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Summary. This study examines the paleoweathering conditions, provenance, and tectonic set-
ting of Neocomian deposits, focusing on the Kepuch and Gyrkhbulag Formations within the Van-
dam tectonic zone on the northern flank of the South-Caucasian microplate, characterized by com-
plex Cretaceous flysch and volcanogenic formations. By integrating petrographic and geochemical
data, this research aims to identify distinctive geochemical features reflecting provenance, weather-
ing processes, and depositional environments, deepening the understanding of the regional geody-
namic evolution. Petrographic analysis of the sandstones reveals a composition primarily consist-
ing of rock fragments, quartz, and feldspar, with a significant clay matrix exceeding 15%, classify-
ing them as lithic wackes and highlighting the dominance of volcanic and metamorphic rock frag-
ments along with authigenic calcite cement. All geochemical proxies for paleoweathering, such as
the Chemical Index of Alteration (CIA), Chemical Index of Weathering (CIW), and Plagioclase
Index of Alteration (PIA), suggest that the source regions underwent a low to moderate degree of
weathering. Provenance analysis suggests that the sediments are derived from a mixed source, pri-
marily consisting of felsic and intermediate igneous rocks, consistent with a continental island arc
tectonic environment. Discrimination diagrams — including SiO2 versus K2O/Na2O, Al203/SiO2
versus Fe203+MgO, La—Th-Sc, Ti/Zr versus La/Sc, and Euw/Eu*-Gdn/Ybn — place the samples
within active continental margin and continental island arc fields, supporting a subduction-related
sediment source. This analysis highlights the significant role of tectonic processes in shaping the
geochemical characteristics of these siliciclastic rocks.

© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

and Korsch, 1988; Floyd et al. 1990; Schieber, 1992;

The geochemistry of sedimentary rocks plays a
crucial role in deciphering their provenance, tectonic
setting, and the processes involved in their for-
mation. The chemical composition of these rocks is
greatly influenced by the nature of their source are-
as, extent of weathering, and the tectonic environ-
ment from which they originate. These multiple fac-
tors create distinct geochemical signatures that pro-
vide insights into the provenance, depositional con-
ditions, and the tectonic settings. Thus, the applica-
tion of geochemical techniques, including the analy-
sis of major, trace, and rare earth elements (REE),
has become crucial for understanding the tectonic
settings of sedimentary rocks, as it sheds light on
their provenance, weathering processes, and associ-
ated depositional environments (Bhatia, 1983,
Bhatia, Crook, 1986; Roser and Korsch, 1986;
McLennan, 1993; Floyd & Leveridge 1987; Roeser

Rodrigo et. al., 2020; Masidul et.al., 2020; Haunhar
et.al., 2021). Moreover, the integration of petrograph-
ic and geochemical data has been proved to be a pow-
erful tool to evaluate tectonic setting of deposit.

The Cretaceous deposits on the southern slope
of the Greater Caucasus have a well-established his-
tory of their study; however, there is a limited
amount of research specifically focusing on the pe-
trography and geochemistry of these deposits. This
research is dedicated to a comprehensive mineralog-
ical-geochemical analysis of sedimentary facies,
aimed at identifying indicative associations within
the sedimentary rocks to elucidate the geodynamic
setting of the Vandam zone during the Early Creta-
ceous period. To achieve this, petrographic and geo-
chemical studies have focused on the siliciclastic
rocks of the Kepuch and Gyrkhbulag Formations,
which are well-exposed in the Vandam zone.
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Geological setting and lithostratigraphy

The Kakheti-Vandam-Gobustan megazone corre-
sponds to the northern flank of the South-Caucasian
microplate with an Alpine cover composed of sedi-
mentary and magmatogenic formations. From west to
east, the Girdimanchay-Velvelychay flexure divides
the megazone into two tectonically distinct zones. In
the west, it is represented by the Vandam geoanticlinal
uplift, where predominantly Cretaceous flysch deposits
and volcanogenic formations are well exposed. Struc-
turally this zone is composed of series of anticlines-
synclines associated with several south directed thrusts.
To the south, the Vandam zone is separated from
Ganih-Ayricay zone by the fault of the same name.
Most part of arch and southern slope of uplift is con-
cealed under Pleistocene-Holocene continental for-
mations of Ganih-Ayricay depression. In the east (in-
terfluve of the Girdimanchay and Agsuchay rivers) the
Mesozoic core of the Vandam uplift is flexurally
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downwarped along the Girdimanchay-Velvelyachay
flexure and its southeastern continuation opens up into
the wide Shamakhi-Gobustan depression, which is
primarily composed of Paleocene-Pliocene terri-
genous-clayey deposits. These deposits are folded into
small, often overturned to the south sharp and isoclinal
folds (Fig.1) (Alizadeh et al., 2005a).
Lithostragraphically the Neocomian deposits in
the Vandam zone is divided into lithostratigraphic
units based mostly on lithologic characteristics. These
units include the Kepuch Formation followed by the
Gyrkhbulag Formation in a sequence. The Lower
Cretaceous deposits of the Vandam zone are charac-
terized by slope facies sediments primarily composed
of carbonate and siliciclastic turbidites. The lower
part of the Kepuch Formation, represented by Berri-
asian deposits in the Vandam zone, is characterized
by massive conglomerate layers interspaced with sec-
tions of limestones, marls, and tuffaceous sandstones.

