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Abstract

The study area is situated in the Salingyi township of Monywa District, Sagain
Region. The area covers 70 square miles. The area is a part esoattthtrending central
volcanic belt of Burma. The Salingyi complex is chiefly composed of various igneous rock
units, viz., gabbro, diabase, granite, diorite and volcanic rock. Tdesrteat is a complex of
Cretaceous (Late Mesozoic) gneiss and amphibolite schist intruded by gabbro, diorite and
granite. ARAb-Or diagram shows that most igneous rocks fall within the granite and tonalite
fields. Based on the silica and alkali contenteigus rocks of the study area falls in the field
of subalkaline series. The nature of the igneous rocks of the area has affinity to the calc
alkaline series genetically related to the subduction related plate tectonic process. Most
granite samples fall inigh-Kseries (Calelkaline series), and gabbro in low K (tholeiitic
series). All igneous rocks of the study area fall in peraluminous field. They are formed in
continental arc. Basalt and related rocks also fall in the continental field and a few ohthem i
the oceanic field. Field and petrographic evidences of the igneous rock of the study area
indicate magmatic origin. According to the chemical data, the tectonic setting of the
sandstones is in the active continental marginal. The igneous mass of thgyiSatea
constitutes part of the Tertiary Basement over which the sediments were laid down. The
volcanic rocks are originated by the product of the Calkaline suite which is produced
from the partial melting of the subducted oceanic crust of Indiate fleneath the Burma
plate. The olivine basalt of Shinmataung area has-&k#dine characteristics as a result of
the petrochemical analysis. According to the data mentioned above suggest that the
subduction related volcanism of Central Volcanic Linevee from the partial melting of the
subducted Indian plate. Field and petrographic evidences of the igneous rock of the study
area indicate magmatic origin. The igneous mass of the Salingyi area constitutes part of the
Tertiary Basement over which thedgments were laid down.

Keywords Salingyi complex, catlalkaline series, subduction related plate tectonics, Central
Volcanic Line

Introduction

The study area in the Salingyi Township is situated between North Lati®lds3

to 2203, and East Longitude8500 and9508 . It covers part of 84 O/l, one inch
topographic map. The study area is about 10 milesiloadN-S direction and about 7 miles
wide in an E-W direction. It is readily accessible throughout the year by car from
Nyaungbingyi, on the western bank of Chindwin River (opposite to Monywa), to Salingyi,
nothern boundary of the study area. Nyaungbi®plingytYesagyo caroad passes through
the central part of thstudy area. The location map of the study aredopographic map of

the study areareshown in Figure(1).

Stratigraphy

The study area is composed of igneous, sedimentary and metamorphid hagkare
exposed in various proportions. The strafipia succession of the Salingyi area and the
correlation between these units and vesitablished stratigraphunits are listed in Tabld.).
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Figure(1) Location map of the study area

Table () Rock units of the study area

STRATIGRAPHIC UNITS GEOLOQCAL AGE
Sedimentary Rocks Units

Alluvum and gravel Pleistocene to &ent
Unconformity

Magyigon Formation Upper Miocene to Pliocene
Damapala Formation Oligocene to Middle Miocene

Unconformity
Igneous Rock Units

Olivine Basalt Recent
Veins and Dyks Upper Cretaceous
Granites

Biotite granite with minor microgranitt £aly Cretaceous

Diorite

Dacite

Andesite PreCretaceous
Metamorphic Rock Units

Amphibolite Schist PreCretaceous

Gneiss
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Petrochemistry
General Statement

The igneous unstexposed in the present arare mainlydiorite, graniteand gabbro
with minor amounts ofandesite, daciteand basalt. More thathirty representative rock
samples collected from the study area have Isedected and analyzed fidre petrdogic
studies. For petrochemistry, chemical data are obtabyedusing the XRF analysis at
DSSTRC DefenseServiceScienceand Technlogy Research Center) in Py@o Lwin. The
major and trace elemengiven by XRF analysis are shown in Tablgsg). Stanérd CIPW
norm (weight percent norm) and molecular norm (cation ndnaye beencalculated
according to the rulesf Hutchison (1975), by computerization and the results are also shown
in Tables.

