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the other materials was small although the Chitra material
had the lowest wear rate. This may be because the
colloidal silica particles occupy the space between the
larger fillers giving enhanced protection to the polymer
matrix.
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Kalpatta granite is one among the acid plutons punc-
turing the Precambrian rocks of Kerala consisting
of three dominant phases. The polyphase pluton is
a well-differentiated, calc-alkaline, peraluminous,
post-orogenic, A-type granite ranging in composition
from granite to granodiorite-adamellite. Geochemical

discriminant diagrams, mineralogy, and major and
trace element chemistry suggest that the variants are
products of polyphase late magmatic crystallization.

PrecamirIAN rocks of Kerala are intruded by a variety
of plutons, ranging in composition from ultrabasic 1o
acidic, Acid igneous activity is manifested by grante
intrusives falling within the span of 740 %30 Ma and
51220 Ma (ref. 1). Kalpatta granite, one among such
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plutons, has given a U-Pb zircon age of 765 Ma (ref.
2) and K-Ar age of 512+ 14 Ma (ref. 3).

Kalpatta granite, an elliptical stock (area ca. 50 km?),
trending NNW-SSE, intrudes into the Precambrian cry-
stallines, consisting of hornblende-biotite gneiss and
charnockite. Pyroxene granulite, amphibolite and talc—
tremolite—actinolite schist are seen as enclaves and bands
In the gneiss (Figure 1). The rocks, except granite, have
suffered high-grade metamorphism and polyphase defor-
mation resulting in the formation of three generations
of folds and a penetrative foliation. The granite pluton,
discordant with the host rocks, contains enclaves of
gneiss and charnockite near the contact. The overall
characters of the pluton suggest that it is post-tectonic.

The granite pluton is massive except for a weak planar
fabric near the contact. Surmicaceous®, amphibolite and
charnockite enclaves of different shapes and sizes are
observed along the contact. The absence of enclaves of
metasediments within the granite and absence of mig-
matite zone at the country rock-granite contact preclude
the formation of the granite through partial fusion of
metasedimentary country rocks. Though the granite
appears to be homogeneous, textural and mineralogical
variants, ranging from porphyritic to equigranular and
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Table L. Major and trace element compositions — Biotite-rich granite

