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Shoshonitic rocks represent the transition between calc-
alkaline and alkaline rocks, often formed during the 
last stages of uplift in zones of continental collision. This 
study describes the characterization of Kyrdem granit-
oids of Shillong plateau, Meghalaya, North East India, as 
felsic shoshonites. The study also documents petrogenesis 
of the shoshonites and suggests significant magma mix-
ing and crust–mantle melt interaction as prime mecha-
nisms for parental magma evolution. Crustal melt has 
most probably been sourced from a metabasaltic middle 
crust, while the mantle source is represented by an en-
riched sub-continental lithospheric mantle, metasomati-
zed by sediment melt, during an earlier subduction event. 
 
Keywords: Calc-alkaline rocks, continental collision, fel-
sic shoshonites, geochemistry, magma evolution. 
 
CALC-ALKALINE to shoshonitic rocks are widely distributed 
in many orogenic belts1,2, often formed during the last 
stages of uplift in zones of continental collision3. Some 
workers have suggested that such rock associations are rela-
ted to subduction processes4, while others have argued 
that they generally form in post-collisional extensional 
settings5. Petrogenetic studies revealed they could have 
been derived from a subcontinental lithospheric mantle or 
metasomatized sub-arc mantle, like the Pliocene mafic potas-
sic rocks of the Sierra Nevada6 and volcanism in the north 
Mariana arc7. They could have also originated from the 
asthenospheric mantle, as indicated by the Early Creta-
ceous potassium-rich basalts in Inner Mongolia8. Shosho-
nitic rocks can also be formed by joint contributions from 
crust–mantle interactions9. In addition to the source(s), 
magma differentiation processes, such as fractional crys-
tallization, magma mixing and crustal contamination, also 
play a significant role in the genesis of both shoshonites 
and associated calc-alkaline rocks1. 

Geology of Shillong plateau 

The present study reports the occurrence of shoshonitic 
magmatic rocks from the Kyrdem Pluton in the Shillong 

Plateau, Meghalaya, North East India. The Shillong Plateau 
predominantly comprises an assembly of Paleoproterozoic 
basement terrain intruded by multiple phases of felsic and 
mafic magmatic rocks underlain by Mesoproterozoic Shil-
long Group of supracrustals and overlain by Tertiary sedi-
ments. The Plateau is bounded by the Dauki Fault in the 
south, the Brahmaputra Fault in the north and the Jamuna 
Fault in the west (Figure 1 a). The Kopili rift in the east 
separates the Shillong Plateau from the Mikir Hills, which 
represent the eastern extension of the Plateau (Figure 1 a). 
The basement assembly is composed of amphibolite to 
granulite facies gneisses, mafic granulites, migmatites, met-
apelitic granulites and quartzo-feldspathic gneisses10. The 
Shillong Group of rocks is represented by a thick pile of 
quartzites and phyllites. The basement assembly of the 
Shillong Plateau was intruded by three distinctly identifiable 
episodes of magmatic activities. The earliest episode was 
of basaltic magmatism during Mesoproterozoic, presently 
represented by meta-dolerites (locally known as Khasi 
Greenstones), followed by an episode of granitoid plu-
tonism (430–535 Ma)11 represented by South Khasi, Myl-
liem, Nongpoh and Kyrdem plutons. The last episode is 
marked by Sylhet Trap volcanism (117 Ma)12 and associated 
ultramafic–alkaline–carbonatite (UAC) magmatism13. Ter-
tiary sediments flank the plateau along its periphery, with 
thicker piles of sediment occurring in the east and south-
west (Figure 1 a). 

