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Abstract. The goals of the research are the geochemistry and identification
of granite rocks. The granitic rocks are part of the Syrostan massive, which
is located in Southern Ural. Understanding the magma process and prob-
able mineralization deposition can be gained by classifying granite and
determining geochemical characteristics. X-ray spectral fluorescence analy-
sis was used to collect samples from outcrops for geochemical analysis.
The results indicate that the rocks belong to the high-K calc-alkaline to
calc-alkaline series. The granites are metaluminous to slightly peralumi-
nous and are classified as I-type granites, with A/CNK values ranging from
0.73 to 1.01. The majority of the rock samples are trondhjemite to slightly
tonalite in composition. The most observable samples in the normative
Na20-k20-CaO scheme have defined a continuous range, varying from
tonalite/trondhjemite to granodiorite. The findings provide valuable infor-
mation about the petrogenesis of the rocks and their composition.
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FeoxuMunuyeckas xapakrepucTuka v knaccudukaums rpaHUToB
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Mwuacckoro pavioHa lOxHoro Ypana
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HcTopus craTbn AnHoTauus. OCHOBHBIC 3a]la4ul UCCJIEIOBAHUSI — FEOXUMUS U HJCHTU(DH-
Tocrymuna B penakimto: 14 nexabpst 2022 r. Kalwsi TPAaHUTHBIX TOPOJ. [ paHuTHBIE TOPOIBI BXOAAT B cocTaB ChrIpocTaH-
Jopaborana: 25 ¢espains 2023 r. CKOro MaccuBa, pacrioyioxeHHoro Ha IOxxHoMm Ypane. [Tonumanune marma-
TpunsTa k myonukanym: 28 despass 2023 T. TUYECKOTO MPOIECCa M BEPOSITHOTO OTIONKEHHS MUHEPATH3alH MOYKHO

TIOJIyYHTh ITyTEM KJIacCH(PUKALMM TPaHUTA U OIIPEeSICHUS F€OXUMUYECKUX
Karouesnle ciioBa: XapaKTEPUCTHK. PEHTreHOCTIEKTPaIbHBIA ()TyOpECIICHTHBIN aHAIU3 HUCIIOJb-
TCOXUMHUs, PCHTICHOCIICKTpaJIbHas 30BaH 11 0T60pa npo6 U3 OOHAKEHUH I FeOXUMHUYECKOro aHanu3a. Pe-
(yopecrieHII1s, MarMaTH4ecKuii mporecc, 3yJBTATHI IOKA3AJIH, YTO TIOPOIBI OTHOCATCS K H3BECTKOBO-IIIEIIOUHON CEPHU.
BBICOKOKJIMEBBIH, H3BECTKOBO-LIEIIOUHOH, I'paHUTEl — OT METAIyMHHO3HBIX 1O CIA0OITMHO3EMHUCTBIX — OTHOCSITCS
METaJUTypru4eCKAI k | Tuny co 3nauenusimu A/CNK ot 0,73 no 1,01. BonpuiaCcTBO 00pa3iion

HOPOA MMEIOT COCTaB OT TPOHIbEMHTA 1O ciaboro ToHanuTa. Hambonee
HabmogaeMble 00pasisl B HopMaTHBHON cxeme Na20-k20-CaO ompene-
JISIFOT HETIPEPBIBHBIN AMAana3oH OT TOHAJIUTA/TPOHIbEMHUTA JI0 TPAHOIUOPH-
ta. Haxonku maloT NeHHy0 WHQOPMALHIo O MeTporeHe3e TOPHBIX MOpOoJ
U UX COCTaBe.

Baaronapnoctu
PaGota BeinosiHeHa npu noaepxkke [IporpaMMel cTparernyeckoro akagemudeckoro aunepersa PYJTH.

