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Abstract: The A-type granites are an important component of the Earth's continental crust and play a 18 

significant role in understanding crustal evolution and tectonic processes. This study presents a 19 

comprehensive assessment of A-type granites from Ataitir El Dehami granites (ADG) that located at 20 

the north-western part of Wadi Seih area in South Sinai, using geochemistry, zircon geochemistry, and 21 

geochronology characteristics. The geochemical analysis reveals that ADG are characterized by high 22 

silica content, relatively high FeO*, and high alkali concentration consistent with the A-type granites 23 

that derived from the melting of tonalite sources. Zircons from Ataitir El Dehami granites have high 24 

REE contents with Ce enrichment and depletion of Eu, which, together with the high U/Yb ratios, 25 

suggest that the studied granites were generated from melting of continental crust rocks. Zircon U-Pb 26 

geochronological data indicates that the granite emplacement occurred around 575 to 603 Ma 27 

throughout continuous exhumation pulses. The isotopic analyses also indicate that the presence of 28 

inherited zircon grains (735± 9Ma). The present data suggest that the studied granites were formed in a 29 

post-collisional setting, and represent the transition stage from convergence to extension that occurred 30 

at 600 Ma. 31 
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Introduction 33 

The Sinai Peninsula represents the most northerly segment of the Arabian–Nubian Shield 34 

(ANS) that is considered the best-exposed and largest Neoproterozoic juvenile continental crust 35 

on Earth (Stern, 2008; Johnson et al., 2011). The ANS is a major orogenic system that formed 36 

near the end of the Proterozoic as a result of the closure of the Mozambique Ocean and the 37 

collision between East and West Gondwana (Dilek and Ahmed 2003; Johnson and 38 

Woldehaimanot 2003; Abu-Alam et al. 2014). 39 

Growth of the ANS crust occurred throughout most of the Neoproterozoic (900–580 Ma; 40 

Stern, 1994; Nehlig et al., 2002; Stern, 2008; Stern and Johnson, 2010) through three main 41 

stages, (1) accretion stage (870–670 Ma) comprising the formation and amalgamation of arc 42 

terrains onto East Gondwana continental block (Stern, 2002; Johnson et al., 2011; Peng et al., 43 

2022); (2) collision stage (650–620 Ma) between the accreted juvenile ANS crust with the 44 

ancient pre-Neoproterozoic Saharan Metacraton  (Stoeser and Frost, 2006; Abu Alam et al., 45 

2014), and (3) post-collisional stage (620–580 Ma), initiated after the collision, and involved 46 

extensional collapse of the thickened lithosphere, inducing extension and thinning of the ANS 47 

crust (El-Bialy, 2010; Eyal et al., 2010).  48 

Syn‐orogenic calc‐alkaline magmatism (650– 620 Ma), associated with the subduction 49 

phase of the north ANS, was followed by a subsequent phase of post-collisional magmatism, 50 

that produced high-K calc-alkaline and alkaline rocks (Jarrar et al., 2008; Moussa et al., 2008; 51 

Azer and El‐Gharabawy, 2011). The post‐collisional granitoid rocks of the north ANS, 52 

including those outcropping in the Sinai Peninsula of Egypt, provide significant information 53 

on these late magmatic phases and their contributions to the growth of the ANS continental 54 

crust.  55 

Compared to other juvenile continental crusts, the ANS is characterized by widely distributed 56 

granitic plutons of different geochemical affinities that developed in varied tectonic settings. 57 

In Sinai, granitoids are more prevalent than any other region of the ANS, comprising nearly 58 

70% of the total area of the Sinai basement (Bentor, 1985).  59 

Two distinctive groups of granitoid rocks are identified in the ANS crystalline basement 60 

complex of Sinai: (1) Older Granites (860–610 Ma) including syn-tectonic, calc-alkaline I-type 61 

granitic masses (quartz diorite, tonalite to granodiorite) that were evolved in orogenic volcanic 62 

arc settings (Stern and Hedge, 1985; Hassan and Hashad, 1990; Stern, 1994; Moussa et al., 63 

2008; Bea et al., 2009) and (2) Younger Granites (610–580 Ma) comprising highly fractionated 64 

calc-alkaline and alkaline A-type granites, and are believed to be emplaced throughout the post-65 



collisional phase of the shield evolution (Beyth et al., 1994; Moussa et al., 2008; Ali et al., 66 

2009; Eyal et al., 2010; Abdelfadil et al. 2018).  67 

Although numerous studies on the granitic rocks of the Sinai Peninsula that have suggested a 68 

wide variety of geochemical characteristics and tectonic regimes (Moussa et al., 2008; Ali et 69 

al., 2009; Eyal et al., 2010), the origin of the post‐collisional granitoid rocks (evolved by partial 70 

melting of lower/middle crustal materials or by fractionation of mantle-derived melts; Azer et 71 

al., 2019; El-Bialy et al., 2020) and geotectonic evolution are still controversial. 72 

The present work focuses on the petrogenesis of late Neoproterozoic post-collision alkaline 73 

granites from southern Sinai (i.e., Ataitir El Dehami granites). We present new geochemical, 74 

geochronological, and zircon geochemical data for these granites.  We use the new data in this 75 

contribution to evaluate genesis, tectonic setting and emplacement age of these granites. 76 

 77 

Geological setting 78 

In the southern Sinai Peninsula, the Precambrian basement is built up of four metamorphic 79 

complexes (namely, Zaghra, Kid, Feiran-Solaf, and Taba, Fig. 1a) that are separated by 80 

voluminous late- to post-tectonic unmetamorphosed granitoids, (e.g., Eyal et al., 2010; Be’eri-81 

Shlevin et al., 2011; Abu-Alam and Stuwe, 2009). The study area (i.e., Ataitir El Dehami 82 

granites) is located at the northwestern part of Wadi Seih area (Fig. 1a) which represents the 83 

northwestern extension of the Feiran-Solaf complex. Wadi Seih area is composed of 84 

orthogneisses, paragneisses, migmatites, syn- and post-tectonic intrusions, and volcanics 85 

(Fig.1b). 86 

Paragneisses are exposed in Wadi Tayeba and partly in Wadi Umm Agraf. They are buff and 87 

gray-colored, medium to coarse-grained (1–5 mm), and strongly foliated. Two essential 88 

varieties of paragneisses are observed, namely orthopyroxene-free paragneisses and 89 

orthopyroxene-bearing paragneisses with documented ages 1039-627Ma (Abu Anbar et al., 90 

2023). 91 

Orthogneisses are well exposed at Wadi Seih, Wadi Sidri, Wadi Umm Maghar, and Wadi 92 

Umm Agraf, and their area occupies about 180 km2 (Fig. 1b). They are gray or pink in color, 93 

medium- to coarse-grained (2–5 mm) with moderate to high relief, and have a granitic 94 

composition. The outcrops are dissected by major faults trending NE-SW and are crosscut by 95 

a number of NE-SW-trending dykes of varying composition. The orthogneisses at Wadi Seih 96 

are intruded by Ataitir El Dehami granites and hornblende gabbros with documented ages 994-97 

619Ma (Abu Anbar et al., 2023). 98 



Migmatites occur in both paragneisses and orthogneisses. Migmatites formed in paragneisses 99 

occur along the contacts between paragneisses and granodiorite-tonalite associations. There are 100 

two types of migmatites observed in the orthogneisses; migmatites with a folding structure and 101 

migmatites with a ptygmatic folding structure (Abu Anbar et al., 2023). 102 

Amphibolites occur as enclaves, bands and linear bodies of variable thickness in para- and 103 

orthogneisses as unmapped units. Depending on geochemical data and field observation, Abu 104 

Anbar et al. (2023) classified the amphibolites in Wadi Seih area into ortho- and para-105 

amphibolites.   106 

Hornblende gabbros are exposed mainly at Wadi Naba in the southwestern part of Wadi Seih 107 

area with documented age 617±19 Ma (Abu Anbar, 2009). (Fig. 1b). They are coarse-grained 108 

(up to 5 mm), dense, and grayish-colored. The gabbroic intrusion exhibits sharp intrusive 109 

contacts with the gneisses and sends offshoots and apophyses into them. 110 

Granodiorite-tonalite associations are exposed at the extreme northeastern part of Wadi Seih 111 

and the southern part of the mapped area at Gabal Umm Radhim and Gabal Hallal (Fig. 1b). 112 

They are whitish-gray to dark-gray in color and coarse- to medium-grained (1–5 mm) with a 113 

massive appearance. They intrude into the hornblende gabbros (Fig. 1b).  114 

Alkali-feldspar granites and syenogranites are located at the NW part of the mapped area (i.e., 115 

G. Ataitir El Dehami). The outcrop (~ 65 km2) has high to moderate relief with medium- to 116 

coarse-grained rocks (2-5 mm) with a pinkish-white color (Fig. 2a). They intrude 117 

orthogneisses, migmatites (Fig. 2b and c), and hornblende gabbros with discordant sharp 118 

intrusion contact. The pluton is severely dissected by a group of dykes of different 119 

compositions including mafic types and less common felsic types trending NE-SW (parallel to 120 

the Gulf of Aqaba, Fig. 2d). The present work focuses on the alkali-feldspar granites and 121 

syenogranites of G. Ataitir El Dehami. 122 

 123 

 Petrography 124 

G. Ataitir El Dehami granites are represented mainly by alkali-feldspar granites and rarely 125 

syenogranites. They are composed mainly of k-feldspar (80-65%) and quartz (20-30%), with a 126 

minor amount of plagioclase (10-20%) and biotite (5-10%). The most prevalent accessory 127 

minerals are zircon, iron oxides, and apatite, whereas chlorite and sericite are secondary 128 

minerals. They show perthitic and hypidiomorphic textures (Supplementary Fig. 1a). 129 

Alkali feldspars (microcline and orthoclase) form euhedral to subhedral crystals (up to 1.2 130 

mm in size, Supplementary Fig. 1a and b). Microcline occurs as subhedral crystals with cross- 131 



hatched twinning (Supplementary Fig. 1b). Quartz forms anhedral to subhedral crystals up to 132 

0.6 mm, filling the interstices between the feldspar crystals. Plagioclase is commonly albite 133 

and forms tabular crystals and occasionally intergrown with the K-feldspar forming perthitic 134 

texture. It is twinned according to the Albite and Carlsbad laws. Biotite forms small flakes and 135 

is partly altered into chlorite (Supplementary Fig. 1d). Muscovite is represented by a few 136 

subhedral crystals that show low relief and are sometimes associated with biotite in a 137 

subparallel arrangement (Fig. 3c). Sericite occurs as an altered product of k-feldspar. 138 

 139 

Analytical techniques 140 

Microprobe mineral analyses have been performed at the Department of Mineralogy and 141 

Petrology, Institute of Geological Sciences, Wroclaw University, Poland, using an electron 142 

microprobe (Cambrian Microscan Mg). The analytical conditions were carried out at 15 kV 143 

accelerating voltage, 50 nA beam current, and 15 s counting time. The chemical formulae are 144 

calculated using MinPet software (Richard, 1995) and listed in Table 1. 145 

Representative rock samples from G. Ataitir El Dehami granites were analyzed for whole-146 

rock major, trace, and rare earth elements by X-ray fluorescence spectrometry (XRF) on 147 

pressed powder pellets using an ARL Advant–XP spectrometer, following the full matrix 148 

correction method proposed by Lachance and Trail (1966). Accuracy is generally lower than 149 

2% for major oxides, whereas the detection limits for trace elements range from 1 to 2 ppm. 150 

Replicate analyses on trace elements gave a precision lower than 5%. All analyses were carried 151 

out in the laboratories of Ferrara University, Italy. Bulk-rock analysis data are listed in Table 152 

2. 153 

Zircon separated from five representative rock samples from G. Ataitir El Dehami granites were 154 

analyzed for U-Pb ages and geochemistry. Samples were first crushed using conventional 155 

crushing and then separated using heavy liquids and a magnetic separator. Zircons were 156 

handpicked from each sample, pasted on the resin disc under the binocular microscope, and 157 

then polished to expose the grain centers. Transmitted light, reflected light, and 158 

cathodoluminescence (CL) images were collected on a microscope and a JEOL scanning 159 

electron microscope. 160 

Zircon U–Pb isotopic composition and trace element analyses were performed by Laser-161 

ablation inductively coupled plasma mass spectrometry (LA-ICPMS). The analyses were 162 

carried out at the Laboratory of Continental Dynamics, Geology Department, Northwest 163 

University, China. A pulsed 193 nm ArF Excimer laser with 50 mJ energy at a repetition ratio 164 

of 10 Hz coupled to an Agilent 7500 quadrupole ICP-MS was used for ablation. The detailed 165 



analytical procedures follow Liu et al. (2007). The repetition rate was 10 Hz, and the spot sizes 166 

were 20 μm in diameter. ICP-MS measurements were carried out using peak jumping (1 point 167 

per peak) mode, and the dwell time for each isotope was set at 6 ms for Si, Ti, Nb, Ta, and 168 

REE, 15ms for 204Pb, 206Pb, 207Pb, and 208Pb, and 10ms for 232Th and 238U. Each spot analysis 169 

consisted of approximately 30s of background acquisition and 40s of sample data acquisition. 170 

