andesite samples was 

used to construct the discriminate diagrams, which help to classification, nomenclature and 

interpretation of the tectonic setting of andesites from Popa area.  

Pearce (1977) determined the origin of magma based on a comparison of the percentage 

weight value of oxides K2O, TiO2, and P2O5. Based on this diagram, it can be seen the origin 

of the rock-forming magma of andesite of the study area, whether interacting with continental 
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crust or oceanic crust. Based on K2O, TiO2, and P2O5, origin of andesites related to continental 

crust (Figure 20).  

 

Figure 20. Magmatic series of studied andesites based on diagram of Pearce (1977). 

Mullen (1983) diagram of the origin of magma is based on consideration of the weight 

percentage value of compounds TiO2, 10xMnO, and 10xP2O5. Based on this analysis, it can be 

seen the origin of magma of a basaltic material, whether it comes from mid oceanic ridge, 

island arc or oceanic crust. Island arc itself can be divided into tholeiite, alkaline and boninite 

type. Oceanic crust can be divided into tholeiite and alkaline type. According to diagram of 

TiO2, 10xMnO, and 10xP2O5 (Pearce, 1977; Mullen, 1983), all analyzed andesite samples 

related to Island Arc-Calc Alkaline Series (Figure 21). 

 

 
Figure 21. Tectonic setting classification based on TiO2-MnOx10-P2O5x10 (after Mullen, 

1983) showing the studied samples were formed in the Calc-Alkaline Basalt (CAB) setting 
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Tectonic setting classification based on Zr versus Ti (Pearce, 1982) show that the 

igneous rocks were formed in the volcanic arc, mid-oceanic ridge and within plate settings. 

The studied andesites have been erupted in volcanic arc setting indicated by tectonic 

discrimination diagram including Zr versus Ti (Pearce,1982) (Figure 22). In the Zr versus Y 

diagram after Muller and Gorves (1997), all the samples plotted within the arc related fields 

(Figure 23).  

 
 

Figure 22. Geotectonic context of the andesites of Popa area according to Ti vs. Zr (after Pearce, 

1982)  
 

 
 

Figure 23. Determination of tectonic environment of the andesites of Popa area according to Y 

vs. Zr (after Muller and Groves, 1997) 
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5. Discussion 

5.1 Petrographic and Geochemical Characteristics in Magmatic Processes Interpretation 

Petrographic analysis of thin section has identified more detailed textural relationship 

that is essential to understand the origin of rocks. Mostly andesites in the study area are 

porphyritic andesite with more than 40% phenocrysts embedded in volcanic glass and microlite 

groundmass. Porphyritic texture indicates two phases of crystallization process. First phase is 

formed in the deeper location while the second phase is resulted by rapid cooling during 

volcanism activity when magma is rising up. The phenocryst in igneous rock tend to formed 

by slower crystallization in the magma chamber that the modification processes are inevitable.  

The regular zoning pattern of plagioclase phenocryst in andesite samples is an 

indication to changes in magma composition during the crystal growth. Magma differentiation 

also indicated by the presence of oscillatory zoning texture (see Figure 2). This zoning texture 

is formed due to pressure and temperature change during magma raising and volatile release 

during magmatic eruption which causes plagioclase compositional differentiation (Fenner, 

1926 in Johannsen, 1939). Plagioclase microcrystalline laths exhibit pilotassitic texture, the 

sub-parallel arrangement amongst them giving trachytic texture and becomes a reference in 

telling the existence of lava flow processes when rock formation (see Figure 3). Flow texture 

in andesite of the study area reflects that the magma was moving at the time of solidification.  

 The iron-oxides are often seen around the edge of Oxo-hornblendes result from 

resorption effects (see Figure 3.17). Such crystals probably crystallized as typical magnesio- 

or ferro-hornblende but were transformed during later stage oxidation (Deer et al., 2013).  

According to Suhada and Dyash Hastuti (2019), the presence of pyroxenes in studied andesites 

show that this rock freezing process starts at a fairly high temperature which is around 1000 °C 

to 1200° C.  However, the presence of hornblende that coexist with pyroxenes indicate that 

there is a fairly rapid temperature in change in this rock formation. 

In addition, poikilitic texture of augite phenocryst contains other minerals indicates that 

the order of crystallization can be determined, which the enclosed crystal must be crystallized 

earlier than the enclosing crystal (oikocryst). Olivine-augite phyric andesite having 

intergranular textures with grains of augite, olivine and magnetite between plagioclase laths 

pointed out that most crystal nucleate and grow at the same rate. Ophitic and sub-ophitic texture 

of augite-hornblende phyric andesite indicates the coprecipitation of plagioclase with 

pyroxene.  

 In olivine augite phyric andesite of the study area, the cluster of phenocrysts with 

plagioclase, augite and olivine often formed crystal aggregates, also called glomerocryst, (see 

Figure 13) as known to be glomeroporphyritic texture which indicates crystal fractionation by 

crystal settling since the density of the glomerocryst is an average of that of its constituent 

phase.  

Geochemical anomalies in SiO2 at two basaltic andesite samples shows 52%, while the 

other andesite samples at 56-57%. This could indicate that the two samples are more basic than 

others, as one of evidence of fractional crystallization process. Moreover, Al2O3, Na2O and 

K2O are low in basaltic andesite compared to those of same oxides in andesites. On the other 

hand, TiO2, Fe2O3, MgO, CaO and total lesser extent P2O5 contents are high in basaltic andesite 

compared to andesites. The decrease in TiO2, MgO, CaO and P2O5 reflects the crystallization 

of iron-titanium oxide minerals. The high contents of SiO2, Al2O3, Na2O and K2O in 

differentiated lavas suggested accumulation of alkali feldspar crystals in these rocks.  

