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Stable isotope and rare earth element geochemistry of
the Baluti carbonates (Upper Triassic), Northern Iraq
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ABSTRACT: Stable isotope ratios of '*0/**O and "C/”C and rare earth elements geochemistry of the Upper Triassic carbonates
from the Baluti Formation in Kurdistan Region of Northern Iraq were studied in two areas, Sararu and Sarki. The aim of the study
is to quantify the possible diagenetic processes that postdated deposition and the paleoenvironment of the Baluti Formation. The
replacement products of the skeletal grains by selective dissolution and neomorphism probably by meteoric water preserved the
original marine isotopic signatures possibly due to the closed system. The petrographic study revealed the existence of foraminifers,
echinoderms, gastropods, crinoids, nodosaria and ostracods as major framework constituents. The carbonates have micritic matrix
with microsparite and sparry calcite filling the pores and voids. The range and average values for twelve carbonate rocks of §'*0
and 8”C in Sararu section were -5.3%o t0 —3.16%o0 (-4.12%0) and -2.94%o to —0.96%o (-1.75%o), respectively; while the corre-
sponding values for the Sarki section were -3.69%o to —0.39%o (-2.08%o) and —5.34%o to —2.70%o (-4.02%o), respectively. The bivar-
iate plot of §'*0 and 8"C suggests that most of these carbonates are warm-water skeletons and have meteoric cement. The average
2REE content and Eu-anomaly of the carbonates of Sararu sections were 44.26 ppm and 1.03, respectively, corresponding to 22.30
ppm and 0.93 for the Sarki section. The normalized patterns for the carbonate rocks exhibit: (1) non-seawater-like REE patterns,
(2) positive Gd anomalies (average = 1.112 for Sararu and 1.114 for Sarki), (3) super chondritic Y/Ho ratio is 31.48 for Sararu and
31.73 for Sarki which are less than the value of seawater. The presence of sparry calcite cement, negative *C and "*O isotope values,
the positive Eu anomaly in the REE patterns (particularly for Sararu), eliminated Ce anomaly (Ce/Ce*: 0.916-1.167, average = 0.994
and 0.950-1.010, average = 0.964, respectively), and Er/Nd values propose that these carbonates have undergone meteoric diagenesis. The
REE patterns suggest that the terrigenous materials of the Baluti were derived from felsic to intermediate rocks.
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1. INTRODUCTION the precipitation temperature (Ali, 1995; Coniglio et al., 2000),

and the source of carbonates (Gao et al.,, 1996; Kumar et al.,

The study of °C and **O stable isotopes in the carbonate rocks
is a good tool to infer the palaeoclimatic changes along the
geological time (Latorre et al., 1997; Srivastava, 2001; Scott, 2002),
the precipitation conditions and the subsequent diagenesis (Wright,
1990; Madhavaraju et al., 2004; Armstrong-Altrin et al., 2011). It
can be employed for determination of the origin and temperature
of seawater and diagenetic fluids, when it is supported by
petrographic study (Allan and Matthews, 1982; Budd and Land,
1990; Rahimpour and Bone, 2001). The oxygen isotope content
in the carbonates is influenced by the water composition and
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2002; Poulson and John, 2003). The "C isotope in the carbonate
rocks is identified by the §”C values of bicarbonate/carbonate
ions fluctuated in the water through the time, which is influenced
by the organic burial changes (Shields, 1999). The §"°C values
remain unaffected during most successive crustal processes
(Jacobsen and Kaufman, 1999). The negative 8O values are
related to temperature increasing and/or introduction of meteoric
water during diagenesis, while the carbon variations are related
to the existence of organic matter or CO, from the various
organic reactions (Armstrong-Altrin et al., 2009; Armstrong-
Altrin et al,, 2011) and may reflect the sources of carbon such as
bacterial sulphate reduction, dissolution of carbonate minerals,
and thermochemical sulphate reduction (Morad and Eshete,
1990; Yoshioka et al., 2003; Ader et al., 2009; Jiang et al., 2015).
Fresh water has negative § "*O and 8§ "C values, lower than in
marine water carbonates (Madhavaraju et al., 2004; Santos et al.,
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2004; Nagarajan et al., 2008).

The diagenesis of carbonates comprises all the processes that
take place after deposition, but before the temperature and pressure
conditions reach to the realm of metamorphism (Moore, 2001).
When carbonate sediments pass through shallow to intermediate
burial diagenesis, meteoric diagenesis is very important for the
diagenetic alterations (Land, 1986). "*C and O isotopes are
commonly used to determine the diagenetic processes and
paleoenvironment (Veizer and Demovic, 1973; Fairchild et al,
1990; Armstrong-Altrin et al., 2009, 2011).