Every five analyses on unknown samples, external standards zircon 91500 measurement and 171 

NIST610 were frequently analyzed during analytical session. The 207Pb/206Pb, 206Pb/238U, and 172 

207Pb/235U ratios were corrected using 91500 as external standards and calculated using 173 

GLITTER4.0 program. Common Pb correction was applied using the method of Andersen 174 

(2002). The weighted mean U-Pb ages and Concordia plots were processed using ISOPLOT 175 

program (version 2.49) of Ludwig (2001). 176 

 177 

Results  178 

Mineral chemistry  179 

The chemical formulae of the feldspar were computed on the basis of 8 oxygen atoms and are 180 

listed in Table 1. The feldspar of the alkali feldspar granites has an albite composition on the 181 

Or-Ab-An ternary diagram of Deer et al. (1978) with an XCa ranging from 0.013 to 0.082 (with 182 

an average of 0.040). 183 

The results of electron microprobe (EMP) analyses of biotite minerals and their chemical 184 

formulae, which were calculated based on 22 oxygen atoms, are listed in Table 1. Biotite 185 

crystals are characterized by relatively low TiO2 (< 3 wt.%), enriched FeO (up to 39 wt.%), 186 

and MgO-depleted (< 2 wt.%), leading to Fe# ratios between 0.92 and 0.94, which classified 187 

them as annite and siderophyllite (Rieder et al. 1998, Deer et al. 2013). This classification is 188 

confirmed by the chemical contents (i.e., Al, Fe3+, Ti, Mg, Fe2+ and Mn) of the biotite which 189 

reveal that the studied biotites have a siderophyllite, Fe-biotite composition according to 190 

Foster, 1960. 191 

The chemical formulae of the studied chlorite were calculated based on 14 oxygen atoms and 192 

are listed in Table 1. Chlorite of the studied granites has high FeO content with an average of 193 

43.42 wt.% and low content of SiO2 and MgO with an average of 25.19 wt.% and 1.73 wt.%; 194 

respectively. The studied chlorite is classified as pseudothuringite according to the 195 

nomenclature of Hey, 1954. 196 

 197 

Whole rock geochemistry 198 



Major and trace element compositions.  199 

The concentrations of major and trace elements of the studied granites are listed in Table 2 as 200 

weight percent (wt.%) for major oxides and as parts per million (ppm) for the trace 201 

elements. On the basis of major elements, the analyzed samples of G. Ataitir El Dehami 202 

granites are silica-rich, with SiO2 ranging from 73.91 to 75.96 wt.% and moderate Al2O3 203 

ranging from (13.23–14.27 wt.%). They have high contents of alkalis, with Na2O (3.77–4.47 204 

wt.%), K2O (4.63–5.05 wt.%), but low abundances in Fe2O3 (0.80–1.27 wt.%), MgO (0.06–205 

0.19 wt.%), CaO (0.37–0.73 wt.%) and P2O5 (0.01–0.3%). The most variable trace elements 206 

are Ba (24–147 ppm), Sr (6–29 ppm), Rb (135–282 ppm), Zr (95–171 ppm), Nb (9–22 ppm), 207 

and Th (23–30 ppm). All samples have SiO2 concentrations greater than 70% and are thus 208 

classified as highly evolved felsic rocks. 209 

 210 

Petrochemical classification  211 

Plotting granitic samples of G. Ataitir El Dehami on the total alkali-silica (TAS) classification 212 

diagram (Middlemost., 1994; Fig. 3a), the samples are plotted in the granite field. They are 213 

mainly alkali feldspar-granite, except sample SA11 straddles the field of alkali-feldspar granite 214 

and syenogranite on R1-R2 multicationic diagram (De la Roche et al., 1980; Fig. 3b). The 215 

alkalinity of the granitic samples was measured using K2O vs SiO2 diagram (Peccerillo and 216 

Taylor, 1976) and Maniar and Piccoli (1989) diagram. The granite samples with K2O contents 217 

of 4.63–5.05 wt.% are plotted in the area of high-K calc-alkaline series (Fig. 3c). They show 218 

relatively weakly peraluminous character (Fig. 3d), with obvious low A/CNK values (molar 219 

Al2O3/(CaO+Na2O+K2O) which range from (1 to 1.08). The Ataitir El Dehami granites with 220 

high differentiated indices (DI = sum of normative Q+ Or +Ab: Thornton and Tuttle, 1960), 221 

range from 93.57 to 96.51 plot in the field of differentiated calc-alkaline granites (Fig. 3e). 222 

Depend on the MALI index (Na2O+K2O-CaO) vs. SiO2 diagram (Fig. 3f), all samples are 223 

mainly plotted in the alkali-calcic A-type field and are characterized by relatively high MALI 224 

values. Due to high FeOt/ (FeOt + MgO) ratios (0.86 to 0.99) all samples are plotted in the 225 

ferroan A-type field (Fig. 3g).  226 

The present data are normalized to the primitive mantle (Sun and McDonough, 1989) (Fig. 227 

3h). It is evident from the figure that the granites of Ataitir El Dehami are characterized by 228 

high concentrations of some large ion lithophile elements (especially Rb, Th, and Pb) and are 229 

relatively depleted in Ba, Sr, and some high field strength elements (HFSE; e.g., Ti and Nb). 230 

These geochemical characteristics are similar to crustal or arc magmatic rocks (Kelemen et 231 



al. 1990). The depletion in Ba, Sr and Ti elements, is probably attributed to extensive 232 

fractionation of apatite, plagioclase and Fe-Ti oxides (Brown et al., 1984), and the strong 233 

negative Nb anomaly may indicate that the parental magma had a crustal source (Barbarin, 234 

1999). 235 

 236 

Zircon U–Pb isotopes and trace elements  237 

 238 

In order to study the genesis as well as constrain the crystallization events, 188 spots from 239 

five samples of G. Ataitir El Dehami granites have been analyzed for trace element contents 240 

and U–Pb isotopic concentrations. Zircons from these five samples were analyzed by LA-ICP-241 

MS technique, aided by their Cathodoluminescence (CL) images. U–Pb analyses and their 242 

corresponding ages are presented in Table 3. The zircon trace element data are given in 243 

Supplementary Tables (S1-S5). 244 

 245 

Sample SA12 246 

 247 

Zircon grains from sample SA12 have an equant to partly round in habit of about 100-150 248 

μm length and 70-120 μm width (Fig. 4a). In cathodoluminescence (CL) images, some zircon 249 

grains show relatively subhedral to euhedral rims with clear concentric oscillatory zoning, 250 

although a few zircons with high uranium contents are dark brown and turbid.   251 

Twenty-five LA-ICP-MS analyses were conducted on fourteen single grains. The analyzed 252 

spots have U contents ranging from 196 to 2966 ppm, except for 3 spots of content (6338 ppm, 253 

9523 ppm, and 18900 ppm). Th content is in the range 67-2285 ppm (except for 2 spots of 254 

content 6139 ppm and 11876 ppm) and Th//U ratios with an average of 0.46 (Supplementary 255 

Table S1) suggesting a magmatic genesis and crystallization from high SiO2 magma (Kirkland 256 

et al., 2015). Zircon grains have variable niobium content (1.3- 766 ppm), hafnium varies from 257 

(5327-14150 ppm with an average of 9777 ppm) and U/Yb ratios with an average of 1.3. The 258 

U-Pb isotopic analyses yield a weighted mean 206Pb/238U age of 601±3.9 Ma, (±95% conf., 259 

MSWD = 0.46; Fig. 5a), which is interpreted as the crystallization age of this sample. 260 

The chondrite-normalized zircon REE patterns (Fig. 6a) of the study sample indicate a rather 261 

steeply rising slope due to HREE enrichment relative to LREE. The individual HREE patterns 262 

of zircons from this sample are almost parallel with restricted ranges of high [(Yb/Gd)CI = 7.8–263 

20.5], negative Eu anomalies [(Eu/Eu*)CI = 0.01–0.11] and positive Ce anomalies [(Ce/Ce*)CI 264 



= 0.72-17.4]. These features characterize typical REE patterns of unaltered magmatic zircons 265 

(Hoskin and Ireland, 2000; Belousova et al., 2002; Hoskin and Schaltegger, 2003; Grimes et 266 

al., 2015).  267 

 268 

Sample SI82B 269 

 270 

Zircons from sample SI82B exhibit different forms of equant to prismatic with subhedral rims 271 

and sizes of 80–250μm length and 50–100 μm width. The grains show homogenous textures. 272 

They partially display well-developed oscillatory zoning in CL images, indicative of magmatic 273 

origin (Hoskin and Schaltegger 2003; Yang et al., 2014). But other grains show only faint and 274 

broad zoning (Fig. 4b).  275 

Forty-one LA-ICP-MS analyses were carried out for both cores and rims of twenty-nine 276 

zircon grains. The analyzed grains have variable U contents of (43-4990 ppm except for 8 spots 277 

from 5860 to 12103 ppm), Th (18-2766 ppm), and Th/U ratios of (0.3-0.72, most of the 278 

analyzed zircons have Th/U ratios ≥ of 0.5) (Supplementary Table S2) that could signify their 279 

magmatic origin (Kirkland et al., 2015). Zircon grains have Hf contents of (5905-15367 ppm), 280 

Nb (0.9–226 ppm except for 3 spots that have a very high value of content (604 ppm, 1386ppm, 281 

and 2003 ppm), and U/Yb ratios with an average of 1.64. The analyses yield a weighted mean 282 

206Pb/238U age of 580±26 Ma (±95% conf., MSWD = 2.8) (Fig. 5b). This age is interpreted as 283 

the crystallization age of the dated sample. 284 

CI-normalized zircon REE patterns (Anders and Grevesse, 1989; Fig. 6b)  are similar to that 285 

of sample SA12, and are characterized by a negative slope from the middle [(Yb/Gd)CI = 2–286 

22]  due to serious HREE enrichment relative to LREE with distinctive positive Ce [(Ce/Ce*)CI 287 

= 0.56 – 73], and negative Eu anomalies [(Eu/Eu*)CI = 0.001–0.2], which is characteristic of 288 

unaltered magmatic zircons (Hoskin and Ireland, 2000). The cerium content in these zircons is 289 

relatively high, implying crystallization from an oxidized magma where tetravalent Ce was 290 

abundant (Hoskin and Schaltegger, 2003). The individual HREE patterns of zircons are almost 291 

parallel while the LREE segments exhibit somewhat dissimilar patterns as indicated by the 292 

wide variation in their (Sm/La)CI ratios (0.64-493). 293 

 294 

Sample SA9 295 

 296 

Zircon grains extracted from sample SA9 are well-developed euhedral equant to prismatic. 297 

These grains show sizes ranging from 120-320 μm in length and 50–100 μm in width. 298 



Cathodoluminescence images (Fig. 4c) show that the zircons of this sample display more 299 

complex internal structures with well-developed oscillatory zoning evident in other crystals 300 

with multiple stages of zircon crystallization and its primary magmatic origin (Corfu et al., 301 

2003; Barth and Wooden, 2010). The isotopic analyses yield a coherent Concordia age of 302 

596±2.2 Ma (±95% conf., MSWD = 1.4, Fig. 5c), which is interpreted as the crystallization 303 

age of this sample.  304 

A total of forty-one analyses were conducted on twenty-eight zircon grains. The analyzed spots 305 

have relatively high U contents of (76–9520 ppm except for one spot, which records U contents 306 

of 23409 ppm). Th content of (31–5359 ppm except for two spots that record 7077 ppm and 307 

10609 ppm), and Th/U ratios of (0.25-1.17, with an average of 0.47) (Supplementary Table 308 

S3). These zircon grains yielded a wide range of Hf contents (6518-21685ppm), and U/Yb 309 

ratios with an average of 2.42. 310 

The chondrite-normalized zircon REE patterns (Fig. 6c) show variations in middle to heavy 311 

REE negative slopes [(Yb/Gd)CI = 6.2-26.7], negative Eu anomalies [(Eu/Eu*)CI = 0.001-0.29 312 

with average 0.027] and positive Ce anomalies [(Ce/Ce*)CI = 0.83 – 159.1]. These patterns 313 

are typical of unaltered magmatic zircons (Belousova et al., 2002; Grimes et al., 2015). 314 

 315 

Sample SA11 316 

 317 

Zircon grains extracted from sample SA11 are mostly prismatic to equant and sometimes 318 

rounded. They have regular rims with lengths ranging from 120 to 250 μm. In CL images, 319 

zircon grains are commonly homogenous and show oscillatory zoning, however, some grains 320 

show unzoned homogenous cores (Fig. 4d). Most of the zircons have systematic growth zoning 321 

from core to rim. Luminescent outer rims are rare, suggesting a general lack of metamorphic 322 

overgrowth. 323 

A total of fourteen U-Pb LA-ICP-MS analyses were conducted on 28 zircon grains. These 324 

analyses have U contents of (126-6827 ppm (except for 2 spots which have content of 11537 325 

ppm and 26.687 ppm), Th of 45-2820 ppm (except for 5 spots of 3551 ppm to 7734 ppm). Th/U 326 

ratios of (0.25-0.85) (Supplementary Table S4) favoring a magmatic origin of zircon crystals. 327 

