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Abstract

The carbonate Sargelu Formation (Middle Jurassic) in the Lorestan area mainly consists of black calcareous shales and thin- to
thick-bedded limestones with remarkable organic material. Integrated binary diagrams of trace elements and stable isotopes such as
Na-Mn, Sr-Na, Sr/Na-Mn and petrography, SEM and CL suggest an original low Mg calcite (LMC) composition of the carbonate
Sargelu Formation. Deep-sea sedimentation of the Sargelu Formation and its outer ramp to basin depositional settings are consistent
with the formation and preservation of the LMC carbonate sediments. Binary diagrams of 1000Sr/Ca-Mn and §¥0-Mn as well as
the presence of the framboidal and cubic pyrites, organic material and pseudocement infilling the bivalves display a predominant
anoxic to the sub-oxic condition of the sedimentary substrate of the Sargelu Basin and marine and burial diagenetic effects in a
closed to the semi-closed diagenetic system. The high content of the Mn of the studied sediments supports the anoxic condition in
the sedimentary substrate as this condition facilitates incorporating Mn within calcite composition. Greenhouse condition in the
Middle Jurassic period, which led to the stratification of the seawater of the Sargelu Basin and as a function of low water circulation,
poor ventilation and formation of the anoxic condition, caused this high-temperature degree.
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Introduction

The palaeoecology condition of the sedimentary basin and
characterizations of the water column such as temperature,
salinity, water circulation, redox condition could be identified
by some variable sedimentary and geochemical parameters as
type, abundance and diversity of the components, texture, and
the content of the major and trace elements and stable

isotopes (e.g., 0, 1°C) (e.g., Adabi & Rao 1996; Adabi et al.
2010; LaGeange et al. 2019; Grabowski et al. 2019; Briard et al.
2020). Such studies are important to the reconstruction of the
environmental condition of the sedimentary basin, especially
about the carbonate sediments as they are sensitive to
salinity, temperature, pCO,, bathymetry, etc. (e.g., Hay 2008;
Kennedy et al. 2014; Rudko et al. 2014; Kalanat & Vaziri-
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Moghaddam 2019). In the studied area, the Sargelu Formation
(Middle Jurassic) includes bituminous, black, thin-bedded
limestone, dolomitic limestone, and black fissile shale with
high organic materials, known as source rock in the Zagros
Basin. An integrated approach including petrography,
cathodoluminescence, SEM, trace elements and stable
isotopes was used to evaluate the primary mineralogy and
palacotemperature of the marine water of the Sargelu
Formation during the Middle Jurassic in the Lurestan area.

Material & Methods

Seven sections of the Sargelu Formation including, Bizel,
Kezi, Dowdan, Homajgah, Hawandeh, Mahpareh and Tenge-
mastan in the Lorestan area of the Zagros fold-thrust belt
were studied in this research. One hundred and eighty thin
sections were examined to identify the composition,
components, and the texture of the studied succession.
Thirty-five samples were analyzed by SEM in the Razi
Metallurgical Research Center (Tehran) to recognize the
organic material, framboidal and cubic pyrites, as well as the
degree of preservation of the fossils. Twelve samples were
studied by CL in the RIPI to evaluate diagenetic processes in
the selected samples. Thirty-one samples were analyzed by
ICP-MS in the Actalabs (Canada) for the trace elements and
stable isotopes. Finally, fifty-one samples were analyzed by
XRF in the Zarazma Company to assess the content of the
major and trace elements in the selected samples.

Discussion of Results & Conclusions

Petrography, CL and SEM analyses of the studied samples of
the Sargelu Formation display that the selected samples have
good quality for the geochemical analysis. The samples do
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not show heavy diagenetic imprints such as calcite
cementation, as proved by the non-luminescence character of
these samples. The SEM analysis of the studied samples
displayed a nearly compact fabric for the micritic matrix of
the studied samples. The bivalves, as the main components of
the studied sediments, also show a well preservation mode. In
this context, the major diagenetic process in the studied
samples is framboidal and cubic pyrites, which were formed
in the sedimentary substrate and burial stage, respectively.
The binary cross-plots including Na-Sr, Na-Mn and Mn-
Sr/Na reflect an original LMC mineralogy for the Sargelu
sediments in the studied area, as the selected samples were
located within Permian subpolar cold-water carbonate and
recent temperate bulk carbonate sediment fields. This
interpretation is consistent with the bathymetry of the Sargelu
sediments, which were deposited in the outer ramp to basin
settings of a distally steepened ramp carbonate platform. The
binary cross-plots of 1000Sr/Ca-Mn and §*30-Mn indicate a
closed to semi-closed diagenetic system for the Sargelu
sediments as supported by the presence of the framboidal and
cubic pyrites. The palaeotemperature of the Sargelu Basin
was calculated as 27° C by using Anderson & Arthur (1983)
equation. The calculated temperature is consistent with the
climate conditions of the Middle Jurassic, which is known as
a greenhouse period. In this relation, an increase in the CO,
concertation in the atmosphere and within marine water
resulted in dominant low water circulation and stratification
of the marine and oceanic waters around the world. This
special condition normally led to intensive deposition of the
high organic sediments in the Sargelu environment in the
Lurestan area of Zagros Basin.
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Fig- 1- A) Geological-structural division of the Iran Plate (Stocklin 1968), B) Location map of the studied sections
of the Sargelu Formation in the Lorestan area (Simplified geological map from base map: 1:2500000, NOIC,
1976).
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Fig 2- Filed photo of the Sargelu Fm. in the studied area. a) Open view of the Sargelu Fm. overlain the Surmeh
Fm. and is overlain by evaporate sediments of the Nagmeh Fm., b) Alternation of the black thin-bedded
limestone and black calcareous shale, ¢) Black thin- to medium-bedded limestone in the Kezi locality, d) black
calcareous shale, Bizel locality.
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Fig 3- Microfacies of the Sargelu Fm. in the Lorestan area. a) Limy mudstone, b) Mudstone with sporadic
pelagic bivalves, c¢) Close-up of the mudstone facies with sporadic pelagic bivalves, d) Mudstone-
wackestone facies with pelagic bivalves, e) Plagic bivalve packstone facies, f) Wackestone facies with
pelagic bivalves and high content of organic material cause black color in the context.
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Fig 4- Microfacies of the Sargelu Fm. in the Lorestan area. a) Pelagic bivalve float-rudstone, b) Pelagic bivalve
float-rudstone, c) Pelagic bivalve float-rudstone with high content of the organic material cause black color of the

