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Abstract

:

The approximately 2 km thick fluvio-lacustrine deposits of Pranhita-Godavari Gondwana syn-rift basin, ranging in age from 235 to 196 Ma, track the compositional changes from the Middle Triassic to Early Jurassic. Mineralogical and geochemical investigations, as well as paleocurrent data of the siliciclastic deposits of the four conformable formations—Yerrapalli, Bhimaram, Maleri and Dharmaram—trace the source of sediments to the south and southwest of the Gondwana basin. The dominance of arkosic to sub-arkosic sandstones in all the formations suggests mostly felsic sources. The high value of Zr/Sc, as well a high content of Hf, reflects the addition of zircon by sediment recycling. The index of compositional variability (ICV) and chemical index of alteration (CIA) values of these Gondwana samples suggest intermediate weathering of Proterozoic shales, granites and gneisses. The concentration of Cr and Ni, ratios of Eu/Eu* and (GdN/YbN) suggest a dominant post-Archean source. The insignificant variation in ICV and CIA values across the studied Mesozoic formations corroborates the continuation of syn-rift tectonics of the Pranhita-Godavari Gondwana basin since the Late Paleozoic. Sandstone samples show a gradual shift from arkose to subarkose in Yerrapalli, Barakar and Maleri formations, and to sublithic arenite sandstones in the younger Dharmaram formation, indicating recycling. However, the insignificant variation of feldspar and/or quartz content throughout these Mesozoic formations suggests lesser tectonic activity. The paleocurrent direction, shifting from NNW to NE direction, suggests a change in basin tectonism and/or sediment supply, which is corroborated by mineralogical and geochemical data.
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1. Introduction


By the Late Jurassic period, East Gondwanaland had started breaking apart from West Gondwanaland, which separated Africa from India–Antarctica [1]. The uplift at the India–Antarctic boundary reached a maximum in the Early Cretaceous, after which India started separating from Antarctica, thus created the modern coastline of eastern India [2]. Madagascar (the connecting link between India and Africa) rifted apart from India during the Late Cretaceous and the Indian Ocean opened up all along India’s western margin [2]. These tectonic events caused the tilting of the east-Indian basins towards SE [3,4]. The sedimentary strata that deposited in different areas of peninsular India, mainly in four intracratonic basins, i.e., Pranhita-Godavari, Damodar, Satpura, and Son-Mahanadi, between Permo-Carboniferous and Early Jurassic time (290–182 Ma) are referred to as the Indian Gondwanas, and the corresponding sediments as the Gondwana sediments [5,6,7,8,9]. The provenance study and mineralogical and geochemical evolution of these riftogenic Gondwana sediments deposited in these four basins is conspicuously under-represented in the literature, except for the Satpura basin [10,11,12]. These Gondwana sediments are essentially half-grabens along pre-existing zones of weakness in the Precambrian basement and contain fluvial deposits. These basins witnessed a reversal in the paleodrainage pattern during the Mesozoic time. However, very few provenance studies record the paleodrainage reversal.



Detrital modes of sandstone suites bear the imprints of tectonic settings of the provenance [13,14,15,16,17]. Quantitative detrital mode, calculated from point counts of thin sections, is useful to infer the sandstone provenance [17,18,19,20,21]. The geochemistry of mudstone supplements the provenance interpretations made by modal analysis of associated sandstone [22]. Ratios of trace elements and major oxides serve as proxies for tectonic setting, weathering and recycling [23,24,25,26,27,28].



In this context, the Pranhita-Godavari intracratonic Gondwana Basin is the target of this study. It preserves the most continuous sedimentary history from Permian to Cretaceous time, recording the evolution of syn-rift tectonic activity. Earlier researchers have not published any geochemical or petrological data on any formations of the Pranhita-Godavari Gondwana basin. Detailed study has only been conducted with reference to stratigraphy, palaeontology and sedimentology (for Maleri, upper Dharmaram and Lower Kota formations), with no work regarding the provenance of these sediments all throughout the Pranhita-Godavari Basin [29]. Thus, the source of a ~4–5 km thick pile of sedimentary deposit is yet to be established.



The present work deals with the petrographical and geochemical investigation of Middle Triassic to early Early Jurassic sandstone and mudstone of the Pranhita-Godavari syn-rift basin. The objectives of this present study are to (i) identify the composition of the source rock, (ii) highlight the paleo-weathering and recycling of the sediment deposited during early the Middle Triassic to early Early Jurassic and (iii) update the tectonic setting of the basin and to record reversal of paleoslope. To fulfill the objectives, we present detailed modal analysis of sandstone and geochemical characterization of mudstone.




2. Geological Background


The paleoposition of India during the Triassic to Jurassic was 20° S to 40° S and 50° E to 30° E [29]. India, along with the other continents of the southern hemisphere, was part of the supercontinent Gondwanaland until its break-up during Jurassic–Early Cretaceous time [30]. A NW-SE trending Neoarchean rift-related suture is sandwiched between the Dharwar and Bastar cratonic nuclei [9,31]. The Pranhita-Godavari basin records repeated opening and closing of the rift for about 1600 m.y. from 1.7 to −0.15 Ga [31]. The eastern margin of the rift was the footwall block during the Mesozoic [9,32,33]. A well-developed axial drainage system existed on the Proterozoic basement at the hanging wall block along the southwestern basin margin, starting as early as 1700 my [31]. The Gondwana deposits overlie the Proterozoic rocks of the Pranhita-Godavari Basin with an unconformity [31,34]. This NW-SE axial trend is expected to continue through much of the area now covered by Late Cretaceous Deccan volcanics [35,36,37].



The Gondwana basin fill occurs as an elongated NW-SE linear outcrop belt between Proterozoic and Archean basement rocks that constituted the rift shoulders [31]. Axes of the Proterozoic and Gondwana rift systems remained broadly similar [31,35]. The Pranhita-Godavari Basin has witnessed the reversal of paleoslope from a northwesterly to southeasterly direction due to regional upliftment prior to the Madagascar rifting event in the Late Cretaceous [9,32,37]. The focus of this study is the Mesozoic succession comprising the Yerrapalli, Bhimaram, Maleri and Dharmaram formations, in the ascending order of the Pranhita-Godavari Gondwana basin (Table 1; [38,39,40]). The Yerrapalli and Maleri formations represent part of the Triassic redbed succession. Sheet-like bodies of cross-stratified sandstone and stratified mudstone predominate these formations. Lenses of cross-bedded carbonate grainstone and marlstone units are subordinate. The Bhimaram formation comprises thick, cross-stratified multi-storied sandstone bodies. The Dharmaram formation consists of thick sandstone at the lower part, whereas the upper part shows an alternation of stratified mudstone, sandstone and carbonate grainstone. The contacts between the formations are gradational. Existing studies, based on sedimentology and fossil assemblages, indicate semi-arid to humid climatic conditions [29].




3. Methods


Field investigation along the banks of rivers and small creeks provided sedimentological attributes of the four formations. The area of study comprises the north-western part of the Pranhita-Godavari Gondwana basin, India (Figure 1). This area lies within the Adilabad district of Telangana and is covered by the Survey of India toposheets, 56M/7, 56M/8, 56M/11 and 56M/12 around Nambal, Dharmaram, Nannial and Annaram (Figure 1A). Paleocurrent directions were measured on outcrops of cross-stratified sandstones and then the overall direction was cross-checked with the data available in the literature. A brief facies analysis is given in Table 2 and field photographs in Figure 2. Forty representative samples from all four stratigraphic units were collected from different stratigraphic levels, out of which 38 sandstone samples for petrographical analyses and 30 mudstone samples for geochemical analyses were considered.



Thin sections were prepared after treating the rock with epoxy resin and hardener. Petrographic analyses were carried out using Leica DM 4500P polarizing microscope attached with Leica DFC420 camera and Leica Image Analysis software (LAS- v4.6, Wetzlar, Germany) at the Department of Earth Sciences, Indian Institute of Technology (IIT) Bombay. Since matrices, siliciclastic cement or porosity were not observed in these Mesozoic sandstone samples, point counting was done using the Gazzi–Dickinson method [18,42]. Carbonate clasts are included in the lithic fragment pool. The samples were stained with sodium cobaltinitrite solution for the identification of K-feldspars (cf. [43]). Since the number of rock/lithic fragments is lower, other discrimination diagrams were not used in this study [44]. On average, three to five hundred points were counted per thin section for modal analysis (Table 3).