Petrography 

In the north–central part of Shillong Plateau, Kyrdem 
granitoids have been emplaced, which occurs predomi-
nantly within 92–92°10′E long. and 25°38′–25°50′N lat. 
(Figure 1 b). It comprises coarse-grained, grey- and pink-
coloured porphyritic granitoids with abundant feldspar 
phenocrysts (up to 6 cm long) (Figure 2 a) and inclusions 
of microgranular mafic enclaves (Figure 2 b). The enclaves 
are variable in size, ranging from a few centimetres up to 
a few metres across or more, and typically have either 
sharp or reactive contacts with the host granitoids. 
 Petrographically the granitoids range in composition 
from syenogranites to monzogranites. These are composed 
of K-feldspar (27–37 vol%), plagioclase (26–32 vol%), 
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Figure 1. a, Regional and geological map of the Shillong Plateau, Meghalaya, North East India47. b, Geological map of the area around Kyrdem 
Pluton, Shillong Plateau (modified after Kumar and Singh48). 
 
 

 
 

Figure 2. Field photographs and photomicrographs of the Kyrdem granitoid samples showing (a) pink porphyritic K-feldspar (K-f) grains; (b) in-
clusions of microgranular mafic enclaves (MMEs); (c) orthoclase (Or) grain with exsolved perthitic blebs (Pt–Or) and flames, and microcline grain 
with cross-hatched twinning both being sericitized (Sr) along the contact zone; (d) Or grains with microperthites, plagioclase showing albite twining, 
partly altered titanite (Tn) grains and biotites with the release of magnetite (Mgt); (e) presence of accessories like apatite (Ap) and monazite (Mz) 
within the euhedral biotite grains and ( f ) perthitic microcline (Pt–K–f), plagioclase, graphic texture (Gph) and quartz droplets which are by-products 
of alteration reactions and muscovitization (Ms). 
 
 
quartz (32–45 vol%), biotite (8–10 vol%), hornblende (5–
8 vol%) and minor pyroxenes. K-feldspars are generally  
microclines (perthitic) which occur as phenocrysts and are 

conspicuously large-sized (Figure 2 c). Sphene, zircon, ap-
atite, monazite, ilmenite and magnetite are the common 
accessories within biotites (Figure 2 d and e). Graphic and 
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Table 1. Major oxides analysis (wt%), Cross, Iddings, Pirsson and Washington (CIPW) normative compositions (wt%) and important major  
  oxide parameters of the Kyrdem granitoids in Shillong Plateau, Meghalaya, North East India 

Sample no. K-26 K-27 K-29 K-30 K-31 K-32 K-33 K-34 K-35 Avg 
 

Major oxides (wt%)           
 SiO2 65.2 64.8 65.7 67.9 67.4 66.0 66.2 65.2 66.2 66.1 
 TiO2 0.91 0.80 0.81 0.63 0.63 0.75 0.64 0.72 0.68 0.73 
 Al2O3 14.9 15.2 14.6 14.7 14.9 14.9 15.3 15.3 15.0 15.0 
 MnO 0.09 0.08 0.09 0.06 0.06 0.08 0.06 0.07 0.07 0.07 
 Fe2OT

3 5.17 4.88 4.92 3.70 3.72 4.42 3.95 4.46 4.24 4.88 
 CaO 3.57 3.53 3.58 2.91 2.97 2.96 2.91 3.15 2.91 3.17 
 MgO 2.09 1.85 1.83 1.40 1.40 1.78 1.54 1.73 1.58 1.69 
 Na2O 2.64 2.63 2.61 2.46 2.49 2.44 2.47 2.54 2.42 2.52 
 K2O 4.35 4.94 4.45 5.19 5.19 5.46 5.79 5.48 5.59 5.16 
 P2O5 0.45 0.45 0.43 0.33 0.33 0.41 0.38 0.40 0.40 0.40 
 Total 99.37 99.17 99.06 99.27 99.09 99.16 99.27 99.08 99.12 99.18 
 LOI 0.60 0.418 0.601 0.427 0.390 0.423 0.412 0.392 0.388  
 Na2O/K2O 0.61 0.53 0.59 0.47 0.48 0.45 0.43 0.46 0.43 0.49 
 A/CNK 0.96 0.94 0.94 0.98 0.98 0.97 0.98 0.97 0.98 0.97 
 A/NK 1.64 1.57 1.61 1.52 1.53 1.50 1.48 1.52 1.49 1.54 
 FeOT/MgO 2.23 2.37 2.42 2.38 2.39 2.23 2.31 2.32 2.41 2.34 
 Fe2OT