Gusar-Nevech mogazong

Side Range megazone

Southern slope mepazone
aeerstionary prism

Kakhen-Vandam-Gobustan megarmong

Kura depression megizaone

vi

Fig. 1. Tectonic scheme of the Azerbaijani part of Greater Caucasus (Kangarli, 2012)
Boundary of strucrure: 1 — interzone tectonic boundaries (a — traced on surface; b — buried); 2 — tectonic boundaries between sub-
zones (a — traced on surface; b — buried); 3 — boundaries of tectonic schuppens; 4 — stratigraphic boundaries; 5 — conventional bound-
aries; 6 — distribution boundary of modern sediements on Ganikh-Ayrichay superposed depression; 7 — Basgal nappe; 8 — lines of

synthesized geological-geophisical sections

Structures: Gusar-Devechi megazone: zones: Kh — Xachmaz; G — Quba; subzones: Hg — Hasangala; Ch — Chilagir. Side Range
megazone: zones: U— Ulluchay; Bb— Beybulag; T — Tairdjal; S — Sudur; ShKh — Shakhdag-Khizi; GG — Guton-Gonagkend. Southern
Slope megazone: zones: ST — Speroz-Tufan; ZG — Zagatala-Govdag; Ab — Absheron; subzones: Tf — Tufan; DD — Djikhikh-
Dindidag; MS — Mazim-Saribash; M — Megikan; GR — Galal-Rustambaz; ZD — Zagatala-Dibrar; D — Durudja; GS — Govdag-
Sumgqait; schuppens (nappe plates): dt — Djurmut-Tunsaribor; kh — Khalakhel; p — Rokhnor; b — Boskal; d — Djikhikh; kk — Kasdag-

Kasmala; fa — Filizchay-Attagay; kg —

Katekh-Gumbulchay; dy —

Dibrar-Yashma; bb — Balakan-Babadag; zb — Zagatala-Burovdal.

Kakheti-Vandam-Gobustan megazone: zones: V — Vandam; ShamG — Shamakhi-Gobustan; subzonesr: DL — Dashagil-Lahidj; GD —
Gulluk-Dadagunash; A — Ayrichay; segments: Sh — Shamakhi; SM — Sundi-Maraza; CG — Central-Gobustan; EG — East-Gobustan

Fractures: 1 — Imamgulukend-Khachmaz; 2 — Khazra-Guba-Kuchay; 3 — Ashagimaki; 4 — Tendi-Keyda; 5 — Tairdjal; 6 —
Siyazan; 7 — Shakhdag-Gonagkend; 8 — Major Caucasus; 9 — Khuray-Malkamud; 10 — Djoakhor-Gudurdag; 11 — Khalakhel; 12 —
Kasmaldag; 13 — Machkhalor; 14 — Djikhikh-Chugak; 15 — Kokhnamadan; 16 — Hamzagor-Saribash; 17 — Suvagil; 18 — Gamarvan;
19 — Megikan; 20 — Altiagach; 21 — {lisu-Aladash; 22 — Gaynar-Gozluchay; 23 — Mamrux-Galadjig; 24 — Zangi-Garadjuzlu; 25 —
Dashagil-Madrasa; 26 — Mudji; 27 — Shambul-Ismailli; 28 — Ganikh-Ayrichay; 29 — Adjichay-Alat
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The Valanginian deposits constitute the upper part of
Kepuch Formation in the Vandam zone and are repre-
sented by a rhythmic alternation of grey, fine- to me-
dium-grained calcareous sandstones and sandy lime-
stones. In some places, pelitomorphic limestones al-
ternate with marly clays and grey non-carbonate
clays. The Hauterivian succession is comprised of
terrigenous-carbonate flysch series and correspond to
the Gyrkhbulag Formation. The thickness of these
deposits reaches 300 m. These sediments are sharply
different from the marly Kepuch Formation in their
almost exclusively terrigenous character. The Hau-
terivian stage is dominated by argillites with interlay-
ers of siltstones and sandstones. There are also indi-
vidual interbeds of pelitomorphic limestone with
a schistose structure (Alizadeh et al., 2005b) (Fig. 2).

Samples and methodology

In this study, ten samples were obtained from
the Kepuch and Gyrkhbulag Formations, which are
exposed in the Vandam zone on the southern slope
of the Greater Caucasus. Sampling was conducted at
five key outcrops: four riverbank locations along the
Behmezchay (BC), Kishchay (KC), Damiraparan-
chay (DC), and Galachay (FL) rivers, and one road-
side location (SQ) along the Sheki-Gakh route (Fig.
3). Initially, the samples were crushed for 20
minutes using a planetary ball mill to produce a ho-
mogeneous powder. This material was then further
ground in a pulverizer. The fine powder (<100 pm)
was placed in a porcelain crucible and subjected to

drying at 1000°C overnight to eliminate moisture.
Subsequently, the dried powder was combined with
a binder (citric acid in a 1:10 ratio with the powder)
and pulverized for an additional two minutes. This
mixture was transferred into a 30 mm aluminum cap
and compressed between two tungsten carbide pel-
lets. A manual hydraulic press was used to apply a
pressure of 10-15 tons per square inch for two
minutes, followed by a gradual release of the pres-
sure. The resulting compressed powder pellet was
prepared for analysis. Major and trace elements were
quantified via inductively coupled plasma mass
spectrometry (ICP-MS) at the Laboratory of Geo-
chemistry, Geochronology, and Isotope Geology,
Department of Earth Sciences “Ardito Desio,” at the
Universita degli Studi di Milano Statale, Italy.