Major element analyses of 20 mudstone samples were carried out using the heavy absorber fusion technique of [45] (Code- 4C FUS-XRF) method at Activation Laboratories Limited, Ontario, Canada. Powdered samples of 0.25 gm (<63 μm) were mixed with 0.75 g lithium metaborate (LiBO2) and 0.50 g of lithium tetraborate (LiB4O7) in a platinum crucible and fused in a muffle furnace at 1050 °C for 10 min. The crucible containing the fusion bead was immersed in 75 mL of 1 N HCl in a 100 mL glass beaker and then magnetically stirred for 1 h until the fusion bead dissolved completely. The sample volume was then increased up to 100 mL in a volumetric flask. Five mL of this solution was diluted to 50 mL with distilled water and used for the analysis. USGS standards, MAG-1, SBC-1, SCo-1 and SCo-2 were used for the analysis. Prior to fusion, the loss on ignition (LOI) was determined after heating 1 g of a powdered sample at 1000 °C for 2 h. The trace element concentrations of mudstone samples were determined by Perkin-Elmer SCIEX Model ELAN DRC II ICP-Mass Spectrometer using the ‘Open Acid Digestion Technique’ with PTFE teflon beakers at the National Geophysical Research Institute (NGRI), Hyderabad, India. For each sample, two to three replicate analyses were carried out in order to check that precision and accuracy were within acceptable limits. The precision was <5% relative standard deviation. The internal standard used was 103 Rh. Analytical details are provided in Balaram and Rao [46]. Major oxide trace element concentrations and their ratios were used to prepare binary and ternary plots (data given in Table 4, Table 5, Table 6 and Table 7). The major oxide concentrations of the Mesozoic mudstone samples were normalized against Post-Archean average Australian shale (PAAS [47]) and upper continental crust (UCC [48]). The trace element concentration was normalized with respect to the average UCC. Europium anomaly was calculated as Eu/Eu* = (Eu)CN/(√(SmCN × GdCN)), where Eu* = (Sm+Gd)/2 (formula used from McLennan 1989). The REE concentrations of the Mesozoic mudstone samples were normalized against chondrite, PAAS and UCC (chondrite values taken from [47]). The degree of chemical weathering of source rocks was calculated from the chemical index of alteration (CIA: [49]) using the formula


CIA = [nAl2O3/(n(Al2O3) + n(CaO)* + n(Na2O) + n(K2O))] × 100, (in molecular proportions).








where CaO* is the amount incorporated in the silicate fraction of the rock. The higher CIA values represent higher degrees of weathering.



The index of compositional variability (ICV) is a measure of the abundance of alumina relative to the other major cations and also reflects the maturity of the source material of sedimentary rocks [54]. It is defined as


ICV = (n(Fe2O3) + n(K2O) + n(Na2O) + n(CaO*) + n(MgO) + n(MnO) + n(TiO2))/n(Al2O3).












4. Results


A brief facies analysis of mainly the siliciclastics of the four different formations studied here is given in Table 2. These nine different facies occur in different associations in the four formations; however, detailed work in not the focus of this present study.



4.1. Paleocurrent Directions


Planar and trough cross-bedded fine- to coarse-grained sandstone units of Yerrapalli, Bhimaram and Maleri formations show an overall northerly paleocurrent direction (mean values of 359°, 330° and 356°, respectively) (Figure 1B; [29,40,51,52,53]). The Dharmaram formation exhibits a northeasterly paleocurrent direction (mean value 035°) (Figure 1B).




4.2. Petrography


The sandstone of the Yerrapalli formation is moderately well-sorted arkosic arenites, consisting of quartz and orthoclase feldspar grains, with an average composition of Q55–97F2–45L0–2 (Table 3). The framework grains are mostly fine- to medium-grained, sub-angular to sub-rounded, and cemented by calcite (Figure 3A). Monocrystalline grains dominate the quartz fraction. Some of the monocrystalline quartz shows slight to strong undulose extinction. Point contact between the framework grains are observed. Heavy minerals, biotite grains and mud aggregates occur locally (Figure 3B,C).



The Bhimaram sandstone is moderately sorted subarkosic arenite made up of mainly quartz grains with a few K-feldspars, with a general composition of Q79–84F15–19L1–2 (Table 3). The framework grains are mostly medium-grained and sub-angular. Although most quartz grains are monocrystalline, a few polycrystalline grains are also present. Few grains of mica, heavy minerals and lithic fragments are present (Figure 3D–F). Grains show point contacts.



Maleri sandstone is moderately well-sorted fine- to medium-grained arkosic to subarkosic arenite consisting of quartz and orthoclase feldspar, and has a general composition of Q64–97F3–36L0–1 (Table 3). Sand-sized mud aggregates, carbonate grains, lithic fragments and heavy and opaque minerals are the subordinate components. The framework grains are subrounded in shape with moderate sphericity. They dominantly show point contact between grains, along with a few sutured and long contacts. Both monocrystalline and polycrystalline quartz grains are present. Some of the monocrystalline quartz shows slight to strong undulose extinction. Only K-feldspar is present. Heavy minerals, micas and opaques comprise a small fraction of the framework constituents. Poikilotopic calcite cement occupies the intergranular spaces (Figure 4A,B).



Dharmaram sandstone is made of moderately to poorly sorted, mostly quartz and K-feldspar grains. The framework grains show polymodal distribution. A subordinate amount of mica, carbonate grains, lithic fragments and opaque minerals are also present. The occurrence of polycrystalline quartz grains with tectonic fabric is common, unlike other formations studied here. The framework sand is medium to coarse and mostly sub-angular. This sandstone is subarkosic to sublitharenitic, with a general composition of Q63–90F3–36L0–12 (Table 3). The quartz is mostly monocrystalline, although the polycrystalline variety is also found. Grains show mostly point contact and are locally sutured with irregular boundaries. Calcite cement dominates the interstitial spaces. (Figure 4C,D).



The Gondwana sediments in the QFR plot (adapted from [55]) mostly cluster in the subarkose area (Figure 5A). In the QmFLt plot (adapted from [56]), sediments of Yerrapalli and Maleri formations mostly cluster in the transitional continental provenance, whereas those of Bhimaram and Dharmaram formations mainly cluster within the cratonic interior field (Figure 5B).




4.3. Geochemistry


4.3.1. Major Oxides


The SiO2 content of the mudstone from the Dharmaram and Yerrapalli formations is the highest with 50–70%, with only 50–60% in the Maleri formation. Al2O3/TiO2 varies between 15 and 24, with the highest and lowest values in Yerrapalli and Dharmaram samples, respectively (Table 4). Compared to the PAAS values, the mudstone samples have lower values for SiO2 (except a few), Al2O3, Na2O and K2O, and higher values for Fe2O3 and CaO (Figure 6A,B). The contents of MnO and P2O5 are very low and display no major differences between the different formations. LOI values range from 7.4 to 15.96 wt% (Table 4). The CIA values of the Mesozoic samples range between 61% and 94% (Table 4). The ICV values of the Mesozoic samples vary from 0.5 to 1.4 (Table 4). The mudstone samples with high CIA have low ICV values and vice versa.




4.3.2. Trace Elements


The concentration of Zr decreases from 8000 ppm in the oldest Yerrapalli samples to 1500 ppm for the youngest Dharmaram samples (Table 5). The concentrations of Zr (avg. 3900 ppm; ranging from 1535 ppm to 8036 ppm) and Hf (avg. 80 ppm; ranging from 31 ppm to 170 ppm) in the samples are considerably higher than that of the PAAS (210 ppm and 5 ppm, respectively). Samples of all formations show a higher average concentration of Th (avg. 20.4 ppm) compared to PAAS (14.6 ppm). The Zr/Sc ratio of samples shows considerable variation (135–455), whereas the Th/Sc ratio is primarily consistent (1–2.4) (Table 7) and matches with the values of PAAS and standard shale samples (see Table 2 of [57]). However, the Zr/Sc ratio for the Yerrapalli formation shows a much higher range as compared to the younger formations. Similarly, the Y/Ni ratio of the Yerrapalli formation is much higher (avg. 1.25) as compared to the younger formations (~0.6). The Th/Co ratio is considerably consistent throughout the Mesozoic succession (0.5–2). The Cr/V ratio is also consistent throughout, ranging between 0.2 and 1.




4.3.3. Rare Earth Elements (REE)


Samples of the Yerrapalli formation show higher content of ΣREE (226–449 ppm, Table 7), while those of the Maleri and Dharmaram formations exhibit lower ΣREEs, ranging between 210–327 ppm and 192–392 ppm, respectively (Table 7). The REE concentrations of the Mesozoic mudstone samples are normalized against chondrite, PAAS and UCC (values taken from [47] (Figure 6C–E). The chondrite-normalized REE patterns of the samples show LREE enrichment, relatively flat HREE, and a low to moderate LREE/HREE ratio (~6–15, Figure 6C; Table 7). UCC-normalized values reveal a more or less uniform positive pattern (Figure 6E). Most chondrite-normalized mudstone samples show a narrow range of Europium anomaly (Eu/Eu*) values lying between 0.5 and 0.8. This range is close to that of PAAS (0.64) (Table 7).






5. Interpretation and Discussion


5.1. Composition of Source Rock


The LREE enrichment and the resemblance of the chondrite-normalized REE patterns to those of PAAS and negative Eu anomalies endorse the dominance of felsic source rocks in sediments [22,23,26,58,59,60,61,62] (Figure 6B). High ratios of Th/Sc and Th/Co indicate felsic sources (Figure 7A,B; Table 7). Cross-plot of Th/Co versus La/Sc, triangular plot of V-Ni-Th×10 indicate the predominantly felsic provenance (Figure 7B,C). The abundance of zircons in the studied sandstones supports the felsic provenance (Table 5). The low Cr/V and fairly low Y/Ni is in accordance with a mix of granite and ultramafic rocks (Figure 7D) (cf. [57,63,64]). Low La/Th ratios (ranging from 2 to 5) indicate a predominant felsic source of sediments [65,66,67,68,69] (Table 7). Field observations and petrographical study of sandstones in Yerrapalli, Bhimaram, Maleri and Dharmaram formations indicated a predominant felsic source rock (Figure 5A). The geochemical data of mudstone samples corroborate the felsic source of the studied formations.