Sample

No. 8-1 12-1 13-5 14 16 24-1 25-1 27-1 28-1 29-1 31-1 32-1 35-1 77
$i0, 7105 7135 7094 7094 7112 6833 6845 7174 6930 6865 7001 6948 6981  71.42
AL0, 1463 1421 1501 1516 1444 1648 1642 1420 1592 1621 1565 1575 1562 1428
TiO, 0.20 0.21 0.14 0.14 0.40 0.40 0.29 0.38 042 0.44 0.37 0.41 0.42 0.42
Fe,03 1.0 1.05 1.21 0.35 0.85 1.04 0.80 0.74 0.94 0.90 1.01 0.94 0.29 0.90
FeO 0.90 1.15 1.35 1.20 1.29 1.21] {41 1.21 1.30 1.19 1.35 1.46 1.47 1.30
Ca0 1.58 1.70 1.73 1.27 1.37 1.38 1.82 1.39 1.95 1.85 1.98 2.01 1.85 1.47
MgO 0.68 0.85 0.69 0.61 0.62 0.71 0.94 0.72 0.93 0.85 0.9} 0.92 0.87 0.65
Na,0 4.88 485 5.02 5.50 4.72 5.00 4.98 4.65 4.31 5.25 3.89 4.25 4.58 5.06
K.O 3.95 4.10 3.84 4.60 4.05 5.03 4.10 421 4.22 3.69 3,71 3.94 4.38 4,32
P,05 006 003 003 003 004 013 014 001l 01l 013 005 014 01l 003
LOI 0.58 0.30 0.35 0.31 0.46 0.26 0.40 0.42 0.37 0.39 0.53 0.48 0.41 0.35
Total 9962  99.80 100.31 100.04 9936 10024 9976 9967 9977 9955 9946 9964  99.81 10022
\Y 3.19 773 1599 1232 3.24 5.42 5.62 4.98 4,72 5.16 5.72 3.97 3.46 7.85
Cr 41.92 3935 5921 1432 4851 5636 5936 7000 5416 6513 5400 8561  56.16  40.15
Ni 2.71 381 1.92 1.90 2.62 1.2} 1.00 1.32 1.72 1.95 9.45 7.81 1.47 3.27
Co 4.86 7.79 5.73 5.64 492  46.16  42.67 5.17 4.62 4.05 4.81 3.61 3.91 6.56
Cu 0.94 £.34 0.85 0.91 0.96 0.91 0.84 0.91 0.98 0.90 1.24 5.68 0.57 1.16
Zn 2434 3089 2633 2931 2641 3051 2980 3200 3142 3905 3500 2341 68.16 3212
Ga 2355 2527 2651 2715 2417 2417 2389 2479 2916 2715 2402 2197 2105 2617
Rb 8405 101.76 8233  86.10 10510  70.12 8323 6615 9245 8643  84.17 10515 80.I5  91.12
Sr 23440 25056 204.16 18215 260.15 252.17 217.56 23140 26108 21317 19246 16126 210.16 185.16
Y 4983  S8.04 4714 4695 5126  56.17 5394 5445 4138  41.13 4015 3821 3981 5215
Zr 7636 4432 8182 9545 7815 9567 9381 9615 10510 11040 9856 207.16  89.15 125.40
Nb 3283 3525 2684 2671 3126 2845 2825 27145 2921 2871 2921  31.15 3276 3321
Ba 1035.63 1101.80 85424 92516 108140 141562 135322 546,50 131515 127150 1156.10 1185.16 921.15 1215.51
Ta 0.60 0.58 0.22 0.36 0.49 0.42 0.32 0.31 0.37 0.42 0.38 1.28 1.26 0.60
Pb 6290 56.05 7239 7116 65.14 6516 6466 6216 6156 5617 6752 4216 48.16  58.12
Th 798 1324 6.18 9.90 7.48 5.72 4.12 4.27 4.18 6.08 5.26 9.76 396 1291
U 1.59 1.45 1.75 1.89 1.37 267  2.76 2.72 2.11 1.59 1.61 0.91 1.62 1.92
Li <1000 1400 <1000 <1000 <1000 1500 <10.00 1100 <1000 <1000 1100 <1000 1400 16.00
Table 1. (Contd)