The REE contents in carbonate rocks are efficient to distinguish
the marine and non-marine sources (Zhao et al., 2009). REEs can
be also used to identify the depositional environment (German
and Elderfield, 1990; Murray et al., 1991), proximity of the source
area (Murray et al., 1991), paleoredox conditions (Elderfield and
Pagett, 1986; Kato et al., 2002), lithology and diagenesis (German
and Elderfield, 1990; Nath et al., 1992; Armstrong-Altrin et al.,
2003, 2011; Nothdurft et al., 2004; Madhavaraju et al., 2010; Jiang
etal., 2015). The main objective of this study is to investigate the
diagenetic processes and paleoenvironment of the Baluti carbonates
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through the microfacies analysis, stable isotopes (carbon and
oxygen), and rare earth elements.

2. GEOLOGICAL SETTING

There are few studies related to the Triassic formations in the
Northern Thrust Zone (NTZ) due to the limited exposures and
penetrated exploration wells. Baluti Formation belongs to the U.
Triassic lithostratigraphic unit; it was firstly studied near Baluti
Village (type locality) by Wetzel in 1950 and improved by Morton
(Bellen et al., 1959). The formation comprises of grey green and
grey shale dominated with intercalation of thin bedded dolomitic,
silicified, and oolitic limestone and recrystallization breccias
(Bellen et al., 1959; Buday, 1980; Jassim and Goff, 2006). The
thickness of the carbonate rocks is ranged between few centimeters
and more than 1.5 meters. The studied samples were collected
from two outcrop sections: The first locality was at Sararu Village
which is located at about 26 km northwest of Amedi Town, at
latitude 37°1421"N and longitude 43°16'56"E in the NTZ (Fig.
1). The second locality is about 15 km southeast of Amedi
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Fig. 1. Geological and location map of the studied sections (Sissakian, 2000).
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Town, in the core of Gara anticline near Sarki Village which is
situated at latitude 36°59'34"N and longitude 43°3223"E in
High Folded Zone (Fig. 1).

The formation is underlain by Norian Kurra Chine Formation,
which comprises of dark brown and black limestone, thin and
thick-bedded, with interrupted beds of thick bedded fetid dolomite
with, papery shale and slump structures. The Baluti Formation
is conformably overlaid by the Liassic Sarki Formation, which
consists of about 300 m of carbonates. The Baluti Formation
attains a thickness of 66 m and consists of grey shale with thin
bedded carbonates at Sararu section, and 43 m of grey to greyish
black shale with thin layer of carbonates at Sarki section (Fig. 2).

Hanna (2007) proposed the Carnian age for the upper part of
the Baluti, based on the palynozones; and suggested the shore
zone depositional environment with influence of fresh water for
the lower portion of upper part of the formation. He stated the
influence of marine condition on the deposition of the upper
portion of the formation.

According to Sharland et al. (2001), the Baluti Formation is
within the Tectonostratigraphic Megasequence AP6, from Mid-
Permian to Early Jurassic (255-182 Ma). The AP6 megasequence
was situated on the north and east flank of the passive margin of
the Arabian Plate. The Neo-Tethys Ocean formed during Late
Permian when narrow blocks of continental crust drifted away

Sample [Lithology Lithologic description

Carbonate rocks of Sarki Fm.

# | Grey calcareous shale

(o] === :
BS6 ; Dark grey marl with thin

layer of hard limestone

Grey calcareous shale with thin

layer of argillaceous limestone
_BSS'-IIIIIII‘IIIl . .
# g |Grey calcareous shale with thin
. 6’ | layers of hard limestone
4 Grey calcareous shale with thin

5 # | layer of hard limestone

Sample |Lithology Lithologic description

:: Carbonate rocks of Sarki Fm.