3
 + MnO + MgO 7.35 6.81 6.84 5.16 5.18 6.28 5.55 6.26 5.89 6.15 

 Na2O + K2O 6.99 7.57 7.06 7.65 7.68 7.9 8.26 8.02 8.01 7.68 
 R1 2239 2087 2264 2327 2264 2121 2067 2028 2124 2028 
 R2 777 767 761 669 679 697 687 724 683 723 
 Mg# 31 29.6 29.2 29.6 29.5 30.9 30.2 30.1 29.3 29.9 
CIPW norms (wt%)           
 Quartz 23.8 20.1 24.3 26.4 25.6 23.0 22.3 21.2 23.3 23.3 
 Albite 22.3 22.3 22.1 20.8 21.2 20.7 21.0 21.5 20.5 21.3 
 Anorthite 14.8 13.7 15.0 12.3 12.6 12.0 12.0 13.0 11.8 13.0 
 Orthoclase 25.7 31.8 26.3 30.7 30.7 32.3 34.2 32.4 33.0 30.8 
 Corundum 0.38 0.00 0.05 0.52 0.56 0.57 0.55 0.45 0.59 0.41 
 Sphene 0.00 0.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 
 Hypersthene 5.21 4.61 4.56 3.49 3.49 4.43 3.84 4.31 3.94 4.21 
 Rutile 0.81 0.46 0.71 0.56 0.56 0.66 0.57 0.64 0.60 0.62 
 Ilmenite 0.19 0.17 0.19 0.13 0.13 0.17 0.13 0.15 0.15 0.16 
 Hematite 5.17 4.88 4.92 3.70 3.72 4.42 3.95 4.46 4.24 4.38 
 Apatite 1.08 1.04 1.00 0.76 0.76 0.95 0.88 0.93 0.93 0.92 
Total 99.4 99.6 99.1 99.3 99.1 99.2 99.3 99.1 99.1 99.2 
A/NK = Molar Al2O3/(Na2O + K2O); A/CNK = Molar Al2O3/(CaO + Na2O + K2O); FeOT = Fe2OT

3 (wt%)/0.8998; Mg# = 100 × 
MgO/(MgO + FeO); R1 = 4Si-11(Na + K)-2(Fe + Ti) and R2 = 6Ca + 2Mg + Al. All the elements are expressed in terms of millications. 

 
 
myrmekitic intergrowth of quartz and plagioclase is also 
common (Figure 2 f ). 

Geochemistry analytical techniques 

Nine granitoid samples were analysed for major oxides at 
the National Centre of Earth Science Studies (NCESS), 
Thiruvananthapuram, Kerala, India, using WD-XRF (Bruker 
S4 Pioneer sequential wavelength-dispersive X-ray spectro-
meter, Bruker, Germany) and trace elements, including rare 
earth elements (REE) at the CSIR-National Geophysical 
Research Institute (CSIR-NGRI), Hyderabad, using HR-ICP-
MS (Nu Instruments, Attom, UK). Certified international 
references G-2 and JG-1a were used as standards. Analytical 
procedures for X-ray fluorescence (XRF) analyses were ac-
cording to Kumar and Sreejith14. The precision and accuracy 
for XRF analyses were found to be better than 3% and 5% 
respectively. For REE analysis, sample preparation was 

carried out following the closed digestion technique. The 
detection limits for most trace elements, including REEs, 
were around 0.01 ng/ml, and precision was better than 6% 
RSD for trace elements and REEs. The analysed data of the 
granitoids are presented in Tables 1 and 2, along with 
Cross, Iddings, Pirsson and Washington (CIPW) norms 
and important major and trace element ratios. 

