LOISBMBIVML 83G60IBI3SMS IGMB6IR0O S35RIFO0L 9MS33I, &. 16, N2, 2022
BULLETIN OF THE GEORGIAN NATIONAL ACADEMY OF SCIENCES, vol. 16, no. 2, 2022

Geology

Geochemistry of the Kirari- Abakuri Magmatic
Complex of the Southern Slope Zone of
the Greater Caucasus

Irakli Javakhishvili*, Tamara Tsutsunava®, Giorgi Beridze®,
Rezo Vekua”

" Al. Janelidze Institute of Geology, Ivane Javakhishvili Thilisi State University, Thilisi, Georgia

(Presented by Academy Member David Shengelia)

The Kirari-Abakuri magmatic complex is exposed within the Dizi Series of the Southern Slope zone
of the Greater Caucasus. In the Bathonian time, the rocks of the Dizi Series were intruded by the
Kirari-Abakuri magmatic complex. The complex includes the Kirari and Abakuri intrusions and the
intrusions of the village Dizi, and numerous smaller bodies. They are represented mainly by
granitoids, pyroxenites, gabbros, diorites, syenites and monzonites. Despite the well-studied
magmatism of the Dizi Series, the issues of geochemistry are insufficiently investigated. Having
studied the geochemistry of the Kirari-Abakuri magmatic complex, we found that they have
geochemical characteristics of volcanic arc magmatic rocks, indicative of subduction conditions.
Namely, we believe that magmatic activity in the Dizi Series was most likely associated with a
northward inclined subduction zone along the Lesser Caucasus. © 2022 Bull. Georg. Natl. Acad. Sci.
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The Kirari-Abakuri magmatic complex (KAC) is
exposed within the Dizi Series (DS) of the Southern
Slope zone of the Greater Caucasus. In the
Caucasus, during the Mesozoic, intrusive magma-
tism was most intense in the Middle Jurassic and
Late Cretaceous. In the Greater Caucasus Southern
Slope zone, there are numerous formations of
Middle Jurassic magmatism [1]. At the end of the
Bajocian time, gabbroic melts intruded rocks of the
DS and later on, in the Bathonian, felsic melts
emplaced into the rocks of the series.

Despite the well-studied magmatism of the DS,
the issues of geochemistry are insufficiently investi-

gated. Moreover, there is no consensus on geodyna-
mic setting of the region until today [2, 3]. There are
suggestions that Middle Jurassic volcanism in the
Caucasus is the result of back-arc spreading of the
subduction zone south of the Transcaucasian terrane
in the Lesser Caucasus, or the result of Bajocian arc
volcanism in the Greater Caucasus, caused by shallo-
wing of the subducting slab. The authors aimed to
conduct the detailed geochemical investigations and
thus clarify a number of issues, which to some extent
will be an attempt to find out the certain aspects of
geodynamic evolution of the region.

© 2022 Bull. Georg. Natl. Acad. Sci.
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Table 1. Main Components (wt %) of KAC