Sample

No. 78-1 79 85 87-1 93-1 94 95 98-1 100  103-1 104 106  107-1 108
Si0, 68.55 7031  69.60 6923 6931 7073 7015  7L72 7163 7214 7004 7003 69.70  69.88
ALO, 1631 1525 1581 1599 1597 1505 1535 1432 1475 1405 1560 1561 1577  15.67
TiO, 0.38 0.43 0.41 0.33 0.18 0.24 0.47 0.14 Tr 0.23 0.27 0.41 0.33 0.44
Fe,03 1.16 0.92 0.71 0.90 1.14 0.87 0.81 1.01 0.29 0.85 0.67 0.92 1.20 1.01
FeO 1.03 1.10 1.10 1.30 0.62 1.25 1.40 0.85 1.10 1.20 1.30 1.10 1.34 1.32
Ca0 1,98 2.10 1.74 1.72 1.85 £.35 1.71 1.92 1.38 1.35 1.40 1.60 1.69 1.57
MgO 0.89 0.90 0.89 0.83 0.84 0.67 0.85 0.93 0.69 0.64 0.71 0.78 0.91 0.81
Na,O 4.78 4.31 5.12 4.86 5.12 4.94 4.10 4.90 4.96 4.88 4.93 431 4.45 5.00
K,O 4.51 4.21 4.3 4.66 4.10 4.64 4.48 3.49 4.89 4.46 4.80 4.45 4.22 428
P,O5 0.14 0.05 0.12 0.11 0.12 0.03 0.02 0.04 0.04 0.03 0.02 0.01 0.11 0.09
LOI 0.29 0.27 0.33 0.43 0.41 0.34 0.26 0.44 0.33 0.25 0.21 0.38 0.37 0.23
Total 100.01 9985 100.01 10036  99.66 100.I1 9960 9976  99.56 10008  99.85 9960 9999 100.30
% 3012 27.10 3965 3373  19.25 472 2441 4.6} 4.72 2.56 3.47 3.61 3.48 3.56
Cr 68.10 8284 7257 8496 6770 7257  79.15 1767 4156 1669 5612 1746  79.16  55.18
Ni 5.64 6.24 8.94 7.14 4,26 4.21 5.94 1.48 4.27 [.43 1.45 4.49 6.14 1,45
Co 1.09 3.00 5.07 3,70 0.71 3 62 3.11 5.33 4.16 4 .80 3.78 4.17 3.58 378
Cu 2.07 5.98 5.98 5.98 2.53 1.45 6.05 0.42 1.92 0.13 0.81 0.26 5.51 0.64
rd 3474 4557 5280 2137 2989 3541  46.17 7521 3175 5827  69.15 5726 4861 6042
Ga 2078 2241 22,17 2186 2022 2307 2657 2156 2016 1973 1897 2159  23.19  20.4S
Rb 7243  71.19 101.48 8047 8734 122.15 106.12 8152 7146 9122 8716 9765 7L15  89.21
Sr 27463 228.14 150.16 226,16 22641 11749 138.12 18640 24140 14814 21041 13641 25271 21541
Y 39.69  37.01 3980 3724 2699 3704 3506 3568 3849 3558 3896 3847  39.83  40.10
Zr 404.14 32475 290.57 20548 185.87 17650 301.17 4175 9751 3518 8745 3621 30150 89.12
Nb 28.07 2546 2476 3022 2789 2748 2616 2756 2892 3018 3440 3137 259f¢ 3391
Ba 1552.17 117904 1237.03 1257.52 173084 139614 112512 12717 86410 76553 98015 796.10 1316.15 96542
Ta 0.82 0.52 2.91 1.08 [.11 }.06 0.64 0.75 0.97 0.96 1.27 0.84 0.61 1.37
Pb 42900 4852 4300 3922 47.09 6121 49.12 42533 4676 4748 2341 5372  62.16 464l
Th 6.28 4.39 7.37 9.83 4.52 7.89 5.25 8.98 9.72 848  10.41 7.92 4.56 9.83
U 0.90 I.14 291 0.89 1.23 2.34 1.10 3.28 1.72 1.61 1.86 1.56 1.72 1.68
Li <1000 1200 1500 1000 <1000 1400 1900 1900 1000 1600 <1000  13.00 <1000 <10.00
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Table 1. (Contd.)
Sample |
No. 11] 112 113 115 116 117 118 119 120 121 132 138-1 142 149-1 Mean