For petrographic analysis, thin sections of ten
representative samples were prepared at the geologi-
cal laboratories of the University of Milano-Bicocca
to assess mineralogical composition and microstruc-
ture. The unconsolidated samples were impregnated
with epoxy resin, then cut and mounted on glass
slides with Canada balsam. Slide preparation in-
volved a three-stage grinding process, with inspec-
tions between each stage to ensure consistency in
interference color reduction. The completed slides
were labeled and examined under a petrographic
microscope with a transmitted light and flat stage.
Photomicrographs were captured to document min-
eral grain characteristics, which were analyzed based
on their optical properties.

T _q + Sampling Paints
f_/ Ny + Cities
N i i
E: oy o b
Lot T\ Gakhi " :
X . so | ;
L T L - {i i
P = ~ = g KT H
Ty I V| Sheki i
alng \ }df.-\ FI* ) :
ALON e ¢ = ; sy :
o Tl \\ o :
il Mingachewir,
d Lo Ganj A
40.5°N % e i R
G Bak
e I3 :
! ~ .— M -
Q0N e e T - .
b b
_ i S s
39.5°N . i il
4 i TN,
\ B o i
\ /
iy > n |
{ i y v i '
309N rroghe L RN L - ;
""“. \\.. 2E {/ Ty rl
4 »
i -
38,5°N L= L S X

44°E 45°E 46°E 47°E

48°E 49°E 50°E

Fig. 3. Location map showing sampling points for the datasets used in the present work
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Sandstone petrography

The sandstones analyzed are generally fine- to
medium-grained. Microscopic examination of thin
sections reveals that these sandstones comprise vari-
able proportions of rock fragments, quartz, feldspars,
matrix, and accessory minerals. The framework
grains are predominantly composed of lithic clasts,
with substantial contributions from quartz and feld-
spar (including both plagioclase and K-feldspar).
Lithic fragments are primarily of volcanic (Lv) and
metamorphic (Lm- quartz-mica lithic grain with
schistosity) origin, with a minor component of sedi-
mentary lithic fragments (Ls) (Fig. 4A, 4B, 4E).
Volcanic lithic fragments (Lv) constitute the majori-
ty of the total lithic content. Quartz occurs mainly as
monocrystalline grains, though polycrystalline
quartz is also present in certain samples. Petrograph-

ic analysis reveals a lower proportion of K-feldspar
relative to plagioclase (Fig. 4C). Majority of the
samples contain varying proportions of mica, and
muscovite (Fig. 4D) is more abundant than biotite
since it is more resistant to weathering.

In accordance with the sandstone classification
framework by (Pettijohn et.al.,1973), arenites are
defined by a clay matrix content below 15%, where-
as wackes are distinguished by a matrix exceeding
15%. As the matrix in the analyzed samples surpass-
es this 15% threshold and predominantly comprises
clay minerals with minor detrital silts, these sand-
stones are classified as wackes. Furthermore, due to
the dominance of lithic fragments within the frame-
work grains, these sandstones are more precisely
identified as lithic wackes. The cementing material
is mainly authigenic calcite (Fig. 4F).

Fig. 4. Photomicrographs (in XPL) of thin-sectioned sandstones of the Kepuch and Gyrkhbulag formations showing: (A) felsic vol-
canic lithic fragment (Lv); (B) metamorphic lithic fragment (Lm); (C) angular to subangular monocrystalline quartz grains (Qm) and
plagioclase (Plag); (D) detrital muscovite (yellow arrow) (E) sedimentary lithic fragment (Ls) (F) calcite cement (yellow arrows)
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Geochemistry

Major elements

The major and trace element data are shown in
Table 1 alongside average values of the Upper
Continental Crust (UCC) for comparison (Taylor,
McLennan, 1985). As shown in Table 1, the con-
centration of SiO; is high, varying between 55.61wt
% and 79.27 wt % in the Kepuch Formation (KF),
while it is between 60.33 wt% and 70.14 wt% in the
Gyrkhbulag Formation (GF). The proportion of Al,O3
varies between 6.41wt% and 10.36 wt% in the KF,
and 10.71-17.55 wt% in the GF. Compared to the up-
per continental crust (UCC), the SiO; and Al,Os con-
tents in the GF are the most similar to those of the
UCC. Except for MnO and CaO, major element con-
centrations of samples from the KF are lower than the
average values of the UCC (Fig.5). The samples from
both formations are depleted in Na,O, K,O and P,Os.
The GF that is distinguished by pronounced depletion
in CaO (as is well seen in samples FL-1 and BC-1)
have relatively high TiO; and FeO..

The K>O/Al,Os ratio in sandstone provides in-
sight into the relative abundances of alkali feldspar
and clay minerals prior to final burial. K-feldspar
typically exhibits a K»,O/AL,Os ratio as high as 0.9,
while illite and kaolinite have lower ratios of ap-
proximately 0.3 and 0.04, respectively. (Cox et al.,
1995). The low K,O/Al,Os ratios displayed by the
KF and GF (0.18 and 0.16) are compatible with the
predominantly illitic nature of these formations.

Trace elements and rare earth elements

Trace and rare earth element concentrations of
the Kepuch and Gyrkhbulag formations are present-
ed in Tables 1 and 2, respectively. Compared with
average upper continental crust (UCC), the sand-
stones of the KF are characterized by relatively low
concentrations of high field-strength elements
(HFSE), whereas the concentrations of HFSE of
rocks from the GF are close to UCC values (Fig.6).
The distribution of Zr and Hf seems to be controlled
by heavy mineral, such as zircon as indicated by the
high correlation coefficient between Zr and Hf
(r=0.97). This is supported by Zr/Hf ratios between
33 and 42, aligning well with those reported by Mu-
rali et al. (1983) for zircons.