Sample SiO, TiO, AlLO; Fe;0; MnO MgO CaO Na,0O K,O0 P,0Os SrO BaO Cr,0; LOI Total
Dz-la 6371 029 1803 426 003 331 04 591 082 007 001 <001 <0.01 344 100.28
Dz-3 58.91 043 1842 509 016 1.17 516 4.07 414 017 008 011 001 095 98.87
Dz-4 6021 048 1807 537 018 131 494 41 371 018 0.08 011 0.01 0.87 99.61
Dz-5 61.13 042 1792 475 019 112 478 379 429 02 007 011 002 098 99.76
Dz-6 60.52 041 1805 477 014 114 46 387 417 017 007 01 001 113 9915
Dz-7 5838 046 1781 506 018 13 412 473 406 016 0.04 009 <0.01 177 98.16
Dz-8 63.97 04 1626 473 013 136 468 307 314 014 005 008 0.02 107 99.1
Dz-9 60.48 047 1762 567 015 17 536 347 285 019 005 007 002 131 994
Dz-11 62.06 037 17.76 3.86 093 313 625 177 011 0.04 006 0.01 264 99.11
Dz-12 6189 038 1789 392 016 093 337 458 435 012 006 013 001 096 9875
Dz-13 6226 042 197 435 106 51 411 214 019 006 005 002 124 1008
Dz-14 63.67 033 1641 397 013 106 448 341 302 012 0.05 0.08 0.01 181 98.56
Dz-15 4713 002 084 895 013 3402 552 0.03 001 002 001 <001 04 392 101
Dz-16 5781 056 1724 6.6 015 192 598 297 426 026 006 009 001 096 9841
Dz-17 60.65 048 1732 532 015 154 52 342 379 02 0.06 0.08 0.01 0.76  98.97
Kr-X1 6096 045 164 573 015 182 442 311 439 017 005 009 002 132 99.07
Kr-X2 5391 069 1748 773 015 324 72 272 317 025 005 008 002 137 98.07
2-15 4768 115 1838 116 022 624 115 172 113 018 0.05 0.02 0.02 1.7 10158
11-15  43.16 097 2223 885 0.15 653 12.94 083 174 013 004 003 004 322 100.87
14-15 5822 049 2153 425 008 153 74 381 135 016 007 004 001 142 100.36
4-191 6463 0.27 1629 317 013 067 422 341 355 0.08 0.05 0.08 0.04 275 99.36
5-191 4134 007 137 885 0.22 428 154 <001 002 003 001 <0.01 024 395 10043
Ab-3 63.07 0.60 1516 466 0.08 2.75 447 486 169 020 004 003 002 - 97.69
Ab-4 56.25 0.72 1834 556 0.04 903 080 28 178 024 0.01 001 0.01 - 95.77
Ab-5 56.85 1.19 2454 284 002 157 038 302 499 010 002 004 001 - 95.77
Ab-8 4355 112 152 1016 021 118 972 153 155 036 006 0.04 0.07 - 95.57
Ab-9 4549 037 581 1069 0.18 20.73 1628 0.14 039 0.00 0.02 0.01 0.17 - 100.63
Ab-10 4331 049 1028 117 0.22 1857 1481 014 025 013 004 <0.01 0.3 - 10024

Pyroxenite: Ab-4, Ab-10. Gabbro: Dz-15, Kr-X2; Ab-8; Ab-9, 2-15, 11-15, 5-191. Diorite: Dz-3, Dz-4, Dz-5. Diorite-Porphyrite:
Dz-14, 4-191.Syenite: Dz-1a, Dz-7, Dz-11, Dz-12.Monzonite: Dz-6, Dz-8, Dz-9, Dz-16, Dz-17, Ab-5.Granitoid: Dz-13, Kr-X1,
Ab-3, 14-15.

Table 2. REE concentrations (ppm) in KAC

Sample
Dz-la
Dz-3
Dz-4
Dz-5
Dz-6
Dz-7
Dz-8
Dz-9
Dz-11
Dz-12
Dz-13
Dz-14
Dz-15
Dz-16
Dz-17
Kr-X1
Kr-X2
2-15
11-15
14-15
4-191
5-191

La
18.8
62.6
62.2
61.9
60
715
374
45.1
76.3
745
33
42.3
0.6
73.9
48.4
43.8
28.7
14.7
39.8
22.3
45.1
2.4

Ce
33.8
117.7
117
109.7
105.7
138.9
67.1
79.6
129.8
128.1
59.5
77.1
1.1
128.5
90.1
83.6
56.4
37.2
70.5
42.3
79.3
4.8

Pr

4.11
12.1
11.6
10.5:
10.4
13.4
6.48
7.7

12.3
12.1
5.65
7.47
0.15
12.0
8.93
8.17
5.96
5.01
6.81
4.44
7.54
0.55

Nd
16.1
1 454
3 442
8 39.1
2 384
4 49.2
22.6
27.8
1 445
4 434
20.9
26.6
0.7
6 435
33.4
30.8
24.2
23.8
26
18.2
26.5
2.3