Major, trace and rare earth elements (REE)  
geochemistry 

The studied granitoids have SiO2 content between 65.19 and 
67.91 wt%, and K2O content between 4.35 and 5.79 wt%, 
comparable to shoshonitic granitoids from other sources 
(e.g. East Junggar, NW China5; Raghunathpur granitoid 
batholith, eastern India9; western Tianshan orogen and cen-
tral Asian orogenic belt15). The Na2O (2.42 to 2.64 wt%), 
CaO (2.91 to 3.58 wt%), MgO (1.40 to 2.09 wt%), Al2O3 
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Table 2. Trace and rare earth element (REE) data and few important ratios of trace and REE of the Kyrdem granitoids in  
  Shillong Plateau 

Sample no. K-26 K-27 K-29 K-30 K-31 K-32 K-33 K-34 K-35 Avg 
 

Trace elements (ppm)           
 Sc 13 11 17 9 9 12 9 10 10 11 
 V 81 74 76 55 56 74 60 72 66 68 
 Cr 109 91 101 102 106 106 86 95 96 99 
 Co 13 11 11 9 9 11 9 11 10 10 
 Ni 9 6 6 6 6 9 6 7 6 7 
 Cu 3 2 2 2 2 2 2 2 2 2 
 Zn 34 11 13 28 19 22 21 13 17 20 
 Ga 24 24 23 21 21 24 21 24 22 23 
 Rb 203 233 209 210 208 252 230 247 238 225 
 Sr 480 506 494 501 499 542 518 540 514 510 
 Y 92 71 81 57 56 79 59 70 62 70 
 Zr 360 363 288 193 198 225 220 275 247 263 
 Nb 40 36 39 28 27 40 28 34 30 33 
 Cs 6 5 5 4 4 5 4 5 5 5 
 Ba 1348 1317 1348 1534 1447 1615.2 1691 1507 1665 1497 
 Hf 11 11 9 6 6 7 7 8 8 8 
 Ta 3 4 6 2 2 2 2 3 3 3 
 Pb 37 41 40 42 42 46 45 44 45 43 
 Th 32 44 45 42 38 39 36 52 45 42 
 U 6 9 8 7 7 9 7 9 8 8 
REEs (ppm)           
 La 99.2 112 129 118 101 113 98.2 112 114 111 
 Ce 233 235 260 233 206 235 199 230 227 229 
 Pr 31.5 32.1 34.6 30.6 27.4 32.2 26.9 30.9 30.3 30.7 
 Nd 108 107 112 97.9 89.6 107 89.7 101 99.2 10 
 Sm 22.5 20.4 21.1 17.5 16.5 21.2 17.2 19.3 18.4 19.3 
 Eu 3.52 3.10 3.29 2.68 2.60 3.41 2.87 3.06 2.98 3.06 
 Gd 15.5 13.1 14.1 11.2 10.6 13.9 11.3 12.6 12.1 12.7 
 Tb 2.88 2.33 2.52 1.96 1.87 2.54 2.00 2.24 2.12 2.27 
 Dy 13.5 10.5 11.5 8.75 8.45 11.7 9.07 10.1 9.48 10.3 
 Ho 2.34 1.81 2.01 1.48 1.44 1.98 1.55 1.73 1.60 1.77 
 Er 7.00 5.35 6.09 4.37 4.24 5.98 4.54 5.14 4.68 5.27 
 Tm 1.13 0.85 0.97 0.68 0.66 0.96 0.70 0.80 0.73 0.83 
 Yb 7.84 5.68 6.64 4.56 4.49 6.59 4.67 5.49 4.95 5.66 
 Lu 1.22 0.88 1.06 0.70 0.68 1.02 0.71 0.86 0.76 0.88 
 ∑LREE 514 523 575 512 454 528 445 511 504 507 
 ∑HREE 35.9 27.4 30.8 22.5 21.8 30.7 23.2 26.4 24.3 27.0 
 ∑REE 550 550 606 534 476 558 468 537 529 534 
 Zr + Nb + Ce + Y 726 705 669 512 488 580 507 609 566 596 
 Eu/Eu* 0.58 0.58 0.58 0.59 0.60 0.61 0.63 0.60 0.61 0.60 
 La/Sm 4.42 5.50 6.14 6.81 6.15 5.38 5.70 5.86 6.19 5.79 
 Sm/Nd 0.21 0.19 0.19 0.18 0.18 0.20 0.19 0.19 0.19 0.19 
 Ce/Nd 2.14 2.20 2.31 2.38 2.31 2.19 2.22 2.27 2.29 2.26 
 Ce/Yb 29.8 41.4 39.3 51.2 46.1 35.8 42.7 42.0 46.0 41.6 
 Ta/Yb 0.34 0.63 0.86 0.47 0.42 0.34 0.42 0.50 0.56 0.50 