5.2. Source Area Weathering and Recycling


The combined ICV and CIA values of the mudstone samples indicate intermediate weathering at the time of deposition for most of the samples (Figure 8A,B). The weathering trend observed in Figure 8A indicates depletion of Ca and Na (considering disappearance of plagioclase already), with more K-feldspar, illite and kaolinite in the sediments. The absence of plagioclase in sandstone petrography supports this view. This suggests an advanced stage of weathering, probably due to decreasing input of first cycle detritus coupled with recycling of sedimentary material [54,74]. However, two mudstone samples show a more mature source with higher CIA values, which could be due to compositional variation in the sediment itself. Recycling of sediments is indicated by the high Th/Sc and Zr/Sc [75] (Figure 8C; Table 7). Zr/Sc ratios increase almost independently of Th/Sc ratios due to the high concentration of the heavy mineral zircon (Table 5). The petrographic observations also reveal mostly medium-fine sub-rounded grains of the older formations and comparatively coarser sub-angular of the Dharmaram formation, suggesting more transportation of the older sediments.




5.3. Tectonic Setting


The measured paleocurrent data during Gondwana sedimentation, as documented for this study, are consistent with those obtained by previous workers [38,39,40,41,51,52,53] (Figure 1B). The N-NW paleocurrent direction suggests the transportation of most detritus from the highs located in the south and southeasterly direction. Though an axial drainage system was dominant, small transverse drainages also persisted along the fault margins during the Mesozoic era [53]. However, north-easterly paleocurrent data of the youngest Dharmaram formation indicate the reversal in the direction of sediment supply. As the Gondwana breakup had started since the Jurassic time [1,2,3,4,29], this shift in the paleocurrent data suggest a change in paleoslope. The sub-angular framework grains with polymodal distribution of Dharmaram sandstones, along with increased lithic fragments, might point to an elevated western basinal margin. The high content of quartz and feldspar is typical for sand related to transitional continental (Yerrapalli and Maleri formations) to craton interior provenance (Bhimaram and Dharmaram formations) (Figure 5B). Less significant variation in climate-sensitive proxies corroborates the continuation of syn-rift tectonic setting within the Pranhita-Godavari Gondwana basin (Figure 9; Table 5 and Table 7). In the cross-plot of Eu/Eu* and (GdN/YbN), the majority of Yerrapalli, Bhimaram, Maleri and Dharmaram mudstone plots in the field of post-Archean rocks indicate a dominance of the post-Archean source (Figure 10A). Further, the lower values in the Cr vs. Ni cross-plot corroborate the post-Archean age of the source (Figure 10B, [47]). The positive (La/Yb)N values (ranging between 5 and 14, ~avg. 8.23) and (La/Sm)N values (ranging between 3 and 8, ~avg. 4.09) of the studied samples indicate an early diagenesis adsorption mechanism [76]. Since all the fossils documented in the studied formations are continental, along with the sedimentological and geochemical evidence, deposition took place in a fluvial, intracratonic setting.



Schematic block diagrams showing the organization of the Middle Triassic–Early Jurassic paleogeography is given in Figure 11. Please refer to Table 2 of [52] for the details of the Pranhita-Godavari Proterozoic rocks lying on either side of the Pranhita-Godavari Gondwana basin deposit. The Khammam Schist belt and the Eastern Ghat and Karimnagar Granulite belts surround the Proterozoic sedimentary rocks [31]. Age dating of the zircon and monazite heavy minerals of the basin-fill Gondwana rocks and correlating them with those from the hinterland in the surroundings will be a direct provenance study in the future. A future work taking into consideration the isotope compositions of Strontium (Sr), Niobium (Nb), and Rubidium (Rb) can be performed for further understanding the palaeoclimate and for paeleogeoraphic reconstructions. Pearson’s r correlations and discriminant function multi-dimensional plots remain to be analyzed for better understanding and interpretation of the tectonic setting [77,78,79]. A provenance study of the remaining formations of Pranhita-Godavari Gondwana basin, lying above Dharmaram formation, needs to be conducted in the future. It is noteworthy that due to the reversal of the drainage pattern post-Madagascar rifting, the paleocurrent should record a change in direction from the Late Cretaceous [37]. Hence, a change of source is expected thereafter.




5.4. Paleoenvironmental Implication


The presence of gypsum crystals in the mudstones of the Yerrapalli formation indicates precipitation of sulphate in a water-logged condition corresponding to a semi-arid environment. Essentially, the environment was fluviatile, with seasonal to semi-arid climatic condition. Scarce vegetation in the Yerrapalli formation indicates that the considerably low water table and prevailing oxidizing condition were not suitable for the preservation of plant life [51].



The sub-mature nature, coarser grain size and loosely packed grains of the Bhimaram formation suggest that these sandstones were deposited in a fluvial environment with high velocity. The coarse argillaceous sandstones produced bar complexes such that the sediments of the channel and the inter-channel facies amalgamated together to form a thick sandstone body (Table 2). Essentially, the climate was moist enough for the growth of vegetation.



The petrographic and geochemical studies of the sediments and extensive aquatic fossil record of the Maleri formation suggests that the climate was semi-humid to humid during the Late Triassic. The high abundance of mud aggregates along with shrink and swell clay rich sediments suggests a seasonal climatic condition [52]. The fact that all the stable isotope data of the Maleri carbonate samples are comparable to those of the Quaternary tufa sediments [40] suggests that the temperature during deposition of the Maleri sediments was comparatively cooler.



The presence of immature sandstone along with the easterly dipping palaeocurrent direction of the Dharmaram sediments suggests a less reworked, less matured local provenance, mainly from the western margin of the rift basin. This also explains the occurrence of thicker and coarser sandstone bodies. The presence of poikilotopic calcite cement in association with shell fragments of aquatic organisms and presence of large petrified wood fragments confirms a wetland condition that prevailed during sedimentation of the Dharmaram formation. Thus, the climate was more humid during the Early Jurassic.



Hence, it can be said that there was a gradual change with respect to tectonism and climatic condition, as well as the nature of sedimentation, from the early Middle Triassic to the early Early Jurassic period in the Pranhita-Godavari rift basin. Schematic block diagrams showing the organization of the paleoenvironments during the above-mentioned time interval are given in Figure 12. Although a brief facies analysis has been given in Table 2, a thorough study pf sedimentological details remains to be conducted for the Yerrapalli, Bhimaram and Dharmaram formations, in order to elaborate on the paleo-environmental conditions.