Sm

3.58
8.89
8.24
6.83
6.67
8.21
4.29
4.54
7.19
6.78
3.33
4.26
0.12
6.95
5.67
5.43
4.76
6.7

5.28
3.57
3.93
0.34

Eu

0.54
1.91
1.85
1.69
1.71
211
1.01
1.27
1.69
1.74
1.41
1.14
0.06
1.55
1.43
1.25
1.37
1.6

1.56
1.4

1.07
0.11

Gd

3.24
7.45
7.03
6.07
6.08
7.75
3.92
431
6.78
6.52
33

3.88
0.2

6.1

5.45
5.13
4.54
6.55
4.68
3.07
33

0.38

Tb

0.47
1.04
0.95
0.84
0.84
1.02
0.55
0.59
0.94
0.87
0.44
0.52
0.03
0.78
0.75
0.67
0.61
0.92
0.62
0.47
0.47
0.06

Dy

2.74
6.08
541
4.79
4.74
5.8

3.07
3.31
5.29
5.26
2.43
3.05
0.18
4.18
4.27
3.79
3.46
5.54
3.67
2.79
2.87
0.35

Ho

0.63
1.29
1.18
1.02
1.04
1.3

0.64
0.74
11

1.17
0.54
0.66
0.04
0.84
0.92
0.81
0.71
1.19
0.85
0.56
0.58
0.06

Er

222
3.92
3.66
3.13
3.25
413
2.06
2.35
3.52
3.55
1.66
2.14
0.11
2.54
2.89
2.47
211
3.28
2.39
1.74
2.01
0.21

Tm
0.41
0.62
0.6
0.53
0.49
0.66
0.34
0.34
0.6
0.58
0.26
0.34
<0.01
0.36
0.47
0.41
0.3
0.58
0.43
0.27
0.32
0.04

Yb

2.98
3.55
3.77
3.43
3.48
431
2.23
2.38
3.68
4.02
1.92
2.17
0.08
2.34
2.97
2.7

2.09
3.02
2.48
1.8

2.48
0.19

Lu

0.46
0.55
0.59
0.55
0.54
0.7

0.36
0.4

0.62
0.64
0.33
0.4

0.01
0.38
0.5

0.44
0.32
0.42
0.45
0.28
0.4

0.03

Names of the rocks see in Table 1.
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Geological Background

The KAC is confined to the Svaneti anticlinorium
of the Layla subzone of the Chkhalta-Layla fold-
imbricated zone of the Greater Caucasus [4]. The
anticlinorium is built of slightly metamorphosed
Devonian-Triassic rocks of the DS, which includes
the KAC exposures. There are distinguished the
large polyphase intrusions of Kirari and Abakuri
and the intrusions of the environs of Dizi village, as
well as numerous smaller bodies (with thickness
1-100 m) in the KAC.

The Abakuri intrusive (3km?) is intruded into the
upper part of the DS and is located along the water-
shed ridge of the rivers Enguri and Khumpreri at 1.8
km. The intrusive is a stock-like body slightly over-
turned to the south. The Kirari stock-like intrusive
(5.5 km?) cuts the lowest formation of the DS along
the watershed ridge of the rivers Nakra and Nenskra.
In the environs of the Dizi village, in the Enguri,
Khumpreri and Lukhra river gorges, 6-10 igneous
bodies with a total area of 1.5 km?are exposed.

The petrological and mineralogical similarities,
morphology and spatial distribution of intrusive
bodies in the DS, indicates that all these intrusions
represent parts of a single magma chamber. The K-
Ar age of the rocks of the intrusions is 162-176 Ma
[1], and the U-Pb zircon age obtained by the LA-
ICP-MS method [5] is 166.5+4.6 Ma, which
corresponds to the Bathonian orogeny.

