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ABSTRACT

St. Catherine area, dominated by basement rocks encompass old continental gneisses, metasediments, greenstone belt, calc-
alkaline granites (G-Il-granites), rift-related volcanics (RV), and anorogenic within plate granites (G-III-granites).

Comparative geochemical study has been carried out between the G-II-, and the G-Ill-granites and between the SV-, and RV-
volcanics. The geochemical criteria strongly confirm island arc environment for the SV, and suture related environment for the
G-ll-granites. The most reasonable setting for the RV-volcanics and the G-Ill-granites is the anorogenic or within plate

environment.

INTRODUCTION

St. Catherine province is located in the southern part of
Sinai. The area is dominated by basement rocks previously
investigated by Abdel Maksoud et al. [1]. The area is covered
mainly by granitic as well as volcanic suites. The granitic
masses belong to the G-II-, and G-IlI-types recognized by
Hussein et al. [2]. Volcanics include subduction related (SV),
and rift related (RV) types.

Few workers were concerned with the chemistry of the
different rocks units of St. Catherine. Eyal [3] studied 18
plutons from a major segment in the southern Sinai, including
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St. Catherine and distinguished 16 plutons as calc-alkaline and
two as alkaline. Eyal et al. [4] stated that St. Catherine area is
dominated by biotite-granite of alkaline affinities.

The object of the present work is to investigate the
geochemical criteria of the basement rocks encountered in the
area to determine their tectonic setting.

The results of 39 analyses for major constituents covering
the different plutonic and volcanic rocks encountered in the
area are given in Tables 1, 2, 3, 5, 6 and 7. Tables 4, and 8
show the trace element contents of the examined plutonites
and volcanics.




Table 1
Chemical composition of the St. Catherine plutonites

Sel

Rock Sample Si0, TiO, AlLO, Fe,05 MgO H,0 CaO Na,0 KO MnO PsOs LOIL H,O+ Total Alkalinity Felsic Mafic
type No. Ratio Index Index
1 57.71 0.83 16.5 4.12 493 4.44 5.58 25 1.2 0.18 0.03 1.88 0.27 100.17 1.4 39.9 67.1
2 57.88 0.72 16.2 422 3.66 3.77 6.15 2.74 2.56 0.08 0.16 1.45 0.23 99.82 1.6 46.3 67.6
3 67.3 0.47 14.98 2.35 1.19 1.56 329 3.07 3.74 0.06 0.15 1.56 0.1 99.82 - 22 67.4 69.4
4 67.94 0.5 15.17 3.17 1.19 1.9 2.84 3.1 2.13 0.4 0.26 1.14 0.16 99.9 1.8 64.8 69.6
Q) 5 68.5 0.32 13.36 2.44 1.52 2.73 232 31 34 1.3 0.08 0.88 0.44 100.39 2.4 73.7 59.2
6 64.93 0.83 15.43 2.85 1.97 1.54 332 3.05 434 0.09 0.01 1.44 041 100.21 23 69.0 75.8
7 66.13 0.6 14.97 341 1.42 1.43 3.09 372 422 0.1 0.03 0.71 0.12 99.95 2.6 72.0 77.2
8 64.83 0.7 15.39 2.97 1.02 1.62 3.09 5.1 37 0.1 0.14 1.15 0.33 100.4 2.8 74.0 71.1
9 64.96 0.52 15.1 315 1.83 1.18 4.14 347 346 0.15 0.13 1.54 0022 99.85 21 62.6 80.8
10 66.78 0.35 16.06 1.28 0.16 0.79 2.38 5.67 5.18 0.09 0.05 0.98 0.18 99.95 39 89.0 64.6
11 63.52 0.48 15.75 2.87 1.86 2.19 4.03 4.21 3.57 0.06 0.11 1.02 0.17 99.84 23 65.9 68.4
12 64.37 1.5 14.79 353 0.26 0.8 1.47 5.95 6.02 0.12 0.07 1.09 0.27 100.27 1.4 89.0 82.6
13 63.57 0.33 16.9 3.61 0.03 0.26 3.37 5.78 3.18 0.05 0.14 045 01 99.46 0.4 81.0 93.3
14 63.71 0.3 16.18 3.21 1.07 1.29 2.51 47 5.51 0.13 0.07 0.77 0.21 99.66 34 80.0 76.8
15 62.8 0.58 17.01 - 3.68 0.92 0.73 2.89 5.02 5.62 0.09 0.04 0.58 0.22 100.19 33 78.6 86.3
16 71.56 0.67 13.98 1.94 0.18 0.52 1.72 429 44 0.05 0.04 0.64 0.06 100.07 35 83.5 80.3
17 72.03 0.47 13.34 1.88 0.24 0.62 1.95 448 4.78 0.07 - 0.66 0.07 100.59 4.1 82.6 77.4
18 70.67 0.83 13.91 2.36 0.42 0.51 18 492 333 0.13 - 0.82 0.07 99.77 32 82.1 84.5
(*) 19 71.27 0.43 13.92 292 0.19 0.21 2.31 3.39 473 0.14 0.05 0.76 0.25 100.57 3.0 77.85 93.7
20 70.1 0.22 14.29 2.17 1.54 1.39 1.35 355 39 0.05 0.02 1.06 . 023 99.87 28 84.7 72.8
21 73.81 0.18 13.4 0.81 1.51 1.02 1.7 3N 39 0.03 0.03 0.62 0.1 100.82 3.0 81.7 69.5
22 74.58 1.33 13.31 . 0.3 0.11 0.5 0.92 5.06 3.12 - 0.01 0.91 0.09 100.24 37 29.9 451
23 74.34 1.33 12.54 0.3 0.11 0.43 0.92 4.59 3.72 - 0.01 0.94 0.6 100.13 4.1 90.03 48.8
24 73.16 0.57 13.34 1.15 0.1 0.43 0.48 5.12 5.62 0.08 0.07 0.18 0.16 100.46 8.0 95.7 74.4
25 73.39 0.47 12.01 1.5 017 - 0.12 0.76 423 593 0.11 0.02 0.76 0.33 99.8 8.8 93.0 93.3
26 73.13 0.2 13.74 1.09 0.16 0.08 1.3 445 432 0.02 0.64 0.36 99.99 42 87.7 93.98
27 73.71 0.27 13.39 1.38 0.31 0.68 1.01 4.86 4.63 0.04 0.02 0.5 0.11 100.91 49 90.4 71.3
28 73.14 0.23 :13.77 1.37 0.32 0.83 1.08 4.7 4.5 0.05 - 0.16 0.34 0.17 100.7 43 89.5 67.1
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Table 2
Catanorms of the St. Catherine plutonites