The present zircon grains have Hf contents of (7051–15909 ppm), Nb contents of (1.44–201 328 

ppm (except for 10 spots of 807–6420 ppm), and U/Yb ratios of (0.46 – 3.68). U-Pb isotopic 329 

analyses yield a weighted mean 206Pb/238U age of 603±15 Ma (±95% conf., MSWD = 3.3), 330 

(Fig. 5d), which is interpreted as the time of magmatic crystallization of this sample. 331 



All zircons have REE patterns with negative slopes from the middle to heavy REE [(Yb/Gd)CI 332 

= 3.8-17.7] and have high negative Eu anomalies [(Eu/Eu*)CI = 0.01–0.1 with average 0.05], 333 

and positive Ce anomalies [(Ce/Ce*)CI = 0.85–42.56], (Fig. 6d). 334 

 335 

Sample SI81C 336 

 337 

Zircons separated from this sample are mostly euhedral to subhedral, stubby prismatic to 338 

equant with sizes ranging from 100 to 250 μm length and 50 to 100 μm width. CL images show 339 

that zircons of this sample display more complex internal structures with well-developed 340 

oscillatory zoning evident in other crystals with multiple stages of zircon crystallization and its 341 

primary magmatic origin (Corfu et al., 2003; Cavosie et al., 2006; Barth and Wooden, 2010) 342 

(Fig. 4e).  343 

Forty-one LA-ICP-MS analyses were conducted on 39 grains from sample SI81C. The 344 

analyzed spots have a higher content of U (4924 – 24166 ppm) than the other samples except 345 

four spots, which record low U content range from 95-403 ppm. Th contents are range from 346 

2127to 19519 ppm, except for four spots, which record low Th contents range from 71 to 580 347 

ppm, as well as Th/U ratios range from 0.15 to 1.8, except for one spot records Th/U ratio of 348 

5.88 (Supplementary Table S5).  All zircon grains are presumed to be magmatic and 349 

crystallized from high SiO2 magma (Corfu et al., 2003; Kirkland et al., 2015). These zircon 350 

grains have high Hf contents of (8468-14510 ppm (except for one spot that records 76 ppm) 351 

suggesting their crystallization at a higher degree of magmatic evolution (Hoskin and 352 

Schaltegger, 2003), Nb contents of (141-3500 ppm), and U/Yb ratios of (0.3–4.68).  353 

The U-Pb isotopic analyses define two clusters of concordant dates, the younger cluster yields 354 

a mean concordant age of 575± 7.1 Ma, whereas the oldest cluster yields a Concordia age of 355 

735± 9Ma, which implies, most probably inherited zircon related to the age of old crustal rocks 356 

protolith (Fig. 5e). Zircons from this sample show a constrained range of small Eu/Eu* values 357 

(0.001 – 0.9, average = 0.05) leading to seriously deep negative anomalies and positive Ce 358 

anomalies (Ce/Ce*)CI = 0.9–148.96 (Fig. 6e). 359 

The chondrite normalized trace element spider diagrams (Supplementary Fig.3) show that all 360 

zircons of the different granitic samples are characterized by enrichment in large ion lithophile 361 

elements of Th, U, Hf and have negative anomaly of Ti, La and Nb.  362 

In general, The chondrite-normalized REE patterns (Fig. 6) of all zircon grains in the present 363 

study are characterized by a rather steeply rising slope due to serious HREE enrichment relative 364 

to LREE with distinctive positive Ce [(Ce/Ce*) range from 0.56 to 159.16] and negative Eu 365 



anomalies [(Eu/Eu*) range from 0.001 to 0.9], which is typical of unaltered magmatic zircons 366 

(Hoskin and Ireland, 2000; Hoskin and Schaltegger, 2003; Rubatto, 2017). Furthermore, all 367 

zircon grains of different samples exhibit roughly similar REE patterns (Fig.6) and similar CI-368 

normalized trace element spider diagrams (Supplementary Fig. 3) with little change in total 369 

concentrations, which is evidence of their identical crystallization environments (Cao et al., 370 

2011; Deng et al., 2019). Hoskin and Schaltegger, 2003 suggested that the negative Eu anomaly 371 

is attributed to plagioclase fractionation, whereas the positive Ce anomaly is associated with 372 

oxidation processes or an oxidizing environment. REE patterns of zircons separated from the 373 

studied samples show patterns similar to those of A-type granites (Zhao et al., 2018). 374 

 375 

Discussion 376 

Petrogenesis of granites  377 

Genetic type: highly fractionated I-type or A-type? 378 

Granites are classified as M-, A-, S-, and I-types (Whalen et al., 1987; Eby, 1990; Chappell 379 

et al., 2012). The production of M-type granites is mostly based on the differentiation of 380 

mantle-based magma with mantle-origin features (Dong et al., 2019). Because Ataitir El 381 

Dehami granites have a high concentration of SiO2 and low MgO, they cannot be M-type 382 

granites. The S-type granites are featured by high aluminum saturation index (ASI) values 383 

(normally >1.1), and enriched isotopes with the appearance of garnet and/or cordierite (Bonin, 384 

2007), due to the lack of these features, the studied granites cannot be S-type granite. 385 

Sodium amphibole, aegirine, iron olivine, and other signature alkaline dark minerals are 386 

historically thought to be the most common indicators and distinctive features of A-type 387 

granites (Chappell, 1999; Wu et al., 2007; Li et al., 2018). Since Ataitir El Dehami granite 388 

lacks these minerals, so the most objective criterion for identifying I- and A-type granite is 389 

their chemical composition. Aluminous A-type granites with relatively higher SiO2 contents 390 

can distinguish from I-type by their high (Na2O+K2O), FeOt/(FeOt + MgO) ratios, as well as 391 

HFSE, Ga, Zn, but low Ca, Ni, Cr, Sr, and Ba contents (Collins et al., 1982, Whalen et al., 392 

1987, Bonin, 2007).  393 

The granite samples from Ataitir El Dehami are characterized by slightly higher alkali 394 

contents [(Na2O+K2O) = (8.82 to 9.37)], display high FeOt/(FeOt + MgO) ratios (0.86 to 0.99) 395 

and are mostly plotted into the field of ferroan A-type granitoids (Fig. 3g, defined by 175 A-396 

type granites worldwide; Frost et al., 2001). In addition, the studied granites belong to the high 397 



K series (Fig. 3c). In the primitive mantle normalized trace element diagram (Fig. 3h) granite 398 

samples exhibit evident negative Ba, Sr, P, and Ti anomalies and high large ion lithophile 399 

elements (LILE) abundances, including Rb, Th as well as enrichment in some high field 400 

strength elements (HFSEs; e.g., Ga, Zn). They are also plotted into the field of within plate 401 

granites (Fig. 7f and Supplementary Fig. 2a) All these features are suggestive of an affinity to 402 

A-type granite.  403 

In the discrimination diagrams of Na2O vs. K2O and Na2O + K2O/CaO vs. 10*4 Ga/Al (Fig. 404 

7a and b; Collins et al., 1982 and Whalen et al., 1987, respectively), the studied samples plotted 405 

in the A-type granite field.  406 

Even though granite samples from Ataitir El Dehami share many geochemical characteristics 407 

with A-type granites, they also exhibit some unique features. Firstly, the concentrations of Zr 408 

(95-171 ppm) and Zr + Nb + Ce + Y (171–339 ppm) are clearly lower than the lower limit of 409 

the typical characteristic of A-type granite (Zr = 250 ppm; Zr + Nb + Ce + Y = 350 ppm). These 410 

features suggest that the granite developed from highly fractionated granitic magmas (Whalen 411 

et al., 1987; Chappell, and White, 1992; Foley and Barth, 2000; Clemens, 2003).  412 

Secondly, A-type granite has significant geothermal gradient and high-temperature features 413 

that significantly exceed those of other forms of granite. Owing to their lower Zr contents, the 414 

Ataitir El Dehami granites yield a narrow range of significantly lower zircon saturation 415 

temperatures (TZr) ranging between 761 °C and 826 °C (av. 786 °C). These whole-rock zircon 416 

crystallization temperatures are modest relative to those determined for other younger granites 417 

elsewhere in the Egyptian Nubian Shield (Moreno et al., 2014; El-Bialy and Omar, 2015; Sami 418 

et al., 2017; Abd El Ghaffar and Ramadan, 2018). The considerably low zircon saturation 419 

temperatures of the studied granites together with their low Zr contents imply derivation 420 

through low-temperature crustal fusion, which causes incomplete dissolution of the more 421 

refractory zircon. The above finding which is further supported by plotting these samples on 422 

Whalen et al., 1987, in the Na2O + K2O/CaO vs. (Zr + Nb+ Ce+ Y); discrimination diagram 423 

(Fig. 7c), reveals that the studied granites straddle the field of highly fractionated I- and A-type 424 

granite.  425 

It is worth mentioning that the highly fractionated felsic I-type granites might show Ga/Al 426 

ratios and some major and trace element values that overlap those of typical A-type granites 427 

(Whalen et al., 1987). Hence, it is possible that the A-type characteristics of the studied rocks 428 

could be explained by extensive fractionation from I-type (tonalite) melt (Laurent et al., 2014; 429 

Fig. 7e).  430 



This is further supported by alkalinity index of Sylvester's (1989), which classify the 431 

examined granitoids as highly fractionated calc-alkaline rocks based on the diagram of (Al2O3 432 

+ CaO)/ (FeO* + Na2O+K2O) vs. 100(MgO + FeO* + TiO2)/SiO2; Fig 4e). Furthermore, a 433 

single-stage partial melting would not provide granites with extremely low Sr (less than 100 434 

ppm; 6-29 ppm) and high Rb concentrations (135–200 ppm), implying that Ataitir El Dehami 435 

granites may undergo intense fractional crystallization (Halliday et al., 1991; Farahat et al., 436 

2011; Sami et al., 2018). 437 

 In terms of the trace elements in zircon, they are enriched in Pb, Th, U, and Hf elements and 438 

obviously depleted in Ti element, Ce shows a positive anomaly, and Eu shows a negative 439 

anomaly (Fig. 6), all of which also show the geochemical characteristics of A-type granite 440 

(Zhao et al., 2018). 441 

Eby (1992) divided A-type granite into two subtypes (A1 and A2) with different origins and 442 

tectonic settings. The studied granites plotted within the A2 field (Fig. 7d). The A2-type 443 

granitoids represent magmas sourced from the underplated crust or continental crust that has 444 

experienced a cycle of island-arc magmatism or continent-continent collision.  445 

 446 

Origin of A-type granites  447 

The origin of the A-type granites is controversial and the subject of debate (Eby, 1990; Eby, 448 

1992; Huang et al., 2011; Collins et al., 2021). Petrogenetic models proposed for their 449 

formation are (1) high crystallization differentiation of mantle-derived basaltic magma (Beyth 450 

et al., 1994; Ewart et al., 2004; Konopelko, et al., 2007); (2) mixing of mantle-derived and 451 

crustal materials (Clemens et al., 1986; Yang et al., 2006); (3) Partial melting of lower crustal 452 

material which include partial melting of granulite facies remnants after granitic magma 453 

extraction (Collins et al., 1982; King et al., 1997), and partial melting of calc-alkaline tonalite-454 

granodiorite (Anderson and Bende, 1989; Farahat et al. 2007).  455 

Ataitir El Dehami granites show depletion in Al2O3, CaO, MgO, Fe2O3, TiO2, P2O5, Sr and 456 

Ba (Table. 2). Suggesting their evolution by extensive fractional crystallization from a less 457 

fractionated magma as suggested by many authors (e.g., Stern and Gottfried, 1986; Turner et 458 

al., 1992; Moghazi, 2002). Yet, the evolution of these rocks by a simple fractional 459 

crystallization process of a mantle-derived mafic magma and magma mixing is hampered by 460 

the absence of large volumes of contemporaneous mafic rocks, as would be expected if 461 

extensive fractional crystallization took place, and supported also by the absence of 462 

microgranular enclaves in the present granites. Furthermore, according to Eby (1992), Y/Nb 463 



ratios are essential for determining the parent source. Whereas magmas with Y/Nb ratios > 1.2 464 

are indicative of crustal melts and those with Y/Nb values <1.2 are typical of melts generated 465 

from the mantle. As a result, the analyzed samples had Y/Nb ratios greater than 1.2 (Table 2), 466 

implying a crustal protolith for the granites under study. As well as the geochemistry of zircon 467 

supported this conclusion as the studied zircons are continental (Fig. 9e). Accordingly, we 468 

favor the derivation of Ataitir El Dehami A-type granites from the direct partial melting of 469 

middle to lower crustal rocks, followed by some differentiation. 470 

It has been proposed that A-type granites originated from the partial melting of LILE-471 

depleted granulitic residue in the lower crust, from which the granitoids melt were previously 472 

extracted (Clemens et al., 1986; King et al., 1997). In addition, the residual granulite facies in 473 

the lower crust are characterized by low K, Si and high in Ca, Al, and Mg (Anderson and 474 

Bender, 1989). However, the geochemical characteristics of the Ataitir El Dehami granites 475 

contrast sharply with this model. 476 

In this study, a more accurate model for A-type granites was suggested to be the partial 477 

melting of underplated I-type tonalitic to granodioritic source (Creaser et al., 1991). On the 478 