 
 
(14.64 to 15.33 wt%) and Fe2OT

3 (3.70 to 5.17 wt%) rock 
contents were also similar to those of shoshonites. A list 
of granitoids from different plutons of the Shillong Plat-
eau and Chhotanagpur gneissic complex are presented in 
Table 3 along with the studied Kyrdem granitoids to com-
pare in their major element geochemistry, nature, tectonic 
setting and age. The studied rocks were characterized by 
the presence of corundum, hypersthene, rutile, ilmenite, 
hematite and apatite in the norms. They showed quartz–
monzonite and monzogranite affinity (Ab–An–Or plot; 
Figure 3 a), were metaluminous (A/NK: 1.48–1.64, A/CNK: 
0.94–0.98) and fell within the field of magnesian post-

Caledonian granitoid plutons (Figure 3 b). However, in the 
K2O versus SiO2; Na2O versus K2O; Ce/Yb versus Ta/Yb 
and Th/Yb versus Ta/Yb plots (Figures 3 c–f ), they display 
shoshonitic affinity. Shoshonitic rocks with SiO2 > 63 wt% 
are known as felsic shoshonites16 or shoshonitc granitoids9. 
The distinctive parameters for shoshonitic granitoids such 
as high alkali content (K2O + Na2O > 5 wt%)17, low TiO2 
content (<1.2 wt%)16, high K2O and P2O5 contents and 
high K2O/Na2O (>0.8) and SiO2/P2O5 ratios9,18–20 corres-
ponded well with the granitoid samples. They were charac-
terized by high abundances of large-ion lithophile elements 
(LILEs) like Sr (480–543 ppm: avg = 510 ppm), Ba 
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Table 3. Comparison of geochemical characteristics and tectonic setting of the granitoids of Kyrdem pluton with rocks of other felsic plutons of  
  the Shillong Plateau and Chhotanagpur Plateau 

 
Plutons 

 
     Rock type 

(A/CNK versus 
A/NK) 

 
MALI versus SiO2 

 
Nature 

 
Tectonic setting 

 
Age (Ma) 

 

Kyrdem Monzogranite Metaluminous Calc-alkalic,  
 alkali calcic 

Shoshonitic  
 granitoids 

Post-collisional  
 tectonic regime 

512.5 ± 8.7 

       
Mylliem Monzogranite– 

 syenogranite 
Mildly  
 peraluminous 

Calc-alkalic,  
 alkali calcic,  
 alkalic 

I-type  508.2 ± 8.6 

Nongpoh Quartz–monzonite Metaluminous    506 ± 7.1 
Kyllang Granite,  

 granodiorite,  
 quartz– 
 monzonite 

Peraluminous Alkalic Calc-alkaline  
 S-type 

Within plate  
 collisional  
 phase in  
 subduction  
 environment 

510.6 ± 7.6 

Sindhuli Granite, quartz– 
 monzonite 

Metaluminous– 
 peraluminous 

 Calc-alkaline  
 I-type 

Post-collisional 881 ± 39 

Rongjeng Monzogranite Peraluminous Calc-alkalic S-type Volcanic arc  
 setting 

788 ± 22 

Kaziranga Monzogranite Peraluminous Alkalic S-type Within-plate to  
 syn-collisional 

528.7 ± 5.5 

Raghunathpur  
 granitoids,  
 Chhotanagpur  
 Gneissic  
 Complex 

Granite,  
 granodiorite,  
 tonalite,  
 quartz–syenite  
 and quartz– 
 monzonite 