The large ion lithophile elements (LILEs) are
compared to UCC, among which Rb, Th and U are
depleted in the KF samples. They are character-
ized by variable amounts of Ba and Sr. The sam-
ples of the GF exhibit a slight to strong depletion
in Ba and Sr and minor enrichment in Cs and U
(Fig.6). The siliciclastic rocks of both formations
show a strong positive correlation between Rb and
K>O (r=0.99) indicating that Rb is mainly hosted
by K-bearing clay mineral such as illite. In gen-
eral, concentrations of transition trace elements
(TTE) in the KF are lower than the average UCC
concentrations. However, in a case study on the
GF the average values of some TTE, such as Cr
and Ni are comparable with those of UCC (Fig.6).
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Fig. 5. Spider plot of major elements in Lower Cretaceous (Neocomian) deposits normalized against UCC (upper continental crust)
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Fig. 6. Spider plot of trace element concentrations in Lower Cretaceous (Neocomian) deposits normalized against UCC (upper conti-

nental crust)

Table 1

Major (wt%) and trace element (ppm) concentrations of the samples from the Kepuch and Gyrkhbulag Formations
Formation Kepuch Formation Gyrkhbulag Formation
Sample no. |SQ-1 |KC-1 |KC-3 [DC-1 DC-3 |DC-4 |BC-1 |[FL-1 |FL-2 |FL-3 |UCC |PAAS
Si02 67.70 |55.61 [63.82 [66.33 |79.27 ]60.33 |61.41 [68.69 |70.14 ]69.98 |65.89 ]62.9
TiO: 045 |045 045 ]0.36 028 |046 |0.66 [0.69 [0.58 10.66 |0.50 ]0.99
ALOs 9.52  19.24 10.36 19.97 6.41 9.02 17.55 [14.02 |10.71 ]12.91 |15.17 |18.9
Fe203 3.55 3.71 439 |3.53 334 1422 6.56  [540 ]6.65 450 449 |7.22
MnO 0.03 [0.08 ]0.05 |0.10 0.12 ]0.13 0.05 0.01 0.06 [0.06 0.07 ]0.11
MgO 1.79 1.69 1.96 1.39 1.49 1.61 2.90 1.35 1.73 1.71 220 ]2.20
CaO 5.86 13.64 [7.38 |6.78 2.63 10.04 (043 |0.17 1.10 1.08 14.19 [1.29
Na20 0.76 1.79  [2.06  |0.81 0.55 10.58 1.28 1.24 1.28 142 |3.89 |L.18
K20 2.08 1.24 1.28 1.71 1.21 1.96 |3.66 [2.42 1.57 12,19 339 ]3.70
P20s 0.08 ]0.12 |0.13 [0.07 0.05 10.09 0.11 0.12  ]0.12 |0.11 0.20 ]0.16
LOI 8.17 1242 [8.12 |8.95 4.66 11.58 |5.38 [5.88 [6.06 |5.37 - -
Sc 13.90 [11.87 |11.60 |14.79 14.19 |1520 |21.63 |18.40 [16.89 |16.63 |13.6 |16
\Y 89.09 162.90 [63.03 |103.56 |77.02 [86.99 [165.83 |165.13 |110.82 [139.50 |107 130
Cr 47.05 139.74 |34.60 [41.36 [32.05 |41.25 |87.16 |83.44 |75.89 [72.27 |85 110
Co 16.56 [11.06 |11.30 |13.20 13.38 1536 |19.03 |4.39 17.87 |16.65 |17 23
Ni 37.08 [32.32 |41.16 [26.19 |27.06 [32.95 [62.53 |23.87 |57.53 |51.74 |44 55
Cu 14.54 |15.02 |17.01 |61.98 3478 |64.19 [47.25 |48.51 |44.84 |4535 |25 50
Zn 55.56 60.61 |75.53 |65.52 |53.22 [57.47 |134.38 |163.80 [138.38 {90.05 |71 85
Rb 94.07 |[53.26 |52.23 7649 |54.70 |84.83 [166.17 |117.91 |76.75 |107.27 |112 160
Sr 143.40 |488.02 |335.03 |609.42 |79.39 [129.09 [59.02 |70.28 |74.54 |84.57 |350 200
Zr 106.00 | 131.73 [104.84 |73.50  [55.78 |84.60 [141.06 |171.22 [272.17 |184.02 | 190 210
Cs 5.66  [435 446 |5.36 3.57 |45 8.25 892 [4.62 [7.74 |4.6 9.3
Ba 211.74 |328.01 |242.46 |1208.43 [619.72 |596.55 |418.54 |426.20 |234.42 |315.47 |550 650
Pb 15.14 [12.13 [14.36 [13.69 [8.33 2546 [28.66 |19.26 |15.63 |20.34 |17 20
Th 7.23 6.12  |6.16 |5.64 3.86  |4.10 1040 872 |7.94 [9.73 10.7 |14.6
U 1.59 1.60 1.32 1.21 098 10.78 1.90 [3.75 |[3.15 3.40 |28 3.1
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The TTE show a slight enrichment of Sc and V for
the GF. For the GF samples, Al,Os exhibits a signifi-
cant positive correlation with Sc and V (r=0.93 and
=0.86, n=4 respectively), indicating phyllosilicates
as a major controlling factor for V and Sc concentra-
tions.