9¢l

Sample ap il Or ab an mt cor. sp hm wo en hy di ac L ns§ 9z
No.
1 0.05 1.2 7.35 23.25 28.55 442 1.13 16.74 17.26
2 0.35 1.04 15.65 25.35 25.08 4.55 - 10.5 42 13.28
3 0.32 0.68 22.75 28.4 15.8 2.28 0.29 0.17 4.44 24.87
4 0.56 0.72 12.95 28. 12.8 2.73 3.62 0.46 54 32.06
) 5 0.16 0.46 20.55 28.45 11.25 2.61 0.6 9.98 25.94
6 0.03 1.18 264 28.2 16.03 3.06 4.12 0.64 20.34
7 0.05 0.86 25.35 34.0 11.88 2.31 0.88 1.42 4.02 19.23
8 0.29 0.98 22.05 46.15 8.23 1.17 1.31 2.53 4.5 . 12.79
9 0.‘29 : 0.74 21.1 32.15 15.9 3.41 1.75 3.52 21.14
10 0.11 0.38 30.45 50.65 3.05 0.15 0.89 1.98 2.18 8.9
11 0.24 0.66 21.35 38.3 13.7 3.05 4.12 4.64 13.94
12 0.13 0.58 35.55 452 2.28 0.81 1.24 2.22 6.6 5.39
13 0.29 0.12 30.55 51.85 4,03 ’ 0.51 2.51 4.36 0.72 5.06
14 0.16 0.42 32.75 42.5 6.83 2.19 0.79 2.08 3.58 8.7
15 0.08 0.8 33.2 45.05 7.28 1.8 2.72 2.07 591
16 0.08 0.36 26.3 38.95 5.95 0.87 11.36 0.4 1.46 2427
17 0.48 28.35 40.15 2.18 0.27 1.32 2.82 1.72 22.51
18 0.86 19.95 44 85 6.13 0.48 1.67 0.84 1.42 23.8
(o) 19 0.11 0.52 285 31.05 8.98 0.12 2.07 0.88 0.6 272
20 0.05 0.32 23.6 32.65 6.7 2.33 2.04 4.56 27.75
21 0.05 0.26 232 33.55 835 0.86 0.05 44 29.28
22 0.03 0.18 18.6 45.8 44 0.06 0.21 1.38 0.82 28.52
23 0.03 0.18 22.35 4195 3.53 0.6 0.21 1.2 0.65 29.3
24 0.16 03 330 39.35 0.72 0.26 1.18 3.16 0.72 21.15
25 0.05 0.46 35.65 31.1 03 1.28 0.34 424 0.68 259
26 28.8 404 3.33 0.03 0.75 1.26 0.22 24,93
27 0.05 0.38 272 4345 1.05 0.24 ; 0.8 1.5 1.86 ' 23.79
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Table 3