86 OF =TT Dark grey shale with limestone

————— Greyish black shale interbedded
T 11 with thin beds of limestone

B5 @G o Dark grey limestone
Greyish black shale
[ [+ Greyish black shale interbedded

—————with thin beds of limestone

BS4! | I I - 4/ .
él# Calcareous shale interbedded P P Yellowish grey calcareous shale
—% 7% hard limestone B4 @] Brecciated limestone
# 4 # |Grey calcareous shale with | [ |
= ,'y.""' thin layers of hard and —————Greyish black shale interbedded
BS3@ 6’4’ fractured limestone B3 @ with thin layers of limestone
4 # |Grey calcareous shale with thin
’5.’ : layer of hard limestone
Bs2 @i ar] Dark grey shale and limestone Greyish black shale
- Grey cal. shale with limestone I
vAA B2 @fLTTTTT] Bedded limestone with
Ty Grey limestone 1 Yyellowish black shale
Cal. shale with hard limestone Yellowish green shale
— B1 O Greenish shale with limestone
BS1 @ T Dark limestone with calc. shale 5 # | Yellowish grev calcareous shale
i | ] Limestone with calc. shale :::::::::::: Cal.'bonate rocks of Kurra
T ] Carbonate rocks of Kurra ey Chine Fm.
T Chine Fm.
o (b)
Sararu section (a) Scale 1:800 Sarki section Scale 1: 500

E Limestone Calcareous shale Marl I:l Shale @ Sample location

Fig. 2. Columnar sections of Baluti Formation. (a) Sararu; (b) Sarki sections.
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from the NE margin of Gondwana.

The rifting resumed during Middle or Late Triassic under
passive margin conditions, generating a restricted intra-shelf
basin in Mesopotamia separated from the open ocean by alkali
basaltic narrow rift and an outer ridge of continental crust on
which an open marine carbonate platform developed. This rifting
was succeeded by slow subsidence in Norian-Liassic resulting
in the formation of a passive margin along the northern and
eastern margins of the Arabian Plate. As a consequence, the
Mesopotamian basin formed during 250-228 Ma (Jassim and
Goff, 2006).

During Early and Middle Triassic, the Rutba Uplift was a
narrow ridge where its western shoreline was situated in NE
Jordan, and the eastern one was along the eastern border of
Rutba-Jezira Zone. The igneous-metamorphic complex of Arabian
Shield (AS) was exposed above sea level during this time, and it
was located to the southwest of the basin of deposition. The AS
as part of Arabian Plate, consists of accreted juvenile volcanic
arcs, metagabbros, gneisses, metavolcano-sedimentary sequences,
granites and gabbro-diorite complexes (Stern, 1994). During
580-540 Ma, the Arabian Shield crust was stabilized and experienced
continental uplift and erosion (Moghazi, 2003; Avigad et al., 2005).

3. METHODOLOGY

Twelve carbonate bulk samples were collected from two exposed
outcrops: Sararu section (6 samples) in NTZ and Sarki section
(6 samples) in High Folded Zone (Figs. 1 and 2). A detailed
petrographic study covering more than 24 thin sections were
carried out, and treated with Alizarin Red-S stain to prove the
presence or absence of dolomite and calcite.

The "C/"C and "*0/"O isotopic ratios were determined at
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the Stable Isotope Laboratory of the Cornell University, USA.
For C- and O-isotopic determinations, powdered samples were
treated with H;PO, at 25 °C for 3 days to release CO,. The released
gas was measured for °C and "*O by mass spectrometer, using
the reference gas BSC (Borborema Skarn Calcite) calibrated
against NBS-18 have a value of -23.20% and -5.01%, respectively;
and for NBS-19 have -2.20% and 1.95%, respectively. The
isotopic results for both C and O are reported as per mil (%o)
notation relative to Vienna Pee Dee Belemnite (V-PDB). The
uncertainties of the isotope were 0.03%o for C and 0.06%. for O,
founded on multiple analyses of standard dolomite.

The REE concentrations of the representative carbonate
samples were measured by inductively coupled mass spectrometry
(ICP-MS) at ALS international laboratory in Spain. Internationally
recognized standard materials GBM908-10 and MRGeo08 were
used as references. The analytical accuracy ranges from 2% to
12% and precision varies from 1% to 8%. The REE ratios are
compared with that of shallow and deep water marine carbonates.
The REE concentrations are normalized to PAAS (Taylor and
McLennan, 1985).

4, RESULTS
4.1. Petrography

Petrographic description of the Baluti carbonates has been
documented based on carbonate classification of Dunham (1962).
The bioclasts are the most abundant type of the allochems in
Baluti carbonates. They are observed as both intact and fragmented
fossils. The size of the bioclast varies from 0.01 mm to several
millimeters. In the two studied sections, skeletal grains are well-
preserved; however in some places these fossils were obliterated

Diagenetic events

Early (marine meteoric)