The total Rare Earth Elements (3 REE) in KF
ranges from 65.86 to 105.43 ppm (mean = 85.80
ppm) while in GF it varies from 115.05 ppm to
132.94 ppm (mean = 123.73 ppm). If normalized to
chondrite values (Fig.7), both Kepuch and Gyrkhbu-

3
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lag samples exhibit enrichment in LREE (Lac/Smen;
2.38-3.37 and 2.79-3.89) and have an almost flat
HREE (Gdco/Yben; 1.18-1.86 and 1.05-1.55, respec-
tively) patterns with a negative Eu anomaly (Euw/Eu*
= 0.69-0.75 for KF, and 0.63-0.73 for GF). Eu anom-
alies were calculated as EwEu*=(Eu)w/[(Sm)en X
(Gd)en]® (McLennan 1989), where cn expresses
chondrite-normalized values of the element (Taylor
and McLennan 1985). The values of ) LREE/Y> HREE
are variable and range from 6.05 to 7.93, where the
average value is 6.97.
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Fig.7 Chondrite-normalized rare earth elements plot for Lower Cretaceous (Neocomian) deposits of Vandam zone

Rare earth element concentrations (ppm) of the samples from Kepuch and Gyrkhbulag

Table 2
Formations

Gyrlibulag Formation__|

-
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22.53
3.74
0.37

Values

25.46
54.24

4.45
0.84
3.68

0.79
2.43
0.36
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Results and discussion

Geochemical Classification

Pettijohn et al. (1972) and Herron (1988) estab-
lished classification frameworks that utilize geo-
chemical characteristics to categorize sedimentary
rocks. Utilizing the classification diagram from Her-
ron (1988) (Fig. 8A), it was determined that most of
the analyzed samples are situated within the wacke
classification field, indicating a degree of immaturi-
ty. In accordance with the classification scheme pro-
posed by Pettijohn et al. (1972), as illustrated in Fig-
ure 8B, the studied samples are predominantly clas-
sified as litharenites, with a minority being classified
as arkoses.

Inferences on Paleoweathering

Chemical weathering is a key process influenc-
ing interelemental fractionation, leading to elemental
ratios that differ from those in the source rocks. The
intensity and extent of chemical weathering in clas-
tic rocks can be assessed through various indices,
including the Chemical Index of Alteration (CIA),
Plagioclase Index of Alteration (PIA), and Chemical
Index of Weathering (CIW) (Nesbitt and Young,
1982, 1984; Fedo et al., 1995; Harnois, 1988).

The Chemical Index of Alteration (CIA), intro-
duced by Nesbitt and Young (1982), is one of the
most widely used indicators of chemical weathering.
Higher CIA values correlate with increased chemical
weathering and a higher presence of residual clay

minerals, such as illite, chlorite, kaolinite, and gibbs-
ite. High CIA values signify intense weathering or
sediment recycling, often under warm, humid paleo-
climatic conditions, which results in the depletion of
soluble cations (Ca*, Na*, K*) favor of less soluble
cations like AI** and Ti*". In contrast, low CIA val-
ues reflect limited or negligible chemical weather-
ing, generally associated with cool or arid climates.
The CIA is expressed as CIA= [ALOs/
(A1,03+CaO+ Na,O+K,0)]x100, where Al,Os, CaO,
Na,O, and K,O are in molar proportions, and CaO*
incorporated in silicate fraction of sediments. The
CIA excludes the influence of carbonate minerals,
thus reflecting the weathering intensity of silicate
minerals and providing insights into the chemical
weathering conditions in the source area. For the
samples in this study, CIA values ranging from 55.9
to 73.7 suggest a weak to moderate degree of chemi-
cal weathering in the source rocks.

CIA values can be plotted on a AlLO3;-(CaO+
Na;0)-K>0 (A-CN-K) ternary diagram to refine as-
sessments of weathering processes and evaluate po-
tential K-metasomatism effects more precisely. This
diagram also facilitates the delineation of the prima-
ry geochemical composition of the source rocks
(Nesbitt and Young, 1982, 1984; Fedo et al., 1995).
In this study, the samples plot along the weathering
trend for granodioritic compositions, progressing
towards illite without any detectable influence of K-
metasomatism (Fig. 9).
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The extent of weathering can also be assessed
by analyzing the molecular percentages of oxide
components using the Chemical Index of Weather-
ing (CIW), as proposed by Harnois (1988). Like the
CIA, the CIW gauges the degree of chemical weath-
ering and the alteration of feldspar to clay minerals
(Nesbitt and Young, 1984, 1989; Fedo et al., 1995;
Maynard et al., 1995). It is defined as:
CIW=[ALO3/(Al,03+Ca0O*+Na,O]x100, where
AL O3, CaO, and Na,O are in molar proportions and
CaO* is restricted to the amount of CaO in the sili-
cate fraction only. The CIW calculation resembles
that of CIA but omits K»O, accounting for the possi-
ble leaching or retention of potassium in weathering
products during sedimentation. Due to its higher cat-
ion exchange capacity, potassium is more easily in-
corporated into clay minerals compared to Na* and
Ca" (Kroonenberg, 1994). This exclusion of K,O
minimizes complications associated with K mobili-
zation during diagenesis or metamorphism. CIA and
CIW values are interpreted similarly, with values
around 50 indicating unweathered upper continental
crust and values near 100 reflecting highly weath-
ered materials (e.g., kaolinite and gibbsite). The
CIW values for the samples, ranging from 60 to 85
with an average of 75, indicate low to moderate lev-
els of weathering in the source materials, aligning
with the CIA.