Niggli values of the St. Catherine plutonites

Sample al fin c alk si ti k mg Qr
No.
1 29.52 42.61 18.18 9.69 175.51 -1.89 0.24 0.48 +56.58
2 29.47 36.91 20.37 13.25 178.97 1.67 0.38 0.47 +25.97
3 38.58 22.53 15.43 23.46 294.65 1.55 0.45 0.46 +100.01
4 38.99 28.66 13.3 - 19.05 296.90 1.64 0.31 0.44 +140.64
+) 5 33.01 34.83 10.44 21.72 287.76 1.01 0.42 0.49 +100.88
6 37.02 25.14 14.51 23.33 264.79 2.54 0.48 0.38 471.47
7 36.12 24.49 15.58 25.81 271.24 1.85 0.43 0.38 +68.
8 35.85 22.15 13.11 28.89 256.72 2.08 0.32 0.44 +41.16
9 35.00 23.45 17.88 22,57 263.32 1.58 0.4 0.31 +73.04
10 40.82 10.17 11.02 37.99 288.53 1.14 0.18 0.5 +36.57
11 34.35 26.09 16.01 21.55 235.49 1.34 0.36 0.47 +41.29
12 36.19 17.33 6.55 39.93 267.75 4.68 0.4 0.29 +19.23
13 38.37 12.44 14.20 34.99 249.93 0.41 0.37 0.12 +9.97
14 37.15 20.86 10.50 31.49 248.7 0.88 0.44 0.36 +22.74
15 38.12 17.9 11.8 32.18 239.27 1.66 0.43 0.23 +10.55
16 42.27 12.48 9.47 35.78 367.76 2.59 0.4 0.32 +124.84
17 39.38 13.05 10.49 37.08 361.56 1.77 0.41 0.36 +113.24
18 40.93 14.98 9.65 34.44 353.48 3.12 0.31 0.26 +115.72
(o) 19 41.47 14.09 12.53 31.91 360.96 1.64 0.48 0.11 +133.32
20 40.38 2421 6.95 28.46 336.76 0.79 0.42 0.41 +134.84
21 41.04 17.81 9.49 31.66 384.33 0.7 0.41 0.45 +157.68
22 46.69 6.36 5.88 41.07 444.72 5.95 0.29 0.2 +180.44
23 46.29 5.90 6.04 41.77 455.62 6.12 0.35 0.67 +188.54
24 42.27 8.94 2.77 46.02 394.13 231 0.42 0.39 +110.05
25 40.84 8.9 4.71 45.55 424.27 2.04 0.48 0.12 +142.07
26 45.04 6.06 7.76 41.14 407.5 0.34 0.42 0.11 +142.14
27 41.53 12.38 5.71 40.38 388.66 1.07 0.39 0.44 +121.14
28 41.98 13.56 6.00 38.46 379.09 0.9 0.39 0.48 +125.25
(+) G I GRANITES (¢) G III GRANITES
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Table 4

The trance elements in plutonites (in ppm)

Sample Ti A" Zr Cr Ni Co Cu Ba Sr Zn Pb Sn Mo Y Yb Be
No. X 1000

1 0.6 100 100 200 100 30 30 400 300 10 5 3 40 4 3

2 0.7 100 100 200 200 30 30 300 400 100 10 - - - - 1

3 0.6 100 100 40 10 - 10 400 400 - - 4 - 10 - 2

4 0.2 100 200 40 20 - 10 300 300 - - 5 - 30 3 3
) 5 0.3 100 100 30 10 - 10 200 300 - - - - - - 1
6 0.3 100 200 40 10 - 10 300 300 100 10 5 10 20 2 4