Middle Late

Syntaxial rim cement

Compaction

Micritization

Neomorphism

Early dolomitizatoin
Dissolution
Blocky calcite cement

Silicification

Fig. 3. Paragenetic sequence of carbonates from Baluti Formation in Northern Thrust Zone summarizing major diagenesis processes.
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Fig. 4. (a) Packing density and squeezing of bioclast grains, micrite envelop surrounding the skeletal bioclasts; (b) Micrite envelop surround-
ing the skeletal bioclasts, and crinoids are syntaxially replaced; (c) Irregular microstylolites; (d and e) Neomorphozed lime mud and late dia-
genetic dolomitizatoin and dissolution process generating secondary porosity (moldic porosity); (f) Late cementation of diagenetic processes
(blocky calcite cement); (g) Dolomite texture with microsylolite; (h) Dolomite and vugs filling (early dolomitizatoin).

https://doi.org/10.1007/s12303-018-0005-4




980

by the diagenetic processes such as dolomitizatoin, neomorphism,
micritization, cementation, and compaction (Fig. 3). The skeletal
grains are mostly benthic foraminifers, red algae, echinoderms
and mollusk (Figs. 4a and b). Non-skeletal clasts are generally
less abundant than skeletal, but their population is high in localized
areas. Micritization of the allochems is common (especially in
bioclasts).

Four petrographic types have been distinguished: grainstone,
packstone, wackestone, and mudstone. Grainstone microfacies
are commonly rich in nodosaria, echinoderms and benthic
foraminifers (Figs. 4a and b). These bioclasts are mainly cemented
by sparry calcite, although some of sparite is dolomitized by
diagenetic processes (Fig. 4c). This microfacies are observed in
the lower part of the Sararu section. The second microfacies are
packstone, a main framework grains are gastropods, echinoderms,
crinoids and foraminifers. Dissolution processes are dominant
phenomenon that gives a moldic porosity; beside to neomorphozed
(Figs. 4d and e). Blocky calcite cement is common (Fig. 4f), and
early dolomitizatoin was observed. Some voids and cavities are
filled with sparry calcite. This microfacies is present in the
carbonate of the Sararu section and in lower part of the Sarki
section. Wackestone microfacies are subjected to more intense
dissolution processes. Most of the bioclast framework grains are
brachiopods and foraminifers that are broken and fragmented
to separate particles which float in the micritic matrix. These
bioclasts are subjected to dolomitizatoin (Figs. 4g and h). This
type is recorded in the carbonate of Sararu section. Mudstone is
a mud-supported microfacies was subjected to dissolution and
neomorphism with blocky calcite cement. It also contains a
considerable amount of fine-grained quartz. This microfacies is
commonly observed in the carbonate of Sarki section.

4.2. Oxygen and Carbon Isotopes

The "0 and §"C values for the Baluti carbonates (mainly
dolomitic limestone especially in Sarki section) are given in
Table 1 and also presented graphically as a §'*0-8"C cross-plot
(Fig. 5). The 8"0 ranging from -5.36%o to ~3.16%o (average =
~4.12%0) and §"C from —2.94%o to —0.96%o (average = —1.75%o)
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for Sararu, whereas §'°O ranging from -3.69%o to —0.39%o (average
=-2.08%o) and §"C from —5.34%o to —2.70%o (average = —4.02%o)
for Sarki. Positive correlation trend between 60O and §“C
values is observed especially in Sararu carbonates (r = 0.96,n =6).

4.3. Rare Earth Elements

The REE contents are generally lower in carbonate rocks than
in shales, which proposed that the marine carbonates (exhibit
seawater-like REE pattern with LREE depletion, negative Cegy
and positive Lagy anomalies; De Baar, 1991; Bau and Dulski, 1996;
Nagarajan et al., 2011) contain less REE than clastic materials
(with non-seawater-like REE patterns; Piper, 1974; Armstrong-
Altrin et al., 2003; Nothdurft et al., 2004).

Sararu and Sarki carbonate samples exhibit large variations in
>REE content (31.9-63.71 ppm with an average = 44.26 ppm
and 19.31-27.24 ppm with an average = 22.30 ppm, respectively;
Table 2). Generally, the carbonate samples from Sararu have
higher REE contents than Sarki. PAAS-normalized REE patterns
of the Baluti carbonate rocks are obvious in Figure 6. They exhibit
(1) non-seawater-like REE patterns, (2) positive Gd anomalies
(average = 1.112 for Sararu and 1.114 for Sarki); (3) super chondritic
Y/Ho ratio of 31.48 for Sararu and 31.73 for Sarki, and (4)
average Ce/Ce* values of 0.994 for Sararu and 0.964 for Sarki,
both of which are close to 1 as shown in Table 2 and Figure 6.
Similarly, most of the Sararu carbonate samples show very weak
positive to no Eu anomalies (Eu/Eu* = 1.034) and weak negative
for Sarki carbonate (Eu/Eu* = 0.928; Table 2).