context.
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Fig 5- Stratigraphy column of the Sargelu Formation of the studied area.
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Table 1- Major and trace elements and stable isotopes of the Sargelu Fm. in the studied area.
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Table 2- Major and minor elements the Sargelu Fm. in the studied area (XRF analysis).
No. Sample ID Section Thikness (m) Formation Sample type ARRO3 (%) Ca0 (%) Fe203 (%) K20 (%) MgO (%) MnO (%) Na (ppm) S10 (%)
1 RABA-1264 Dowdan 171 Sargelu Core 0.95 5231 0.39 0.23 0.54 0.05 445.146 0.03
2 RABA-1267 Dowdan 180 Sargelu Core 797 39.53 236 1.23 0.65 0.03 445.146 0.02
3 RABA-1269 Dowdan 186 Sargelu Core 1.28 5243 0.44 0.3 0.65 0.06 445.146 0.03
4 RABA-1275 Dowdan 204 Sargelu Core 0.55 5526 0.22 0.14 0.54 0.04 296.764 0.03
5 RABA-1278 Dowdan 213 Sargelu Core 091 53.53 0.43 0.2 0.52 0.04 296.764 0.05
6 RABA-1280 Dowdan 219 Sargelu Core 173 49.1 0.69 047 0.89 <0.01 370.955 0.04
7 RABA-1288 Dowdan 243 Sargelu Core 0.47 52.8 0.14 0.13 0.29 <0.01 222.573 0.05
8 RABA-1345 Tang e Mastan 18 Sargelu Core 0.6 53.74 0.39 0.17 0.64 0.03 296.764 0.02
9 RABA-1349 Tang e Mastan 30 Sargelu Core 0.58 54.5 0.29 0.15 0.66 0.03 296.764 0.03
10 RABA-1352 Tang e Mastan 39 Sargelu Core 2.07 5147 0.73 0.34 0.64 0.05 445.146 0.04
11 RABA-1354 Tang ¢ Mastan 45 Sargelu Core 1.81 50.19 0.92 0.29 0.66 0.05 445.146 0.04
12 RABA-1358 Tang e Mastan 57 Sargelu Core 0.49 54 0.5 0.09 0.59 0.03 296.764 0.03
13 RABA-1361 Tang e Mastan 66 Sargelu Core 0.97 49.96 0.64 0.16 0.71 0.05 519.337 0.03
14 RABA-1365 Tang e Mastan 78 Sargelu Core 0.84 5291 0.44 0.15 0.58 0.06 519.337 0.04
15 RABA-1373 Tang ¢ Mastan 102 Sargelu Core 0.73 54.17 0.24 0.16 0.85 0.03 296.764 0.05
16 RABA-1377 Tang e Mastan 109 Sargelu Core 0.18 52.08 0.11 0.06 0.5 <0.01 222573 0.05
17 RABA-1381 Tang e Mastan 121 Sargelu Core 0.14 53.3 0.09 0.04 0.46 <0.01 370.955 0.03
18 RABA-1542 Mah Parch 33 Sargelu Core 03 45.6 0.12 0.09 6.06 0.05 222573 0.02
19 RABA-1544 Mah Pareh 42 Sargelu Core 0.83 51.38 0.29 0.15 0.48 0.01 370.955 0.03
20 RABA-1549 Mah Parch 57 Sargelu Core 0.53 5528 0.48 0.16 0.68 0.04 222573 0.02
21 RABA-1553 Mah Pareh 69 Sargelu Core 0.71 51.42 0.41 02 0.52 0.01 370.955 0.03
22 RABA-1556 Mah Parch 78 Sargelu Core 02 5291 0.11 0.06 045 <0.01 296.764 0.03
23 RABA-1559 Mah Pareh 87 Sargelu Core 0.18 54.96 0.11 0.05 0.29 0.03 222573 0.02
24 RABA-1566 Havandaran 3 Sargelu Core 1.45 50.5 0.52 0.35 0.63 0.03 296.764 0.02
25 RABA-1569 Havandaran 12 Sargelu Core 0.71 52.11 091 0.19 0.48 <0.01 370955 0.03
26 RABA-1573 Havandaran 24 Sargelu Core 0.26 5344 0.17 0.11 041 <0.01 222,573 0.05
27 RABA-1575 Havandaran 30 Sargelu Core 0.21 55.96 0.66 0.07 0.43 0.02 296.764 0.02
28 RABA-1596 Biezel 32 Sargelu Core 1.66 52.58 0.65 0.34 0.67 0.05 370955 0.02
29 RABA-1597 Biezel 36 Sargelu Core 15 52.26 0.42 0.32 0.63 0.03 370.955 0.03