6. Conclusions


This study presents the first comprehensive mineralogical-geochemical investigation of early Middle Triassic to early Early Jurassic sediments of the Pranhita-Godavari syn-rift Gondwana basin of peninsular India. Geochemical compositions of the mudstones and petrography of sandstones were analyzed to identify provenance, paleoweathering conditions and tectonic setting. The geochemical data of major and trace elements show that the studied rocks have the same source. The QFR and QmFLt plots indicate the derivation of sediments from cratonic interior and transitional continental origin. Sandstone shows a gradual shift from arkose to subarkose in the Yerrapalli, Barakar and Maleri formations, and to sublithic arenite sandstones in the younger Dharmaram formation. Trace element data suggests the predominance of post-Archean source rocks. The chemical composition of Mesozoic mudstone samples reveals intermediate weathering conditions from Early Middle (Yerrapalli formation) to early Early Jurassic (Dharmaram formation). The binary diagrams and source rock discrimination plots reveal that the mudstones are mostly of felsic provenance. A change in tectonism and sediment supply is suggested due to the shift in the paleocurrent direction from NNW to NE, along with a gradual change in paleoclimate from semi-arid to humid condition, which is corroborated by petrographical observation as well. This shift might suggest the initiation of paleoslope reversal. The provenance, along with the paleocurrent data during Middle Triassic–Early Jurassic, indicate that the source might have been adjacent Proterozoic sedimentary rocks, the Karimnagar Granulite belt, the Khammam schist belt and the Eastern Ghats Granulite belt.
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Figure 1. (A) Geological map of northern Pranhita-Godavari syn-rift basin, adapted from [39,50]. The study area is marked by a square. Inset shows the relative positions of the main Gondwana outcrops in the Indian subcontinent; the Pranhita-Godavari basin is marked (position of this map marked in red box). (B) Stratigraphic divisions and composite lithology of the four Mesozoic formations discussed in this study are shown. Paleocurrent data documented for this study, from all the four formations, is supported by earlier research work as well [38,39,40,41,51,52,53]. 
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Figure 2. (A) Field photograph showing fine-grained sheet sand body overlying a thicker mudstone unit within the Yerrapalli formation, near Salpalabaigudem village. (B) Field photograph showing medium- to coarse-grained sandstone beds intercalated with minor red mudstone beds near Salpalabaigudem village within the Bhimaram formation (hammer length = 37 cm). (C) Field photograph of Maleri formation showing very-fine- to medium-grained multi-storied sheet sandstone body composed of alternating sandstone and mudstone beds within the Maleri formation near Aklapalli village. (D) Field photograph showing very-coarse- to fine-grained sandstone bodies within the Dharmaram formation alternating with mudstone units, near Paikashigudem village. Scale bar = 1.5 m. 
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Figure 3. Photomicrographs showing (A) sub-angular to sub-rounded, medium-grains of quartz grains (q) and orthoclase feldspar, floating in poikilotopic calcite cement (cl) as seen under cross-polarized light; (B) fine biotite grains (yellow arrow), stained feldspar grains (f) and mud aggregates (ma) as seen under cross-polarized light; (C) fine grains of stained orthoclase feldspar (f), black opaque minerals (black arrow) and garnets (g) as seen under plane-polarized light, within the Yerrapalli sandstone sample. Photomicrographs showing (D) point contact between the medium- to coarse-sand-size, sub-angular framework grains, stained orthoclase feldspar (f) and garnet (g) in otherwise floating grains in poikilotopic calcite cement as seen under plane-polarized light; (E) lithic fragment (red arrow) and (F) biotite grains (yellow arrow) as seen under cross-polarized light, within the Bhimaram sandstone sample. 
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Figure 4. Photomicrographs showing (A) fine- to medium-sand-size, sub-rounded to sub-angular framework grains with dominantly tangential or point contact between them; (B) fine- to medium-sand-size framework grains of carbonate (c) and stained orthoclase feldspar (f) along with a few opaque heavy minerals (black arrow) and garnet (g), with poikilotopic calcite cement occupying the intergranular spaces within the Maleri sandstone sample. Photomicrographs showing (C) mostly quartz (monocrystalline-qm and polycrystalline-qp) and k-feldspar (f) grains along with carbonate grains (c) with tangential or point contact between the framework grains, in poikilotopic calcite cement; (D) medium- to coarse-sand-size, sub-angular polycrystalline quartz grain (red arrow), within the Dharmaram sandstone sample. 
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Figure 5. (A) QFR plot (adapted from [55]) and (B) QmFLt plot (adapted from [56]) for sandstone samples of Yerrapalli, Bhimaram, Maleri and Dharmaram formations (Q—total quartzose grains (Qt), including monocrystalline (Qm) and polycrystalline (Qp) varieties, F—total feldspar grains, R—total unstable rock fragments, L—total unstable lithic fragments, Lt—L + Qp). 
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Figure 6. (A) Upper continental crust (UCC, [48])-normalized major element composition. (B) Post-Archean average Australian shale (PAAS, [47])-normalized major element composition. (C) Chondrite-normalized rare earth element (REE) plots for the Gondwana mudstone samples showing generally higher concentrations of light REE (LREE) than heavy REE (HREE), with a negative Eu-anomaly. Chondrite normalization values; REE compositions of PAAS (black dash line) are from [47]. (D) PAAS-normalized REE patterns showing positive values for both LREE and HREE. REE compositions of PAAS are from [47]. (E) UCC-normalized REE patterns showing uniform and positive pattern for both LREE and HREE. REE compositions for UCC are from [48]. (F) Spider plot of trace element compositions normalized against upper continental crust (UCC; [48]) for Gondwana mudstone samples. PAAS values are represented by the black dashed line [47]. 
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Figure 7. Source rock discrimination based on cross-plots of (A) Th/Sc and Sc (adapted from [70]), (B) Th/Co and La/Sc ratios [71], (C) V-Ni-Th×10 plot [72] and (D) Cr/V and Y/Ni (adapted from [73]) for Gondwana mudstone samples. 
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Figure 8. (A) Major element composition plot in an A-CN-K [74] diagram indicating the extent of weathering for the mudstone samples of the Yerrapalli, Maleri and Dharmaram formations. (B) CIA versus ICV. indicating maturity and intensity of weathering (adapted from [80]) for the mudstone samples of Yerrapalli, Maleri and Dharmaram formations. (C) Th/Sc versus Zr/Sc plot of the Gondwana mudstone samples showing enrichment of zircon (high Zr/Sc ratio), indicating derivation of sediment recycling [75]. 
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Figure 9. Variations of climate-sensitive proxies (Zr/Sc, Zr/Hf, ICV, CIA) across the Mesozoic formations of the Pranhita-Godavari Gondwana basin. The Zr/Sc content of the mudstones show a broadly similar trend despite minor variation, whereas Zr/Hf content shows a slight increasing trend from older to younger formations. Note that the mudstone samples with high CIA have low ICV (Orange for F and purple for Q in the last figure). 
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Figure 10. (A) Plot of Eu/Eu* versus (GdN/YbN) [81] and (B) plot of Cr versus Ni [47] for mudstone samples of the Yerrapalli, Bhimaram, Maleri and Dharmaram formations. 
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Figure 11. (A) Schematic diagram showing the Middle Triassic–Early Jurassic paleogeography of the Pranhita-Godavari (PG) Gondwana basin, indicating the dominance of the axial drainage system (arrow), along with a few transverse drainages (locally occurring along alluvial fans) on either side that persisted during the Mesozoic era. (B) Black arrow indicates the inferred paleoslope (parallel to the axial drainage system shown in ‘A’) in the geological map showing the exposure belt of the Gondwana supergroup of the Pranhita-Godavari rift basin, India, flanked on either side by the Precambrian rocks (adapted from [31]). The paleocurrent direction indicates most of the detritus were transported from the highs located in the S-SE direction with respect to the Gondwana basin along the axial drainage system. The study area is marked by a rectangle, which corroborates with the study area shown in Figure 1A. 
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Figure 12. Schematic block diagrams representing the organization of the palaeoenvironments in the Pranhita-Godavari Gondwana rift-basin flanked by Proterozoic sedimentary rocks is shown. (I) shows the spatial relationship among different types of lithology during the early Middle Triassic, when fine sediments of the Yerrapalli formation were deposited; (II) shows the scenario of the late Middle Triassic, when essentially sandstone deposition took place during the sedimentation process of the Bhimaram formation; (III) shows the setting of the early Late Triassic sediments of the Maleri formation [40,52]; (IV) shows the scenario of the late latest part of the Triassic to early Early Jurassic when the coarse sediments of the Dharmaram formation were deposited in a transverse system, unlike in the previous stages, during which sediments were deposited in the axial drainage system. Note that the large waterbody in figure (IV) represents the lacustrine environment of the overlying Lower Kota formation [82,83], the h545details of which are not the focus of this paper. 
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Table 1. The stratigraphy of the four formations (discussed in this paper), of the Upper Gondwana succession of the Pranhita-Godavari basin, central India, studied and summarized from [39,40,41].
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Formation

	
Lithology

	
Fossil Content

	
AGE






	

	
Dharmaram

(~400–600 m thick)

	
Planar and trough cross-bedded coarse sandstone (up to 3–6 m thick co-set, ~30–45% by volume), red mudstone (~30–40% by volume), conglomerate and cross stratified carbonate grainstone (~20–30% by volume) and minor proportion of marl

	
Continental vertebrates, Unio, Large petrified wood

	
Early Early Jurassic–Late Triassic




	
Upper Gondwanas

	
Maleri

(~300–500 m thick)

	
Dominated by pale red, stratified siltstone (up to 0.5–3 m thick co-set, ~50% by volume), fine to medium cross stratified sandstone (up to 2–5 m thick co-set, ~20% by volume), massive mudstone (up to 1–4 m thick, ~25% by volume), planar and trough cross-bedded carbonate grainstone (~5–8%), minor proportion of marl

	
Continental vertebrates, Unio, petrified wood

	
Early Late Triassic (Early Norian–Late Carnian)




	
Bhimaram

(~400 m thick)

	
Coarse to medium cross-stratified sandstone (up to 3–8 m thick co-set, ~95% by volume), ferruginous or calcareous in places intercalated with minor proportion of red mudstone

	
Large petrified wood

	
Late Middle Triassic (Ladinian)




	

	
Yerrapalli

(~200 to 500 m thick)

	
Red and violet mudstone (~70% by volume) with gypsum, laminated calcareous sandstone (up to 2–5 m thick, ~25–28% by volume) and cross stratified carbonate grainstone (~3–5% by volume)

	
Continental vertebrates, very few petrified wood

	
Early Middle Triassic (Anisian)




	

	
Lower Gondwanas

	




	

	
Proterozoic and Archean basement rocks











[image: Table] 





Table 2. A brief facies analysis (mainly the siliciclastics) and their main characteristics, in relation to sedimentary structures, depositional environments and appearance in the four formations (discussed in this paper) of the Upper Gondwana succession of the Pranhita-Godavari basin, central India.
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	Facies
	Description
	Sedimentary Structures
	Depositional Process
	Interpretation
	Appearance





	F1—Parallel laminated sandy siltstone
	Laminae thickness 1–5 mm. Stratification defined by variation in proportion of mud aggregates. Tabular sets (30–70 cm) and wedge-shaped sets (10–50 cm) present.
	Plane-parallel to low-angle (<3°) laminae.
	Low to mid energy,

unidirectional traction

sedimentation.
	Plane beds formed under both upper and lower flow regimes.
	Mainly in Yerrapalli and Maleri formations, minor in the Dharamaram formation.



	F2—Ripple laminated silt (mud aggregates) to very fine sandtone
	Set thickness 0.5–1.2 cm. Wavy lamination and combined-flow ripples present in topset laminae.
	Current-ripple cross-laminated. Both planar and trough-shaped foresets.
	Low energy, unidirectional traction

sedimentation.
	Migration of straight-crested and curved-crested ripples under lower flow regime.
	Essentially in Yerrapalli and Maleri formations.



	F3—Massive mudstone
	Silt (~30%), very-fine-sandsize quartz and feldspar grains (~5%), rest red clay. Pedogenic features such as drab-haloed root traces, wedge-shaped peds, mudcracks and rhizocretions present.
	Massive. Faint traces of current- and climbing ripple cross lamination in places.
	Suspension deposition

during flood events.
	Fine grained clastics deposited in low-energy

environment and modified due to pedogenesis.
	Mostly in Yerrapalli formation, occur as paleosols (thickness 3–5 m) in Maleri formation, occur as lenses in Dharmaram formation.



	F4—Marl
	Bed thickness avg. 5–20 cm; max. 1.5 m. Lateral

extent 8–20 m. Alternation of micrite, microspar, and calcareous clay-rich laminae. Shells of aquatic invertebrates and desiccation cracks present.
	Thinly laminated (1–5 mm).
	Carbonate precipitation.
	Deposition of limemud in small, shallow and ephemeral water bodies.
	Occur as thin sheets in Maleri and Dharmaram formations.