The (La/Yb) values (Table 2) ranges from 1.074 to 1.254 with
an average 1.155 for Sararu and from 0.849 to 1.772 with an
average 1.137 for Sarki.

5. DISCUSSION
5.1. Diagenesis
The porosity and permeability of the studied carbonates were

strongly affected by the diagenetic processes that modified the
original textural framework as well as chemical compositions.

Table 1. Carbon and oxygen isotopic data (as standard deviation with reference to V-PDB) of carbonate rocks from Baluti Formation (Kurd-

istan Region)

Sample ID 8"Ovppe 8"Cyppp 8" Osmow Sample ID 8" Oypps 8"Cyppp 8" Osmow
BS1 -3.16 -0.96 27.60 B1 -3.60 -4.00 27.15
BS2 -3.19 -1.03 27.57 B2 -1.59 -4.07 29.22
BS3 -3.73 -1.41 27.01 B3 -3.69 -5.34 27.06
BS4 -5.36 -2.80 25.33 B4 -2.36 -4.10 2843
BS5 -5.11 -2.94 25.59 B5 -0.39 -2.70 30.46
BS6 -4.19 -1.36 26.54 B6 -0.86 -3.90 29.97

average -4.12 -1.75 26.61 average -2.08 -4.02 28.72

https://doi.org/10.1007/s12303-018-0005-4
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Table 2. Rare earth element (REE) concentrations (ppm) in carbonates from the Baluti Formation

Sararu section

Sarki section

Sample no. BS1 BS2 BS3 BS4 BS5 BS.6 average Bl B2 B3 B4 B5  average PAAS
La 9 5.3 9.9 12 6.7 6.4 8.22 4.6 24 3.6 35 3.7 3.56 38.20
Ce 20.4 144 211 26.1 15.8 12.9 18.45 10.95 7.5 8.17 8 8.19 8.56 79.60
Pr 247 153 255 326 194 165 2.23 136 137 106 1.04 107 118 8.83
Nd 9.9 6.1 10.1 13 7.7 6.6 8.90 5.6 6.8 43 3.9 4.6 5.04 33.90
Sm 1.83 1.22 1.89 2.54 1.48 1.32 1.71 1.28 1.71 0.99 0.77 1.22 1.19 5.55
Eu 037 025 037 051 032 027 0.35 022 027 02 015 021 0.21 1.08
Gd 1.69 1.08 1.56 2.12 1.25 1.11 1.47 1.08 1.2 077 0.64 1.07 0.95 4.66
Tb 0.22 0.15 0.24 0.29 0.18 0.16 0.21 016 013 0.13 0.09 0.13 0.13 0.77
Dy 138 088 134 171 103 092 1.21 088 059 074 055 073 0.70 4.68
Ho 0.26 0.16 025 0.32 0.2 0.17 0.23 0.16  0.08 0.12 0.09 0.13 0.12 0.99
Er 0.65 0.4 0.67 0.87 053 0.48 0.60 0.43 0.2 0.35 0.29 0.35 0.32 2.85
Tm 009 005 009 012 008 007 0.08 006 002 005 004 005 0.04 0.41
Yb 0.53 034 065 0.76 0.43 0.44 0.53 0.4 0.1 0.29 0.22 0.28 0.26 2.82
Lu 0.08 0.04  0.09 0.11 0.07 0.06 0.08 0.06 001 0.04  0.03 0.04 0.04 0.43
Y 8.2 5.1 8 9.8 6.1 5.5 7.12 47 2.5 3.7 3 44 3.66
YREE 48.87 3190 50.8 63.71 3771 3255  44.26 27.24 2238 2081 1931 2177 2230 175.94
(La/Yb)sy 1.254 1151 1124 1166 1150 1.074 1.16 0.849 1772 0916 1174 0976 1137 -
(La/Nd)gy ~ 0.807 0771 0.870 0.819 0.772 0861  0.82 0729 0313 0.743 079 0714  0.63 -
(Nd/Yb)sn 1.554 1492 1293 1423 1490 1.248 1.41 1.165 5.657 1233 1475 1367 1.63 -
Y/Ho 31.54 3188 32.00 30.63 3050 3235 3148 29.38 3125 30.83 3333 3385 3173 -
Er/Nd 0.066 0.066 0.066 0.067 0.069 0.073  0.067 0.077 0.029 0.081 0.074 0.076  0.064 -
Eu/Eu* 0991 1026 1.015 1.035 1108 1.050 1.034 0.881 0.888 1.079 1.006 0.865  0.928 -
Ce/Ce* 0.998 1167 0969 0963 1011 0916 0.994 1.010 0954 0965 0.967 0950  0.964 -
Pr/Pr* 1.020 0960 1.026 1.038 1.032 1.048 1.023 1017 1.053 1046 1.093 1016 1.043 -
Gd/Gd* 1.201 1135 1.037 1121 1091 1.088  1.112 1.071 1190 0956 1.101 1229 1114 -