 Most of the previous authors pointed out that the volcanism in Popa area might be 

regarded as subduction related.Maung Thein (2000) postulated the subduction of the Indian 
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Plate under the overriding Burma Plate, might continue, till the Holocene time, along the 

Rakhine off-shore region as suggested by the formation of an outer magmatic arc (central 

volcanic line) and renewed volcanism (mainly andesites and basalts) along central Igneous line 

(Mt. Popa and Twindaung) during Pleistocene and Early Holocene. Mt.Popa and Twindaung 

overlie a well-defined Wadati- Benioff plane 120-140 km deep (Guzman- Spezials and Ni, 

1996; Satyabala, 1998 in Maury et.al, 2004). Mt.Popa volcanic area (including the study area) 

occupies the rock association of basalt, basaltic andesite, latite and rhyodacite (Aung Moe, 

1980; Stephenson & Marshall, 1984). The two groups of lava (Kyaukpadaung and Mt. Popa) 

are regarded as a single petrographic suite in which several continuous and discontinuous 

mineral reaction series are recognized. 

The more siliceous lavas as the study area may have been derived by fractional 

crystallization of such magmas at crustal levels. The magmatism is attributed to the waning 

stages of orogeny as eastward subduction of the Indian plate beneath Burma gave way to strike-

slip movement, associated with the Andaman Sea spreading center. Within the tectonic model, 

magmas were probably generated by hydrous mantle melting above dehydrating oceanic crust 

of the subduction zone (Stephenson & Marshall, 1974; Hla Min, 2022; Sano et al., 2022).  

According to the above mention geochemical facts and discriminant diagrams point out 

that all the studied samples fall within the field of volcanic arc. These characters are 

corresponded with volcanism of this area might be regarded as subduction related. 

6. Conclusions 

 The Popa area lies in the Kyaukpadaung Township, Myingyan District in Mandalay 

Region. Mt. Popa is a stratovolcano in central Myanmar. Mt. Popa could have had an eruption 

in 442 BCE.  

  Microscopically, the main common textures of the studied samples are porphyritic, 

glomerophyritic, intergranular, ophitic to sub-ophitic, radiate and seriate textures. Based on the 

modal composition of minerals, andesites of the study area can be divided into augite-

hornblende phyric andesite, olivine-augite phyric andesite, hypersthene-hornblende- augite 

phyric andesite, and augite phyric andesite. 

 Under the microscope, the plagioclase crystals are the predominant minerals and occur 

both in phenocrysts and microcrystalline groundmass.  The zonal arrangement of minute melt 

inclusions in plagioclase suggests that the several stages in the growth of plagioclase crystals. 

Rarely, orthoclase occurs as phenocrysts in some samples with plagioclase and hornblende. 

Hornblende occurs as major amphibole mineral in andesites of the study area. Hornblende has 

euhedral to subhedral long prismatic form. Augite occurs mostly as megacryst or phenocryst, 

microphenocryst as well as in groundmass. It is eight-sided euhedral to subhedral, up to 1.5mm 

in diameter and fresh prismatic crystal. Olivine occurs as minor amount in the andesites of the 

study area. Petrographically, most of the olivine gives six-sided euhedral to subhedral 

phenocrysts, colorless, high relief and parallel extinction. Hypersthene occurs as phenocrysts 

in some samples. Under microscope, magnetite is found as black opaque, anhedral grain as 

microphenocryst and groundmass. Iddingsite, clay minerals and chlorite are found as secondary 

minerals in andesites of the study area.  

Plagioclase microcrystalline laths exhibit pilotassitic texture, the sub-parallel 

arrangement amongst them giving trachytic texture and becomes a reference in telling the 

existence of lava flow processes when rock formation. Zoning in plagioclase is formed due to 

pressure and temperature change during magma raising and volatile release during magmatic 

eruption which causes plagioclase compositional differentiation Ophitic and sub-ophitic 

texture of augite-hornblende phyric andesite indicates the coprecipitation of plagioclase with 

pyroxene. Flow texture in andesite of the study area reflects that the magma was moving at the 
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time of solidification. The black iron-oxides often seen around the edge of Oxo-hornblendes 

result from resorption effects.  

 The analytical results of the studied samples are plotted in Total Alkali-Silica (TAS) 

diagram which indicate that the most of samples fall in the andesite and basaltic andesite fields. 

The total alkali vs. silica diagram show that the andesite samples dominantly plot within 

subalkaline field. Data plotted on the AFM diagram clearly indicate that almost all of the 

andesites fall in the field of calc-alkaline series. Al-Mg-FeT+Ti ternary diagram, most of the 

studied samples plotted within the andesite field of calc-alkaline series.    

Based on K2O, TiO2, and P2O5, origin of andesites related to continental crust. 

According to diagram of TiO2, 10xMnO, and 10xP2O5, all analyzed andesite samples related 

to Island Arc-Calc Alkaline Series. The studied andesites have been erupted in volcanic arc 

setting indicated by tectonic discrimination diagram including Zr versus Ti (Pearce,1982). 
According to the above mention geochemical facts and discriminant diagrams point out that all 

the studied samples fall within the field of volcanic arc. These characters are corresponded with 

volcanism of this area might be regarded as subduction related. 
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