Al2O3/(FeOt + MgO)–CaO–5(K2O/Na2O) ternary diagram of Laurent et al., 2014 (Fig.7e), the 479 

samples of Ataitir El Dehami granites share similarities with magmas derived from the melting 480 

of tonalite sources which most probably derived from crustal rocks (King et al., 1997). 481 

 482 

Tectonic setting 483 

In order to determine the tectonic setting of the studied granites, the tectonic discrimination 484 

diagrams for granitic rocks of Pearce et al. (1984) are used (e.g., Fig.7f). These discrimination 485 

diagrams subdivide the granites into four main groups according to the tectonic setting: 1) 486 

Oceanic Ridge Granites (ORG), 2) Volcanic Arc Granites (VAG), which are produced from 487 

volcanic arc magmatism and mainly calc-alkaline, 3) Within Plate Granites (WPG), which 488 

associate alkaline and peralkaline magmas in anorogenic suites, and 4) Collision 489 

Granites(COLG), which are usually peraluminous granites that result from anatexis of 490 

sedimentary rocks during the continent collision. 491 

According to Nb versus Y diagram, samples are generally plotted in the within-plate granite 492 

(WPG) field except sample SA9 plotted in the volcanic arc field (Fig. 7f). However, the tectonic 493 

setting of the studied granites falling at the intersection of within plate granites (WPG), arc 494 

granites (VAG) and syn-collisional granites (syn-COLG). Therefore, the granitic rocks under 495 



investigation are still controversial, and perhaps falling samples in this intersecting field could 496 

be accepted as a post-collisional granite (post- COLG) field (Pearce, 1996). Accordingly, the 497 

Ataitir El Dehami granites can be clearly classified as post collisional granites (Supplementary 498 

Fig. 3a and 3b; Pearce, 1996; Maniar and Piccoli, 1989, respectively). 499 

 500 

Geochemistry of zircon  501 

Magmatic versus hydrothermal zircon type 502 

Zircons are commonly formed through the crystallization of magma, but they can also form 503 

from hydrothermal and metamorphic fluids (El-Bialy and Ali, 2013; Sheng et al., 2012; Sakyi 504 

et al., 2019). It has been proposed that zircons originating from magmatic processes generally 505 

exhibit identical REE patterns (Hoskin, 2005; Xia et al., 2010), while those derived from other 506 

processes can be distinguished by their own REE patterns (Hoskin and Schaltegger, 2003; 507 

Wang et al., 2012).  508 

For instance, the presence of LREE enrichment in zircon is often associated with 509 

hydrothermal processes, and therefore, hydrothermal zircons display lower (SmN/LaN) and 510 

smaller Ce anomalies (Ce/Ce*) compared to magmatic zircons (Hoskin, 2005). However, 511 

several studies have indicated that some magmatic zircons may not differ from hydrothermal 512 

zircons in terms of chemical composition (Fu et al., 2009; Schaltegger, 2007).  513 

Zircon grains in the present study are characterized by a rather steeply high slope due to 514 

serious HREE enrichment relative to LREE with distinctive positive Ce [(Ce/Ce*) range from 515 

0.56 to 159.16] and negative Eu anomalies [(Eu/Eu*) range from 0.001 to 0.9], which is typical 516 

of unaltered magmatic zircons (Hoskin and Ireland, 2000; Hoskin and Schaltegger, 2003; 517 

Rubatto, 2017). 518 

Hoskin and Schaltegger (2003) hypothesized that the Th/U ratio can be used as a reliable 519 

indicator for identifying the origin of zircon. Hydrothermal zircons typically exhibit Th/U 520 

ratios ranging from 0.1 (e.g., Hoskin and Schaltegger, 2003) to 0.3 (e.g., Hu et al., 2012), 521 

whereas Th/U ratios for magmatic zircons have been proposed to be ranging from 0.32 to 0.7 522 

(e.g., Rubatto, 2002; Hoskin and Schaltegger, 2003; Fu et al., 2009; Li et al., 2014). Zircons 523 

from the studied granites displayed Th/U ratios of 0.45–0.69 with only a few zircon grains with 524 

Th/U ratios lower than 0.3. This suggests that most zircons are magmatic origin, while some 525 

zircon grains exhibit hydrothermal origin. 526 

Moreover, zircon crystallization temperature can also serve as a method of distinguishing 527 

between hydrothermal zircons, which usually crystallize at temperatures below 500°C, and 528 

igneous zircons, which crystallize at temperatures above 500°C (Fu et al., 2009). The estimated 529 



temperature of zircon crystallization obtained from Ti-in-zircon thermometry exceeds 500°C, 530 

(average TTi-in-zrc = 728 °C), indicating a magmatic origin.  531 

Furthermore, Li et al. (2014) have demonstrated that zircons derived from different sources 532 

display diverse internal structures, growth morphology, and sizes. For instance, in 533 

cathodoluminescence (CL) images (Fig. 4), zircons of magmatic origin commonly exhibit 534 

distinct internal zoning, while hydrothermal zircons possess weak or absent zoning. The 535 

majority of zircons found in Ataitir El Dehami granitoids display regular concentric zoning 536 

patterns, which are characteristic of magmatic zircons. 537 

 538 

Oxidation conditions of the magma  539 

Zircon REE compositions can be applied as a proxy for constraining the magma properties of 540 

granitic intrusions, specifically the magma's oxidation state (Trail et al., 2012; Burnham and 541 

Berry, 2012; Lu et al., 2016). The magnitude of cerium and Eu anomalies have been commonly 542 

utilized to reflect the redox conditions of magmas, as an increase in the oxidation state of 543 

magma enhances the positive Ce anomaly but weakens the negative Eu anomaly in zircon 544 

(Shen et al., 2015). Thus, zircon Eu anomaly (Eu/Eu*) and Ce anomaly (Ce/Ce*) can be used 545 

to reflect the oxidation states of parental magma (Dilles et al., 2015; Loader et al., 2017). 546 

Following the calculation method of Loader et al. (2017), the calculated Ce/Ce* values from 547 

Ataitir El Dehami granites are high and vary widely between 0.56 and 159 with an average of 548 

12.6, whereas the Eu/Eu* values (Hoskin and Schaltegger, 2003) of these samples are variable 549 

and range between 0.001 to 0.9 with an average of 0.05.  550 

A plot of Ce/Ce* vs. Eu/Eu* (Fig. 8a) is very useful to infer the oxidation conditions during 551 

the crystallization of the magma. A positive linear to curvilinear correlation between Ce and 552 

Eu anomalies would be expected if both anomalies were simply controlled by the oxidation 553 

condition during zircon crystallization (Cao et al., 2011; Orejana et al., 2011; El-Bialy and Ali, 554 

2013; Wang et al., 2013). Therefore, the lack of correlation between Ce and Eu anomalies and 555 

the presence of positive Ce anomaly coexisting with negative Eu anomaly in the study zircons 556 

may indicate that the oxygen fugacity is not the only factor controlling Ce4+/Ce3+ and 557 

Eu3+/Eu2+in magmas (Maas et al., 1992). The plot of Hf versus Ce/Ce* can also be used to 558 

monitor the difference in oxidation state accompanying magma differentiation. The samples in 559 

this study show a wide range of Hf and Ce/Ce* values (Fig. 8b) which may indicate the 560 

crystallization of the magma in a variable range of fO2 over a long-time interval. 561 

 562 

Magma source: mantle versus crust  563 



Zircon can affect the behavior of REE, Y, Th, U, Nb, and Ta, therefore the concentrations 564 

and ratios of these trace elements can be used to differentiate zircon from different sources (Li 565 

et al., 2014; Wu et al., 2016). In general, zircons from crust-derived magma show higher trace 566 

element concentrations as well as Ce-enriched and Eu-depleted REE patterns compared to 567 

zircons from mantle-derived magma (Lei et al., 2013). Zircons originating from mantle 568 

magmas show negative correlations of Hf with Th, Y and U, in contrast to zircons derived from 569 

the crust, which show positive correlations (Wang and Pupin, 1992). In this study, zircons from 570 

Ataitir El Dehami granitoids have high REE contents with Ce enrichment and depletion of Eu, 571 

which together with the apparent positive correlations between Hf and U, Th, and Y (Figs. 9a, 572 

b, and c), suggest that the studied granites were generated from the crust.  573 

In addition, the U/Yb ratio of zircons has been widely used to distinguish zircons crystallizing 574 

in magmas of mantle or crustal origin (e.g., Deng et al., 2019; El-Bialy and Ali, 2013; Grimes 575 

et al., 2007; Kelemen et al., 2003; Sakyi et al., 2019). Grimes et al. (2007) concluded that the 576 

U/Yb ratio of zircons is variable and increases gradually from oceanic gabbro (0.18) to 577 

continental granites (1.07) and kimberlite (2.1). Therefore, plotting Hf concentrations versus 578 

U/Yb ratios can be used to identify zircon grains from oceanic crust, continental crust, and 579 

mantle (Grimes et al., 2007). In Figure 9d, all zircon grains from Ataitir El Dehami granites 580 

plotted in the field of the continental crust zircons (Grimes et al., 2007). The high U/Yb, and 581 

Gd/Yb ratios of the studied zircons are comparable and have well-defined features of zircons 582 

with the arc to within plate signatures (Fig 9e), which is compatible with our geochemical data 583 

(Supplementary Fig. 3a and 3b; Pearce, 1996; Maniar and Piccoli, 1989, respectively). 584 

Indicated that the Ataitir El Dehami granites can be clearly considered as post-collisional 585 

granites. 586 

 587 

Crystallization conditions  588 

Yang (2017) proposed an empirical method using CIPW normative quartz (Qtz) and albite 589 

(Ab) plus orthoclase (Or) compositions to estimate the emplacement pressure of granite 590 

intrusions, referred to as Qtz-geobarometer (Yang et al. 2019, 2021). Using the improved Qtz- 591 

geobarometer of Yang et al. (2021), the estimated crystallization pressures of the studied 592 

granites fall between 1.9–3.8 Kb, and thus suggest its crystallization depth ranges from 5 to 10 593 

km, assuming that the density of continental crust is 2.7 g/cm3. 594 

Magma temperature can be estimated using the zircon-saturation model (TZr) (Watson and 595 

Harrison, 1983) that was revised by Boehnke et al. (2013). Zr in the studied granites ranges 596 



from 95 to 171 ppm, thus the corresponding TZr equals 761 to 826°C with an average of 786 597 

°C; Table 2. The results are also in agreement with the temperatures evaluated using P2O5–598 

SiO2 diagram after Harrison and Watson, 1984; (Supplementary Fig. 2c) which indicates that 599 

the formation temperature of the studied granites is less than 800 °C. Miller et al. (2003) 600 

suggested that the average TZr for inheritance-rich granitoids is 766°C and 837°C for 601 

inheritance-poor granitoids. As a result, the studied rocks are inheritance-rich granitoids, i.e., 602 

saturated in zircon at the source, with an average TZr of 786 °C.  603 

Ti-in-zircon thermometry 604 

Ti can substitute for Zr4+ and Si4+ in zircon, and the crystallization temperature of zircon has 605 

certain constraints on Ti content and element substitution (Watson et al., 2006). Therefore, Ti 606 

concentrations in zircon are considered a powerful geochemical tracer utilized to estimate the 607 

magmatic temperature of the melt during zircon crystallization (Watson and Harrison, 2005; 608 

Ferry and Watson, 2007; Fu et al., 2008).  609 

In this study, most Ti values obtained in magmatic zircons are below 60 ppm, and only zircon 610 

with Ti contents ≤ 75 ppm was considered for calculations, as these concentrations are in line 611 

with the acceptable range in igneous zircons (Hoskin and Schaltegger, 2003). The magmatic 612 

zircon crystallization temperatures (TTi-in-zrc) are currently determined by applying the equation 613 

of Watson et al. (2006), which states that: T (K) = 5080 ± 30 (1 / ((6.01±0.03)- log (Ti zircon)). 614 

The application of this equation to the investigated zircons returns temperatures of 607–974 °C 615 

(average T Ti-in-zrc = 728 °C). 616 

 617 

U-Pb zircon geochronology  618 

Timing of crystallization  619 

Four samples from Ataitir El Dehami pluton (SI82B, SA9, SA12, SA11) yield younger ages 620 

of (580±26 Ma, 596±2.2 Ma, 601±3.9 Ma, 603±15 Ma, respectively), whereas sample SI81C 621 

yields two different ages, the youngest age is 575±7.1 Ma and the oldest age is 735± 9 Ma. 622 

Zircons of younger ages extracted from this pluton show oscillatory growth zoning and have 623 

high Th/U ratios > 0.1, indicate a magmatic origin, and suggesting that the U–Pb ages obtained 624 

from these zircons represent the timing of crystallization of this pluton which range from 625 

575±7.1 Ma to 603±15 Ma. Our new ages allowed us to suggest that the magmatic activities 626 

continue up to 28My throughout continuous exhumation pulses.  627 

These younger ages have been documented in other areas in Sinai and Eastern Desert. In the 628 