Geochemical Analyses of Plutonic Rocks
Classification

The clemical classification and nomenclature of plutonic ssmemade using ( TAS
) diagram, adoptettom Cox et al. ( 1979 ). For this workthe NaO + K,O content (otal
alkalis, TA) and th&iO, content §) are taken directly frortherock analysis as Wb oxides
and plotted onto thelutonic classification diagramThe plutonic rocks of the areéall in
granite field gabbrofield, diorite field andgranodiorite field(Fig 2). According to the
molecular normative Ab-Or diagram of Barker (1998), moglutonic rocks fall within
thegranite field,granodioritefield and tonalite fieldFig - 3).

Major and trace element daracteristics

Based on the silica and alkali contepliytonic rocks have been classified into two
major series: alkaline and subalkedi In SiQ versus total alkali diagram (Fig) all of the
plutonic rocks of the study area fall in the field of subalkaline series. The dividing line
follows the work of Irvine and Baragar (1971)

Harker variation diagrams are used to demonstrate thevioelof the elements using
SiO, for crystal fractionation process. All major oxides versus, S@diation diagrams of the
plutonic rocks are shown in Fig.(5). Major element oxides, eg(CaO, MgO; MO, P.Os,
Cr,0O3) are negatively correlated with SIONa&O + KO and AbOs; have a positive
correlation with SiQ

The subalkaline series was further subdivided into tholeiitic andatiedtine by
using AFM diagram (Fig6) . AFM diagram showing the nature of the plutonic rocks of the
area has affinity to thcalcalkaline series with some exceptions in tholeiitic series. So, it can
be considered that caddkaline nature of igneous rocks from the study area is genetically
related to the subduction related plate tectonic process.

On the KO versus Si@diagran (Fig- 7, Le Maitreetal; 1989) most granite samples
fall within high-k (Calcalkaline series) and other rock samples in medium K {&l&kdine
series) and low K (tholeiitic series). In8l;- Ca0 (Na,O + K,O) diagram of Winter (2010)
the plutonic raks of the study area are plotted in peraluminous field @)ig
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Table (9 Major and minor elements (oxides from wt%) of the galshracks from research