184

-Upper Continental Crust)

The Plagioclase Index of Alteration (PIA), de-
veloped by Fedo et al. (1995), serves as an alternative
to the Chemical Index of Weathering (CIW), target-
ing specifically the alteration of plagioclase feldspar,
a prevalent mineral in silicate rocks. This index is
particularly useful when the focus is on assessing pla-
gioclase weathering independently. An unweathered
plagioclase has a PIA value of 50, while a fully
weathered material reaches a maximum value of 100.
The PIA is calculated using the formula:

PIA=[(ALO3-K,0)/(ALOs+Ca0*+Na,0-K-0)]x100,

where CaO* represents only the CaO bound within
the silicate fraction, and all oxide quantities are ex-
pressed in moles. For the samples examined, PIA
values ranged from 56.9 to 82.8, with an average of
72.1, indicating a low to moderate degree of chemi-
cal weathering.

Implications for provenance

Various discrimination diagrams on the basis of
the major-element compositions of clastic rocks
have been established in order to infer their prove-
nance characteristics. The major-element-based
provenance discrimination functions diagram, intro-
duced by Roser and Korch (1988), was applied to
discriminate the source area into four major prove-
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nance fields. They are the mafic igneous (P1), in-
termediate igneous (P2), felsic igneous (P3) and
quartzose sedimentary or recycled (P4). As can be
noted from discrimination plot all data lie in the
fields of intermediate igneous provenance and
quartzose sedimentary provenance, implying mixed
source area (Fig.10A).

Additionally, since Al, Ti, and Zr oxides and
hydroxides exhibit low solubility, they are often
considered immobile elements; as a result, the
Al O3/TiO; ratio in the samples closely matches that
of their source rocks. The Al,O3/TiO; ratio values
range from 3 to 8 for mafic rocks, 8 to 21 for inter-
mediate rocks, and 21 to 70 for felsic igneous rocks,
providing insights into the source area composition
(Schieber, 1992). The Al,Os/TiO; ratio of the ana-
lyzed samples varies from 18.46 to 27.69, with an
average of 22.03, which is in agreement with felsic
to intermediate source rock (Fig.10B). In addition,
the bivariate Al,Os versus TiO, diagram shows a
concentration of data in the felsic rock field, and
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only few samples plot within the field for intermedi-
ate igneous rocks. This analysis is supported by the
bivariate plot of K»O versus Rb (Fig.10C), which
shows that source rocks of samples are felsic to in-
termediate igneous source rocks (Floyd et.al., 1989).

Apart from the major elements, trace element
compositions and REEs can be used to judge the
sediment provenance and the source-area rock com-
position due to their relatively immobile behaviour
in the sedimentary environment. La/Th ratios in
clastic sedimentary rocks are regarded as a powerful
tool for reconstructing the source composition of
sediments, while Hf concentration of a sediment typ-
ically reveals the degree of recycling that has oc-
curred (Floyd et.al., 1987). In a cross-plot of La/Th
versus Hf, apart from two metapsammite samples
plotted within the andesitic arc source field, most
analysed samples are characterized by low Hf con-
tent (1.48-6.46 ppm) and La/Th ratios (typically less
than 3.5 ppm) plotting within the mixed felsic/basic
source field (Fig.10D).
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1990) D) Binary plot of Hf vs. La/Th showing the provenance of the studied sediments (fields after Floyd and Leveridge, 1987)
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Tectonic Setting

The distribution of major, trace, and rare earth
elements in sedimentary rocks serves as a robust tool
for elucidating the nature of their tectonic environ-
ment, as distinct geochemical characteristics are of-
ten associated with specific plate tectonic environ-
ments. Roser and Korsch (1986) have proposed a
tectonic discrimination diagram based on bivariate
plot of SiO, versus K,O/Na,O in order to define tec-
tonic setting of terrigenous sedimentary rocks. Fig-
ure 11A shows that majority of samples plotted in
the field of active continental margin. Active conti-
nental margin setting described by Roser and Korsch
suggests that sediments were derived from subduc-
tion-related basins formed in continental arcs or
strike-slip basins along convergent margins.

The major element-based discriminant function
diagrams of Bhatia (1983) are divided into four dif-
ferent fields such as oceanic island arc (OIA), conti-
nental island arc (CIA), active continental margin
(ACM), and passive margin (PM). On multi-
parametric major-element based discriminant func-
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tion diagram (Fig.11B) developed by Bhatia (1983),
samples falls on active tectonic setting field. Tests
on known samples showed that there is a marked
increase in Fe;O3*+MgO and Al,O3/Si0O; as the tec-
tonic setting changes in the following sequence: PM-
ACM-CIA-OIA (Bhatia, 1983). On the Al,03/SiO»
versus Fe,O3+MgO discrimination diagram (Bhatia
1983), most of analysed samples fall within conti-
nental island arc field (CIA) (Fig. 11C).

Moreover, elements La, Th, Zr, Nb, Y, Sc, Hf,
Co and Ti are also very useful in tectonic setting
discrimination because of their strong stability and
high discriminating strength. La—Th—Sc discrimina-
tion diagram after Bhatia (1983) reveals that most of
samples have the characteristics of a continental is-
land arc as expected, which is in good agreement
with major element tectonic discrimination (Fig. 12).
In the bivariate Ti/Zr versus La/Sc plot after Bhatia
and Crook (1986), once again most of the samples
are found to concentrate on the continental island arc
environment (Fig. 11D).
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deposits of Vandam zone B)S$discriminant function diagram of Bhatia (1983) C) Tectonic setting diagram a Fe2O3 + MgO vs.
A1>03/Si07 after Bhatia (1983) D) Discrimination plot La/Sc vs. Ti/Zr for tectonic settings (Bhatia and Crook, 1986)
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Similarly, more detailed results can be ob-
tained using Eu/Eu*-Lan/Yby diagram  after
McLennan (1993). In this diagram depicted in Fig-
ure 13, the Lan/Ybn ratio varies within the range of
5.88 t0 9.26, and the Eu/Eu* value of most samples
is less than 0.85, indicating that most sample pa-
rameters in this area are within the continental is-
land arc tectonic setting.