Ce/Ce* = Cegy/(Lagy X Proy)"; EWEU* = Eugy/(Smgy x Gdgy)™; Pr/Pr* = [Pr/(0.5Ce + 0.5Nd)]gn; GA/Gd* = [Gd/(0.335m + 0.67Tb)]gx.

One of the most important diagenetic processes is micritization
which can be observed as envelopes surrounding the skeletal
bioclasts (Figs. 4a and b). It can be regarded as a primary
diagenetic process, associated with algae and fungi for the void
formation followed by micritization during later stage (Bathurst,
1972). The chemical compaction is represented by pressure
solution structures of microstylolites that are marked by the
existence of clay and other fine-sized minerals. Based on Logan
and Semeniuk (1976) classification, smooth and irregular low
peak amplitude types are recognized (Figs. 4c and g). The
overgrowth of the syntaxial rim cement represents the change
from marine phreatic to fresh water phreatic (Fig. 4b). The
carbonates of Baluti are highly neomorphozed; for instance, the
micritic groundmass in mud-dominated facies is neomorphozed
to coarse calcite crystals (Figs. 5d and e).

Dissolution process can occur at any burial history of the
carbonate rocks which are generally characterized by non-selective
dissolution forming pores. These types are commonly called
moldic, caverns, and channels depending on the size (Choquette
and Pray, 1970) as shown in Figure 4f. The carbonates are highly

dolomitized and the two genetic types are distinguished: early
diagenetic consists of very fine to fine crystalline planar e-dolomite
mosaic (Figs. 4g and h); and late diagenetic is characterized by
medium to coarse crystalline planar e-dolomite replacement
dolomite (Fig. 4d).

5.2. Oxygen and Carbon Isotopic Variations

The §"°0 values for the Baluti carbonate are low in relative to a
typical marine §"*O value of 0%o. This finding suggests the §*0O
values of this carbonate have been controlled by equilibrium with
water that is dominated by fresh water, rather than seawater
(Poulson and John, 2003). The isotopic composition of the Baluti
carbonate shows a pattern of strongly variable §"°C (~5.34%o to
-0.96%o) and 8'°0O values (-5.36%o to —0.39%o) that is typical
for cement with the meteoric origin (Rahimpour and Bone, 2001).
The depletion of *C and *O compared to those of marine water
denotes the Baluti carbonates were subjected to extensive meteoric
diagenesis. Armstrong-Altrin et al. (2009) suggested the humid
paleoclimate for the Upper Miocene of southern India depending

https://doi.org/10.1007/s12303-018-0005-4
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Fig. 5. Bivariate plots of §'®0 (V-PDB) and &"C (V-PDB) for the Baluti carbonates. Fields are after Hudson (1977) and Nelson and Smith (1996).

on the negative 5O values of the carbonate rocks. Accordingly,
the study suggests the humid paleoclimate for the Baluti carbonates
(Upper Triassic). Depending on the main palynomorph groups,
Hanna (2007) concluded that the climate during the deposition
of the upper portions of the Baluti was continually changing
between humid and arid.

The stable oxygen isotope (§'°0) of a precipitated carbonate
depends mainly on the composition of the isotope, salinity and
temperature of the host fluid (Friedman and O'Neil, 1977;
Hudson, 1977; Leeder, 1982). The §'*O values show statistically
positive correlation with §"C values (especially for Sararu, r =
0.959); such +ve relationship indicates that these carbonates
were changed by diagenesis (Marshall, 1992; Buonocunto et al.,
2002). Diagenesis often leads to more negative §'°O values in
marine carbonates (Land, 1970; Allan and Matthews, 1977), because
cementation and recrystallization occur in fluids depleted in
§*0 (e.g., meteoric water) compared with seawater, or at elevated
temperatures (e.g., burial conditions).