Si0, 68.61 7150 7118 6974 70.75 70381 6991 7018 6975 7136 7121 7150 7125 -71.06 70.34
Al 0, 16.35 14.18 1448 1574 1497 1489 1558 1534 1584 1435 1444 14.17 14.40 1471 15.20
TiO, 0.30 0.27 0.31 0.19 0.39 0.32 0.32 Tr 0.22 0.24 0.30 0.29 0.15 0.19 0.30
Fe, 03 0.89 0.78 0.91 1.07 0.65 0.67 0.94 0.34 0.63 0.69 0.81 0.65 0.43 0.61 0.82
FeO 0.96 1.39 1.15 1.40 1.32 0.99 1.38 1.71 1.37 1.25 1.32 1.28 .40 1.39 1.19
CaO 1.71 1.34 1.48 1.47 1.68 1.86 .79 1.76 1.39 .58 1.85 1.81 1.80 1.67 1.66
MgO 0.89 0.71 0.85 0.72 0.69 0.84 0.89 0.87 0.67 0.79 0.91 0.98 0.69 0.79 0.80
Na,O 4.45 4,76 4.72 4.78 5.12 4.45 471 4.95 5.25 4.35 4778 4.58 5.10 4.13 477
K,O 5.06 4.63 4.09 4.21 4.40 4.29 422 4.31] 4.45 4.85 421 4.08 4.10 4.40 4.3]
P,05 0.13 0.02 0.06 0.10 0.09 0.04 0.10 0.04 0.10 002 . 0.03 (.01 0.03 0.05 0.07
LOI 0.41 0.30 (.39 0.33 0.28 0.34 0.31 0.28 (0.28 0.27 0.43 (.38 0.34 0.38 0.35
Total 9966 9988 9962 9975 10034 9949 100.15 9978 9995 9975 10029 9973 99.69 09.88 99.46
\Y 2.47 3.28 2.38 3.90 2.78 2.62 3.52 356 3446 4.06 4.49 3.15 8.46 2.32 9.61
Cr 69.47 4864 1695 7921 2056 56.06 5417 5411 7755 5216 5580 4763 4071 5477 5437
Ni 1.46 2.75 1.35 6.10 1.55 1.27 1.42 3.54 7.20 3.62 2.86 2.44 4.52 2.62 3.51
Co 3.81 3.26 3.30 3.46 443 3.96 3.96 5.98 3.55 4.12 3.27 3.15 -3.45 2.31 6.00
Cu 0.94 (.74 0.53 0.94 0.66 0.47 0.59 0.94 5.52 1.01 0.30 0.28 4.10 1.00 1.80
Zn 2492 344] 5481 50.16 60.00 6156 67.01 3575 4926 3644 3226 2597 36.10 7.84 40.76
Ga 21.56 23.15 1992 2526 1760 16.85 19.28 2447 2419 2348 2249 2125 23.9] 23.11 22,79
Rb 0354 9112 8956 8l1.12 8945 8234 83.16 10276 6823 13615 9755 8876 8956 10206 85.4]
Sr 18255 181.42 187.54 195.15 156.46 19441 20146 125.16 27244 14146 19841 20142 17950 13243 198.99
Y 35.1Y 4428 3572 4151 3814 3926 39.57 40.68 4153 39.13 4423 4434 794] 41.60 42.04
Zr 4945 12142 5361 110.15 o6L31 7215 86.15 7146 35157 7941 9456 11586 9296 13391 132.34
Nb 30,72 3468 3118 2571 3674 3541 3421 3400 2541 3628 3767 3573 3842 33.06 30.77
Ba 1150.12 1121.45 569.82 B861.52 818.57 828.50 - 939.61 107374 1381.60 831.60 1320.61 101984 855.10 783.31 1080.32
Ta 0.89 0.62 i.17 0.52 1.43 141 1.25 0.50 0.51 0.57 0.58 0.55 (.62 0.35 0.80
Pb 5142 5145 5011 6316 4140 4746 4241 4539 6286 5832 5999 5288 2346 66.95 52.45
Th 7.26 . 13.91] 8.73 439 11.33 9.26 9.76 9.46 467 1137 1496 1482 10.16 8.73 8.33
U 1.72 2.47 2.19 .73 1.84 1.61 1.72 2.65 1.93 2.97 2.23 2.59 1.92 3.85 273
Li 10.00 19.00 1500 17.00 1000 <10.00 12.00 2000 1900 2000 1000 <1000 <1000 <10.00