Sinai Peninsula, Ali et al. (2009) proposed a progressive sequence of magmatism (between 580 629 



and 595 Ma) from monzogranite to syenogranite to alkali-feldspar granite. For example, the 630 

monzogranite at Wadi Lithi has an age of 594 ± 14 Ma, identical to the reported age from a 631 

syenogranite sample at Wadi Nasb with an age of 594 ± 8 Ma, but slightly older than the 632 

syenogranite of Wadi Ghazala, with an age of 582 ± 6 Ma, whereas the alkali-feldspar granite 633 

at Wadi Lithi intrudes the monzogranite and has an age of 579 ± 9 Ma.  634 

Bielski et al. (1979) reported a Rb/Sr whole-rock isochron age of 580 ± 23 Ma for a 635 

syenogranite pluton from the Iqna granite at the Wadi Kid area in southeastern Sinai. Gabal 636 

Musa, Wadi Lithey and Wadi Um Adawi granites dated with the 207Pb/206Pb single zircon 637 

stepwise evaporation method at 596 ± 18 Ma and 597 ± 12 Ma, respectively (Abu Anbar et al., 638 

1999). Recently, a syenogranite sample from Wadi Kid yielded a 206Pb/238U weighted mean 639 

age of 604 ± 5 Ma (Moghazi et al., 2012). The St. Katarina Ring Complex formed over a ∼9 640 

My interval from 602 to 593 Ma, (Moreno et al., 2014). 641 

U–Pb zircon geochronology of Abu Harba, and Abu Marwa A-type granite intrusions in the 642 

northern Eastern Desert yielded ages of 600.1 ± 8.5Ma, and 601.1 ± 2.4 Ma, respectively 643 

(Feteha et al., 2022). Moussa et al., 2008 concluded that the ages of the younger granitoids in 644 

the Eastern Desert are as follows: 603 Ma for SED granites (Um Ara), ∼597 Ma for CED 645 

granites (Al Missikat), and 595–605 Ma for NED granites (Abu Harba, 595 Ma, and Qattar, 646 

605 Ma). 647 

Zircon grain (sample SI81C) with old age reported during this study (735± 9Ma) may be 648 

derived from the neighboring arc (740 ± 6.4 Ma) that formed Wadi Seih area (Abu Anbar et al., 649 

2023) which are consisting with the progressive closing of the Mozambique Ocean. This age 650 

is correlated to the age of Taba granite gneiss (the northern part of the Taba Metamorphic 651 

Complex), which yielded zircon U–Pb ages of 737 ± 9 Ma (Kolodner, 2007). The age of the 652 

older source of the present granites overlaps with that of the Nab complex (737 ± 10 Ma; 653 

Kozdrój, et al., 2014). This age may overlap also with the oldest magmatic activity along Ajjaj 654 

Shear (747 ± 12 Ma), for deformed granodiorite-tonalite plutons (Hassan et al., 2016). 655 

 656 

Conclusions and tectonic evolution  657 

The Ataitir El Dehami granites primarily belong to the classification of alkali feldspar 658 

granites, with syenogranites occurring rarely. Granitoids display a relatively weakly 659 

peraluminous, alkali-calcic, and ferroan A-type nature. They were emplaced in both island arc 660 

and within-plate settings (post-collision granites; Supplementary Fig. 3a and 3b; Pearce, 1996; 661 

Maniar and Piccoli, 1989, respectively). Granitoids show enrichment in elements such as Rb, 662 



Pb, and Th, they exhibit depletion in Ba, Sr, Ti, Nb, and other high field strength elements 663 

(HFSEs), resembling crustal or arc magmatic rocks. The Ataitir El Dehami granites classified 664 

as A2-granites, they originate from underplated crust or continental crust influenced by island-665 

arc magmatism. Partial melting of the underplated I-type tonalitic source is proposed as the 666 

formation mechanism. Zircons extracted from the studied granites exhibit oscillatory growth 667 

zoning and high Th/U ratios (>0.1), indicating a magmatic origin. The chondrite-normalized 668 

REE patterns of the zircon samples display a steeply-rising slope with significant HREEs 669 

enrichment and LREEs depletion. They also exhibit distinct positive Ce and negative Eu 670 

anomalies, indicative of their crystallization environments. Negative Eu anomaly attributed to 671 

plagioclase fractionation whereas the positive Ce anomaly associated with oxidation processes. 672 

Temperature estimates from the Ti-in-zircon thermometer range from 607°C to 974°C with an 673 

average 728°C, which is consistent with zircons growing in the continental crust. All zircon 674 

grains from Ataitir El Dehami granites indicating their affiliation with continental crust. As 675 

well as the studied zircons show well-defined features with arc-within plate signature which is 676 

compatible with the geochemical data which indicated that the Ataitir El Dehami granites can 677 

be clearly considered as post collisional granites. Crystallization ages for the Ataitir El Dehami 678 

granites range from 603 to 575 Ma. LA-ICP-MS zircon U-Pb isotopic analyses reveal the 679 

presence of inherited zircon grains likely associated with older crustal rocks, possibly from an 680 

island arc regime.  681 

Based on the geochemical and geochronological data, the Ataitir El Dehami granites are post-682 

collisional A-type granites that formed from the partial melting of crustal sources during a 683 

transitional tectonic setting from convergence to extension at approximately 600 Ma, as 684 

indicated by previous studies (e.g., Stern, 1994; Genna et al., 2002; Jarrar et al., 2003). 685 

 686 

The proposed tectonic model for the formation of the Ataitir El Dehami granites (Fig. 10), as 687 

outlined in the provided document, involves the following key stages: 688 

1. Subduction (magma generation) and crustal melting stage: Initially, a period of 689 

convergence led to the subduction of a lithospheric mantle beneath the continental crust 690 

(Fig. 10a). This process triggered the melting of the asthenosphere, generating magma 691 

that formed an arc at nearly 735± 9Ma (Fig. 5e). Following the arc formation, the 692 

tectonic regime shifted to a post-collisional setting (Fig. 7f; Supplementary Fig. 3a and 693 

3b). The granites were produced through the partial melting of underplated I-type 694 

tonalitic sources (Fig.7e), within the continental crust.  695 



2. Extension and post collision stage: The granites were emplaced during a critical 696 

transitional period from convergence to extension at around 600 Ma (Fig. 10b). U-Pb 697 

zircon dating indicates crystallization ages between 603 and 575 Ma, reflecting a shift 698 

from orogenic to anorogenic setting in the region with inherited zircon grains from an 699 

older arc dated to 735 Ma. 700 
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This manuscript includes 5 Supplementary tables and 2 supplementary figures as following, 716 

Supplementary tables S1-S5 for zircon trace element data. 717 

Supplementary Fig. 1 for cross-polarized photomicrographs. 718 

Supplementary Fig. 2 for discrimination diagrams of the studied granitoids. 719 

Supplementary Fig. 3 Chondrite normalized trace element spider diagrams of granite samples 720 

(Anders and Grevesse, 1989). 721 
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Table 1 

Mineral  Plagioclase  Biotite    Chlorite  

Analyses/Sa.No 

SA12-

c SA12-f 

SA12-

e 

SA12-

d Analyses/Sa.No SA12-f SA12-e SA12-a SA12-b Analyses/Sa.No SA12-c SA12-d SA12-a SA12-b 

Core/rim c r c r             c r c r 

SiO2 68.69 66.94 66.09 65.15 SiO2 34.83 31.17 26.52 41.71 SiO2 27.09 24.60 24.52 24.55 

Al2O3 17.70 23.29 20.91 21.28 TiO2 1.88 2.55 0.42 0.94 TiO2 0.35 0.15 0.05 0.07 

Fe2O3 0.00 0.03 0.13 0.19 Al2O3 15.58 17.79 18.34 17.53 Al2O3 16.77 17.02 15.44 17.39 

MgO 0.02 0.05 0.02 0.05 FeO 30.20 33.85 39.89 23.50 FeO 42.25 43.77 43.79 43.88 

MnO 0.00 0.00 0.02 0.00 MnO 0.49 0.35 0.43 0.19 MnO 0.47 0.47 0.53 0.57 

CaO 1.07 0.26 1.68 0.39 MgO 0.97 1.33 1.72 0.88 MgO 1.68 1.77 1.81 1.69 

Na2O 11.94 10.47 10.34 10.16 CaO 0.14 0.14 0.18 0.06 CaO 0.14 0.04 0.09 0.07 

K2O 0.09 0.24 0.39 1.51 Na2O 0.18 0.17 0.17 0.14 Na2O 0.16 0.02 0.04 0.06 

Total 99.51 101.28 99.58 98.73 K2O 9.76 6.58 1.36 10.43 K2O 0.14 0.12 0.05 0.04 

Formula         H2O 3.73 3.71 3.65 3.95 H2O 10.58 10.41 10.35 10.41 

#Si+4 3.028 2.8831 2.9144 2.9046 Total 97.76 97.64 92.68 99.33 Total 99.63 98.37 96.67 98.73 

#Al+3 0.92 1.1822 1.0867 1.1182 Formula         Formula         

#Fe+3 0 0.0011 0.0044 0.0063 #Si IV 5.7313 5.1666 4.7201 6.3811 #Si IV 3.0838 2.8870 2.9505 2.8688 

#Mg+2 0.001 0.0032 0.0013 0.0033 #Al IV 2.2687 2.8334 3.2799 1.6189 #Al IV 0.9162 1.1130 1.0495 1.1312 

#Mn+2 0 0.0000 0.0007 0.0000 T site 8.0000 8.0000 8.0000 8.0000 T site 4.0000 4.0000 4.0000 4.0000 

#Ca+2 0.051 0.0120 0.0794 0.0186 #Al VI 0.7528 0.6420 0.5672 1.5419 #Al VI 1.3338 1.2411 1.1402 1.2638 

#Na+1 1.021 0.8743 0.8841 0.8782 #Ti VI 0.2326 0.3179 0.0562 0.1081 #Ti 0.0300 0.0132 0.0045 0.0062 

#K+1 0.005 0.0132 0.0219 0.0859 #Fe +2 4.1559 4.6923 5.9374 3.0066 #Fe +2 4.0222 4.2958 4.4066 4.2882 

#TOTAL 5.025 4.9690 4.9930 5.0152 #Mn +2 0.0683 0.0491 0.0648 0.0246 #Mn +2 0.0453 0.0467 0.0540 0.0564 

#O-2 8 8.0000 8.0000 8.0000 #Mg 0.2379 0.3286 0.4564 0.2007 #Mg 0.2851 0.3097 0.3247 0.2944 

Na+K+Ca 1.076 0.8995 0.9854 0.9828 O site 5.4475 6.0299 7.0821 4.8820 #Ca 0.0171 0.0050 0.0116 0.0088 

ab 0.948 0.9720 0.8972 0.8937 #Ca 0.0247 0.0249 0.0343 0.0098 #Na 0.0353 0.0046 0.0093 0.0136 

or 0.005 0.0147 0.0223 0.0874 #Na 0.0574 0.0546 0.0587 0.0415 #K 0.0203 0.0180 0.0077 0.0060 

an 0.047 0.0133 0.0806 0.0190 #K 2.0488 1.3914 0.3088 2.0356 O site 5.7891 5.9340 5.9586 5.9373 

table Click here to access/download;table;Tables word.docx
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Xca  0.047 0.01354 0.082 0.0208 A site 2.1309 1.4709 0.4018 2.0870 #O 10.0000 10.0000 10.0000 10.0000 

          #O 20.0000 20.0000 20.0000 20.0000 #OH 8.0000 8.0000 8.0000 8.0000 

          #OH 4.0000 4.0000 4.0000 4.0000 Charge 0.0000 0.0000 0.0000 0.0000 

          Fe/Fe+Mg 0.9458 0.9345 0.9286 0.9374           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 2 

Analyses/ Sa.No SA9 SA11 SA12 SI-81C SI-82B 

SiO2 75.96 74.01 74.19 74.51 73.91 

TiO2 0.08 0.16 0.08 0.05 0.12 

Al2O3 13.23 14.06 14.27 14.20 13.88 

Fe2O3tot 0.80 1.10 0.89 0.86 1.27 

MnO 0.01 0.02 0.01 0.02 0.02 

MgO 0.06 0.19 0.00 0.00 0.08 

CaO 0.37 0.73 0.67 0.56 0.68 

Na2O 4.21 3.77 4.47 4.45 4.31 

K2O 4.63 5.05 4.90 4.68 5.02 

P2O5 0.01 0.03 0.01 0.01 0.02 

LOI 0.63 0.90 0.51 0.66 0.69 

Total  100.00 100.00 100.00 100.00 100.00 

Trace elments           

Ba 34.2 147.5 51.2 24.6 108.1 

Ce 39.9 88.8 28.5 nd 67.3 

Co nd nd nd nd nd 

Cr 26.7 38.5 20.0 30.2 25.3 

La 30.0 42.1 28.6 11.2 43.3 

Nb 9.5 22.4 19.9 13.3 15.4 

Ni 17.2 27.7 23.1 19.0 14.8 

Pb 29.3 15.9 24.4 10.5 16.9 

Rb 141.0 178.9 282.9 135.2 200.4 

Sr 6.3 29.1 14.3 13.9 17.5 

Th 23.1 28.7 30.9 24.3 25.0 

V 3.9 9.9 5.2 3.5 5.9 



Y 27.0 57.0 72.1 47.8 51.8 

Zn 62.1 35.1 13.6 33.0 37.1 

Zr 95.4 171.7 100.4 135.7 123.0 

Cu 13.0 4.7 3.1 4.9 4.2 

Ga 13.0 15.0 14.8 13.9 13.9 

Nd nd 31.1 17.1 nd 30.4 

S 351.3 nd nd nd nd 

Sc 2.9 7.1 5.3 2.7 4.4 

CIPW Norm           

Q  33.14 31.28 28.2 29.77 28.33 

or (KAS6) 27.56 30.14 29.13 27.87 29.9 

ab (NAS6) 35.81 32.15 37.97 37.86 36.68 

an (CAS2) 1.79 3.48 3.28 2.74 3.28 

C(A) 0.63 1.12 0.4 0.81 0.15 

Hy en(MS) 0.15 0.48 0 0 0.2 

mt(FF) 0.03 0.07 0.03 0.07 0.07 

he(F) 0.78 1.06 0.87 0.82 1.23 

ap(CP) 0.02 0.07 0.02 0.02 0.04 

Totals 99.92 99.84 99.92 99.95 99.88 

Y/Nb 2.84 2.54 3.63 3.61 3.37 

DI  96.51 93.57 95.3 95.5 94.91 

Tzircon (oC)  Boehnke et al. (2013) 
763 825 761 799 781 

PQtz (Kb) 1.87 
2.18 3.82 3 3.81 

Emplacement depth (km) 5.1 5.9 10.3 8.1 10.3 

 