Metaluminous– 
 peraluminous 

Calc-alkalic,  
 alkali calcic,  
 alkalic 

Shoshonitic  
 granitoids 

Post-collisional 1071 ± 64 

Jhalida granitoids,  
 Chhotanagpur  
 Gneissic  
 Complex 

Syenogranite,  
 monzogranite  
 and  
 granodiorite  

Metaluminous to  
 weakly  
 peraluminous 

Calc-alkalic,  
 alkali calcic,  
 alkalic 

Shoshonitic  
 granitoids 

Post-collisional – 

Data for the granitoids of Kyrdem, Mylliem, Nongpoh, Rongjeng and Kaziranga plutons are from Kumar et al.11; Kyllang pluton from Singh44; Sind-
huli pluton from Ghosh et al.50; Raghunathpur granitoids from Goswami and Bhattacharyya9 and Jhalida granitoids from Roy et al.35. 
 
 

 
 

Figure 3. a, Ab–An–Or plot51,52; b, Fe-number [FeOT/(FeOT + MgO)] versus SiO2 plot53; c, K2O versus SiO2 variation diagram54; d, K2O versus 
Na2O diagram17; e, Ta/Yb versus Ce/Yb55; f, Ta/Yb versus Th/Yb plot55 for the Kyrdem granitoids. 
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Figure 4. a, PM-normalized multi-elemental plot. b, Chondrite normalized rare earth elements plot of Kyrdem granitoids. (The normalizing values 
are after Sun and McDonough22, with the field of shoshonitic granitoids from northern North China Craton after Jia et al.20.) 
 
 

 
 
Figure 5. Tectonic discrimination plots for the Kyrdem granitoids: (a) TiO2/Al2O3 versus Zr/Al2O3 plot24 and (b) R1–R2 multi-cationic diagram25,26. 
 
 
(1316–1691 ppm: avg = 1497 ppm), Pb (37–46 ppm: avg = 
43 ppm), Th (32–52 ppm: avg = 42 ppm), U (6–9 ppm: 
avg = 8 ppm) and Rb (203–252 ppm: avg = 226 ppm), simi-
lar to shoshonites. The concentration of high field-strength 
elements (HFSEs) in Kyrdem granitoids (KG) like Zr (193–
364 ppm: avg = 264 ppm), Ta (2–6 ppm: avg = 3 ppm), Hf 
(6–11 ppm: avg = 8), Y (57–92 ppm: avg = 70 ppm) and 
Nb (27–40 ppm: avg = 30 ppm) was also within the limits 
of felsic shoshonites (Table 2). Furthermore, the Zr/Hf ratio 
between 32.07 and 34.04, was consistent with shoshonitic 
igneous rocks21. 
 The primitive mantle (PM) normalized (normalizing 
values22) multi-element patterns for the samples showed 
parallel and enriched trends with enrichment of LILE (60–
700 times PM) compared to HFSE (8–30 times PM), which 
also supports their typical shoshonitic nature (Figure 4 a). 
The studied samples displayed identical chondrite-norma-
lized REE patterns, with significant enrichment in LREEs 
(400–600 times the chondrite value), depletion in HREE 
(25–50 times of chondrite value) and weakly negative Eu 
anomalies (Figure 4 b). Based on the above petrological 
and geochemical characteristics, the granitoids of Kyrdem 
pluton have been distinguished as felsic shoshonites23. 

 Occurrences of magmatic rocks with shoshonitic affinity 
from extensional or post-collisional settings are not un-
common3,9,19,20. The studied granitoids with strong enrich-
ment of incompatible elements (LILE and LREE) and 
significant negative Nb, Zr and Ti anomalies (Figure 4 a) 
suggest subduction and post-collisional settings20. In the 
TiO2/Al2O3 versus Zr/Al2O3 plot24, proposed for tectonic 
discrimination of potassic and ultrapotasic rocks, the Kyr-
dem granitoid samples occurred conspicuously within the 
fields of post-collisional and continental arc magmas 
(Figure 5 a). In the R1–R2 multi-cationic plot25,26, most of 
the studied samples fell in the boundary between the oro-
genic group and the post-collision uplift granite group 
(Figure 5 b). 