3asBieHne 0 KOHGIUKTE HHTEPECOB
ABTOpBI 3asBIISIOT, YTO UM HEU3BECTHBI KOHKYPHpYHOIIHE (UHAHCOBBIE WHTEPECHl WIIM JIMYHBIC OTHOIICHUS, KOTOpHIC
MOTJIH ObI MOBJIUATH Ha MPEJCTABICHHOE B CTaThe UCCIIEIOBAHNE.
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Introduction Although, several research were conducted in the Sy-
rostan massive and intrusions in southern Ural looking
for potential mineralization [2-6]; however, the mas-
sive area was not covered with the investigation of the
petrogenesis and the geochemistry and conducted
them to the mineralization. The aim of this study is to
identify geochemical characteristic and type of the
granite in order to connect them with type of minerali-
zation and use the result for future researches.
Geology of the study area. The Syrostan mas-
sive locates in the southwest of the Miass city,
southern Ural in the zone of the main Ural deep
fault. The massive is among metabasites, shales of
several composition and fragment of metamor-

Different deposits and mineralization were dis-
covered associated with granite intrusions, such as
gold deposits, tin, tungsten and several deposits of
rare earth elements [1; 2]. Type, origin, and petro-
genesis of granite is significant key in formation of
specific deposits. Some studies revealed that, various
of rare earth elements deposits related to highly frac-
tionated granite intrusions. Also, the Syrostan mas-
sive in the southern Ural linked with many deposits
such as gold, rare earth elements, and skarn deposits.
Therefore, determine the type of granite, identifica-
tion the magma evolution process, and the geochem-
istry of granite could lead to a potential ore deposit.
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phosed oceanic crust and the crust of passive mar-
gin of the Ural paleocean. The massive is formed in
the lower carbonian and has three phases: the first is
granodiorite and quartz diorite, the second is double
feldspar and plagiogranite, and the third is vein
complex [6-8].

The location of the study area almost 15 km
northwest of the Miass city (Figure 1). The area of

the massive consists of metamorphic complex and
marble body lies in the form of lenses crossed by
several granite veins and the marble mainly in con-
tact with diorite. The magmatic complex includes
quartz diorite, granodiorite, biotite granite, and leu-
cogranite [6; 9; 10]. After intensive of petrographic
investigation, nine samples have been selected for
major oxides analysis.

i's
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>
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Figure 1. The Syrostan granite massive's modified geological map, which includes the Dark Kingdom of Marble Deposit:
1 - gneiss; 2 - mica quartz schist; 3 — marble limestone; 4 — quartzite; 5 — shale; 6 — marble; 7 - carbonaceous shale;
8 - quaternary sediments; 9 — granodiorite, quartz diorite, diorite; 10 — porphyric biotite granites; 771 - pink porphyric biotite granites;
12 - veined granite and plagiogranite; 13 — pegmatites; 14 - serpentinites; 15 - tectonic faults; 16 — occurrence of niobium

1. Analytical methods

Determination of the concentration of major ox-
ides in the samples was executed by x-ray spectral
fluorescence analysis (XRF) on a sequential vacuum
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spectrometer (with wavelength dispersion), model
Axios mAX manufactured by PAN alytical (Nether-
lands). The analysis was performed at the Center for
Collective Use of the IGEM RAS (Moscow, Russia).
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2. Results and discussion

2.1. Petrography and mineral compositions

Microgranite is composed primarily of quartz
(15-25%), microcline (20-50%), plagioclase (20—
40%), and biotite (5-10%) and has a medium to
coarse grained texture (Figure 2, a). Recrystallized
guartz has two generations. This indicates that there

has been deformation. Sericite and muscovite are
discovered after plagioclase. Plagioclase exhibits
sericitization and epidotization as a result of hydro-
thermal activity [11; 12]. Plagioclase zoning shows
epidote and sericite from core to rim (Figure 2, b).
Furthermore, chlorite, epidote, and calcite are
secondary minerals. Accessory minerals include
opaque minerals such as zircon and apatite.

Figure 2. A microscopic examination of granitic and diorite rocks:
a — granitic rocks with quartz, plagioclase, and biotite (analyzer out);
b - plagioclase grain partially mixed with a sericite aggregate (analyzer in)

2.2. Geochemical properties
and granitic rocks types

Table 1 shows the major oxides and geochemi-
cal compositions of granitoids rocks. Classification
of granitoids rocks using TAS diagram [13] shows
that most rocks are granite and one sample is syeno-
diorite (Figure 3, a), similarly the classification
based on Middlemost diagram [14], total alkali vs.
silica demonstrate the rocks as granite, monzodio-
rite, and monzonite (Figure 3, b). The investigated
granite samples have a high SiO; contents ranging
from 76.15 to 59.55 wt.%.