30 RABA-1600 Biezel 45 Sargelu Core 1.97 51.14 0.76 0.37 1.46 0.05 370.955 0.03
31 RABA-1603 Biezel 54 Sargelu Core 0.89 52.29 0.3 0.15 0.55 0.03 296.764 0.03
32 RABA-1605 Biezel 60 Sargelu Core 2 34.68 1.12 0.56 12.65 <0.01 445.146 0.03
33 RABA-1608 Biezel 72 Sargelu Core 4.01 30.45 2.62 1.21 1.74 0.01 1187.056 0.03
34 RABA-1681 Homajgah 27 Sargelu Core 1.04 54.12 0.36 0.18 0.54 0.04 667.719 0.02
35 RABA-1685 Homajgah 39 Sargelu Core 0.92 52.25 0.27 0.19 0.53 0.04 667.719 0.02
36 RABA-1688 Homajgah 45 Sargelu Core 0.22 51.61 0.14 0.08 0.18 <0.01 593.528 0.03
37 RABA-1695 Homajgah 66 Sargelu Core 0.14 55.92 0.05 0.02 0.28 <0.01 74191 0.02
38 AKZA-104 Kez 186 Sargelu Core 021 52.08 0.11 0.07 032 <0.01 296.764 0.03
39 AKZA-101 Kez 183 Sargelu Core 0.86 39.18 0.47 0.28 2.88 <0.01 445.146 0.03
40 AKZA-96 Kezi 180 Sargelu Core 2.19 3471 0.65 0.53 847 0.03 445.146 0.02
41 AKZA-94 Kezi 180 Sargelu Core 1.63 32.64 0.57 04 16.9 0.03 519337 0.02
42 AKZA-89 Kezi 179.5 Sargelu Core 1.59 47.82 0.56 0.39 0.68 0.02 445.146 0.02
43 AKZA-85 Kezi 179 Sargelu Core 0.7 50.29 0.17 0.14 2.24 0.03 370955 0.02
44 AKZA-79 Kez 171 Sargelu Core 252 4438 0.74 0.44 2.08 0.04 519.337 0.02
45 AKZA-76 Kezi 168 Sargelu Core 0.58 54.9 0.36 0.12 0.58 0.1 593.528 0.02
46 AKZA-72 Kez 167 Sargelu Core 1.05 50.69 0.38 022 0.72 0.05 370955 0.01
47 AKZA-69 Kez 167 Sargelu Core 1.6 46.61 0.56 0.3 2.53 0.05 445.146 0.02
48 AKZA-62 Kez 167 Sargelu Core 15 5136 0.44 0.28 0.88 0.05 519.337 0.02
49 AKZA-58 Kezi 166 Sargelu Core 1.46 51.01 0.49 0.28 3.05 0.06 445.146 0.02
50 AKZA-55 Kez 162 Sargelu Core 311 4255 0.99 0.62 3.59 0.05 445.146 0.01
51 AKZA-51 Kezi 150 Sargelu Core 14 5127 0.52 0.22 0.74 0.04 593.528 0.02
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Fig 6- Microscopic and CL images of the Sargelu Formation of the Lorestan area. a, b) Microscopic and CL
images of the pelagic bivalve wackestone, which display homogenous non-luminescence character of the micritic
matrix and bivalves, c-h) Microscopic and CL images of the pelagic bivalve wackestone, which display
homogenous non- luminescence character of the micritic matrix, bivalves and infilling calcite cement (arrow), i,
j) Microscopic and CL images of the lime mudstone, which display homogenous non-lominacace character of the

micritic matrix including fine-crystals of the dolomite with rim light red luminescence (arrows), k) SEM of
planar dolomite.
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Fig 7- SEM and SEM-EDX analysis of the Sargelu sediments of the Lorestan area. a-c) Tight mudstone
facies with sporadic porosity (arrows), d) Presence of the abundant organic material (o) and micro-
porosity (arrow) in the mudstone (wackestone) facies, €) SEM-EDX of the organic material in Fig. 7d, f,

g) Relatively connected micro-porosity (arrows), e) Planar calcite cement with straight boundaries
infilling the fossils chamber.
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