7 0.3 30 200 30 20 - 6 300 300 - 10 4 - - - 3

8 0.6 10 100 100 30 - 200 600 - - - - 10 1 4

9 0.7 60 100 100 100 8 20 200 300 - - - - - - 1
10 0.3 60 80 100 100 - 6 300 400 - - - - - 2
11 0.5 40 60 100 60 5 10 200 400 - - - - - - 1
12 0.7 100 100 80 60 8 20 300 400 - - 4 - - 1 2
13 0.3 - 400 - - - 6 200 - 100 10 4 - 10 1 3
14 04 50 100 30 30 - 30 300 300 - - 4 - - - 3
15 0.6 100 100 200 100 8 20 300 300 - - 4 - - 1 3
16 0.1 10 100 10 6 - 200 300 100 20 4 6 40 2 2
17 03 - 300 50 30 - 100 300 300 10 5 5 30 2 3
18 0.1 20 200 60 20 - 10 300 300 100 20 5 5 20 3 2
(®) 19 0.6 100 200 200 200 30 30 300 300 100 - - 5 30 3 3
20 0.08 30 100 30 10 - - 200 300 - 10 4 2 20 2 2
21 0.3 10 100 80 20 - 6 200 400 - 10 5 1 20 1 3
22 0.6 100 100 100 100 20 30 300 300 - 10 - - 30 1 2
23 0.6 100 100 100 80 10 30 300 300 - 10 - - 40 - 2
24 0.6 100 80 100 80 10 20 300 400 - 10 - - 30 1 2
25 0.6 100 100 200 200 10 30 300 400 - 10 - - 20 2 2
26 0.7 80 80 200 200 20 30 300 400 - 10 3 - 20 1 2
27 0.2 - 100 - - - 400 400 - 10 3 - 10 1 2
28 0.5 60 100 100 60 4 8 400 300 - 10 3 - 30 1 2

(t) G II GRANITES (¢) G III GRANITES
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Table 5
Chemical composition of the volcanic rocks

Rock  Sample  SiO; TiO, AlLO;  Fe 04 FeO MgO Ca0 Na,O K20 MnO P,0s LO.L H,0"* TOTAL
type No.
1 75.59 0.9 12.45 1.34 0.18 0.42 1.83 3.6 34 0.08 0.05 0.76 0.11 100.21
MY 2 71.18 0.57 12.79 3.14 0.13 0.85 421 3.17 241 0.08 0.07 1.0 0.12 99.72
(x) 3 73.79 03 12.44 1.29 0.28 0.79 0.82 4.7 4.8 0.043  0.037 058 0.22 100.09
4 69.05 0.42 14.82 3.83 0.12 0.32 1.82 4.15 4.13 0.02 0.05 1.09 0.21 100.03
5 71.61 0.5 12.93 2.72 0.24 0.31 1.25 3.94 5.06 0.04 - 0.89 0.08 99.58
6 70.85 0.27 13.21 343 02 0.12 221 491 3.51 0.02 - 0.55 0.15 99.45
RV 7 74.63 0.22 10.93 2.65 0.31 0.08 1.19 3.64 5.43 0.08 - 0.33 0.12 99.61
(0)] 8 75.92 0.23 10.76 1.37 0.09 0.11 0.22 5.04 5.54 0.04 - 0.25 0.1 99.67
9 75.91 0.2 10.12 1.07 0.76 0.12 1.19 4.88 5.06 0.05 0.01 0.5 0.15 100.02
10 75.09 0.33 10.35 1.56 0.44 0.79 0.38 597 4.5 0.07 0.19 0.42 0.25 100.34
11 73.98 0.42 10.53 1.29 0.76 0.28 1.53 5.67 4.03 0.15 0.02 0.79 0.38 99.83
Table 6
The Naggli Norms of the Volcanic Rocks
Sample Ap 1 Or Ab An Mt Cor. Sp Hm Wo En Hy Di Ac Ru Ns Qz Normative Normative
No. Plagioclase C.L
1 0.11 0.14 2055 3305  7.98 0.42 - - 0.68 0.38 1.18 - - - - - 35.51 242 19.45
SV 2 0.16 0.36 14.75 29.45 14.0 - - 0.9 2.26 224 242 - - - - - 33.46 5.04 3222
(0,8) 3 0.08 0.42 28.55 39.8 - 0.12 - - 0.29 1.54 2.18 - - 2.16 - - 24.84 3.01 -
4 0.11 0.22 2495 38.1 89 - 0.37 - 2.73 - 0.9 - - - 0.18 - 23.54 43 18.94
5 0.44 30.6 36.25 2.73 - - -42 1.94 1.16 0.9 - - - - - 25.56 3.28 7.0
6 - 036 2115 4495  3.68 - - 0.03 243 298 034 - - - - - 24.08 3.13 7.57
RV 7 - 0.32 32.85 28.25 - 0.45 - - 0.54 242 0.22 - - 42 - - 30.75 1.53 -
) 8 - 0.2 33.0 26.15 - - 0.18 - - 0.32 0.32 - - 3.84 - 44 31.59 0.52 -
9 0.03 0.28 30.2 25.6 - - - - - 1.02 - - 2.64 3.00 - 449 32.74 0.28 -
10 0.4 0.46 26.55 29.8 - - - - - - - 224 052 432 - 549 3022 322 -
11 0.05 0.26 24.15 24.15 - - - - - 1.08 3.64 - 3.88 3.64 - 3.87 2892 4.14 -
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Table 7
Niggli values of volcanic rocks