Discussion 

The high SiO2 (avg: 66.1 wt%) and low MgO (avg: 1.69 
wt%) contents, along with low ratios of Nb/La (avg: 0.30) 
and Zr/Hf (avg: 32.7), suggest the addition of crustal melt 
to the magma source of the granitoids27. In addition, there 
are field evidences of the basic and felsic magma interac-
tions (e.g. presence of mafic enclaves) within the plutonic 
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Figure 6. Plots of Kyrdem granitoids showing magma mixing; (a) FeOT versus MgO plot28; (b) Fe2OT

3/SiO2 versus K2O/CaO; (c) Zr/Y versus Nb/Y 
and (d) Ce/Nd versus Sm/Nd plots29,30. 
 
 

 
 
Figure 7. (a) Ba/La versus Th/Yb plot31 and (b) U/Th versus Th/Nb plot19 of Kyrdem granitoids for discriminating the mantle metasomatic source. 

 
 
bodies. The samples showed typical magma mixing trends 
in the binary plots involving ratios of major oxides and 
trace elements like FeOT versus MgO plot28, Fe2OT

3/SiO2 
versus K2O/CaO, Ce/Nd versus Sm/Nd and Nb/Y versus 
Zr/Y diagrams9,29,30 (Figure 6 a–d). Shoshonitic granites 
thus share geochemical features of both crust and mantle 
sources, and the parent magma was probably formed from 
mixing both mantle- and crust-derived melts. The elemental 
pattern in the multi-element diagram and REE plots (Fig-
ures 4 a and b) are typical of subduction-related magmas. 
The enrichment of LILE and LREE can be explained by 
partially melting the enriched sub-continental lithospheric 
mantle, metasomatized by either fluids or sediment-melts 
from a previously subducted slab. The samples with a higher 
concentration of Th than U (low U/Th values avg = 0.19) 
indicate the influence of sediment-derived melts. The high 
Ba and Sr contents in granitoids also suggest probable mantle 
metasomatism by subducted sediments (reservoir of Ba, 
Sr, P, LREEs and Zr). The samples also showed a clear in-
fluence of sediment-derived melts in a number of mobile 
versus immobile trace element ratio plots such as Ba/La 
versus Th/Yb plot31 (Figure 7 a) and U/Th versus Th/Nb 
plot19 (Figure 7 b). These plots are used to evaluate the im-
pact of sediment-derived fluids (enrichment in LILEs, e.g. 
Ba, Sr and Nb) and/or melt derived from sediments (en-
richment in LREE and Th) in the metasomatism of the 
lithospheric mantle. 
 The low Mg# values (<40) of the studied samples and 
the SiO2 versus Mg# plot32 (Figure 8 a) probably suggest 

that the melts were derived from an amphibolitic (basaltic) 
source32. In the (Na2O + K2O + FeOT + MgO + TiO2) ver-
sus (Na2O + K2O)/(FeOT + MgO + TiO2) plot (Figure 8 b) 
and (Al2O3 + FeOT + MgO + TiO2) versus Al2O3/(FeOT + 
MgO + TiO2) plot33 (Figure 8 c) with fields of magma de-
rived by partially melting meta-greywackes, metapelites 
and amphibolites, most of the granitoids occupy the domain 
of experimental melts from amphibolites with a few sam-
ples which occur within the field of amphibolites and/or 
meta-greywacke source rock. Likewise, in the molar CaO/ 
(MgO + FeOT) versus molar Al2O3/(MgO + FeOT) plot34 
(Figure 8 d), the studied granitoids show affinity towards 
the meta-basaltic source. The strongly metaluminous and 
slightly peraluminous nature of the granitoids is consistent 
with the amphibolitic crustal rock as their source, and 
hence the possibility of their mass derivation from the pelitic 
source can be discarded35. The presence of a thick middle 
crust beneath the Shillong Plateau has also been reported 
by several researchers36. The SiO2 versus K2O and SiO2 
versus Na2O diagrams with fields of experimental partial 
melting products of amphibolites37, metabasalt32, quartz am-
phibolites and biotite gneiss38, and medium- to high-K  
basaltic rocks18,35,39,40 are used to constrain the crustal 
source. In the SiO2 versus K2O plot (Figure 8 e), the sam-
ples occupy the field of melts obtained from medium- to 
high-K basaltic source rocks. In the SiO2 versus Na2O plot, 
the samples fall within the fields of melt drawn by partially 
melting amphibolitic and high-alumina bearing medium- to 
high-K basaltic source rocks that typically belong to 
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Figure 8. Crustal melt discrimination plots for the Kyrdem granitoids. a, SiO2 versus Mg# plot32; b, Na2O + K2O + FeOT + MgO + TiO2 versus 
(Na2O + K2O)/(FeOT + MgO + TiO2); c, (Al2O3 + FeOT + MgO + TiO2) versus Al2O3/(FeOT + MgO + TiO2) plot33; d, CaO/(MgO + FeOT) versus 
Al2O3/(MgO + FeOT) (molar) plot34; e, SiO2 versus K2O; f, SiO2 versus Na2O plots (after Chen et al.40) with fields for (1) medium- to high-K basaltic 
rocks39, (2) metabasalt32, (3) amphibolites37, (4) biotite gneiss38 and (5) quartz amphibolites38. 
 