area
Na:O 311 348 18 34 319 22 321 2 3 301 0572
MgO 7.062 6.994  8.477 4.25 4.449 7.423 7.998 7.258 5 6.933 6.598
Al,O3 18.23 16.15 17.17 20.57 19.33 15.03 1594 179 173 16.24 17.8
Sio, 48.67 48.12 46.03 50.47 50.81 44,71 47.67 4569 458 47.73 47.51
P,Os 0.096 0.14 0.081 0.376 0.381 0.082 0.162 015 0.14 0.13 0.12
K,0 0.015 0.022 0.10 0.50 0.43 0.05 0.09 0.03 0.21 0.06 0.01
CaO 0.174 0.053 11.01 9.763 9.922 11.03 10.08 0.159 8.85 11.64 0.065
TiO, 9.471 11.02 0.708 1.31 1.44 1.1 1.04 11.86 1.02 0.883 11.88
MnO 0.803 0.871 0.166 0.168 0.201 0.171 0.161 0.733 1.197 0.157 0.865
Cr,0s 0.214 0.164 0.031 - - 0.026  0.0326 0.131 - 0.024 0.153
Fe0s 0.251 9.636 10.16 9.087 9.737 10.41 9.425 9.182 11.66 9.273 9.403
ZnO 0.0118 0.081 0.0113 0.08 0.072 0.064 0.072 - 0.096 0.088 0.073
SrO 0.02 0.01 0.02 0.02 0.02 0.014 0.014 0.02 0.02 0.0 0.02
Zr0o, 0.01 0.08 0.051 0.065 0.01 0.06 0.08 0.06 0.09 0.08 0.06
Total 88.12 96.82 95.82 100.07 100.00 92.38 9598 95.18 94.4 96.27 95.13
CIPW Norm or Wt% Norm
Quartz 19.4 - - 1.04 2.69 13.0 - - - - -8.26
Plagiclase 26,5 57.74 53.68 68.13 64.12 114 5598 56.31 585 56.09 50.63
Orthoclase  0.84 0.3 0.65 3.01 2.6 0.47 0.53 0.95 1.3 035 0.41
Corundum 12.8 - - - - 10.8 - - - - -
Diopside 20.58 12.64 5.42 7.89 16.21 1539 8.25 21.21 10.01
Hypersthene 175 0.9 18.7 14.35 14.08 49.0 7.39 11.3 14.21 5.08 18.96
Olivine 10.24 3.37 - - - 8.54 4.84 39 6.64 -
limenite 2.25 1.65 1.35 2.49 273 2.09 1.98 139 194 167 1.65
Magnetite 4.19 4.42 3.96 4.23 4.61 4.1 3.99 5.07 4.03 4.09
Apatite 0.23 0.32 0.19 0.88 0.88 - 0.37 0.35 0.32 0.3 0.28
Zircon 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Chromite 0.04 0.07 - - 0.06 0.07 0.07 - 0.06 0.04
Total 88.1  95.97 95.08 99.29 99.23 91.64 95.18 94.6 935 9544 94.34
DI 46.8 58 54.3 72.2 69.4 25 56.5 57.3 59.8 56.4 59.3
Molecular Norm or Cation Norm
Quartz 25.2 - - 1.15 2.99 17.96 - - - - 9.88
Plagioclase 34.8 66.57 62.61 73.88 70.07 15.22 65.17 65.46 69.42 65.04 58.43
Orthoclase  1.14 0.36 0.81 3.45 3 0.67 0.65 117 163 043 0.51
Corundum 11.1 - = - - 9.93 - - - - -
Diopside 19.29 12.15 4.77 6.99 15.42 14.72 7.86 20.07 9.6
Hypersthene  18.8  0.82 1753 12.18 12.04 5132 687 1053 129 4.68 17.67
Olivine 9.03 3.06 - - - 7.71 437 338 5.92 -
llmenite 1.63 1.08 0.9 1.53 1.7 1.61 1.3 092 131 1.1 1.1
Magnetite 2.5 2.7 2.23 2.4 3.24 2.47 242 312 242 2.49
Apatite 0.23 0.31 0.18 0.81 0.81 - 0.36 0.34 032 0.29 0.28
Zircon 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Chromite 0.03 0.05 - - 0.04 0.05 0.05 - 0.04 0.03
Total 99.9 100 100 100.0 100.0 100 100.0 99.99 99.9 100 100
DI 61.2 66.9 63.4 78.5 76.1 33.9 65.8 66.6 711 655 68.8
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Table (3 Major and minor elements (oxides from wit%) of theritic rocks from research area

