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ABSTRACT

For every field of geology, assessing the depositional environment is crucial. The sediments' fossil, sedimentary, geochemical, or geophysical characteristics can
all be used to determine the depositional environment. This paper reviewed how to use the major oxides to identify the depositional environment of limestones.
There are several parameters previously used for this purpose, such as Al,03/(Al,O3+Fe,03), Ca/(CatFe), Na,O/K,0, Ca/Mg, Mg/Ca, Fe,03/TiO,, Fe/(Ca+Mg),
Ti/Al, Al/(Al+Fe), Mn*, Fepyr/Fer and Fe/Al. New parameters (S/Ca ratio) and plots (P versus Fe and P versus Ca) are proposed in this paper.
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1. Introduction

Sedimentary cycle is a set of processes (weathering, erosion, transportation, sedimentation, and diagenesis) that lead to the formation of sedimentary
rocks (Boggs Jr, 2005). Sedimentary rocks' characteristics are the result of biological, chemical, and physical processes. Sediments are placed on a portion
of the earth's surface known as the depositional environment, which has specific chemical, biological, and physical properties. Continental (terrestrial),
transitional (marginal marine) and marine environments are the three different classes of depositional environments (e.g., Tucker, 2001; Boggs Jr, 2005;
Leeder, 2011; Long, 2017; Nichols, 2023). Fluvial, desert, lacustrine, and glacial environments are the four main categories of continental environments.
There are six major types of transitional environments, they are lagoonal, estuarine, deltaic, tidal flat, beach, and barrier island. Marine environments are
classified as shallow marine, deep marine and reef (Tucker, 2001).

In the three distinct depositional environments (continental, transitional and marine environments) limestones can form. There is a strong genetic
correlation between sedimentary rocks' characteristics and depositional setting. In geological branches such as sedimentology, stratigraphy, paleontology,
geochemistry, and geophysics, the determination of depositional environments is crucial (e.g., Hadler et al., 2013; Lamourou et al., 2017; Bataller et al.,
2021; Shaltami, 2024).

Numerous parameters, including fossil content (e.g., Irmis et al., 2013; Ozer and Kahriman, 2019; Wang et al., 2023), sedimentological characteristics
(e.g., Ojo and Akande, 2009; Momta et al., 2015), chemical composition (e.g., Ratcliffe et al., 2007; Zhang et al., 2013; Khan et al., 2023), and geophysical
data (e.g., Pigott et al., 2013; Teama et al., 2018; Khoshnoodkia et al., 2022), can be used to define the depositional environment. Geochemists use several
parameters to determine the depositional environment, such as major oxides, trace elements (e.g., Ratcliffe et al., 2007; Dhannoun and Al-Dlemi, 2013;
He et al., 2019; Shaltami, 2024), and biomarkers (e.g., Peters et al., 2005; Zhou and Huang, 2008; Fang et al., 2016; Shaltami, 2022). This paper reviewed
major oxide data-based methods for assessing the depositional environment of limestones. The author suggested new parameters and plots to assess water
depth and redox conditions.

Major elements, which include Si, Al, Ca, Mg, Na, K, Ti, Fe, Mn, S, and P, are the main component of the earth's crust, as their concentration reaches
more than 95%. X-ray fluorescence (XRF) and inductively coupled plasma (ICP) are typically used in the major element geochemistry. Major elements
are most frequently measured as oxides, specifically as SiO,, TiO,, Al,O3, Fe;,03, MnO, MgO, Ca0, Na,0, K;0, P,0s, and SOs.

2. Depositional Environment
2.1. Classes

Multiple parameters, including Al,Os/(Al,Os+Fe,05) (He et al., 2019), Ca/(Ca+Fe) (Zhang et al., 2013; Khan et al., 2023), Na,O/K;0 (Gao et al., 2022),
Ca/Mg and Mg/Ca ratios (Ehinola et al., 2016), can be utilized to determine the depositional environment of limestones. The Al,O3/(Al,O3+Fe,05) ratios
in the continental margin and in the oceanic basin range from 0.5 to 0.9 and 0.4 to 0.7, respectively (He et al., 2019). Fresh water, brackish water and
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saline water show different Ca/(Ca+Fe) ratios (<0.4, 0.4 to 0.8, and 0.8, respectively, Khan et al., 2023). Limestone formation stability in the depositional
environment is influenced by the Ca/Mg ratio. In the salinized settings, the Mg/Ca ratio naturally increases as seawater evaporates (Ehinola et al., 2016).
Mg in marine limestones can redistribute as a result of alteration, especially when fresh meteoric water percolates through the rock.Ca is insensitive to
these alterations (Averyt et al., 2003; Bayon et al., 2007). In the depositional environment, K and Na found in water are adsorbed by clay minerals (Gerdes
etal., 2002). Both K and Na are adsorbed more readily in higher salinity water, but Na is adsorbed more hardly than K. Consequently, one useful indicator
of the salinity of the limestone depositional environment is the Na,O/K,O ratio. This ratio decreases as water becomes more salinized (Gao et al., 2022).