	F5—Cross stratified carbonate grainstone
	Medium-sand- to granule-size calcareous grains admixed with silt- to fine-sand-size mud aggregates and other siliciclastic

grains. Fossils: freshwater bivalve (Unio), aquatic, semiaquatic vertebrates (bone fragments), and articulated ostracod shells.
	Planar (5–35 cm set thickness) and trough (~10 cm set thickness) cross-bedding.
	High energy traction

currents, unidirectional migration of 2D and 3D sand dunes.
	An admixture of carbonate and siliciclastic grains

transported as straight-crested and curved crested dunes.
	Lensoid bodies in ascending order of occurrence from Yerrapalli-Maleri-Bhimaram-Dharmaram formations.



	F6—Parallel laminated very fine to fine grained sandstone
	Alternating white and red laminae defined by contrast in grain size as well as by the proportion of mud aggregates in the

framework. Fine-sand-size red mud aggregates

dominate redish laminae. Sand-size quartz and feldspar grains dominate white laminae.
	Lamina thickness 1–5 mm thick, lateral extent 10 cm–2.5 m. Plane-parallel and low-angle (<5°) lamination.

Parting lineation on laminae surfaces.
	Low energy, unidirectional traction

sedimentation.
	Plane beds formed in shallow, upper-flow-regime conditions.
	Occur as thin sheets in Yerrapalli and co-sets in Maleri formation. Bhimaram and Dharmaram formations have more thicker bodies.



	F7—Cross stratified fine to coarse grained sandstone
	Set thickness ~15–40 cm, up to 70 cm.
	Planar and trough cross-bedding.
	High energy traction

currents, unidirectional migration of 2D and 3D sand dunes.
	Migration of straight-crested and curved-crested sandy dunes.
	Minor in Yerrapalli and Maleri, whereas major in Bhimaram and Dharmam formations.



	F8—Ripple laminated fine to very fine sandstone
	Set thickness, 0.5–1.5 cm; lateral extent 20–50 cm.
	Current-ripple cross-lamination.
	Low energy, unidirectional traction

sedimentation.
	Migration of straight-crested and curved-crested ripples under lower flow regime.
	Occur in all four formations.



	F9—Medium grained massive sandstone
	Lenses have steep margins, concave-up basal surface, internal stratification (where present) becomes progressively gentler from the sides to the centers of the lenses.
	Lenses of massive sandstone. Thickness 5–30 cm, lateral extent 10–50 cm.
	Rapid suspension

fallout.
	In-fills of erosional depressions. Either filled gradually from side, or rapidly, thereby

obliterating structures due to rapid fluid escape after deposition.
	Occur in all four formations.
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Table 3. Results of petrographic and modal analyses of sandstone samples of Yerrapalli, Bhimaram, Maleri and Dharmaram formations.
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QFR%

	
QmFLt%




	
Sample No.

	
Formation

	
Qm

	
Qp(2–3)

	
Qp(>3)

	
Qp(>10)

	
Total Qp

	
Total Q(Qm + Qp)

	
F(K)

	
RF(S)