According to Bhatia (1985), the chondrite nor-
malized patterns of continental island arc-derived
sediments are characterized by moderate enrichment
of LREE relative to HREE accompanied by slight
negative anomaly of Eu (mean Eu/Eu*=0.79). Ap-
plying these parameters to the analysed samples
(Fig. 7), their REE characteristics indicate a strong
match with a continental island arc environment.

La
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Fig. 12. Discrimination plots La-Th-Sc and Th-Sc-Zr/10 for tectonic settings (Bhatia and Crook, 1986).
The tectonic regimes active (C) and passive (D) continental margins and continental (B) and oceanic (A)
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187



E.Kh.Guliyev /| ANAS Transactions, Earth Sciences 2 /2024, 175-191; DOI: 10.33677/ggianas20240200136

Conclusion

The analyzed samples are categorized as wackes
and litharenites according to geochemical classifica-
tion diagrams. However, since the matrix content
exceeds 15%, they are more precisely classified as
greywackes.

The Chemical Index of Alteration (CIA) values
for the analyzed sandstones vary from 55.9 to 73.7,
suggesting a low to moderate extent of chemical
weathering in their source regions. Additionally, the
ratios of the Chemical Index of Weathering (CIW)
and the Plagioclase Index of Alteration (PIA) further
indicate that the sediments in the source areas un-
derwent low to moderate weathering before being
deposited in the basin. The A-CN-K diagram further
defines the primary composition of the source rocks,
revealing that the analyzed samples align with the
ideal weathering trend for granodiorite toward an
illite composition, without indicating any evidence
of K-metasomatism.

The analysis of provenance suggests that the
sandstones originate from a mixed source area, pri-
marily composed of intermediate igneous rocks, as
indicated by major-element discrimination diagrams.
Additionally, trace element ratios like La/Th and Hf
concentrations reinforce the notion that the source
rocks are predominantly felsic to intermediate, with
minimal signs of recycling.

The geochemical analysis of major, trace, and
rare earth elements in the studied siliciclastic rocks
strongly suggests a provenance linked to a continen-
tal island arc tectonic setting. Discriminant dia-
grams, including the Si0>—K,0/Na,O plot by Roser
and Korsch and the Al,O3/SiO; versus Fe,O3+ MgO
diagram by Bhatia, robustly position the samples
within fields characteristic of active continental
margins and continental island arcs, indicating a
subduction-influenced sediment source. Additional-
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HNETPOTPA®USA U TEOXUMMS HIKHEMEJIOBBIX OTJIOKEHUA BAHIAMCKOM 30HBI
(FOKHBI CKJIOH BOJBIIOIO KABKA3A): TAJJEOBBIBETPUBAHMUE,
HCTOYHUKHU CHOCA U TEKTOHHYECKASI OBCTAHOBKA

I'ymues J.X.
Munucmepcmeo nayku u obpaszosarnus Pecnybnuxu Azepbaiiovcan, Hncmumym 2eonocuu u 2eousuxu
AZ1143, Baxy, npocn. I J[casuoa, 119: guliyevemin@outlook.com

Pesrome. VccnenoBanue MoCBSILIEHO MajieoreorpaduueckuM yCIOBHIM BHIBETPUBAHMS, HICTOYHHKAM CHOCA M T'€0JUHAMUYECKUM
ycI0BHsIM (HOPMHUPOBAHUSI HEOKOMCKUX OTJIOKeHHUi. OCHOBHOE BHHUMAaHHUE yJEJICHO KeIy4CKOH U rbIpxOynarckoit cButam Banmam-
CKOI TeKTOHWYECKOI1 30HBI, PacIOI0KEHHOH Ha ceBepHOM 60pTy FOkHO-KaBKka3ckoi MUKPOIIIMTEI, KOTOpas XapaKTepu3yeTcs: KOM-
JIEKCOM MEJOBBIX (DIMIIEBBIX M ByJIKaHOTeHHbIMH (opmarmii. IlocpencTBoM mHTerpamuy meTporpaduueckux ¥ IeOXHMMHUYECKUX
JAHHBIX HCCIICOBAaHNE HAIPABICHO HA BBIABICHHE XapaKTEPHBIX T'€OXMMHYECKHX IPH3HAKOB, OTPAXKAIOIINX HCTOUYHHKU OCAKOB,
MIPOLIECCHI BRIBETPUBAHUS M CPEABI OCAJIKOHAKOIUICHHS, YTO CHOCOOCTBYET yIITyOJICHUIO MOHMMAaHUS T'€OJMHAMUYECKOH IBOIIOINI
peruona. [lerporpadudeckuii aHaIN3 NECYaHUKOB ITOKA3BIBAET, YTO OHHU COCTOST NPEHMYIIECTBEHHO U3 00JIOMKOB IIOPOJ, KBaplia 1
TIOJIEBOTO IIITIaTa, aKLECCOPHBIX MUHEPAJIOB M INIMHUCTOTO MAaTpPHUKCa, IpeBhIIIatomero 15%, 94To mo3BoiseT KIacCu(pUIMpOBaTh UX
KaK JIMTAPCHUTHI, U IOJYEePKUBAET NpeodiafaHre OOJOMKOB BYJIKAaHHYECKUX U METAaMOP(PHUYECKHX IOPOJ, a TaKKEe ayTUTeHHOTO
KaJbLIUTOBOIO IIeMEHTa. | 'eoXuMuuecKkue HHAUKATOPhI MaJCOBBIBETPUBAHNS, TAKUE KaK HHICKC XUMHUYecKoro BeiBeTpuBanus (CIA),
nHzaekc BoiBeTpuBanus (CIW) u unaexc BeIBeTpuBaHuS Iutarnokiiasa (PIA), ykas3pIBaoT Ha HU3KYIO U YMEPEHHYIO CTEICHb BBIBET-
puBaHus obyacTel NCTOYHMKA CHOCA. ['€OXMMHUYECKUH aHaNN3 TEPPUTEHHBIX MOPOJ YKa3bIBAET HA X CMEIIAHHOE MPOUCXOXKCHHUE,
MIPENMYIIECTBEHHO U3 KHCIBIX U CPEIHUX MAarMaTHYECKUX MOPOJ, YTO COOTHOCUTCS C TEKTOHHIECKHUMH YCIOBUSIMU KOHTHHEHTANb-
HOHM ocTpoBHOH myru. JuckpumuHarumonusie auarpaMmsl (Si02-K2O/Na20, Al2O3/SiO2 — Fe203+MgO, La-Th—-Sc, Ti/Zr-La/Sc,
Eu/Eu*~Gdn/Ybn) yka3bIBaloT Ha pa3MelnieHre o0pasIoB B MOISX aKTUBHOW KOHTHHEHTAJIBHON OKpanHBI M KOHTHHEHTAIBHOH OCT-
POBHOIT IyTH, yKa3bIBasi HA CyOIyKIIMOHHOE NIPOUCXOXKJICHUE. DTH Pe3yIbTaThl MOJUEPKUBAIOT BIHSIHIE TEKTOHHUECKUX MPOLECCOB
HA FCOXUMHUUYECKHE XapaKTEPUCTUKU TEPPUTCHHBIX ITOPO/L.