 

 



Table 3 

  Isotope ratios Ages Trace elements (ppm) 

Sample 

no/analysis  
Pb207/Pb206 1s Pb207/U235 1s Pb206/U238 1s Pb207/Pb206 1s Pb207/U235 1s Pb206/U238 1s concordia U  Th Pb 

SA12-17 0.06033 0.00168 0.83344 0.0136 0.10015 0.00128 615.4 59.06 615.5 7.53 615.3 7.52 100.03 300.55 133.85 38.28425 

SA12-01 0.06059 0.00163 0.83873 0.01328 0.10041 0.0013 624.8 57.04 618.4 7.33 616.8 7.64 100.26 268.33 76.11 32.43958 

SA12-14 0.0606 0.00177 0.83654 0.01563 0.10008 0.00131 625 61.89 617.2 8.64 614.9 7.68 100.37 196.49 67.54 24.25554 

SA12-02 0.06061 0.00164 0.83287 0.01328 0.09967 0.0013 625.3 57.24 615.2 7.36 612.5 7.59 100.44 278.71 93.27 32.74589 

SA12-21 0.06168 0.00169 0.79568 0.0122 0.09351 0.00118 663.2 57.76 594.4 6.9 576.3 6.98 103.14 475.21 245.06 57.9002 

SA12-16 0.06164 0.00176 0.77899 0.01354 0.09162 0.00118 661.5 59.93 584.9 7.73 565.1 7 103.50 211.86 76.92 24.12298 

SA12-20 0.06259 0.00173 0.81189 0.01273 0.09404 0.0012 694.3 57.81 603.5 7.13 579.4 7.04 104.16 342.18 125.37 40.29315 

SA12-24 0.0627 0.00187 0.79295 0.01515 0.09169 0.00119 698 62.45 592.8 8.58 565.5 7.05 104.83 268.94 113.62 31.43153 

SA12-15 0.06371 0.00179 0.81458 0.01362 0.09269 0.00119 732.1 58.34 605 7.62 571.4 7.05 105.88 230.43 97.85 26.87645 

SA12-06 0.06528 0.00172 0.82984 0.01209 0.09219 0.00118 783.3 54.41 613.5 6.71 568.5 6.98 107.92 838.39 434.97 101.61871 

SA12-25 0.06581 0.00197 0.80005 0.01513 0.08814 0.00114 800.5 61.45 596.9 8.53 544.5 6.78 109.62 244.11 101.9 27.48815 

SA12-27 0.07422 0.00218 0.87399 0.01575 0.08539 0.0011 1047.4 58.2 637.7 8.53 528.2 6.55 120.73 336.81 193.18 0 

SA12-11 0.08337 0.00216 1.08137 0.01444 0.09404 0.00119 1277.7 49.76 744.3 7.05 579.4 7.01 128.46 2966.31 1031.2 371.55147 

SA12-07 0.08196 0.0023 0.83725 0.0144 0.07407 0.00097 1244.6 53.88 617.6 7.96 460.7 5.85 134.06 244.56 80.19 25.46841 

SA12-26 0.07822 0.00208 0.55243 0.00733 0.05121 0.00063 1152.5 51.95 446.6 4.8 321.9 3.89 138.74 18900.25 11876 1559.065 

SA12-10 0.08015 0.00206 0.61596 0.00808 0.05572 0.0007 1200.6 49.88 487.3 5.08 349.6 4.3 139.39 9583.69 6139.8 702.82089 

SA12-09 0.0926 0.00248 0.65276 0.00978 0.05111 0.00066 1479.5 50.01 510.2 6.01 321.4 4.03 158.74 517.48 152.45 39.92071 

SA12-08 0.10768 0.00296 0.6173 0.01001 0.04157 0.00054 1760.5 49.45 488.2 6.28 262.5 3.37 185.98 566.69 118.06 35.74394 

SA12-13 0.11533 0.00303 0.68998 0.00949 0.04337 0.00055 1885 46.59 532.8 5.7 273.7 3.39 194.67 1236.53 415.54 70.3648 

SA12-19 0.11824 0.00315 0.62841 0.00878 0.03853 0.00049 1929.9 46.99 495.1 5.48 243.7 3.01 203.16 1688.21 712.51 86.72271 

SA12-22 0.13199 0.00349 0.82708 0.01113 0.04543 0.00057 2124.6 45.64 612 6.19 286.4 3.5 213.69 1679.43 579.24 130.57999 

SA12-12 0.13631 0.00357 0.57532 0.00797 0.0306 0.00039 2180.8 44.93 461.5 5.14 194.3 2.44 237.52 955.42 281.42 93.15016 

SA12-23 0.15889 0.00422 1.05931 0.01436 0.04833 0.00061 2443.9 44.28 733.5 7.08 304.3 3.72 241.05 782.3 258 70.92358 

SA12-05 0.15937 0.00414 0.93444 0.01295 0.04252 0.00055 2449 43.27 670 6.8 268.4 3.38 249.63 2388.39 841.9 157.26246 

SA12-18 0.13203 0.00352 0.32234 0.00452 0.0177 0.00022 2125.1 45.91 283.7 3.47 113.1 1.42 250.84 1560.52 277.14 42.28757 

SA12-04 0.16395 0.0042 0.47305 0.00628 0.02093 0.00027 2496.8 42.46 393.3 4.33 133.5 1.69 294.61 6338.3 2630.9 223.70093 

SA12-03 0.51702 0.01542 12.38403 0.24367 0.17373 0.00302 4290.5 43.15 2634 18.49 1032.6 16.6 255.08 953.4 2285.5 656.05192 

                                  

SI82B-06 0.05914 0.00166 0.83039 0.01455 0.10179 0.00133 572.4 59.97 613.8 8.07 624.9 7.8 98.22 102.08 41.14 14.27945 

SI82B-02 0.06133 0.0017 0.84428 0.01421 0.0998 0.0013 650.7 58.33 621.5 7.83 613.3 7.64 101.34 241.56 100.82 30.26442 

SI82B-03 0.06143 0.00178 0.84937 0.01605 0.10025 0.00133 654.2 61.07 624.3 8.81 615.8 7.8 101.38 271.12 65.6 32.81564 

SI82B-41 0.06097 0.00189 0.79869 0.01746 0.09502 0.00129 638.3 65.28 596.1 9.86 585.1 7.6 101.88 81.71 26.03 9.737765 

SI82B-40 0.05916 0.00149 0.67984 0.00874 0.08336 0.00105 572.9 53.92 526.7 5.28 516.2 6.27 102.03 4427.91 2008.3 487.70761 

SI82B-07 0.06207 0.00175 0.85838 0.01517 0.10026 0.00132 676.7 59.14 629.2 8.29 615.9 7.72 102.16 171.62 105.33 24.20551 

SI82B-30 0.06135 0.00168 0.80999 0.01335 0.09576 0.00124 651.4 57.65 602.5 7.49 589.5 7.32 102.21 289.35 168.42 36.62902 

SI82B-05 0.06041 0.00173 0.7526 0.01378 0.09032 0.00119 618.3 60.61 569.7 7.98 557.4 7.05 102.21 268.95 111.9 33.9813 

SI82B-18 0.06065 0.00164 0.76655 0.01211 0.09164 0.00118 627 57.1 577.8 6.96 565.3 6.99 102.21 411.6 212 47.29682 

SI82B-01 0.0621 0.00163 0.85215 0.0124 0.09947 0.00128 677.7 55.24 625.8 6.8 611.3 7.48 102.37 491.88 221.44 64.14449 

SI82B-20 0.05997 0.00162 0.71417 0.01142 0.08636 0.00112 602.3 57.58 547.2 6.77 534 6.63 102.47 427.61 219.37 48.35359 

SI82B-28 0.06054 0.00179 0.74396 0.01477 0.08913 0.00119 622.8 62.58 564.7 8.6 550.4 7.04 102.60 317.97 128.81 36.07591 

SI82B-37 0.05922 0.00149 0.64592 0.00831 0.07911 0.001 575.2 53.93 506 5.12 490.8 5.97 103.10 5860.35 2493.3 586.12317 

SI82B-04 0.06228 0.00167 0.82501 0.01269 0.09604 0.00124 683.7 56.17 610.8 7.06 591.1 7.29 103.33 337.76 187.46 42.76233 

SI82B-14 0.06124 0.00165 0.73991 0.01164 0.08761 0.00113 647.7 56.86 562.4 6.79 541.4 6.71 103.88 281.04 124.67 32.60802 

SI82B-24 0.05966 0.00152 0.55325 0.00731 0.06725 0.00085 591.4 54.29 447.1 4.78 419.5 5.15 106.58 7261.95 4127 567.6805 

SI82B-08 0.06076 0.00155 0.58705 0.00769 0.07005 0.00089 630.9 53.96 469 4.92 436.4 5.36 107.47 4990.33 2766.8 431.64109 

SI82B-42 0.06315 0.00321 0.71514 0.03229 0.08215 0.00144 713.3 104.45 547.8 19.11 508.9 8.56 107.64 43.02 18.66 5.591991 



SI82B-29 0.06341 0.00183 0.70636 0.01318 0.08079 0.00107 722.2 59.92 542.6 7.84 500.8 6.37 108.35 179.68 60.66 18.55102 

SI82B-15 0.06383 0.00178 0.71747 0.01239 0.0815 0.00107 736.1 58.03 549.2 7.33 505.1 6.36 108.73 265.91 117.77 31.11474 

SI82B-19 0.06812 0.00188 0.83327 0.01403 0.08871 0.00116 872.1 56.21 615.4 7.77 547.9 6.86 112.32 317.06 141.6 31.69701 

SI82B-17 0.0816 0.00207 1.505 0.01945 0.13374 0.0017 1236 48.77 932.4 7.88 809.2 9.64 115.22 8084.15 3275.2 1510.3178 

SI82B-33 0.06817 0.0018 0.57239 0.00857 0.0609 0.00078 873.6 53.82 459.6 5.53 381.1 4.75 120.60 357.56 122.5 31.4812 

SI82B-16 0.06341 0.00161 0.32834 0.0043 0.03755 0.00048 722 53.07 288.3 3.28 237.6 2.96 121.34 6881.72 3781.6 349.90124 

SI82B-26 0.07835 0.00232 0.92484 0.01828 0.08561 0.00116 1155.7 57.6 664.9 9.64 529.5 6.87 125.57 232.28 101.04 27.20745 

SI82B-38 0.06261 0.00159 0.19193 0.0025 0.02224 0.00028 694.9 53.08 178.3 2.13 141.8 1.77 125.74 10241.36 5459.4 312.31043 

SI82B-10 0.06929 0.00179 0.44509 0.00616 0.04657 0.00059 907.5 52.43 373.8 4.33 293.4 3.66 127.40 4761.1 2396.1 533.26665 

SI82B-35 0.07015 0.00178 0.46075 0.00598 0.04764 0.0006 932.7 51.08 384.8 4.15 300 3.71 128.27 5017.6 2285.6 314.71074 

SI82B-23 0.07937 0.00209 0.78637 0.01158 0.07185 0.00092 1181.4 51.21 589.1 6.58 447.3 5.56 131.70 848.73 332.75 82.79793 

SI82B-27 0.08258 0.00262 0.79564 0.01806 0.06988 0.00098 1259.2 60.77 594.4 10.21 435.4 5.89 136.52 256.69 101.09 24.59385 

SI82B-31 0.08083 0.00212 0.66213 0.00967 0.05941 0.00076 1217.3 50.75 515.9 5.91 372.1 4.64 138.65 462.51 160.85 32.88295 