There are several discrimination diagrams used to conclude the depositional environment of limestone such as the binary plots of MgO versus FeO (Fig.
1, Ratcliffe et al., 2007), log MgO/Al,Os versus log K,O/Al,O; (Fig. 2, EI-Desoky et al., 2015), Fe+Ca versus Ca (Fig. 3, He et al., 2019), Fe,O5 versus
Al,O3 (Fig. 4, Zhang et al., 2017), and Al,O3/(Al,0s+Fe;03) versus Fe,05/TiO, (Fig. 5, He et al., 2019) and the ternary plot of MgO-Fe,05-SiO,/Al,O3
(Fig. 6, Ratcliffe et al., 2007).
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Fig. 1: Binary plot of MgO vs. FeO (after Ratcliffe et al., 2007).
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Fig. 2: Binary plot of log MgO/Al,O;3 vs. log K,O/Al,O; (after El-Desoky et al., 2015).
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Fig. 4: Binary plot of Fe,O3 vs. Al,O3 (after Zhang et al., 2017).
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Fig. 6: Ternary plot of MgO-Fe,03-SiO,/Al,O5 (after Ratcliffe et al., 2007).

According to Khan et al., (2023) the Fe/(Ca+Mg) ratio can be used to determine the water depth. The high ratios indicate deep water conditions. The
water depth is ascertained using a number of binary plots, including Al,O; versus P,Os (Fig. 7, Dhannoun and Al-Dlemi, 2013), Ca versus Fe (Fig. 8,

Naseem et al., 2005) and CaO versus MgO (Fig. 9, Naseem et al., 2005). Moreover, two discrimination diagrams are proposed in this work to characterize
the water depth. These diagrams are the binary plots of P versus Fe (Fig. 10) and P versus Ca (Fig. 11).
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2.3. Terrigenous Input

The limestone depositional settings were significantly influenced by the availability of terrigenous material. Some elements (Fe and Al) that were readily
liberated by weathering precipitated when there was a change in the pH of seawater, while the limestone became enriched in elements (Si) that were less
affected by weathering (Gao et al., 2022). The most trustworthy geochemical proxy for determining the intensity of terrestrial source is the Ti/Al ratio
(Murphy et al., 2000). Low ratios suggest low terrestrial input. Moreover, the terrestrial origin can be inferred when the Al/(Al+Fe) ratio is more than 4

(Liu et al., 2015).
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Fig. 8: Binary plot of Ca vs. Fe (after Naseem et al., 2005).
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Fig. 10: Binary plot of P vs. Fe (proposed by the author).
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Fig. 11: Binary plot of P vs. Ca (proposed by the author).
2.4. Redox Condition

Identifying redox conditions is a primary objective in many investigations of the depositional environment. For limestones, a variety of redox parameters
are available, such as Mn* (Machhour et al., 1994; Bellanca et al., 1996), highly reactive iron/total iron (Feur/Fer, Poulton and Canfield, 2011) and Fe/Al
(Lyons and Severmann, 2006). Mn* is calculated using the following equation: Mn* = log((Mnsampie/MNshate)/ (F€sample/ F€shate). Wedepohl (1978) determined
the values of Mngae (600 ppm) and Fegae (46150 ppm) used in this equation. Positive Mn* values indicate oxic conditions, while anoxic conditions
display negative values (Machhour et al., 1994; Bellanca et al., 1996). When reconstructing the diagenetic evolution, Mn and Fe can be valuable indicators.
Marine environments can lead to Mn and Fe enrichment (Gao et al., 2022). The low Fe,O; values suggest deposition in anoxic conditions that that Fe?*
is not precipitated to Fe®* and is therefore leached away (Brand, 1983). The low SOs values is most likely caused by the reducing conditions that pervaded
these peaceful, low-energy settings and the quick rate of sulfate reduction (Ehinola et al., 2016). The typical Feyr/Fer ratios for oxic condition, suboxic
condition, and anoxic condition are <0.22, 0.22-0.38, and >0.38, respectively (Poulton and Canfield, 2011). Fe/Al ratios of >0.5-0.6 are thought to be
suggestive of euxinic conditions (Lyons and Severmann, 2006). A new parameter (S/Ca ratio) was suggested by the author to ascertain the redox
conditions. Low values denote anoxic conditions, whereas high values imply oxic conditions.

3. Conclusions

There are four key points that sum up this paper's conclusions:

1) A number of parameters (Al,O3/(Al,Os+Fe;0;), Ca/(Ca+Fe), Na,O/K,0, Ca/Mg and Mg/Ca ratios) and diagrams (MgO versus FeO, log MgO/Al,O4
versus log K,O/Al,O3, Fe+Ca versus Ca, Fe;03 versus Al,Os, and Al,Os/(Al,O3+Fe,03) versus Fe,03/TiO, and of MgO-Fe,05-SiO,/Al,O3) are used to
identify the depositional environment class.

2) Water depth is determined using the Fe/(Ca+Mg) ratio and the binary plots of Al,O5 versus P,Os, Ca versus Fe, CaO versus MgO, P versus Fe and P
versus Ca.

3) The Ti/Al and Al/(Al+Fe) ratios are considered the most important indicator of terrestrial input.
4) The redox conditions can be assessed using a number of parameters, including Mn*, Fepr/Fer, Fe/Al and S/Ca ratios.
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