Analytical Methods and Results

Samples were collected from all existing outcrops
of intrusions in the KAC. More than 250 samples
were selected for petrographic study and 46
characteristic samples - for geochemical analysis of
major elements and RE. Rock samples were studied
using optical microscopy, XRF and ICP-MS
analysis methods. Chemical analysis of rocks for
the main components was carried out by the ED-
XRF method at the A. Janelidze Institute of
Geology, in Thilisi. The control of the chemical
composition of rocks, as well as analysis for RE and
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REE, was determined by the ICP-MS method in the
MSALABS lItd., laboratory, Langley, Canada.

Rocks of the KAC are represented by grani-
toids, pyroxenites, gabbro, gabbro-diorites, anor-
thosites, diorites, syenite-monzonites and diorite-
porphyrites. VVariations in the composition of rocks
of the KAC are shown in the Table (Table 1). The
obtained data were plotted on various petroche-
mical diagrams.

FeO*

Theoletitic

Nay0+K,0 MgO

Fig. 1. Alkalis-FeO"*-MgO (AFM) diagram, Intrusions:
1) Kirari, 2) Abakuri and 3) Dizi.

Foidite

Tephs- Trachytz

Rhyolit=

33 40 45 50 35 60 635 10 73
Fig. 2. TAS classification diagram.

According to the AFM classification diagram
[6], the igneous rocks of the DS belong to the calc-
alkaline series (Fig.1); according to Total Alkali VS
Silica (TAS) [7] (Fig.2), they show a trend from
subalkaline to alkaline and vary in composition from
picrobasalt to trachydacite; according to the K0 vs
Na,O diagram [8], most of the magmatites of the DS
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are located in the “shoshonite” field. According to
the diagrams of Frost et al. [9], most of the points
from the Abakuri and Dizi intrusions occupy the
“ferroan” field and the points from the Kirari
intrusion into the “magnesian” field. According to
the Na,O+K,0-CaO vs SiO, diagram by the same
authors [9], the points from the entire KAC disposed
in the fields from “Calcic” to “Alkalic”. The vast
majority of rocks are metaluminous (Fig. 3) [9].

110

1.05 E Peraluminous

100 [

095 F e
7 E
Zooof
085 | ® °
080 F Metaluminous

075 F

D"D F n 1 I T T S S T BT n
50 55 60 63 70 73 80
80,

Fig. 3. ASI vs SiO2diagram.

1000

100 ¢

Samples/Primitive mantle

L L L L L L L L L L L L L L
La Ce Pr Nd Sm Eu Gd Tb Dy He Er Tm Yb Lu

Fig. 4. Spidergram of REE.

A clearly expressed increase in the acidity of the
rocks indicates the polyphasic nature of the
complex. The amount of alkaline components in the
rocks is generally less than 7%, and TiO; content is
low (Table 1).

All collected samples have similar REE
compositions (Table 2), with the exception of
sample Dz-1a taken from the direct contact with the
rocks of the DS that is REE-depleted and has a
more distinct negative Eu anomaly. The exceptions
are also: sample Dz-13 with a positive Eu anomaly

Bull. Georg. Natl. Acad. Sci., vol. 16, no. 2, 2022

and the samples Dz-15 and 5-191 that are heavily
depleted in REE (Fig. 4) [10].

Discussion

The Middle Jurassic epoch of the northern part of
the Mediterranean belt, including the territory of
the modern Caucasus, is marked by significant
tectonic and magmatic activation. According to [1],
all magmatites are characterized by a similar
geochemical composition and age, indicating their
possible synchronism.

Comparing the geochronological data [1, 5]
obtained from different rocks of the KAC, we can
assume that magmatic activity within the DS began
at the end of the Toarcian epoch, attained its peak
in the Bathonian time and continued throughout the
Middle Jurassic up to the beginning of the Upper
Jurassic. At the end of the Toarcian active gabbroid
magmatism began in the DS, and later, in the
Bathonian time, an acid melt, formed during the
melting of the crystalline basement, intruded into
the series.