Table 1. (Contd.): Major and trace element composition — Biotite-poor granite
Sample
No. 12-2 13-2 13-3 24-2 25-3 28-2 31-2 . 32-2 98-3 99-2 103-2 138-2 149-2 Mean
S10, 71.50 72.20 69.95 70.92 71.63 70.08 72.02 70.75 71.49 71.75 70.85 71.20 7194 71.23
AlQO, 15.8] 15.83 15.91 15.79 15.77 15.55 15.45 15.81 15.90 15.41 15.83 15.74 16.02 15.78
TiO, 0.15 0.13 0.17 0.19 (.14 0.21 0.18 0.18 0.20 0.11 0.11 0.17 0.05 0.15
Fe,O3 0.31 0.34 0.35 0.34 0.44 0.35 0.27 0.37 0.30 0.19 0.37 0.35 0.29 0.33
FeO 1.01 0.65 .10 1.10 0.70 0.8! 0.47 0.79 0.71 0.81 0.65 0.78 0.79 0.80
CaO 1.14 0.98 1.21 1.45 1.07 0.98 1.01 1.25 1.02 1.19 1.21 1.08 1.01 1.12
MgO 0.34 0.21 0.36 0.4] 0.44 0.38 0.35 0.48 0.31 0.39 0.28 0.37 0.34 0.36
Na,O 4.37 4.95 4.95 4.69 4.59 441 4.18 4.68 4.84 4.18 4.68 4.78 4,89 4.63
K,O 4.92 4.42 4.35 5.38 5.23 5.38 4.98 4.48 4.59 5.28 5.24 4.17 4.67 4.85
P,05 0.06 0.01 0.10 0.04 0.02 0.09 0.02 0.04 0.06 0.03 0.04 0.04 0.03 0.04
LOI 0.31 0.35 0.38 041 (.49 0.41] 0.54 0.39 0.29 0.45 0.47 0.34 0.34 0.40
Total 9992 100.09 98.83 100.72 100.52 08.65 99 .47 99.22 99.71 99.79 99.73 9902 10040 99.69
\' 6.40 8.97 5.40 12.57 7.51 6.12 19.86 3.17 3.59 0.43 1.43 3.75 4.15 7.49
Cr 61.00 57.8] 78.15 60.00 63.15 77.16 76.95 66.15 18.81 72.15 15.55 64.00 5500 58.91
Ni 4.56 3.55 3.40 5.32 481 3.81 6.36 401 0.02 3.10 0.02 4.15 0.57 3.36
Co 4.16 7.80 3.16 2.25 3.90 3.65 2.15 3.10 2.18 1.57 148 1.91 2.40 3.05
Cu 3.15 3.54 2.16 291 3.10 2.65 2.53 2.78 0.51 2.15 0.16 1.56 0.98 2.17
Zn 23.20 71.00 42.12 19.10 26.15 46.15 41.48 39.86 50.04 29.18 27.17 24.00 48.57 37.54
Ga 25.12 25.35 21.15 24.87 25.15 24.78 25.83 27.85 25.14 27.19 24.04 31.23 28.1§ 2583
Rb 87.59 93.59 76.27 103.16 90.26 72.18 106.30  108.76 99.76 71.25 67.89 65.43 6045 B4.84
Sr 8846 102.20 02,38 72.16 00.15 86.19 76.95 50.16 6891 16.57 61.54 8247 9256 80.21
Y 4751} 48.93 4541 48.16 50.10 37.18 48.40 42.14 34.75 36.92 317.39 37.14 39.41 4259
Ly 72.15 60.93 95.12 74.19 91.10 52.82  496.05 56.17 5570 10541 11837  159.35 61.14 11527
Nb 30.15 31.20 32.15 3415 32.16 39.18 32.85 33.44 34.52 25.86 235.44 3314 3218 3126
Ba 568.80 328.06 418.15 29600 361.25 526.17 30037 42475 29216 34643 46121 35000 35685 38693
Ta 0.48 0.56 0.91 0.92 (.56 (.98 1.10 1.18 1.22 0.94 0.45 .12 .34 0.9
Pb 52.17 56.80) 60,72 57.135 20.16 51.24 54.67 58.45 59.09 64.15 60.30 60.13 6145 5791
Th 8.71 9.80 {0.18 §3.44 9.21 11.18 16.08 15.17 13.47 4.93 3.25 F1.43 1294 |0.9)
U 2.46 2.37 5.48 2.16 2.50 5.42 2.54 8.45 5§20 045 11.44 9.32 5.18 354
Li 14.00 12.00 16.00 <10.00 < 10.00 1000 <1000 <1000 <i0.00 <1000 <1000 <1000 <10.00