Granodiorite Diorite

F | R T U
Na,0 124 2.71 0.706 3.59 0.63
MgO 6.643 0.209 0.961 4.044 2.34
Al,03 17.83 15.56 19.42 15.04 16.16
SiO, 49.93 68.09 62.01 51.54 58.51
P.Os 0.1 0.14 0.073 - 0.301
Cr,04 0.0165 0.0226 0.0178 - 0.0618
K,0 0.0751 0.19 0.085 0.13 0.0806
CaO 12.06 8.598 11.56 7.74 11.29
TiO, 0.816 0.394 0.304 0.0883 1.05
MnO 0.151 0.0293 0.07 1.13 6.745
Fe,03 9.496 3.411 4.712 0.161 0.004
Sro 0.0172 0.0242 0.0355 0.0121 0.0286
ZrO, 0.067 0.0281 0.0221 0.0114 0.0151
Total 98.4418 99.4062 99.9764 83.4%8 97.2161
CIPW Norm or Wt% Norm
Quartz 7.03 34.66 31.29 28.65 25.48
Plagioclase 53.34 52.66 55.54 36.96 46.36
Orthoclase 0.47 1.12 0.53 0.95 0.47
Diopside 13.23 5.81 6.28 - 10.81
Hypersthene 17.68 - 3.13 12.06 111
limenite 1.56 0.74 0.57 2.97 1.99
Magnetite 4.13 1.48 2.04 - -
Apatite 0.23 0.32 0.16 - 0.7
Zircon 0.01 0.06 0.04 0.03 0.3
Chromite 0.03 0.04 0.04 - 0.13
Total 97.71 99.14 99.62 99.91 97.34
DI 60.8 88.4 87.4 66.6 72.3
Molecular Norm or Cation Norm
Quartz 8.09 36.27 33.22 31.65 2858
Plagioclase 59.6 54.14 56.95 41.26 50.25
Orthoclase 0.56 1.22 0.58 1.08 0.55
Diopside 12.21 4.62 5.18 - 9.4
Hypersthene 15.86 2.43 10.99 9.05
limenite 1 0.43 0.34 1.83 1.25
Magnetite 2.43 0.79 1.11 - -
Apatite 0.22 0.28 0.14 - 0.65
Zircon 0.01 0.04 0.03 0.02 0.19
Chromite 0.02 0.02 0.02 - 0.08
Total 100 99.99 100 99.99 100
DI 68.3 91.6 90.8 74 79.4
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Table @) Major and minor element{sxides from wt%) of the granitiocks from research

area
I N = S B S~
~ NaO 415 526 39 42 378 396
MgO 0.372 0.274 0.307 0.146 1.13 0.361
Al,O3 14.41 14.74 13.79 14.51 13.58 14
SiO, 72.57 74.48 72.23 74.21 69.86 70.64
Cr,04 0.0247 0.0225 0.0205 0.0212 - 0.0205
K,0 4.34 2.57 4.22 4.86 4.93 4.33
CaO 2.54 1.41 3.76 0.997 2.21 3.74
TiO, 0.094 0.0703 0.0927 0.036 0.051 0.0861
Fe,03 1.412 1.113 1.428 0.785 0.681 1.405
MnO 0.0443 0.018 0.0873 0.031 0.014 0.0317
ZrO 0.082 0.079 0.088 0.069 0.072 0.081
SrO 0.077 0.06 0.081 0.068 0.067 0.085
Rb,O 0.09 0.054 0.079 0.079 0.0102 0.097
BaO - - 0.01074 0.0779 - -
Total 100.206 100.1508 100.09424 100.1201 96.3852 98.8373
CIPW Norm or Wt% Norm
Quartz 51.97 26.3 26.18 27.89 23.49 24.3
Plagioclase 41.84 42.99 40.22 40.78 37.51 41.14
Orthoclase 0.95 25.65 25.81 29.37 29.13 25.59
Corundum 0.95 - - 0.34 - -
Diopside - 3.97 4.09 - 4.34 4.1
Hypersthene 2.65 0.12 1.04 1.32 -
Wollastonite - - 2.76 - - 2.52
limenite 0.4 0.17 0.17 0.08 0.09 0.17
Magnetite 0.65 0.61 0.62 0.35 0.29 0.61
Zircon 0.03 0.01 0.01 0.01 0.01 0.01
Chromite 0.35 0.06 0.04 0.04 - 0.04
Total 99.79 99.88 99.9 99.9 96.18 98.48
DI 94.8 94.9 92.2 98 90.1 91
Molecular Norm or Cation Norm
Quartz 53.58 26.3 26.34 27.75 24.44 24.8
Plagioclase 41.87 42.99 40.56 40.78 39.19 42.07
Orthoclase 1.01 25.65 26.88 30.25 31.39 27.03
Corundum 0.65 - - 0.23 - -
Diopside - 3.97 3.2 - 3.66 3.27
Hypersthene 2.11 0.12 - 0.75 11 -
Wollastonite - - 2.57 - - 2.38
limenite 0.23 0.17 0.1 0.04 0.06 0.1
Magnetite 0.34 0.61 0.32 0.18 0.15 0.32
Zircon 0.02 0.01 0.01 0.01 0.01 0.01
Chromite 0.19 0.06 0.02 0.02 - 0.02
Total 100 99.88 100 100.01 100 100
DI 96.5 96.4 93.8 98.8 95 93.9
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Fig (8) Al,Os-Ca0 (Na,O+K,0) diagram of thelutonicrocks (Winter, 201D