	
Bt

	
HM

	
Total Count

	
Q

	
F

	
R

	
Qm

	
F

	
Lt






	
Dh 158/11-12

	
Dharmaram

	
302

	
15

	
3

	
0

	
18

	
320

	
79

	
5

	
0

	
8

	
412

	
79.21

	
19.55

	
1.24

	
74.75

	
19.55

	
5.69




	
Dh 166/11-12

	
Dharmaram

	
321

	
18

	
4

	
2

	
24

	
345

	
70

	
36

	
1

	
2

	
454

	
76.50

	
15.52

	
7.98

	
71.18

	
15.52

	
13.30




	
Dh 153/11-12

	
Dharmaram

	
279

	
16

	
2

	
0

	
18

	
297

	
73

	
7

	
0

	
6

	
383

	
78.78

	
19.36

	
1.86

	
74.01

	
19.36

	
6.63




	
Dh 162/11-12

	
Dharmaram

	
297

	
10

	
1

	
3

	
14

	
311

	
61

	
11

	
0

	
39

	
422

	
81.20

	
15.93

	
2.87

	
77.55

	
15.93

	
6.53




	
Dh 132/11-12

	
Dharmaram

	
289

	
9

	
0

	
1

	
10

	
299

	
56

	
10

	
0

	
43

	
408

	
81.92

	
15.34

	
2.74

	
79.18

	
15.34

	
5.48




	
Dh 133/11-12

	
Dharmaram

	
325

	
7

	
0

	
5

	
12

	
337

	
54

	
16

	
0

	
1

	
408

	
82.80

	
13.27

	
3.93

	
79.85

	
13.27

	
6.88




	
Dh 167/11-12

	
Dharmaram

	
249

	
10

	
7

	
2

	
19

	
268

	
9

	
21

	
2

	
0

	
300

	
89.93

	
3.02

	
7.05

	
83.56

	
3.02

	
13.42




	
Dh 151/11-12

	
Dharmaram

	
225

	
4

	
2

	
0

	
6

	
231

	
46

	
39

	
0

	
10

	
326

	
73.10

	
14.56

	
12.34

	
71.20

	
14.56

	
14.24




	
Dh 161/11-12

	
Dharmaram

	
244

	
0

	
8

	
0

	
8

	
252

	
30

	
0

	
0

	
21

	
303

	
89.36

	
10.64

	
0.00

	
86.52

	
10.64

	
2.84




	
Dh 149/11-12

	
Dharmaram

	
540

	
0

	
6

	
0

	
6

	
546

	
317

	
6

	
10

	
6

	
885

	
62.83

	
36.48

	
0.69

	
62.14

	
36.48

	
1.38




	
411A

	
Maleri

	
445

	
32

	
5

	
3

	
40

	
485

	
15

	
0

	
0

	
72

	
572

	
97.00

	
3.00

	
0.00

	
89.00

	
3.00

	
8.00




	
Ma39_12-13

	
Maleri

	
335

	
45

	
10

	
5

	
60

	
395

	
100

	
5

	
0

	
44

	
544

	
79.00

	
20.00

	
1.00

	
67.00

	
20.00

	
13.00




	
Ma61_12-13

	
Maleri

	
405

	
39

	
15

	
6

	
60

	
465

	
30

	
5

	
0

	
56

	
556

	
93.00

	
6.00

	
1.00

	
81.00

	
6.00

	
13.00




	
Ma62_12-13

	
Maleri

	
340

	
28

	
14

	
3

	
45

	
385

	
110

	
5

	
0

	
34

	
534

	
77.00

	
22.00

	
1.00

	
68.00

	
22.00

	
10.00




	
Ma65_12-13

	
Maleri

	
360

	
54

	
12

	
4

	
70

	
430

	
65

	
5

	
0

	
20

	
520

	
86.00

	
13.00

	
1.00

	
72.00

	
13.00

	
15.00




	
Ma108_11-12

	
Maleri

	
350

	
6

	
3

	
1

	
10

	
360

	
140

	
0

	
1

	
26

	
527

	
72.00

	
28.00

	
0.00

	
70.00

	
28.00

	
2.00




	
Ma121_11-12

	
Maleri

	
305

	
9

	
4

	
2

	
15

	
320

	
180

	
0

	
0

	
33

	
533

	
64.00

	
36.00

	
0.00

	
61.00

	
36.00

	
3.00




	
Ma126_11-12

	
Maleri

	
330

	
9

	
8

	
3

	
20

	
350

	
150

	
0

	
0

	
31

	
531

	
70.00

	
30.00

	
0.00

	
66.00

	
30.00

	
4.00




	
Ma188_11-12

	
Maleri

	
330

	
39

	
6

	
5

	
50

	
380

	
120

	
0

	
2

	
27

	
529

	
76.00

	
24.00

	
0.00

	
66.00

	
24.00

	
10.00




	
Ma103_11-12

	
Maleri

	
355

	
31

	
14

	
0

	
45

	
400

	
100

	
0

	
0

	
38

	
538

	
80.00

	
20.00

	
0.00

	
71.00

	
20.00

	
9.00




	
Ma106_11-12

	
Maleri

	
325

	
26

	
6

	
3

	
35

	
360

	
135

	
5

	
0

	
26

	
526

	
72.00

	
27.00

	
1.00

	
65.00

	
27.00

	
8.00




	
Ma196_11-12

	
Maleri

	
330

	
25

	
11

	
4

	
40

	
370

	
125

	
5

	
1

	
30

	
531

	
74.00

	
25.00

	
1.00

	
66.00

	
25.00

	
9.00




	
Ma124_11-12

	
Maleri

	
315

	
5

	
2

	
1

	
8

	
323

	
185

	
0

	
0

	
18

	
526

	
63.58

	
36.42

	
0.00

	
62.01

	
36.42

	
1.57




	
421

	
Maleri

	
300

	
51

	
9

	
0

	
60

	
360

	
135

	
5

	
1

	
10

	
511

	
72.00

	
27.00

	
1.00

	
60.00

	
27.00

	
13.00




	
Ma41_12-13

	
Maleri

	
325

	
44

	
13

	
8

	
65

	
390

	
105

	
5

	
0

	
21

	
521

	
78.00

	
21.00

	
1.00

	
65.00

	
21.00

	
14.00




	
Ma37_12-13

	
Maleri

	
305

	
22

	
14

	
9

	
45

	
350

	
145

	
5

	
0

	
16

	
516

	
70.00

	
29.00

	
1.00

	
61.00

	
29.00

	
10.00




	
Ma40_12-13

	
Maleri

	
370

	
9

	
6

	
5

	
20

	
390

	
110

	
0

	
2

	
42

	
544

	
78.00

	
22.00

	
0.00

	
74.00

	
22.00

	
4.00




	
Ma23_12-13

	
Maleri

	
330

	
33

	
16

	
1

	
50

	
380

	
120

	
0

	
0

	
22

	
522

	
76.00

	
24.00

	
0.00

	
66.00

	
24.00

	
10.00




	
Ma6_14-15

	
Maleri

	
330

	
29

	
16

	
0

	
45

	
375

	
120

	
5

	
0

	
19

	
519

	
75.00

	
24.00

	
1.00

	
66.00

	
24.00

	
10.00




	
Ma9_14-15

	
Maleri

	
365

	
20

	
13

	
2

	
35

	
400

	
95

	
5

	
1

	
25

	
526

	
80.00

	
19.00

	
1.00

	
73.00

	
19.00

	
8.00




	
Bh 201/11-12

	
Bhimaram

	
332

	
9

	
2

	
0

	
11

	
343

	
68

	
5

	
0

	
70

	
486

	
82.45

	
16.35

	
1.20

	
79.81

	
16.35

	
3.85




	
Bh 118/11-12

	
Bhimaram

	
295

	
11

	
0

	
3

	
14

	
309

	
76

	
7

	
0

	
55

	
447

	
78.83

	
19.39

	
1.79

	
75.26

	
19.39

	
5.36




	
Bh 191A/11-12

	
Bhimaram

	
369

	
8

	
0

	
0

	
8

	
377

	
81

	
5

	
2

	
29

	
494

	
81.43

	
17.49

	
1.08

	
79.70

	
17.49

	
2.81




	
Bh187/11-12

	
Bhimaram

	
342

	
12

	
0

	
2

	
14

	
356

	
62

	
8

	
0

	
74

	
500

	
83.57

	
14.55

	
1.88

	
80.28

	
14.55

	
5.16




	
Yr 177/11-12

	
Yerrapalli

	
391

	
20

	
1

	
4

	
25

	
416

	
7

	
6

	
0

	
0

	
429

	
96.97

	
1.63

	
1.40

	
91.14

	
1.63

	
7.23




	
Yr 179/11-12

	
Yerrapalli

	
355

	
30

	
7

	
3

	
40

	
395

	
323

	
0

	
5

	
111

	
834

	
55.01

	
44.99

	
0.00

	
49.44

	
44.99

	
5.57




	
Yr 180/11-12

	
Yerrapalli

	
461

	
0

	
0

	
0

	
0

	
461

	
338

	
0

	
28

	
84

	
911

	
57.70

	
42.30

	
0.00

	
57.70

	
42.30

	
0.00




	
Yr 178/11-12

	
Yerrapalli

	
411

	
4

	
0

	
0

	
4

	
415

	
248

	
9

	
0

	
34

	
706

	
61.76

	
36.90

	
1.34

	
61.16

	
36.90

	
1.93








Qm—monocrystalline quartz, Qp(2–3)—polycrystalline quartz—2–3 sub-crystals with tectonic fabric, Qp(>3)—polycrystalline quartz—>3 sub-crystals with tectonic fabric, Qp(<10)—polycrystalline quartz—<10 sub-crystals with tectonic fabric, F(K)—K-feldspar, RF(S)—sedimentary lithic fragment of siliciclastic composition, Bt—biotite, HM—heavy mineral, Q—Qm + Qp, R or L—total lithic fragment.
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Table 4. Major oxide concentration (wt.%) in mudstone samples of the Yerrapalli, Maleri and Dharmaram formations.
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	Samples
	SiO2
	Al2O3
	Fe2O3
	MnO
	MgO
	CaO
	Na2O
	K2O
	TiO2
	P2O5
	LOI
	Total
	Al2O3/TiO2
	ICV
	CIA





	Dh170/11-12
	69.22
	15.97
	5.16
	0.04
	0.56
	0.17
	0.24
	0.63
	0.97
	0.06
	7.53
	100.60
	16.46
	0.49
	93.89



	Dh136/11-12
	51.86
	16.33
	8.83
	0.06
	2.38
	3.07
	0.44
	2.50
	0.74
	0.14
	13.59
	100.10
	22.07
	1.11
	73.10



	Ma2/12-13
	52.39
	16.26
	9.43
	0.12
	2.79
	0.54
	0.71
	2.58
	0.73
	0.09
	14.31
	100.20
	22.27
	1.05
	80.94



	Ma4/12-13
	51.04
	14.88
	8.06
	0.07
	2.74
	4.36
	0.30
	2.39
	0.70
	0.17
	15.69
	100.80
	21.26
	1.27
	67.85



	Ma8/12-13
	53.28
	15.36
	7.97
	0.14
	2.79
	1.66
	0.44
	2.18
	0.76
	0.16
	14.89
	99.86
	20.21
	1.05
	78.21



	Ma13/12-13
	51.32
	16.15
	8.62
	0.18
	2.90
	2.26
	0.47
	2.26
	0.72
	0.16
	15.70
	100.80
	22.43
	1.08
	76.40



	Ma49/12-13
	52.63
	13.37
	6.05
	0.15
	2.10
	5.89
	0.32
	2.43
	0.64
	0.14
	15.48
	99.88
	20.89
	1.37
	60.75



	Ma27/12-13
	57.73
	15.24
	7.46
	0.14
	2.40
	0.93
	0.15
	2.81
	0.68
	0.09
	12.78
	100.70
	22.41
	0.98
	79.67



	Ma28/12-13
	58.97
	15.17
	6.67
	0.05
	2.34
	0.57
	0.22
	2.87
	0.64
	0.09
	11.94
	99.87
	23.70
	0.90
	80.56



	Ma35/12-13
	50.02
	16.16
	8.68
	0.07
	2.77
	2.92
	0.35
	2.27
	0.71
	0.15
	15.35
	100.00
	22.76
	1.13
	74.47



	Ma42/12-13
	49.72
	15.86
	8.24
	0.08
	2.73
	2.45
	0.59
	2.39
	0.69
	0.14
	17.17
	100.30
	22.99
	1.10
	74.50



	Ma50/12-13
	54.66
	15.44
	7.07
	0.05
	2.60
	1.52
	0.41
	2.04
	0.76
	0.16
	15.07
	100.40
	20.32
	0.97
	79.55



	Ma109/11-12
	61.63
	14.01
	7.76
	0.06
	1.78
	0.31
	0.56
	2.80
	0.91
	0.09
	9.76
	99.68
	15.40
	1.01
	79.24



	Ma113/11-12
	52.98
	13.48
	5.36
	0.12
	2.43
	6.19
	0.20
	2.02
	0.65
	0.12
	15.96
	100.30
	20.74
	1.32
	61.58



	Ma141/11-12
	65.79
	14.20
	7.50
	0.02
	1.51
	0.23
	0.58
	1.97
	0.82
	0.10
	7.40
	100.10
	17.32
	0.89
	83.63



	Ma173/11-12
	54.75
	15.02
	7.14
	0.07
	2.65
	2.83
	0.55
	2.64
	0.68
	0.14
	12.73
	99.32
	22.09
	1.11
	71.39



	Ma193/11-12
	54.82
	15.28
	7.14
	0.04
	2.64
	1.88
	0.51
	2.59
	0.72
	0.15
	14.43
	100.40
	21.22
	1.03
	75.42



	Ma199/11-12
	52.51
	14.37
	7.34
	0.12
	2.57
	4.08
	0.34
	2.06
	0.71
	0.14
	15.91
	100.20
	20.24
	1.20
	68.92



	Yr148/11-12
	63.05
	16.59
	7.36
	0.01
	0.79
	0.57
	0.24
	0.59
	0.79
	0.12
	9.79
	100.50
	21.00
	0.66
	92.22



	Yr183/11-12
	52.63
	15.18
	8.38
	0.07
	2.72
	2.94
	0.42
	3.20
	0.70
	0.16
	14.16
	100.60
	21.69
	1.21
	69.83
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Table 5. Trace element concentration (ppm) in mudstone samples of Yerrapalli, Bhimaram, Maleri and Dharmaram formations.
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	Sample
	Sc
	V
	Cr
	Co
	Ni
	Cu
	Zn
	Ga
	Y
	Zr
	Nb
	Hf
	Ta
	Th
	U
	Rb
	Sr
	Cs
	Ba
	Pb





	Dh 136/11-12
	15.20
	127.16
	73.33
	35.29
	85.98
	62.09
	161.31
	27.30
	43.21
	2893.59
	14.12
	57.65
	1.05
	18.58
	5.47
	163.31
	153.54
	9.47
	288.51
	46.24



	Dh 171/11-12
	12.88
	125.11
	72.51
	16.90
	80.58
	52.60
	164.65
	29.78
	48.06
	5854.69
	14.82
	118.70
	1.81
	17.79
	8.98
	127.95
	157.78
	13.33
	361.99
	54.17



	Dh 164/11-12
	34.96
	327.69
	74.02
	18.02
	44.69
	61.76
	90.85
	40.09
	46.04
	6389.78
	16.90
	132.35
	2.32
	33.39
	9.78
	32.15
	123.81
	8.83
	405.95
	165.29



	Dh 169/11-12
	30.73
	98.96
	73.38
	8.04
	31.22
	37.62
	240.52
	40.09
	28.72
	4926.51
	19.12
	98.88
	2.20
	32.81
	6.89
	23.31
	110.95
	6.94
	281.46
	70.41