SI82B-11 0.08548 0.00224 0.70314 0.01006 0.05964 0.00077 1326.4 49.88 540.7 6 373.4 4.66 144.80 1262.51 460.38 102.33639 

SI82B-12 0.08004 0.00206 0.39934 0.00543 0.03618 0.00046 1197.9 49.95 341.2 3.94 229.1 2.87 148.93 4540.2 2040.1 219.76654 

SI82B-22 0.08009 0.00205 0.17632 0.00236 0.01596 0.0002 1199.3 49.66 164.9 2.04 102.1 1.29 161.51 7438.31 4033 177.179 

SI82B-25 0.10582 0.003 0.51472 0.00916 0.03527 0.00047 1728.7 51.1 421.6 6.14 223.5 2.93 188.64 1264.67 295.2 56.11481 

SI82B-39 0.10246 0.00263 0.20315 0.00276 0.01438 0.00018 1669.1 46.67 187.8 2.33 92.1 1.16 203.91 4844.93 3364.4 101.58078 

SI82B-13 0.11541 0.00297 0.12099 0.00164 0.0076 0.0001 1886.3 45.6 116 1.48 48.8 0.62 237.70 4940.4 2168.4 98.27695 

SI82B-09 0.13513 0.00379 0.45207 0.00776 0.02426 0.00032 2165.7 48.11 378.7 5.43 154.5 2.04 245.11 2519.96 779.66 94.35143 

SI82B-32 0.17627 0.00446 0.30824 0.00398 0.01268 0.00016 2618 41.49 272.8 3.09 81.2 1.02 335.96 8412 6066.4 291.92468 

SI82B-34 0.1779 0.00468 0.24073 0.0035 0.00981 0.00013 2633.4 43.06 219 2.87 63 0.81 347.62 4768.6 1951.6 84.38777 

SI82B-21 0.18757 0.00484 0.25792 0.00353 0.00997 0.00013 2721 41.89 233 2.85 64 0.82 364.06 7166.7 4694.5 130.30083 

SI82B-36 0.3327 0.00849 0.3035 0.00402 0.00662 0.00008 3629.6 38.53 269.1 3.13 42.5 0.54 633.18 12103.41 22042 195.67743 

                    

SA9-02 0.05949 0.00103 0.7939 0.01164 0.09675 0.00061 585.2 37.17 593.4 6.59 595.4 3.56 99.66 91.84 48.31 11.85579 

SA9-40 0.05997 0.00063 0.80208 0.00454 0.09697 0.00049 602.5 22.67 598 2.56 596.6 2.91 100.23 7577.76 4457.7 876.62062 

SA9-41 0.0603 0.00065 0.80134 0.00491 0.09635 0.0005 614.4 23.2 597.6 2.77 593 2.91 100.78 3763.33 1246.8 445.84629 

SA9-35 0.06082 0.00076 0.8179 0.00702 0.09751 0.00053 632.7 26.54 606.9 3.92 599.8 3.1 101.18 400.22 154.82 48.6725 

SA9-29 0.06085 0.00064 0.81925 0.00449 0.09762 0.0005 634 22.34 607.6 2.5 600.4 2.92 101.20 7030.09 3535.8 887.42124 

SA9-04 0.06142 0.00064 0.82695 0.00458 0.09763 0.0005 653.8 22.33 611.9 2.54 600.5 2.92 101.90 4794.36 1927.9 602.03015 

SA9-13 0.06148 0.00131 0.80924 0.01536 0.09543 0.00068 656.2 44.91 602 8.62 587.6 4.02 102.45 76.79 39.6 9.42043 

SA9-36 0.06173 0.00077 0.82218 0.00718 0.09657 0.00053 664.9 26.62 609.3 4 594.3 3.09 102.52 477.69 187.84 57.98121 

SA9-14 0.06201 0.00101 0.8239 0.01109 0.09633 0.00059 674.6 34.48 610.2 6.17 592.9 3.48 102.92 90.52 31.86 11.315813 

SA9-20 0.06234 0.00068 0.83454 0.00515 0.09706 0.0005 685.8 22.98 616.1 2.85 597.2 2.94 103.16 5823.31 2298.7 707.39295 

SA9-37 0.06322 0.00096 0.83578 0.01022 0.09586 0.00057 715.5 32.09 616.8 5.65 590.1 3.36 104.52 207.98 107.13 25.81619 

SA9-38 0.06413 0.00092 0.84045 0.00925 0.09502 0.00055 746 29.89 619.4 5.11 585.2 3.23 105.84 259.55 92.45 29.56847 

SA9-15 0.06536 0.00086 0.87497 0.00832 0.09707 0.00054 785.9 27.29 638.3 4.5 597.2 3.18 106.88 558.84 217.07 70.0979 

SA9-06 0.06657 0.00084 0.89153 0.00795 0.0971 0.00053 824.4 26.22 647.2 4.27 597.4 3.13 108.34 285.49 96.94 36.68402 

SA9-05 0.05864 0.00061 1.05861 0.00567 0.13089 0.00066 553.8 22.49 733.1 2.79 793 3.79 92.45 9135.83 2348 3412.0414 

SA9-22 0.06816 0.00073 0.88613 0.00523 0.09426 0.00048 873.5 21.98 644.3 2.82 580.7 2.85 110.95 4137 1996.1 511.72532 

SA9-28 0.07031 0.00073 0.99248 0.00536 0.10234 0.00052 937.5 21.2 700 2.73 628.1 3.04 111.45 7236.9 3366.4 1000.6603 

SA9-31 0.07241 0.00118 0.9174 0.01229 0.09187 0.00058 997.4 32.73 661 6.51 566.6 3.42 116.66 551.39 260.89 60.45266 

SA9-25 0.07447 0.00078 1.0029 0.00555 0.09765 0.0005 1053.9 21.29 705.3 2.81 600.6 2.92 117.43 5306.7 2155.7 682.34896 

SA9-16 0.08773 0.00096 1.03793 0.00658 0.08578 0.00045 1376.6 20.9 722.9 3.28 530.5 2.65 136.27 502.37 233.7 81.28168 

SA9-21 0.09684 0.00105 1.25609 0.00763 0.09405 0.00049 1564.1 20.1 826.1 3.43 579.4 2.87 142.58 2363.02 1064.4 326.26654 

SA9-30 0.09286 0.00124 1.01793 0.00993 0.07948 0.00046 1485 25.22 712.9 5 493 2.74 144.60 472.21 177.56 56.68825 

SA9-17 0.09438 0.00099 1.04226 0.00577 0.08007 0.00041 1515.7 19.65 725 2.87 496.6 2.44 145.99 6552.35 3360.7 636.63802 

SA9-32 0.10068 0.00105 1.25999 0.00692 0.09074 0.00046 1636.7 19.3 827.9 3.11 559.9 2.74 147.87 4380.68 2514.9 570.93718 

SA9-34 0.10582 0.00111 1.1265 0.00631 0.07719 0.00039 1728.6 19.19 766.1 3.01 479.3 2.36 159.84 3692.98 1662.7 436.7269 

SA9-12 0.1056 0.0011 1.09049 0.00591 0.07487 0.00038 1724.8 19.02 748.7 2.87 465.5 2.29 160.84 7557.78 4682 902.65488 



SA9-27 0.09005 0.00097 0.47731 0.00287 0.03843 0.0002 1426.4 20.4 396.2 1.97 243.1 1.23 162.98 8017.16 5090.7 415.03896 

SA9-08 0.11932 0.00125 0.86363 0.00478 0.05248 0.00027 1946.1 18.63 632.1 2.6 329.7 1.64 191.72 9520.21 5165.1 740.86299 

SA9-07 0.13551 0.00141 1.33099 0.00721 0.07122 0.00036 2170.6 18.06 859.3 3.14 443.5 2.18 193.75 6943.99 3428.1 767.0156 

SA9-18 0.12903 0.00135 1.10961 0.00614 0.06236 0.00032 2084.7 18.33 758 2.95 389.9 1.93 194.41 4815.35 2323.5 465.13481 

SA9-42 0.12378 0.00138 0.90799 0.00601 0.05319 0.00028 2011.3 19.68 656 3.2 334.1 1.72 196.35 631.74 213.01 73.50529 

SA9-10 0.13174 0.00138 1.0443 0.0057 0.05748 0.00029 2121.3 18.19 726.1 2.83 360.3 1.79 201.53 6969.89 2845.5 667.45741 

SA9-23 0.13235 0.00149 0.42512 0.00285 0.02329 0.00012 2129.3 19.52 359.7 2.03 148.4 0.78 242.39 20782.19 7077.1 820.53801 

SA9-03 0.30192 0.00314 4.11159 0.02197 0.09874 0.0005 3480.1 15.98 1656.6 4.36 607 2.96 272.92 8209.99 4623.7 1790.9336 

SA9-26 0.16994 0.00189 0.57446 0.00376 0.02451 0.00013 2557.1 18.53 460.9 2.42 156.1 0.82 295.26 1187.06 751.2 46.57581 

SA9-11 0.20554 0.00215 0.96678 0.00527 0.0341 0.00017 2870.7 16.89 686.8 2.72 216.2 1.09 317.67 6681.4 2941.3 427.71856 

SA9-01 0.19948 0.00209 0.41763 0.00229 0.01518 0.00008 2822 17 354.4 1.64 97.1 0.49 364.98 23409.1 10609 645.04753 

SA9-19 0.22318 0.00243 0.4661 0.00286 0.01514 0.00008 3003.8 17.41 388.5 1.98 96.9 0.51 400.93 9819.32 5359.8 288.64105 

SA9-09 0.26735 0.00291 0.59326 0.00361 0.01609 0.00009 3290.5 16.98 472.9 2.3 102.9 0.54 459.57 2690.2 3168.9 89.76751 

SA9-39 0.29097 0.00305 0.76277 0.00417 0.01901 0.0001 3422.8 16.18 575.6 2.4 121.4 0.62 474.14 8314.5 4074.3 342.02385 

SA9-24 0.53402 0.00561 2.59025 0.0142 0.03517 0.00018 4338 15.31 1297.9 4.02 222.8 1.14 582.54 2823.17 1016.4 302.95946 

SA9-33 0.35551 0.00379 0.44656 0.00256 0.00911 0.00005 3730.8 16.13 374.9 1.8 58.4 0.31 641.95 6655.75 3177.1 146.9439 

                                  

SA11-37 0.36946 0.00978 0.12797 0.00186 0.00251 0.00003 3789.2 39.55 122.3 1.68 16.1 0.22 759.63 26687.77 2549.5 778.8077 

SA11-33 0.38153 0.01037 0.13643 0.00211 0.00259 0.00004 3837.8 40.46 129.9 1.88 16.7 0.23 777.84 11537.71 7734.7 78.58061 

SA11-16 0.27109 0.00731 0.18753 0.00286 0.00501 0.00007 3312.3 41.66 174.5 2.45 32.2 0.43 541.93 6824.82 6354.2 88.42098 

SA11-20 0.35275 0.0092 0.26293 0.00366 0.0054 0.00007 3718.9 39.12 237 2.94 34.7 0.46 683.00 7617.09 3381.1 99.41131 

SA11-07 0.16016 0.00453 0.23774 0.00411 0.01076 0.00015 2457.4 47 216.6 3.37 69 0.93 313.91 315.68 151.14 35.30246 

SA11-36 0.23509 0.00606 0.35599 0.00484 0.01097 0.00014 3087 40.52 309.2 3.62 70.3 0.91 439.83 7557.87 1805 157.12516 

SA11-27 0.29793 0.00773 0.45951 0.00635 0.01117 0.00015 3459.5 39.66 383.9 4.42 71.6 0.93 536.17 3724.23 2601.9 92.28312 

SA11-17 0.22127 0.00569 0.40164 0.0054 0.01316 0.00017 2989.9 40.79 342.8 3.91 84.3 1.08 406.64 5289.84 3556.1 129.14317 

SA11-04 0.29278 0.00753 0.55135 0.00738 0.01365 0.00018 3432.4 39.41 445.9 4.83 87.4 1.12 510.18 3665.51 3551.1 111.17535 

SA11-03 0.15447 0.00395 0.54935 0.00723 0.02579 0.00033 2396 42.86 444.6 4.74 164.1 2.07 270.93 7470.79 2821 324.0153 

SA11-09 0.20717 0.0054 0.7506 0.01048 0.02627 0.00034 2883.5 41.7 568.6 6.08 167.1 2.14 340.28 2406.81 1169.3 113.96004 

SA11-05 0.13696 0.00361 0.54868 0.00793 0.02905 0.00038 2189.2 45.08 444.1 5.2 184.6 2.36 240.57 1477.09 2224.9 67.07065 

SA11-21 0.14113 0.00367 0.63528 0.00888 0.03262 0.00042 2241.1 44.3 499.4 5.51 206.9 2.65 241.37 2476.67 1128.2 125.44785 