Sample

al

alk

si

c ti k mg qz
No.

1 43.62 11.03 11.68 33.67 450.16 0.45 0.38 0.34 +215.48

N\Y% 2 36.79 18.62 22.06 22.53 348.12 2.46 0.33 0.34 +158.0

X) 3 40.14 13.29 4.82 41.75 404.75 1.23 04 0.49 +137.75

4 41.93 16.69 9.38 32.0 332.13 1.52 04 0.14 +114.06

5 40.58 14.69 7.15 37.58 382.09 2.0 0.46 0.17 +131.77

6 38.73 14.63 11.8 . 34.84 363.68 1.01 0.32 9.06 +113.72

RV 7 37.54 14.21 7.44 40.81 435.73 0.96 0.5 0.05 +172.49

(0) 8 38.88 7.99 1.45 51.68 466.33 1.06 0.42 0.13 +159.61

9 35.35 9.85 7.57 47.23 450.80 0.89 0.41 0.11 +161.88

10 34.01 15.39 2.28 48.32 419.49 1.38 0.33 043 +126.21

11 34.33 11.91 9.09 44.67 410.07 1.75 0.32 0.2 +131.39

Table 8
The trace element in volcanic recks
Sample Mn Ti \Y% Zr Cr Ni Co Cu Ba Sr Zn Pb Sn Mo Y Yb Be
No.

1 0.3 0.5 20 100 80 10 - 10 600 400 - - - - - - 1
2 0.1 0.6 80 80 100 20 6 20 500 300 - - - - - - 1
sV 3 0.1 0.3 30 200 100 10 20 500 300 - - 3 - - - 1
X) 4 0.1 0.7 80 80 200 40 20 30 600 400 - - - - - - 2
5 0.1 0.2 10 200 100 10 30 500 300 - - 5 - 20 1 2
6 0.05 0.5 80 400 80 - 8 20 800 300 - - 4 - - - 1
7 0.1 0.6 40 400 100 10 5 20 500 300 - - - - - - 2
RV 8 0.1 0.1 10 400 40 10 - 10 400 300 100 30 6 8 10 4 3
(0) 9 0.1 0.6 60 300 100 10 8 10 500 300 - - - - - - 2
10 0.1 0.6 80 300 200 10 6 20 600 400 - - - - - - 2
11 0.1 0.5 30 300 100 - 3 10 600 300 - - - - - - 2
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M.L. ABDEL KHALEK, M.A. ABDEL MAKSOUD, M.A. ABDEL TAWAB and K.A. OWEISS

1. THE PLUTONIC ROCKS
Major Oxides

The K-C-N diagram of figure 1. indicates that the G-II-
granites are richer in calcium and poorer in alkalies relative to
the G-llI-granites. Plotting the chemical data on the AFM
diagram (Fig. 2) shows that the G-I-granites are richer in iron
and magnesium, and are emplaced in extensional environment
(Petro et al., 5). The diagram of Wright [6], Figure 3 indicates
that the G-II-granites are calc-alkaline in nature while the G-
II-granites are alkaline with per-alkaline tendency.