	Dh 170/11-12
	12.71
	115.88
	71.32
	41.76
	50.65
	48.57
	94.21
	25.25
	36.70
	3015.54
	17.78
	62.98
	1.98
	24.46
	6.41
	59.65
	84.93
	8.54
	240.37
	64.78



	Dh 172/11-12
	9.77
	60.78
	72.35
	28.59
	72.97
	37.78
	109.61
	14.15
	31.54
	1534.99
	9.67
	30.51
	1.40
	16.77
	3.52
	94.72
	135.51
	6.97
	243.21
	46.54



	Dh 114/11-12
	14.36
	123.30
	73.61
	22.90
	70.78
	53.34
	143.57
	24.46
	45.06
	2246.87
	14.41
	45.77
	1.45
	17.32
	4.98
	159.35
	136.74
	7.46
	503.31
	48.47



	Ma 141/11-12
	14.39
	136.71
	67.35
	31.05
	77.99
	47.26
	125.16
	31.74
	44.84
	6366.35
	15.74
	135.94
	2.22
	21.97
	10.49
	157.03
	125.28
	17.53
	384.89
	62.79



	Ma 113/11-12
	13.92
	114.00
	74.29
	21.30
	82.32
	51.97
	156.27
	32.38
	53.42
	5718.42
	15.05
	120.80
	1.93
	20.49
	8.88
	129.51
	211.62
	11.38
	443.10
	52.55



	Ma 128/11-12
	14.28
	109.46
	76.66
	19.84
	77.40
	58.72
	149.60
	26.01
	45.87
	2844.35
	14.81
	56.03
	1.33
	18.04
	5.60
	143.12
	150.22
	7.62
	498.19
	49.73



	Ma 173/11-12
	12.20
	84.16
	70.42
	14.99
	53.52
	50.69
	135.79
	25.60
	43.00
	3538.75
	13.73
	74.10
	1.40
	17.74
	6.31
	131.07
	146.90
	8.87
	1587.85
	79.11



	Ma 193/11-12
	13.52
	106.02
	70.80
	16.92
	60.13
	54.48
	111.93
	29.25
	44.97
	4333.92
	15.59
	91.28
	1.61
	19.03
	6.74
	147.90
	142.12
	10.14
	276.60
	66.90



	Ma 194/11-12
	15.30
	115.61
	73.66
	16.29
	73.16
	58.48
	129.12
	33.36
	47.54
	5583.49
	16.40
	110.56
	1.71
	19.10
	7.63
	154.66
	159.37
	11.84
	197.26
	68.41



	Ma 199/11-12
	12.87
	77.93
	73.71
	18.74
	53.19
	45.23
	104.48
	24.43
	51.68
	2837.77
	14.01
	55.14
	1.54
	16.92
	5.48
	122.19
	171.43
	7.28
	475.43
	61.13



	Ma 200/11-12
	15.64
	122.83
	68.36
	16.05
	61.48
	49.71
	116.22
	29.35
	47.83
	3384.46
	15.37
	71.51
	1.52
	17.45
	5.85
	150.11
	153.71
	9.16
	171.07
	60.55



	Ma 8/9-10
	14.76
	138.12
	70.43
	23.94
	72.66
	61.04
	129.14
	27.10
	45.08
	3255.77
	14.49
	67.21
	1.30
	17.79
	5.31
	124.06
	142.64
	7.49
	300.48
	60.35



	Ma 109/11-12
	11.68
	71.16
	67.08
	18.69
	60.82
	50.01
	149.34
	20.94
	38.05
	2253.16
	15.93
	49.03
	1.58
	28.17
	4.64
	134.98
	142.55
	5.64
	601.43
	55.47



	Ma 104/11-12
	13.39
	92.33
	68.95
	15.48
	78.62
	54.58
	149.68
	25.19
	42.64
	3048.90
	15.09
	65.04
	1.52
	18.29
	5.99
	145.24
	150.93
	8.95
	200.49
	48.85



	Ma 106/11-12
	11.95
	121.85
	67.00
	24.36
	59.29
	54.09
	153.04
	30.17
	40.68
	4044.77
	15.71
	87.86
	1.80
	26.28
	8.37
	137.38
	149.01
	8.06
	505.63
	57.83



	Ma 110/11-12
	16.43
	140.82
	75.51
	22.71
	78.63
	61.43
	165.34
	27.66
	46.48
	2405.31
	14.48
	48.48
	1.31
	17.04
	5.27
	149.53
	165.40
	6.98
	159.57
	48.71



	Ma 9/9-10
	15.86
	131.25
	75.28
	24.00
	86.88
	66.57
	187.18
	31.58
	48.99
	4928.87
	14.73
	96.06
	0.84
	18.80
	7.34
	135.16
	175.79
	9.49
	712.82
	51.26



	Ma 129/11-12
	14.46
	138.18
	72.85
	22.35
	77.90
	56.38
	193.80
	24.59
	48.37
	2733.44
	13.13
	55.00
	1.25
	20.70
	5.02
	139.87
	136.42
	7.31
	271.85
	48.13



	Bh 142/11-12
	15.41
	134.26
	70.30
	25.69
	69.75
	61.71
	130.16
	25.53
	43.53
	2074.55
	13.42
	43.45
	0.56
	19.10
	4.13
	130.58
	143.75
	6.11
	312.27
	67.31



	Yr 145/11-12
	12.76
	118.97
	65.76
	17.76
	55.20
	46.73
	201.61
	28.36
	44.12
	4399.52
	17.64
	95.21
	2.08
	19.50
	7.75
	98.12
	154.81
	11.95
	149.78
	59.04



	Yr 182/11-12
	11.57
	82.57
	69.97
	15.44
	38.24
	40.77
	113.22
	22.11
	45.25
	2949.18
	16.59
	60.56
	1.71
	19.28
	5.12
	59.49
	116.12
	7.72
	142.13
	60.11



	Yr 184/11-12
	14.74
	142.48
	69.74
	22.86
	85.57
	51.48
	137.99
	39.17
	117.08
	8036.72
	18.82
	170.36
	2.40
	21.70
	16.70
	168.41
	158.12
	20.21
	285.98
	64.77



	Yr 148 (2)/11-1
	13.06
	114.66
	69.23
	10.41
	46.69
	44.11
	168.24
	29.10
	87.37
	3644.22
	17.94
	77.60
	1.95
	18.10
	8.41
	64.85
	75.39
	9.69
	175.98
	61.63



	Yr 148/11-12
	13.25
	110.85
	69.64
	9.60
	53.71
	49.61
	137.84
	27.77
	89.21
	2950.21
	18.00
	61.34
	1.80
	17.62
	7.71
	64.44
	91.34
	8.92
	117.48
	60.56



	Yr 183/11-12
	13.86
	102.69
	71.61
	20.49
	72.03
	57.50
	171.42
	27.61
	44.35
	3707.76
	15.24
	74.64
	1.52
	16.30
	5.94
	163.70
	138.67
	10.00
	260.37
	46.54
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Table 6. Concentration of rare earth elements (ppm) in the Mesozoic mudstone samples.
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	Sample
	La
	Ce
	Pr
	Nd
	Sm
	Eu
	Gd
	Tb
	Dy
	Ho
	Er
	Tm
	Yb
	Lu





	Dh 136/11-12
	47.26
	99.15
	9.99
	37.88
	7.41
	1.43
	6.99
	1.12
	6.98
	1.61
	4.33
	0.78
	4.07
	0.65



	Dh 171/11-12
	48.15
	100.59
	10.38
	39.96
	7.83
	1.52
	7.20
	1.17
	7.26
	1.68
	4.73
	0.89
	4.83
	0.80



	Dh 164/11-12
	101.31
	181.34
	16.73
	53.75
	7.73
	1.37
	7.57
	1.14
	7.31
	1.72
	4.97
	0.95
	5.28
	0.86



	Dh 169/11-12
	80.42
	179.20
	18.67
	66.75
	11.08
	1.76
	7.68
	1.01
	5.27
	1.15
	3.52
	0.67
	3.91
	0.64



	Dh 170/11-12
	52.30
	105.71
	10.11
	37.06
	6.88
	1.20
	6.16
	0.95
	5.85
	1.37
	3.83
	0.72
	4.02
	0.63



	Dh 172/11-12
	38.80
	88.49
	8.21
	31.10
	5.93
	1.07
	5.43
	0.83
	4.81
	1.07
	2.90
	0.50
	2.62
	0.41



	Dh 114/11-12
	52.21
	115.19
	11.19
	42.69
	8.44
	1.69
	7.66
	1.20
	7.29
	1.66
	4.38
	0.76
	3.97
	0.61



	Ma 141/11-12
	39.22
	90.85
	8.84
	33.86
	6.96
	1.33
	6.55
	1.08
	7.10
	1.72
	4.90
	0.98
	5.36
	0.91



	Ma 113/11-12
	54.74
	103.45
	11.32
	44.17
	8.69
	1.87
	8.13
	1.32
	8.32
	1.97
	5.50
	1.01
	5.59
	0.90



	Ma 128/11-12
	49.16
	100.61
	10.50
	40.07
	7.90
	1.57
	7.25
	1.16
	7.06
	1.63
	4.45
	0.76
	4.07
	0.64



	Ma 173/11-12
	47.42
	99.22
	10.17
	39.34
	8.36
	2.08
	7.21
	1.10
	6.82
	1.56
	4.25
	0.77
	4.07
	0.65