SA11-12 0.14096 0.00367 0.8402 0.01174 0.04321 0.00056 2239 44.33 619.3 6.48 272.7 3.46 227.10 1473.18 296.51 96.36007 

SA11-08 0.08346 0.0023 0.49826 0.00825 0.04328 0.00057 1279.7 52.96 410.5 5.59 273.1 3.52 150.31 850.33 315.68 49.04091 

SA11-41 0.15746 0.00416 0.98694 0.01449 0.04539 0.0006 2428.6 44.09 697.2 7.41 286.1 3.72 243.69 1128.13 341.41 81.98192 

SA11-13 0.09522 0.0025 0.8128 0.01163 0.06187 0.0008 1532.5 48.54 604 6.52 387 4.87 156.07 833.69 257.57 69.76838 

SA11-24 0.06889 0.00209 0.69685 0.01445 0.0733 0.001 895.5 61.4 536.9 8.65 456 6.04 117.74 187.5 48.03 18.79424 

SA11-18 0.07171 0.00204 0.73318 0.01319 0.0741 0.00099 977.7 56.94 558.4 7.73 460.8 5.94 121.18 320.9 109.85 29.56267 

SA11-38 0.12327 0.00331 1.28329 0.01976 0.07539 0.00101 2004 46.86 838.3 8.79 468.6 6.04 178.89 193.17 45.56 20.71538 

SA11-34 0.07047 0.00195 0.76696 0.01289 0.07883 0.00105 942 55.67 578 7.41 489.2 6.29 118.15 423.48 137.28 41.12302 

SA11-15 0.05985 0.00158 0.82736 0.01227 0.1002 0.0013 598.1 56.33 612.1 6.82 615.6 7.62 99.43 385.43 136.35 46.77265 

SA11-01 0.0601 0.00167 0.82715 0.01406 0.0998 0.00131 607 59.02 612 7.81 613.3 7.66 99.79 277.09 119.82 34.67224 

SA11-31 0.06098 0.00164 0.83573 0.01294 0.09928 0.00131 638.5 56.7 616.8 7.16 610.2 7.67 101.08 321.94 128.1 40.87294 

SA11-40 0.06106 0.0017 0.81898 0.01413 0.09713 0.0013 641.3 58.9 607.5 7.89 597.5 7.65 101.67 212.49 69.8 23.85447 

SA11-32 0.06147 0.00169 0.83191 0.01378 0.09803 0.0013 655.8 57.9 614.7 7.64 602.9 7.64 101.96 275.68 101.09 32.72934 

SA11-02 0.06112 0.0018 0.7918 0.01534 0.09393 0.00125 643.6 61.92 592.2 8.69 578.7 7.39 102.33 172.05 56.45 24.70048 

SA11-25 0.06153 0.00177 0.80885 0.01488 0.09524 0.00128 657.9 60.35 601.8 8.35 586.5 7.53 102.61 259.32 131.52 30.0001 

SA11-39 0.06159 0.00158 0.80722 0.01094 0.09491 0.00124 660 54.18 600.9 6.15 584.5 7.3 102.81 5238.98 2141.2 672.94715 

SA11-10 0.06191 0.00167 0.81053 0.01266 0.09491 0.00124 671 56.64 602.8 7.1 584.5 7.28 103.13 294.89 140.28 35.07499 

SA11-35 0.06204 0.00178 0.79889 0.0147 0.09327 0.00126 675.4 60.16 596.2 8.3 574.8 7.42 103.72 497.07 213.49 42.77153 

SA11-26 0.06198 0.00162 0.78699 0.01118 0.092 0.0012 673.2 54.86 589.5 6.35 567.4 7.07 103.89 1886.51 638.38 208.9699 

SA11-29 0.0623 0.00203 0.75367 0.01796 0.08764 0.00123 684.3 68.05 570.3 10.4 541.6 7.31 105.30 126.15 37.54 13.689818 

SA11-23 0.06288 0.00162 0.78032 0.01059 0.08992 0.00116 704.3 53.88 585.7 6.04 555 6.88 105.53 4908.72 2193.4 548.10133 



SA11-14 0.06275 0.00167 0.76625 0.01163 0.08851 0.00115 699.8 55.83 577.6 6.69 546.7 6.82 105.65 420.09 130.95 45.06183 

SA11-19 0.06271 0.00185 0.71832 0.01404 0.08302 0.00112 698.3 61.6 549.7 8.3 514.1 6.67 106.92 332.09 163.23 36.03136 

SA11-22 0.06395 0.00166 0.78197 0.01089 0.0886 0.00115 740.1 53.97 586.6 6.2 547.3 6.8 107.18 2048.55 616.48 227.42174 

SA11-28 0.06453 0.0017 0.74936 0.01104 0.08413 0.0011 758.9 54.72 567.9 6.41 520.7 6.54 109.06 1920.39 767.19 199.11695 

SA11-11 0.06594 0.00184 0.75437 0.01287 0.08294 0.00109 804.3 57.26 570.8 7.45 513.6 6.5 111.14 203.46 94.7 23.41153 

SA11-06 0.06699 0.00184 0.74714 0.0122 0.08086 0.00106 837.4 56.07 566.6 7.09 501.3 6.3 113.03 426.79 364.32 45.77276 

SA11-30 0.0679 0.00192 0.79648 0.0142 0.08498 0.00114 865.5 57.66 594.8 8.03 525.8 6.78 113.12 334.6 139.51 35.20597 

SI81C-32 0.05661 0.00144 0.91406 0.01213 0.11705 0.00151 475.8 55.46 659.2 6.43 713.6 8.74 92.38 7202.37 3798.5 1034.1495 

SI81C-29 0.05545 0.0014 0.78502 0.01032 0.10264 0.00133 430 55.08 588.3 5.87 629.9 7.76 93.40 12232.39 5409.3 1938.7108 

SI81C-42 0.05698 0.00144 0.84949 0.01116 0.10809 0.0014 490.2 55.51 624.4 6.13 661.6 8.13 94.38 9710.23 3621.8 1289.3813 

SI81C-08 0.06304 0.0016 1.16539 0.01537 0.13404 0.00173 709.4 52.99 784.5 7.21 810.9 9.85 96.74 9198.92 2925.4 1717.9832 

SI81C-02 0.06163 0.00156 0.93051 0.01227 0.10946 0.00142 661.3 53.4 667.9 6.45 669.6 8.23 99.75 5536.28 2127 738.55891 

SI81C-41 0.05951 0.00151 0.79101 0.01058 0.09637 0.00125 585.8 54.29 591.7 6 593.1 7.34 99.76 7533.81 4903.9 933.56098 

SI81C-34 0.06109 0.00156 0.83054 0.01114 0.09856 0.00128 642.5 53.83 613.9 6.18 606 7.49 101.30 5002.13 2391.3 611.58377 

SI81C-37 0.06545 0.0017 1.09124 0.01564 0.12088 0.00158 788.8 53.6 749.1 7.59 735.6 9.07 101.84 589.47 94.31 80.56632 

SI81C-18 0.05984 0.00152 0.71754 0.00947 0.08693 0.00112 597.9 53.97 549.2 5.6 537.3 6.67 102.21 6870.94 2735.7 727.89711 

SI81C-15 0.06111 0.00155 0.77188 0.01027 0.09157 0.00119 643.3 53.7 580.8 5.89 564.8 7 102.83 6467.69 3129.3 740.84102 

SI81C-36 0.06701 0.00174 1.10629 0.01573 0.11969 0.00156 838.1 53.06 756.4 7.58 728.8 8.98 103.79 403.24 71.71 69.68475 

SI81C-16 0.06791 0.00194 0.96832 0.01788 0.10337 0.0014 865.9 58.14 687.6 9.22 634.1 8.16 108.44 258.91 183.01 39.15046 

SI81C-40 0.08166 0.00207 1.55112 0.02038 0.13772 0.00178 1237.3 48.72 950.9 8.11 831.8 10.09 114.32 6036 2285.3 1127.616 

SI81C-10 0.06332 0.00161 0.44032 0.00592 0.05042 0.00065 718.8 53.19 370.5 4.17 317.1 4.01 116.84 8555.25 4054.7 557.83279 

SI81C-21 0.0731 0.00186 0.93665 0.01242 0.09289 0.0012 1016.9 50.59 671.1 6.51 572.6 7.09 117.20 6891.32 3610.6 836.96512 

SI81C-28 0.08584 0.00217 1.45892 0.01921 0.12322 0.00159 1334.5 48.27 913.6 7.93 749.1 9.15 121.96 7046.99 2872.3 1148.8799 

SI81C-06 0.07854 0.00199 0.60779 0.00801 0.05611 0.00073 1160.5 49.44 482.2 5.06 351.9 4.43 137.03 9326.04 2818.2 907.39931 

SI81C-14 0.1287 0.00412 1.52433 0.03503 0.08587 0.00128 2080.3 55.29 940.2 14.09 531 7.63 177.06 95.17 560.25 26.08647 

SI81C-35 0.09407 0.00241 0.23927 0.00326 0.01844 0.00024 1509.6 47.58 217.8 2.67 117.8 1.51 184.89 8066.89 8996.2 229.91774 

SI81C-05 0.09945 0.00253 0.31137 0.00416 0.0227 0.00029 1613.7 46.68 275.2 3.22 144.7 1.85 190.19 6645.26 2678 257.63628 

SI81C-11 0.19846 0.00511 0.06998 0.00097 0.00256 0.00003 2813.6 41.45 68.7 0.92 16.5 0.21 416.36 24166.54 19520 117.91662 

SI81C-09 0.24793 0.0063 0.66366 0.00882 0.01941 0.00025 3171.6 39.73 516.9 5.39 123.9 1.59 417.19 6534.2 4036.7 251.65245 

SI81C-39 0.25073 0.00638 0.30301 0.00404 0.00876 0.00011 3189.4 39.71 268.7 3.15 56.2 0.73 478.11 17323.95 15717 306.20976 

SI81C-22 0.3292 0.00843 0.60985 0.00826 0.01343 0.00018 3613.4 38.71 483.5 5.21 86 1.12 562.21 4924.16 2895.7 151.77277 

SI81C-03 0.32582 0.00828 0.46813 0.00621 0.01042 0.00014 3597.5 38.47 389.9 4.29 66.8 0.86 583.68 7599.66 4320.7 179.58992 

SI81C-17 0.31783 0.0081 0.39584 0.0053 0.00903 0.00012 3559.4 38.7 338.6 3.85 57.9 0.75 584.80 9596.94 6075.5 194.68208 

SI81C-19 0.35257 0.00899 0.4985 0.00667 0.01025 0.00013 3718.1 38.28 410.7 4.52 65.7 0.85 625.11 5225.44 2984.8 199.39386 

SI81C-13 0.33525 0.00854 0.35794 0.00478 0.00774 0.0001 3641.3 38.45 310.7 3.57 49.7 0.64 625.15 8382.76 3857.3 149.34069 

SI81C-01 0.35086 0.00898 0.47537 0.00643 0.00982 0.00013 3710.7 38.45 394.9 4.42 63 0.82 626.83 7969.07 5087.4 186.58919 

SI81C-26 0.36582 0.0093 0.56429 0.00748 0.01118 0.00015 3774.2 38.02 454.3 4.86 71.7 0.93 633.61 5543.05 3050 152.06179 

SI81C-30 0.38745 0.00982 0.60934 0.00802 0.0114 0.00015 3861.1 37.71 483.1 5.06 73.1 0.94 660.88 11577.48 3121.4 322.30444 

SI81C-04 0.36615 0.00954 0.42812 0.00607 0.00848 0.00011 3775.5 38.97 361.8 4.31 54.4 0.72 665.07 5345.12 2468.5 110.5912 

SI81C-07 0.38881 0.01001 0.57843 0.00793 0.01079 0.00014 3866.4 38.26 463.5 5.1 69.2 0.91 669.80 5210.62 4944.4 145.67375 

SI81C-23 0.37227 0.00948 0.43422 0.00578 0.00846 0.00011 3800.7 38.01 366.2 4.09 54.3 0.7 674.40 5923.5 4273.9 126.41452 

SI81C-31 0.36232 0.0092 0.36197 0.00479 0.00724 0.00009 3759.6 38.04 313.7 3.57 46.5 0.6 674.62 11238.16 13281 204.22893 

SI81C-33 0.3667 0.00937 0.38669 0.0052 0.00765 0.0001 3777.8 38.21 331.9 3.81 49.1 0.64 675.97 6517.96 4960.3 123.32565 

SI81C-24 0.41983 0.01067 0.75821 0.01006 0.01309 0.00017 3981.7 37.53 573 5.81 83.9 1.08 682.96 6719.79 5412.9 234.01334 

SI81C-12 0.41894 0.01071 0.56024 0.00754 0.0097 0.00013 3978.5 37.74 451.7 4.9 62.2 0.81 726.21 6527.46 3617.5 168.23138 

SI81C-20 0.4256 0.01091 0.52454 0.0071 0.00894 0.00012 4002.1 37.78 428.2 4.73 57.3 0.75 747.29 5091.54 3455.6 124.20296 

SI81C-38 0.45389 0.0117 0.60181 0.00826 0.00961 0.00013 4098 37.77 478.4 5.24 61.7 0.81 775.36 6158.15 4723.8 167.84128 

SI81C-25 0.43573 0.01105 0.4466 0.00588 0.00743 0.0001 4037.2 37.31 374.9 4.13 47.7 0.62 785.95 14728.41 9054.2 295.05649 

SI81C-27 0.55483 0.01406 0.98949 0.013 0.01293 0.00017 4393.9 36.54 698.5 6.64 82.8 1.07 843.60 9722.43 5062.3 393.99348 
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Figure. 8 
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Figure 10 
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