Diorite shows and silica content about (52.9 wt.%).
Granite samples have high total alkalis KO + Na,O
ranging between (7-10 wt.%), moderate K,O/Na>O
ratios ranging from 0.35 to 0.85, and low to inter-
mediate CaO (0.5 to 6 wt.%), that followed by low
content of P,Os (0.01 to 0.5%). The LOI (loss on
ignition) values ranging from 0.6 to 2 wt.% which
is reflect low value. On the K;O with SiO; dia-
gram [15], the investigated samples fall into the

high-K calc-alkaline series to slightly calc alkaline
series (Figure 3, c).

Similarly, the AFM diagram (A = K0 + Na;0,
F = FeOt, and M = MgO) [16], demonstrates the
evolution of magma form tholeiite into calc alkaline
series (Figure 3, d).

Al saturation index A/CNK molar (Al,Os/
Ca0 + NaO + K;0) vs. A/NK molar (AlO4f
Na,O + K;0) diagram is plotted and shows
the samples plot within the metaluminous field to
slightly peraluminous (Figure 3, e) based on the
Si0O; vs. FeOt/(FeOt + MgO) diagram (Figure 3, f),
determine the samples are magnesian. Both dia-
grams indicate the type of granite as I-type granite
which is related to igneous origin and absence of
involving of sedimentary materials.

The result of CIPW norm present in Table 2,
norm of granite shows quartz ranging from 5
to 30 wt.%, that indicates the granite standard.
The investigated samples have a high albite with
values ranging from 37.5 to 50.5 wt.%, and mode-
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rate orthoclase content, with values ranging be- the normative result with more than 10% of Quartz,
tween, 14.5 to 21.5 wt.%. The norm of corundum in Ab-An-Or diagram has been plotted (Figure 4, a).
most sample shows 0 value and the rest of samples  the diagram shows the trondhjemite as dominant
shows values less than 1 in the average of 0.5 wt.%. plutonic rock type, granite and tonalite represent
These result implying, I-type granite [17; 18]. Using  the rest of the samples.

Table 1
Compositions of whole rock major oxides in granitoid rocks
Samples
Major oxides, wt.%

MG1 MG2 MG3 LG1 LG2 LG3 BG1 BG3 D1
SiO, 70.64 70.45 69.85 73.43 76.17 74.62 69.52 59.54 52.89
AlLO, 14.62 15.17 14.82 12.71 12.89 13.84 15.38 17.3 17.95
Na,O 5.29 4.89 4.94 5.98 5.84 5.63 4.42 5.33 5.34
MgO 0.53 0.46 0.75 0.19 0.1 0.08 0.82 1.65 3.95
K20 3.47 3.43 3.45 2.44 2.47 3.61 3.67 3.5 2
CaO 2.06 1.81 1.99 2.77 0.95 0.53 2.23 4.81 6.37
TiO, 0.23 0.22 0.21 0.02 0.03 0.02 0.39 0.66 1.18
MnO 0.043 0.037 0.038 0.015 0.022 0.007 0.033 0.093 0.096
Fe,O, 1.93 1.82 1.98 0.28 0.52 0.36 2.51 5.02 7.61
P,Os 0.09 0.07 0.07 0.01 0.02 0.02 0.14 0.28 0.53
LOI 0.81 1.19 1.58 2.13 0.83 1.13 0.64 1.34 1.08
SUM 99.71 99.55 99.68 99.98 99.84 99.85 99.75 99.52 98.99
A/NK 1.17 1.29 1.25 1.02 1.05 1.05 1.37 1.38 1.64
A/CNK 0.902 1.01 0.957 0.725 0.92 0.979 1.005 0.812 0.796
K,0/Na,0 0.655 0.701 0.698 0.408 0.422 0.641 0.83 0.656 0.374
Na,O/K,0 1.52 1.43 1.42 2.45 2.36 1.56 1.2 1.52 2.67