The negative values of oxygen isotope reveal either introducing of

https://doi.org/10.1007/s12303-018-0005-4

meteoric water during diagenesis or increasing of temperature;
and the carbon fluctuations show the existence of organic matter
or CO, production by various organic reactions (Armstrong-
Altrin et al,, 2009). The modern marine carbonates generally
have §"*C values between 0% and 4% (Moore, 2001). The variation
in 8"C values are related to the degrees of carbonate alteration,
and the source and amount of CO, due to the oxidation of
organic carbon appended to the pore waters during cementation
and recrystallization (Marshall, 1992; Maliva and Dickson, 1997;
Armstrong-Altrin et al., 2009).

The carbon isotopic ratios are considered to be more robust
during diagenesis than oxygen isotopes; therefore they provide
better constraints on the original composition of the near-surface
water of the Tethys Ocean (Muttoni et al., 2014). The Upper
Triassic marine carbonates are marked by positive §"°C values,
for Russia from 0%o to +3.5%o (Zakharov et al., 2000); and for
Greece from —0.8%o to +3.2%s, for Italy from +0.2%o to +3.5%0
and for Albania from +2.6%o to +3.6%o0 (Muttoni et al., 2014).
Carbon isotope values for the Upper Triassic Baluti carbonates
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range between —-0.96%o and -5.34%o (Table 1). The negative data
of the Baluti carbonates is not consistent with the coeval global
positive values.

Because shallow marine deposits may have experienced periodic
subaerial exposure during sea-level oscillations, it is important
to address the possibility of post-depositional fresh water alterations
which can generate negative §"C values (Oehlert and Swart,
2014). Hudson (1977) proposed that during sea-level fall the
sediments are exposed to fresh water emanating from low
limestone island, although for most of the time remained in the
phreatic zone and the new cement have a §"°C of -5%o and §'°O
of —4%o reflecting its fresh water origin.

The results of current study are plotted in a §*O versus §"°C
diagram (Hudson, 1977); the samples were plot in the fields of
warm water skeletons and meteoric cement (Fig. 5) which reveals
the alteration during diagenesis. The depleted §'*O values in the
study carbonates are due to cementation under mainly burial
and/or meteoric conditions rather than by direct precipitation
of marine cements as in several tropical carbonates. The negative
'O values observed in the older carbonates are commonly
attributed to post-depositional isotope exchange with meteoric
waters (Keith and Weber, 1964).

5.3. Rare Earth Elemental Characteristics

The Eu/Eu* ratio of the Baluti carbonate samples ranges from
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0.991 to 1.108 (average = 1.034) for Sararu and from 0.865 to
1.076 (average = 0.928) for Sarki (Table 2). Generally, the slightly
+ve Eu anomalies in REE patterns (particularly for Sararu) which
are unusual in seawater probably resulted by the diagenetic
changes in the carbonate rocks (Brand and Veizer, 1980; Abedini
and Calagari, 2015; Singh et al, 2016) and increased by
hydrothermal processes (German et al., 1999; Madhavaraju and
Lee, 2009). The slightly -ve Eu anomalies in the Baluti carbonate
(particularly for Sarki section) reveal that the terrigenous part of
these samples was probably derived from felsic rocks, which are
characterized by LREE enrichment and negative Eu anomaly
(Armstrong-Altrin et al., 2003: Dai et al., 2016). This confirm
with the source rocks of Baluti shales that suggested by Tobia
and Mustafa (2016).

Several studies have been carried out on the application of Ce
in the marine phases for determining paleoceanographic
conditions (German and Elderfield, 1990; Nath et al., 1997). The
deficit of Ce in oceanic water results from redox changes of Ce
relative to other REEs (Elderfield, 1988). Ce/Ce* ratios in Sararu
ranges from 0.96 to 1.17, with an average = 0.99 (n = 6) while in
Sarki ranges from 0.95 to 1.01, with an average = 0.96 (n = 5). The
slightly negative Ce anomalies in the study carbonates (Table 2 and
Fig. 6) are less than those of deep-sea carbonates of the Indian
Ocean (Nath et al., 1992), sediments of Arabian Sea (Nath et al.,
1997), and Maastrichtian shallow-marine carbonates of the
Cauvery Basin, southern India (Madhavaraju and Ramasamy,
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Fig. 6. Post-Archean Australian Shale (PAAS) normalized REE patterns for the Baluti carbonates (BS for Sararu and B for Sarki).
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Table 3. Average values of the carbonate sediments of the Baluti Formation (this study) compared to the values of shallow and deep water

marine carbonate sediments

Ratios & elements Baluti Formation® Shallow marine  Arabian sea carbonate  Indian ocean carbonate Yellowish