Knrouesnie cnosa: ucmounuku cnoca, 2e00uHamu4eckull pejcum, naieosvligempusanue, Banoamckas sona, kenyuckas u 2eipxoy-
JlazcKas ceumol
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VONDAM TEKTONIK ZONASININ (BOYUK QAFQAZIN CONUB YAMACI) ALT TOBASIR COKUNTULORININ
PETROQRAFIiYASI VO GEOKIMYASI: PALEOASINMA, ASINMA MONBOLORI VO TEKTONIK SORAIT

Quliyev E.X. .
Azarbaycan Respublikasi Elm va Tohsil Nazirliyi, Geologiya va Geofizika Institutu, Azorbaycan
AZ1073, Baki, H. Cavid prospekti, 119: guliyevemin@outlook.com

Xiilasa. Bu todqgiqat Alt Tobasir yash ¢okiintli laylarmin paleocografi agimma soraitini, gotirilmo monbaolorini vo geodinamik
soraitini arasdirmaga hosr olunmusdur. Tedqiqatda asas digqet Conubi Qafqaz mikroplitesinin simal cinahinda yerloson vo miirakkeb
Tobasir yagh flis vo vulkanogen formasiyalari ilo xarakterizo olunan Vondam tektonik zonasindaki Kepu¢ vo Qirxbulaq lay
dastaloring yonoaldilmigdir. Petrografik vo geokimyavi molumatlarin inteqrasiyasi vasitasilo bu todqiqgat ¢okiintii monbalorini, aginma
proseslarini vo ¢okmo miihitlorini oks etdiron xarakterik geokimyovi gostericilori askar etmokls, regionun geodinamik inkisafini daha
dorindon anlamagi hoadofloyir. Qumdaslarinin petroqgrafik tohlili zaman: onlarin asasen siixur fragmentlorinden, kvarsdan va ¢l
spatindan ibarat oldugunu, 15%-don artiq gil matriksine malik oldugunu gostarir ki, bu da onlar1 litarenitlor kimi tosnif etmoyo imkan
verir. Petrografik metodun totbiqi noticosinds siixurlarda vulkanik qirintilarin miqdart metamorfik vo ¢okmo mongali qirintilardan
daha ¢ox oldugu, homg¢inin sementin osason karbonat torkibli vo kalsitdon ibarot oldugu aydinlagmisdir. Paleoaginma {igiin
geokimyovi gdstariciler, o climlodon Kimyavi Asinma indeksi (CIA), Asinma Indeksi (CIW) vo Plagioklazin Asinma indeksi (PIA),
asinma monboalarinin zaif vo orta deracads asindigini gostorir. Mansas analizi gostorir ki, ¢okiintii materiallar1 asason turs vo orta
maqgmatik siixur névlorindan ibarat qarisiq mongadon galir vo bu kontinental ada qévsii tektonik miihiti ilo uygundur. Diskriminasiya
diagramlari (Si02-K20/Na20, Al203/Si02 — Fe203+MgO, La—Th-Sc, Ti/Zr—La/Sc, Eu/Eu*-Gdn/Ybn) niimunalarin aktiv kontinental
kenar va kontinental ada qvsii sahslerinds yerlosdiyini vo subduksiya ilo alagali ¢okiintii menbayins isars etdiyini gostorir. Bu analiz
tektonik proseslorin terrigen siixurlarin geokimyavi xiisusiyystlorinin formalagmasinda mithiim rol oynadigim vurgulayir.

Acar sozlar: asinma monbalori, geodinamik rejim, paleoasinma, Vandam zonasi, Kepug va Qirxbulaq lay dastalari
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