Ca O

ST

Ne,0

Fig. 1: Na,0-CaO-K;O diagram for the plutonites.

Extentional

M

Fig. 2: AFM diagram for the studied plutonites, showing the
trends proposed by Petro et al (1979) for
compressional suites and extentional environments.

The plot of al-values versus fim-values (Fig. 4) shows that
the magma of the G-II- is isofalic to-salic in nature (mostly
hybrid oceanic and crustal materials) while the magma of the
G-I1I-granites is salic (of pure crustal origin).

The catanorm data of the examined plutonites (Table 2)
are plotted on the Ab-Or-Qz ternary diagram (Fig. 5).
According to the experimental data of Tuttle and Bowen {7]
the G-Il-granites were formed at intermediate to low water-

Compressional
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vapour pressure, while the G-IIl-granites were formed at
intermediate to low water-vapour pressure. The relation
between Ab-Or-Qz ternary diagram (Fig. 6) indicates that the
analyzed granites contain equal proportion of Or and Ab while
G-Il-granites contain more An (calcium) than the G-III-
granites.

0

. od
%2 G?__}L_
T
S r. ¥ Z
/
s ‘ + T
fCalecathsyne’
0 ! -
b Peratxaline
oo
$ 04

Al2O)° CaQ = letsl alk
tse

A, 0 CaO-~ Totst aln

el L 0.¢ 0.4 13

Fig. 3: Alkalinity ratio versus SiO, after Wright (1968).
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Fig. 4: fim-al correlation diagram after Burri and Niggll (1945).

The normative contents of the examined plutonites are
plotted on the Ab-Or-Qz diagram of O’Connor [8] which is
later modified by Barker [9], figure (7). The plots show that
the G-II-spread over the field of tonalite, granodiorite, guartz-
monzonite, and granite, while the G-III- spread over the field
of granites. It is also evident that the granites have been
formed at different pressure environments i.e. they do not
belong to a single phase of intrusion but are multiphased.

Trace Elements

The average content of Ba (Table 4) for the G-II- and G-
IlI-granites is (296.7) and (283.3) respectively. It decreases
with differentiation index (Fig. 8). Ba** (1.34 A®) substitutes
K, 1.33 A° (Mason, 10) and increases with the normative




Geochemistry of the St. Catherine basement rocks, Sinai, Egypt

alkalifeldspar content (Table 2). Sr (1.12 A°) may replace
either Ca®* (0.99 A°) or K (1.33 A°) particularly in feldspars
(Niggll, 11). Average Sr- contents are 358.3 and 323.5 ppm
respectively, which indicates that Sr replaces Ca, in the
examined granites. Pb* ion (1.2 A°) is diadochic with K, and
might be captured by the potassium bearing minerals.
Accordingly it shows an increase as Ba increases from the G-
II- to the G-IlI-granites (Fig. 8).

/\

PR

<7 sy

/ AN
Ao

Titanium is related to either the large highly charged
cations (Zr-type) or to ferromagnesian elements. It shows
lower content in the G-III-granites (Fig. 8).

Mo shows a decrease from the G-II to the G-IIlI-granites
with the increase in the D.I-values (Fig. 8). The molybdenum
jons substitute for Ti*, Zr, and Fe*" and may be expected in
magnetite, ilmenite, and biotite.