	Ma 193/11-12
	46.88
	100.90
	10.39
	39.90
	7.97
	1.53
	7.33
	1.18
	7.36
	1.68
	4.63
	0.85
	4.61
	0.74



	Ma 194/11-12
	47.02
	96.13
	10.17
	38.82
	7.56
	1.43
	7.11
	1.16
	7.21
	1.68
	4.75
	0.88
	4.71
	0.77



	Ma 199/11-12
	54.04
	111.08
	11.23
	42.63
	8.24
	1.70
	7.71
	1.24
	7.76
	1.80
	4.77
	0.86
	4.43
	0.69



	Ma 200/11-12
	57.36
	121.40
	12.49
	47.64
	9.07
	1.77
	8.61
	1.34
	8.09
	1.81
	4.85
	0.86
	4.43
	0.70



	Ma 8/9-10
	49.30
	101.79
	10.32
	39.79
	7.85
	1.56
	7.47
	1.19
	7.29
	1.68
	4.51
	0.81
	4.31
	0.70



	Ma 109/11-12
	66.82
	148.09
	14.32
	53.83
	10.10
	1.86
	8.74
	1.24
	6.98
	1.50
	4.07
	0.70
	3.75
	0.59



	Ma 104/11-12
	45.81
	91.98
	10.10
	39.49
	7.84
	1.46
	7.24
	1.14
	7.09
	1.61
	4.33
	0.79
	4.16
	0.66



	Ma 106/11-12
	67.35
	150.36
	14.33
	53.80
	9.89
	1.93
	8.76
	1.25
	7.24
	1.64
	4.47
	0.80
	4.30
	0.71



	Ma 110/11-12
	48.29
	101.52
	10.41
	39.99
	7.85
	1.56
	7.48
	1.21
	7.44
	1.70
	4.43
	0.78
	4.04
	0.62



	Ma 9/9-10
	51.91
	108.69
	11.10
	41.96
	8.40
	1.74
	7.48
	1.21
	7.51
	1.75
	4.74
	0.87
	4.66
	0.75



	Ma 129/11-12
	54.44
	106.87
	10.99
	41.81
	8.13
	1.55
	7.54
	1.19
	7.49
	1.74
	4.68
	0.83
	4.31
	0.66



	Bh 142/11-12
	48.92
	99.79
	10.12
	38.83
	7.56
	1.47
	7.11
	1.13
	6.95
	1.63
	4.33
	0.77
	4.12
	0.63



	Yr 145/11-12
	45.42
	101.39
	10.24
	39.05
	7.77
	1.37
	7.28
	1.17
	7.22
	1.66
	4.64
	0.86
	4.64
	0.76



	Yr 182/11-12
	46.27
	103.35
	10.13
	38.73
	7.65
	1.40
	6.99
	1.13
	7.02
	1.64
	4.52
	0.82
	4.35
	0.68



	Yr 184/11-12
	78.64
	165.45
	16.29
	64.51
	13.23
	2.60
	14.05
	2.39
	16.07
	4.05
	10.86
	1.95
	10.05
	1.61



	Yr 148 (2)/11-12
	84.09
	177.47
	16.44
	68.12
	14.15
	2.94
	16.03
	2.58
	15.95
	3.47
	8.81
	1.52
	7.81
	1.18



	Yr 148/11-12
	90.65
	190.36
	17.77
	73.22
	15.13
	3.12
	17.13
	2.72
	16.17
	3.52
	8.74
	1.48
	7.54
	1.10



	Yr 183/11-12
	44.76
	97.94
	9.85
	37.60
	7.49
	1.50
	6.97
	1.10
	6.91
	1.61
	4.37
	0.80
	4.26
	0.68
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Table 7. Ratios of trace element concentration in the Mesozoic mudstone samples.
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	Sample
	La/Sc
	La/Th
	Th/Sc
	Zr/Sc
	ΣREE
	Eu/Eu*
	Gdn/Ybn
	LREE/HREE
	Cr/V
	Zr/Hf
	Y/Ni
	Th/Co
	LaN/YbN
	LaN/SmN





	Dh 136/11-12
	3.11
	2.54
	1.22
	190
	230
	0.61
	1.39
	7.61
	0.58
	50.19
	0.50
	0.53
	7.86
	4.01



	Dh 171/11-12
	3.74
	2.71
	1.38
	455
	237
	0.62
	1.21
	7.24
	0.58
	49.33
	0.60
	1.05
	6.74
	3.87



	Dh 164/11-12
	2.90
	3.03
	0.95
	183
	392
	0.55
	1.16
	12.11
	0.23
	48.28
	1.03
	1.85
	12.97
	8.25



	Dh 169/11-12
	2.62
	2.45
	1.07
	160
	382
	0.58
	1.59
	14.93
	0.74
	49.82
	0.92
	4.08
	13.89
	4.57



	Dh 170/11-12
	4.12
	2.14
	1.92
	237
	237
	0.56
	1.24
	9.02
	0.62
	47.88
	0.72
	0.59
	8.80
	4.78



	Dh 172/11-12
	3.97
	2.31
	1.72
	157
	192
	0.58
	1.68
	9.29
	1.19
	50.32
	0.43
	0.59
	9.99
	4.12



	Dh 114/11-12
	3.64
	3.01
	1.21
	157
	259
	0.64
	1.56
	8.34
	0.60
	49.09
	0.64
	0.76
	8.88
	3.90



	Ma 141/11-12
	2.73
	1.79
	1.53
	442
	210
	0.60
	0.99
	6.29
	0.49
	46.83
	0.57
	0.71
	4.94
	3.55



	Ma 113/11-12
	3.93
	2.67
	1.47
	411
	257
	0.68
	1.18
	6.79
	0.65
	47.34
	0.65
	0.96
	6.62
	3.97



	Ma 128/11-12
	3.44
	2.73
	1.26
	199
	237
	0.64
	1.45
	7.71
	0.70
	50.76
	0.59
	0.91
	8.17
	3.92



	Ma 173/11-12
	3.89
	2.67
	1.45
	290
	233
	0.82
	1.43
	7.74
	0.84
	47.76
	0.80
	1.18
	7.87
	3.57



	Ma 193/11-12
	3.47
	2.46
	1.41
	321
	236
	0.61
	1.29
	7.26
	0.67
	47.48
	0.75
	1.12
	6.87
	3.70



	Ma 194/11-12
	3.07
	2.46
	1.25
	365
	229
	0.59
	1.22
	7.07
	0.64
	50.50
	0.65
	1.17
	6.75
	3.91



	Ma 199/11-12
	4.20
	3.19
	1.31
	220
	258
	0.65
	1.41
	7.77
	0.95
	51.47
	0.97
	0.90
	8.25
	4.13



	Ma 200/11-12
	3.67
	3.29
	1.12
	216
	280
	0.61
	1.58
	8.09
	0.56
	47.33
	0.78
	1.09
	8.75
	3.98



	Ma 8/9-10
	3.34
	2.77
	1.21
	221
	239
	0.62
	1.40
	7.47
	0.51
	48.44
	0.62
	0.74
	7.72
	3.95



	Ma 109/11-12
	5.72
	2.37
	2.41
	193
	323
	0.61
	1.89
	10.64
	0.94
	45.96
	0.63
	1.51
	12.05
	4.17



	Ma 104/11-12
	3.42
	2.50
	1.37
	228
	224
	0.59
	1.41
	7.22
	0.75
	46.88
	0.54
	1.18
	7.44
	3.68



	Ma 106/11-12
	5.64
	2.56
	2.20
	339
	327
	0.63
	1.65
	10.14
	0.55
	46.04
	0.69
	1.08
	10.58
	4.29



	Ma 110/11-12
	2.94
	2.83
	1.04
	146
	237
	0.62
	1.50
	7.51
	0.54
	49.61
	0.59
	0.75
	8.08
	3.87



	Ma 9/9-10
	3.27
	2.76
	1.19
	311
	253
	0.67
	1.30
	7.67
	0.57
	51.31
	0.56
	0.78
	7.53
	3.89



	Ma 129/11-12
	3.76
	2.63
	1.43
	189
	252
	0.61
	1.42
	7.82
	0.53
	49.70
	0.62
	0.93
	8.54
	4.22



	Bh 142/11-12
	3.18
	2.56
	1.24
	135
	233
	0.61
	1.40
	7.70
	0.52
	47.74
	0.62
	0.74
	8.03
	4.07



	Yr 145/11-12
	3.56
	2.33
	1.53
	345
	233
	0.56
	1.27
	7.22
	0.55
	46.21
	0.80
	1.10
	6.62
	3.68



	Yr 182/11-12
	4.00
	2.40
	1.67
	255
	235
	0.58
	1.30
	7.59
	0.85
	48.70
	1.18
	1.25
	7.18
	3.81



	Yr 184/11-12
	5.34
	3.62
	1.47
	545
	402
	0.58
	1.13
	5.54
	0.49
	47.17
	1.37
	0.95
	5.29
	3.74



	Yr 148 (2)/11-12
	6.44
	4.65
	1.39
	279
	421
	0.60
	1.66
	6.28
	0.60
	46.96
	1.87
	1.74
	7.28
	3.77



	Yr 148/11-12
	6.84
	5.14
	1.33
	223
	449
	0.59
	1.84
	6.63
	0.63
	48.10
	1.66
	1.84
	8.13
	3.76



	Yr 183/11-12
	3.23
	2.75
	1.18
	267
	226
	0.64
	1.33
	7.41
	0.70
	49.68
	0.62
	0.80
	7.10
	4.10
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