 
subduction tectonic environment39 (Figure 8 f ). Thus, a 
high-K basaltic source emplaced during a previous subduc-
tion event and subsequently metamorphosed is considered 
the crustal source rock for the studied granitoids. Partial 
melting of metabasaltic middle crust triggered by upwelled 
enriched lithospheric melt due to slab break-off generated 
the felsic melt and subsequent mixing of both the melts 
thus appears as the most probable mechanism for the genera-
tion of the shoshonitic granitoids of Shillong plateau in the 
post-collisional setting. 
 The study of shoshonitic magmatic rocks provides crucial 
constraints on probing the nature of the source mantle, 
tracing magma differentiation processes, tectonic evolution 
and understanding the metallogenesis of associated mineral 
deposits. They are closely associated with a variety of miner-
al deposits, such as the magnetite apatite deposit-related 
syenitic granite porphyries in Eastern China41 and porphyry-
type copper deposit-related granodiorite porphyries in south-
east Iran42. They are also found associated with Fe–Cu–Au 
ore deposits in different parts of the world and thus have 
attracted wide interest43,44. The Kyrdem pluton covers a 
large area and thus provides scope for the search for potential 
mineralization and further evaluation within the pluton. 

Tectonic setting and geodynamic implications 

The Kyrdem shoshonitic granitoids were probably empla-
ced in a post-collisional setting at ca. 512 Ma (ref. 11), 
immediately after the final stage of amalgamation of East-

ern Gondwana land masses, which culminated at around ca. 
500 Ma (refs 10, 11). This suggests that the Shillong Pla-
teau, which was lying on the leading edge of the Indian 
plate during the collisional phase, has experienced a shift 
in tectonic regime from compressive to extension setting 
in a post-collisional environment in the late phase of the 
orogenic event. Decompression following delamination of 
the lithospheric root20 and slab break-off9 models have 
been widely proposed to explain the genesis of shoshonitic 
melt in a post-collisional setting. Since Kyrdem granitoids 
were emplaced during the last phase of the collisional event 
as indicated by their isotopic ages, therefore the possibility of 
lithospheric delamination as a driving mechanism for their 
genesis may be precluded because a long phase of crustal 
thickening post-orogeny is necessary for delamination. 
The slab break-off model, however, may be considered a 
viable mechanism, as it results in small pockets of felsic 
magmatism along a suture zone45, similar to the granitoids 
of the Shillong Plateau. Chatterjee et al.46 suggested the 
continuation of the Pan-African suture zone from Prydz 
Bay of east Antarctica to the Shillong Plateau, along which 
the Indian plate had amalgamated with the Antarctic and 
Australian plates at around 500 Ma during the final stage 
of the Eastern Gondwana assembling. The Kyrdem pluton 
of the Shillong Plateau might have emplaced during  
the Cambrian–Ordovician time window along the Pan-
African suture zone and thus provides evidence of crustal 
growth of the plateau during the formation of Eastern 
Gondwana. 
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