Sarki Sararu carbonate® sediments" Sediments® limestone®

REE (ppm) 44.26 22.30 73+£20 78 £40 25.55+9.914
(La/YDb), 1.16 1.14 1.82 £ 0.46 0.85+£0.2 0.166 = 0.953 0.71 £ 0.15
(Nd/Yb), 1.41 1.63 1.51+0.30 0.85+0.17 0.83+£0.13 0.42 +0.09
(Dy/Yb), 1.25+£0.17 1.12+£0.11 1.37 £0.05 1.19+£0.11
Y/Ho 31.48 31.73 34.14 £ 1.64 31.11+9.17
Er/Nd 0.067 0.064 0.07 £0.02 0.11 +0.02 0.2+0.02

Eu/Eu* 1.034 0.928 0.58 £0.11 1.15+0.08 >1 1.88 £1.009
Ce/Ce* 0.994 0.964 0.76 £ 0.16 0.84 £ 0.06 0.56 0.57 £0.05
Gd/Gd* 1.112 1.114 1.09 +0.04 0.98 +£0.20

@This study; ®Madhavaraju and Ramasamy (1999); ©Nath et al. (1997); “Nath et al. (1992); ©Nagarajan et al. (2011).

1999; Table 3). Both Ce concentrations and anomalies can probably
be explained by variations in terrigenous sediments in the Baluti
carbonates in addition to the diagenesis processes. The absence
of -ve Ce anomaly in Sararu (1.17; sample No. 2) is controlled by
the lithological input and diagenesis that play an important role
in incorporation of REE (especially Ce). Armstrong-Altrin et al.
(2001) suggested that diagenetic process which might have a
good role in eliminating a -ve Ce anomaly in the carbonate rocks.

The influence of LREE/HREE fractionation in marine environments
can be described by the Er/Nd ratio (German and Elderfield,
1989). The elevated Er/Nd ratios of carbonates indicate the seawater
signature preserved by the marine sediments. The ratio (Er/Nd)
is about 0.27 in normal seawater (De Baar et al., 1988). Both detrital
materials and diagenetic processes can led to the discretional
concentration of Nd relative to Er and may reduce the Er/Nd
values to < 0.1 (German and Elderfield, 1990; Bellanca et al., 1997;
Abedini and Calagari, 2015). Er/Nd values for study carbonates
range from 0.066 to 0.073 (average = 0.067) for Sararu and from
0.029 to 0.081 (average = 0.064) for Sarki which indicate the
influence of detrital materials and diagenetic processes in the
distribution of Er and Nd in the carbonates (Table 2).

The Gd/Gd* ratios of the carbonate of the current study is
confirm with the range of modern shallow seawater (1.05 to
1.30) as stated by De Baar et al. (1985) and Zhang and Nozaki
(1998). The super chondritic Y/Ho ratios of the Baluti carbonates
(Table 2) are less than the values of seawater (~44-74) as stated
by Bau (1996), this is my be due to the diagenesis processes. The
La/Yb values (Table 2) fall within the range postulated for terrigenous
input (1.0-1.3) by Sholkovitz (1990) and Condie (1991).

Several studies have used the REE distribution in sediments
to infer their tectonic setting (McLennan and Taylor, 1991; Verma
and Armstrong-Altrin, 2013). These studies show that sediments
deposited in the continental margins are characterized by LREE
enrichment. These margins can be classified in to passive and

https://doi.org/10.1007/s12303-018-0005-4

active types. Tobia and Mustafa (2016) suggest an active continental
margin rather than passive tectonic environment for the shales
of Baluti Formation based on the lower LREE and higher Eu/
Eu* ratio relative to the average of PAAS.

6. CONCLUSIONS

(1) The Baluti carbonates yielded significantly low 6O and
8"C values compared to other carbonates deposited under isotopic
equilibrium with seawater. Therefore, the Baluti carbonates were
likely influenced by meteoric diagenesis in an open diagenetic
system near phreatic zone.

(2) The positive correlation between §'°0 and §"C suggests that
the isotopic compositions of the Baluti carbonates have been
modified after deposition. The petrographic data also indicate
extensive meteoric diagenetic effects under shallow burial conditions
which is consistent with the obtained (§'*0 and §"*C) stable
isotope data.

(3) The 8"C data for the Upper Triassic Baluti Formation is
not consistent with the global data represented by the Upper
Triassic marine carbonates in the Tethyan Ocean which have
marked positive §°C values.

(4) The Ce anomaly and Er/Nd ratio indicate that the carbonates
of Baluti Formation were influenced by the detrital materials
and diagenetic processes.
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