Condition of the crystallization of the gneous rocks

For the type of igneouwmcksvarious plotdave been used to distinguistypeand S
type (Fig. 9) . Theprevious authors described the igneous rocks fall within-tped.In ACF
diagram the igneous rock of the study afelh within the field of Stype. From the
petrochemical aspect, the plutbas alumina saturation index values of (A/CNK > 1.1) with
averge weight percent ratio with maximum value of indicatiriggh degree of $ype (Fig.
10). But the presentesearch (lab analysis and microscopggiLab - analytical results page
78 and diagamresults. The SiQ % is high in granitédrom > 69.80 and4.79.

These facts express that thegy beof S-type. In addibn, some distinctive chemical
properties such as the molar ratio 0@ / N&O + CaO + kKO and CIPW normative
corundum contentmostly > 1% in igneous rocks of the study area point elyp8& nature
According to the above petrochemical criteria, the igneous rocks of the study area possess S
type granite nature. It can be considered thgtp® or ilmenite series igneous rockistioe
study area are interpreted to have besginatedfrom the supracrustal source.

<><>j; A
%0 °S - type
* A

Fig (9 ACF diagram for th@lutonicrocks of the study area (after Hyndman, 1985)
Molar ratio: A Al,Os+ NaO+ K;0), G CaO, F Fe,03+ MgO

S - Type
v +
z | + +
s
5 %
ol I- Type
| | ! | | | |

70 71 72 73

=+ Granites

Fig (10 Molecular A/CNK (Al,0O4 (CaO+NaO+K,0)) versus SiQ (wt%) diagram
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The igneous rocks were assumed as crystallization at minjpnessure of 2 kb, their
liquid temperature could have been cogitated from the diagram showing the relationship
between differentiation index and temperatae2 kb watempressure (Fig 1)1. From this
diagram, the liquidemperaturg are; 6x C for granite 720x C for granodiorite,7@xCfor
diorite,78xC for gabbro. Depthi Temperature relation and for the igneous rocks of the
study area is given in figure (12

100 A —~———— Granite 670
——— Granodiorite 720
80
B Diorite 730

<
L
'g 60 5
= A —e— (;AbDb10 760
S
8
5 40
S
=
A

20

I
0 1 L L
700 900 1200

Temperature —m m o——»p
Fig.(11) Temperaturedifferentiation diagram for the igneous rocks of thelg area, at 2kb
water pressure. (aft€&iwinskii and Wyllie, 1970)

A
40 p—
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= 30— ‘Gabbro
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IS a Granodiorite
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20—
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0 l ! 1 1 ] >
200 400 600 800 1000 1200

Temperature (°C)

Fig (12) Schematic Depth Temperature relation diagram (After Marmo, 1969)

40



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

Chemical Analyses ololcanic Rocks
Classification

The chemical classification and nomenclature of volcaocks are maddy using (
TAS ) diagram, adopted from Cox et al ( 1979 )d E3) . For this workthe Na,O + K,0
content(total alkalis, TA) and th&iO, content §) are taken directly from the rock analysis
as wt% oxides and plotted onto tlkelcanic classification diagramMost of the volcanic
rocks of the area fall in andesite field, dacite field and tholeitic ®alkaline basalt
field.According to the molecular normative A&b-Or diagram of Barker (1998), most
volcanicrocksfall within the tonaitiefield( Fig - 14)