Major elements in wt%; Trace elements in ppm.
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ferromagnesian-rich to ferromagnesian-poor, can be dis-
tinguished. On the basis of field relations, colour, texture
and mineralogy three main phases have been identified.

Biotite-rich granite (BRG) is the dominant phase,
which shows sharp discordant contacts with the gneiss
and is a mesocratic, coarse to fine-grained, equigranular
biotite-rich granite. Intercalations of BRG and horn-
blende-biotite gneiss as well as enclaves of gneiss and
amphibolite of diffcrent shapes like angular, ellipsoidal,
flattened and polygonal, ranging in size from 9 mm to
as much as 1.5m across, are present in the contact
zone. Concentration of these enclaves and surmicaceous
schlieren near the margin indicates the magmatic origin
of granite. Quartz (24.63%), K-feldspar (42.84%), pla-
gioclase (23.92%) and biotite (7.01%) are the major
constituents, while zircon, sphene, apatite and magnetite
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form the accessories. Among feldspars, K-feldspar is
dominant — particularly microcline. Perthite intergrowth
IS common in microcline, the textural variations being
spindle, string and flame types. Perthites, when in contact
with plagioclase, develop a rim of albite possibly derived
by exsolution from a monoclinic potash-soda feldspar
as a consequence of the accompanying submagmatic
inversion to non-perthitic triclinic microcline’. Two
varieties of biotite —one pleochroic from shining pale
green to dark green and the other from colourless to
yellowish brown—occur as flakes and wisps. Per-
thite + green biotite assemblage is characteristic of A-type
granites®, while the two feldspars (perthite and plagio-
clase) + biotite £ hornblende are common in post-orogenic
granites’.

Biotite-poor granite (BPG) consists of veins and bands
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Figure 2. Harker vaniation diagram for Kalpalta granite.
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ADAMELLITE

(10 cm-150 cm wide) of the leucocratic biotite-poor vari-
ant, seen in BRG and adjoining gneiss, have sharp
discordant contacts. BPG is medium to fine-grained,
generally equigranular and mineralogically similar to
BRG except for low content of biotite. Biotite, the
brown variety, is seen as disseminated specks. Both the
eranites fall in the syenogranite-monzogranite field in

the Q—-A-P diagram.
GRANITE Pink feldspar pegmatite and aplite is the youngest
O 4 phase consisting of narrow pegmatite and aplite dykes
xN (lcm to 20cm wide), cutting across both BRG and
K BPG. The dykes chiefly comprise quartz and feldspar,
the grain size varying from coarse to fine. Fluorite,
2 TONALITE molybdenite, pyrite and chalcopyrite mineralization is
associated with this phase?®,
| — The results of chemical analysis of 55 representative
samples from different parts of the pluton are presented
| | [ | [ ] _j in Table 1. Major elements were determined following
O l 2 3 4 5 6 7 the methods of Vogel’ and Maxwell'’ and trace elements
N a0 in ICP-MS.
a2 The variants of the granite, in general, show geo-
Figure 3. Na,O vs K,O diagram. chemical similarity. However, BRG contains more Na.zo,
CaO, MgO, Fe,O,, TiO, and P,O,, while BPG has more
Si0,, and AlLO,. The typical major element characters
o of the granite are moderate to high silica, fairly high
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K.O and Na.O. low MgO and CaO. The alkah content
isbcnmparahfﬁ' to that of the other granites of Kerala
and elsewhere'’. Low CaQ is as in calc-alkali granites'?.
In Harker's variation diagram Al,O,, Ca0O, MgO, Fe,O,,
TiO, and P,O, define linear negative trends while the
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other oxides remain more or less constant or show weak
positive trends (Figure 2). K,O and Na,O values are
higher than those suggested for granites’. A higher
K-feldspar content, compared to plagioclase, is indicative
of enrichment of K,O over Na,O and depletion of CaQ
with increase in silica. The higher content of Na,O in
BRG and K,O in BPG, can be accounted by perthitization
of K-feldspar and later metasomatism, respectively.
Moderate to high content of AlLO, has resulted in
normative corundum in some cases, especially in BPG,
indicating that alumina is i1n excess of calcium and
alkalies. The alumina saturation index of Shand, using
molar A/CNK values, which range between 0.89 and
1.12 (av. 0.98) for BRG and 0.97 and 1.10 (av. 1.06)
for BPG, points to a weak peraluminous nature.