As noted above, the igneous rocks of the DS
belong to the calc-alkaline series, although
subalkaline-alkaline magmatites are noted in a
lesser amount. According to our data, the igneous
rocks of the DS have geochemical characteristics of
volcanic arc magmatites, indicating subduction
conditions. Similar data were obtained for the ratios
of RE and REE elements, and the ratios Na,O+K,0
vs 1000*Ga/Al, as well as Zr vs 1000*Ga/Al [11]
in KAC rocks show that these formations are not
anorogenic; according to the Zr/Y vs Ti/Y ratio,
they formed at the plate boundary [12] (Fig. 5). Rb
vs Yb+Ta, Rb vs Nb+Y, Nb vs Y, and Ta vs Yb
ratios (Fig.6) [13] show that rocks were crystallized
under the conditions of volcanic island arcs and
syncollision, or under the continental island arcs
conditions. As noted above, the amount of alkaline
components in KAC rocks is generally less than
7%, and the content of TiO: is low that is typical
for andesites [14], and is explained by their relation
to the subduction zone volcanites [15].
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Fig. 5. Tectonic interpretation diagram Rb vs Nb+Y.
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Fig. 6. Tectonic interpretation diagram Zr/Y vs Ti/Y.

It is interesting to note that detrital zircons of
ancient (ca. 2200 Ma) and middle (458+29 Ma)
ages were found in KAC. The first ones are
products of the Archean rocks re-melting - most
likely from the East European Platform, while
analysis of mid-aged
Paleoproterozoic and Mesoproterozoic crustal
melt source [5]. The REE composition in these
zircons is similar to that in zircons from the
pegmatites of the basic rocks [16]. According to
Belousova et al. (2002) [17], low concentrations
of Y, Th,
composition of the melt. Thus, it can be assumed
that the Middle Jurassic igneous rocks of the DS
were formed along the continental arc associated
with the subduction of the oceanic Tethys plate
under the Eurasian plate.

According to Dudauri and Togonidze [1], the
Middle Jurassic intrusive complexes are synoro-
genic formations dating back to the time when the
regime of subsidence, extension and destruction of

zircons indicate a

and U also indicate the main
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the Earth's crust that existed in the Bathonian time
was replaced by the regime of compression and
uplift, granitization and transformation into the
folded belts.

Itis believed that the Greater Caucasus Middle
Jurassic magmatism has a subduction-related
signature. However, it has been proposed that the
volcanics resulted from back-arc spreading in the
vicinity of a subduction zone south of the
Transcaucasian terrane in the Lesser Caucasus, or
that the volcanic arc encompassed the Greater
Caucasus in the Bajocian time, due to a shallowing
of the subducting slab, causing island arc-
volcanism in ~200 km from the trench [2, 3, 18].

The geochemical and geochronological data
obtained by us show that magmatic activity in the
DS was most likely associated with a northward
inclined subduction zone on the northern margin
of the Lesser Caucasus ocean basin (Neotethys),
which existed here in the Jurassic period [19]. In
support of this, we can note the presence of clearly
expressed polyphases with the predominance of
felsic rocks in the magmatites of the DS; and their
belonging to the calc-alkaline or, according to
some diagrams, shoshonite series indicates their
connection with the subduction setting. It is
known that the geochemical specificity in many
cases makes it possible to distinguish these
magmatites from the magmatites of different
origin [20].

Conclusions

Igneous rocks of the DS have geochemical
characteristics of volcanic-arc magmatic rocks,
indicating subduction conditions. According to
most classification diagrams, the magmatites of the
DS belong to the calc-alkaline series; all rocks are
metaluminous and have similar RE and REE
compositions; according to different chemical
characteristics, they were formed at the plates
boundary. Based on these, as well as geochro-
nological data obtained by us, we believe that
magmatic activity in the DS was most likely
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associated with a northward inclined subduction  This work was supported by Shota Rustaveli

zone on the northern margin of the Lesser Caucasus ~ National Science Foundation of Georgia (SRNSF)

ocean basin (Neotethys). [PHDF-19-159, Regional and Contact Metamor-
phism of the Dizi Series].
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