Major and trace element daracteristics

Based on the silica and alkali content, igneous rocks have been classified into two
major series: alkaline and subalkaline. In Si@rsustotal alkali diagram (Fig. J%all of the
volcanic rocls of the study area fall in the field of subalkaline series. The dividing line
follows the work of Irvine and Baragar (1971).The subalkaline series was further subdivided
into tholeiitic and calalkaline by using AFM diagram A (M@ + K;0), F (FeO + Fgy3)
and M (MgO) (Fig 1% AFM diagram showing the nature of the volcanic rocks of the area
have affinity to the calalkaline series with some exceptions in tholeiitic series. So, it can be
considered that calalkaline nature of igneous rocks from the stadya is genetically related
to the subductiorelated plate tectonic process.
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Fig (13) SiQ versus NgO + KyO classification of volcanic rocks of the study area (Cox

et.al., 1979)
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Table 6) Major and minor elements (oxides from wt%) of the volcaooks from the study

area

-

2.46

_ 15.21 13.58 16.33 16.96 15.61

0.238 0.371
0.477 0.016 0.113 0.174

_ 99.035 91.509 96.901 100.3586 98.545

CIPW Norm or Wt% Norm

34.66 31.29 28.65 25.48

13.23 10.81

_ 1.56 0.74 0.57 2.97 1.99
_ 0.23 0.32 0.16 = 0.7
_ 0.03 0.04 0.04 - 0.13

60.8
Molecular Norm or Cation Norm

8.09 36.27 33.22 31.65 28.58

(Quetz |

I = s s s =]
_ 0.56 1.22 0.58 1.08 0.55
_Corundam | _____
I s e e s e
_ 1 0.43 0.34 1.83 1.25
I = ] N R
_ 0.22 0.28 0.14 - 0.65
I [ A I
_ 0.02 0.02 0.02 - 0.08

_ 68.3 91.6 90.8 74 79.4
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Fig ( 14) Classification of phaneritic rock types (granitoids) containing abundant plagioclase

and > 20% quartz based on proportion of normative feldspadré®n from
Barker, 1979)
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Fig (15 Classification of thevolcanicrocks exposed in the study area (Irvine and Baragar
1971 in i potts, 1990)
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Fig (16 AFM diagram showing the nature of the volcanic rockshefarea (Irvine and
Baragar 1971n Winter 2002)

Summary and Conclusion

The study area is situated in the Salingyi township of Monywa Dist8egaing
Region. Locating onthe west bank of the Chindwin RivefThe area covers &juare miles.
The relevant map reference is 84 O/1 of-oreh topgraphicmap. Geologically, the area is
part ofthe north south trending central volcanic belt of Burn@alingyi Complex lies in the
Central Volcanic Line (CVL) whichconstitutesmostly Calealkaline seles with some
tholeiitic seriesindicatingthat tre igneous rocks of the study arearevéormed by the partial
melting of subducted oceanic crust of Indian Plate beneath the Eurasian Plate.

The area is made up of metamorphic rocks, igneous rocks and sedimentary rocks.
Igneous rocks are found almost tle whole areawhile metamorphic and sedimentaiycks
constitute minor amount-or petrochemistry, chemical data are obtained using the XRF
analysis at DSSTRC (Defen&erviceScience and Technology Research Center) in-Pyin
Oo-Lwin. Standard CIPW norm (vight percent norm) and molecular norm (cation norm)
have been calculated according to the rulesof Hutchison (1975), by computerization and the
results are shown in Tables.

The chemical classification and nomenclature of plutonic raoksnade using (TAS)
diagram, adpted from Cox et al ( 1979 )Most of the plutonic rocks of the area fall in
granite field, gabbro field, diorite field and granodiorite field .According to the molecular
normative ARAb-Or diagram of Barker (1998), most igneous rocks fathimi the granite
field, granodiorite field and tonalite field

Based on the silica and alkali content, igneous rocks have been classified into two
major series: alkaline and subalkaline. In Si@rsus total alkali diagram all of the igneous
rocks of thestudy area fall irthe field of subalkaline seri€ield and petrographic evidences
of the igneous rock of the study area indicate magmatic origin. The igneous mass of the
Salingyi area constitutes part of the Tertiary Basement over which the sedimeatider
down.
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