The Na,0 vs KO diagram' (Figure 3) and CaO-
Na,O0-K,O diagram show granodiorite to adamellite com-
position of Kalpatta granite. In the AFM diagram, granite
plots are in the calc-alkaline field, while they plot in
the granite field in the An—-Ab-Or normative diagram.
Though I-type granites'® have A/CNK values less than
unity, many are slightly peraluminous due to higher
Al,O, content. The low CaO, MgO, TiO, and high
FeO/MgO values of Kalpatta granite are similar to most
A-type granites'’?!. Silica-rich composition (generally
>68% Si10,) is characteristic of many alkaline granite
suites'”**. The alkali content and Na,O/K,O ratio of the
two variants of Kalpatta granite are as in A-type
granites'”?'.

Trace elements like Cu, Zn, Cr, Co and Ni show
inverse relationship with SiO,, whereas Pb, Th and U
values increase with higher S10, content in Kalpatta
granite. The trace element content and distribution pattern
are consistent with the empinical laws of fractionation.
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Figure 8. Y vs Nb plots of Kalpatta granite.
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Trace element content of Kalpatta granite is similar to
that of A-type granites'”. Ba is high (389 to 1080 ppm)
while Sr i1s comparatively low (80.21 to 198.99 ppm).
Rb in the granite variants ranges from 60.45 to 136.15
ppm, giving a high K/Rb ratio (586 for BRG and 664
for BPG), which is characteristic of magmatic process".
The inverse relationship of Ba/Rb and Ba/Sr with (1/3

St + K)—(Ca + Mg) is indicative of fractionation (Figures

4 and 5). The average Ba/Sr ratio for BRG and BPG
18 5.61 and-5.01 respectively. During fractionation of
feldspars, there is a drop in Ba/Sr ratio”, which is
clearly brought out in Figure 5. High Sr and low Rb
content of the granite variants rules out a sedimentary
parentage for the granite. Crustal participation in magma
genesis could have lowered Y, Nb and Rb and increased
the content of Al, resulting in both BRG and BPG
falling in the transitional area between normal and
fractionated granite (Figures 6 and 7).

Field and petrographic evidences clearly show the
magmatic nature of Kalpatta granite variants. Major and
trace element chemistry and geochemical classification
schemes, supported by petrography, indicate close rela-
tionship among the different variants of the granite
pluton. Mineralogical and geochemical signatures are
characteristic of post-orogenic A-type granites. In the
Y vs Nb discriminant diagram, most of the plots of
Kalpatta granite fall in the within-plate granite field
(Figure 8). Few plots outside this field could be due
to crustal contamination leading to lowering of Nb and
Y values. In Q—-An-Or—Ab tetrahedral cotectic—eutectic,
projection, where P, , =P, =5 Kb on a eutectic surface
of An—Ab-Or projected from quartz, the granite variants
give a temperature of 650°C-685°C and a depth of
emplacement of about 30 km on the basis of Rb-Sr
values. Geochemical characters of Kalpatta granite are
too tempting to suggest partial melting of the deeper
parts of the crust, generating granitic magma, and 1ts
contamination during emplacement to higher crustal
levels. The most probable mechanism of melting 1n
stable interior is mantle upwarping producing rapid
decompression melting resulting in anorogenic magma-
tism. Crustal distension can lead to extensive mantle
degassing, resulting in the addition of volatiles producing
localized melting?®?*%°, In such cases slightly peralkaline
magma can be generated by partial melting of lower
crust under a high flux of mantle-derived halogen-rich
volatiles, which in turn explains the high concentration
of alkalies and HI'S elements in anorogenic granites™,
This model is applicable to Kalpatta granite as it has
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high concentration of HFSE (e.g. Zr, 115.27 ppm—
3234 ppm; Nb 30.71 ppm-31.26 ppm). Presence of
fluorapatite in both BRG and BPG and fluorite in late
pegmatites of Kalpatta granite is characteristic of A-type
granites, high F being the result of partial melting of
F-rich biotite or amphibole. Thus the overall characters
point to a magmatic source for Kalpatta granite pluton.
The granite variants can be treated as products of
polyphase late magmatic crystallization.
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