Table 2
CIWP norm for investigated samples
Mineral, wt.% Samples

MG1 MG2 MG3 LG1 LG2 LG3 BG1 BG3 D1
Quartz 22.45 24.5 23.05 25.95 31.25 27.01 24.15 5.15 0
Corundum 0 0.23 0 0 0 0 0.5 0 0
Orthoclase 20.5 20.3 20.5 14.5 14.5 21.5 21.5 20.6 11.8
Albite 44.7 41.5 41.8 50.5 49.5 47.6 37.4 451 45.2
Anorthite 5.8 8.5 8 0.63 1.66 1.83 10.15 12.94 19.10
Diopside 2.4 0 0.59 1.02 0.53 0.43 0 5.57 3.85
Wollastonite 0 0 0 4.89 0.92 0.03 0 0 0
Hypersthene 0.2 1.14 1.594 0 0 0 2.04 1.53 1.67
Olivine 0 0 0 0 0 0 0 0 4.47
lImenite 0.09 0.07 0.08 0.03 0.04 0.02 0.071 0.3 0
Hematite 1.9 1.82 1.98 0.28 0.52 0.36 2.51 5.02 7.6
Sphene 0.5 0 0.41 0.008 0.02 0.03 0 1.4 2.89
Rutile 0 0.17 0 0 0 0 0.35 0 0
Apatite 0.2 0.16 0.16 0.02 0.05 0.05 0.33 0.66 1.25
Pyrite 0 0 0 0 0 0 0 0 0.16
Sum 98.9 98.4 98.11 97.85 99.02 98.73 99.13 98.20 98.02
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Figure 3. Plots and classification of the Miass granitoid's major oxides:
a - total alkali silica of plutonic rocks [13]; b — TAS diagram for granitoid classification [14];
¢ - SiO, versus K,0 diagram [15], showing the presence of granitoid rocks among the high-K calc-alkaline series;
d - AFM diagram with A = (k,O + Na,O), F = FeOt, and M = MgO [16], showing rock samples from the calc-alkaline series with high kO + Na,O;
e — Al saturation index A/CNK molar [Al,O./(CaO+Na,0+K,0)] versus A/NK molar (Al,O,/(Na,0+K;0)] diagram, indicating metaluminous to peraluminous samples;
f— as a result of the SiO, vs FeOt/(FeOt + MgO) diagram, all of the samples are magnesian
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Figure 4. Classifying the igneous rocks using the norm and cations:
a - normative Ab-An-Or ternary plot and classification of rocks in the study area using Barker's scheme (1979) [20];
b — Na,0-K,0-Ca0 ternary plot for Southern Ural studied rocks,
Barker's (1979) [20], calc-alkaline (CA) and trondjhemitic (TR) differentiation trends are represented by dashed curves;
¢ - the classififcation of plutonic rocks using the parameter R1 & R2 after [19] caculated from millication proportions,

R1=48i - 11(Na + K) - 2(Fe + Ti), R2 = (Al + 2Mg + 6Ca)

On Na;0O-k,0-CaO diagram (Figure 4, b) de-
fine a continuous range from tonalite/trondhjemite
to granodiorite as the most observable samples.

Using the categorization diagram (Figure 4, c)
from [19], for plutonic igneous rocks based on their
millications or cation proportions, that widely use
and more accurate in classification of plutonic
rocks. The plotting parameters Rl and R2 are used
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to plot the data on an x-y bivariate graph. R1 is de-
fined as [4Si — 11(Na + K) — 2(Fe + Ti)] and is dis-
played on the r-axis. Fe stands for total iron. R2 is
shown as a plot along the y-axis and has the formula
R2 = (Al + 2Mg + 6Ca). The samples define
a continuous range from granite to alkali granite,
granodiorite, and syenodiorite, with granite being
the most common.
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Conclusion

Granite is silica-enriched with SiO; ranging
between (~76.14-59.54 wt.%) however, diorite
shows intermediate chemical composition of SiO;
(~52.89 wt.%). The studied samples show high
total alkalis KO + Na,O = (7.34-9.24 wt.%),
K20/Na,O display moderate ratios ranging from
(~0.83-0.37). Low CaO (0.53-6.37 wt.%), and
P,0s5 (0.01-0.53 wt.%) contents. The rocks belong
to the high-K calc-alkaline series to slightly calc
alkaline series, and they are metaluminous.

The results show that the majority of the rock
samples are classified as trondhjemite to slightly to-
nalite. The samples in the normative Na,O-k,O-CaO
have defined a continuous range as the most observ-
able samples, ranging from tonalite/trondhjemite to
granodiorite.

The petrography investigation of this study re-
vealed ore minerals and indications of hydrothermal
solution suggesting mineralization process. The mas-
sive associated with many deposits and mineraliza-
tion such as gold, skarn, and rare earth deposits.
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