Q2

Ab L \a
Ab
Fig. 5: Temary diagram for normative Ab-Or-Qz. The solid line
represents the variation in position of minimum melting in
granite system at water vapour pressure from 500 to 1000
bars (after Tuttle and Bowen, 1958). -

The average content of V in the G-II-, and G-IlI-granites is
80 and 52.3 ppm respectively. It decreases with the decrease
in the D.I. values (Fig. 8). Y>* (0.24) is comouflaged by Fe**
(0.64) during the fractionation of a silicate magma and
decreases with the decrease in the ferromagnesin content of
the enclosing rocks. Cr decreased from the G-II- to G-III-
granites from 107.8 to 87.5 ppm (Fig. 8). Usually acid
differentiates are comparatively poor in chromium. The
average content of Ni for the G-II-, and G-III-granites is 74.8
and 65.64 ppm respectively. Notable decrease in the Ni-
content with the decrease in the dlfferentlatlon state is
observed (Fig. 8). Nickel follows Fe ' rather than Mg %', and
decreases with the decrease in ferromagnesian mmeral
content. Cobalt has almost the same ionic radius (0.72 A°) as
ferrous iron (0.74 A®)) and thus can be camouflaged in ferrous
compounds. It decrease with the decreases in the D.I-value
from the G-II-, to the G-I11-granites with average of 10.9 and
4.6 ppm respectively.

The average content of Y in the G-II-granites is 5.5 and G-
II-granites 12.3 ppm. The Yb shows the same trend as Y,
where both increase with increase in the differentiation values
(Fig. 8).

The average content of Zr in the G-1I-granites and the G-
HI-granites is 119.3 and 132.7 ppm respectively. It increases
with differentiation (Fig. 8). Zr usually forms a specific
mineral phase, the zircon.
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Fig. 6: Ternary diagram for normative Ab-Or-An. The solid
line represents the two feldspar boundary curve for the
quartz saturated ternary feldspar system at 1000 bars
water vapour pressure (James and Hamilton, 1972).

An

Ab

Fig. 7: Ab-An-Or ternary diagram classification boundaries
from O’Conner (1965) and Barker (1979).

Sn has a téndency to increase with the D.I. -values (2.5,
and 3ppm for the G-II-, and the G-Ill-granites respectively).

Be (0.34 A®) is mainly confined to albite (Beus ef al,, 12,
and Hugi, er al, 13) and muscovite (Goldscmidt, 14). It
increases from the G-II to the G-Ill-granites with averages of
2.2, and 2.4 ppm respectively (Fig. 8).
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Fig. 8: The plot of various trace elements contents versus D.1. of
the examined plutonites. (+) average for G-II-granites. and
(o) average for the G-IlI-granites.

The average content of Cu in the G-1I-, and G-IlI-granites
is 16.1, and 17.7 ppm respectively. These averages are milling
around the averages given by Turekian and Wedepohl [15] for
the high calcium ganite (30 ppm), and low calcium granite (10
ppm). This indicates that the recorded cupper ore in El Rigeita
location, St. Catherine area is not related genetically to the
enclosing host granite.

From the previous study on the trace element distribution,
it is evident that, although the average contents show decrease
or increase from the G-II- to the G-Ill-granites, yet it is not
possible to relate the samples of the two types collectively to
one differentiation trend. Accordingly, both G-II-, and G-III-
granites are derived from different sources and different
tectonic environments.

THE VOLCANIC ROCKS

The dominant rock variety in the subduction-related
volcanics (SV) is not andesite but is mostly rhyolite, a
phenomenon usually recorded in the Chilian type of collision
between oceanic- and continental-crustal masses (Uyeda, 16)
where the volcanics forming up the arc have the opportunity to
differentiate under passing through a thick continental crust
and to be mixed with crustal materials. Dealing with
geochemistry of the volcanic rocks, focus will be on how they
differ among their rhyolitic portions and how the (RV) are
related to the G-Ill-granites formed by the same mechanism
(rifting).

MAJOR ELEMENTS

From the K-C-N diagram of (figure 1). It is clear that the
RV-volcanics are enriched in alkalies and depleted in CaO
when compared with SV-volcanics. The AFM diagram (Fig.
2) reveals that the RV-volcanics are enriched in alkalies and
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depleted in iron. The relation between al, and fm- values (Fig.
4) shows clearly that the character of the magma produced the
(RV) is salic (mostly of crustal origin) while the magma
produced the (SV) is isolfalic to salic (originated form an
oceanic crust by differentiation or representing oceanic
derivative contaminated with crustal materials).

The plot of normative data of Table 6 on the Ab-Or-An
diagram (Fig. 6) shows that the SV-volcanics contain more
anorthite than the RV-volcanics, while the RV are enriched
more in the sodic feldspars than the SV.

The plot of major elements against D.I. (Fig. 9) shows
parallel trends to the previously investigated plutonic rock
suites. On the diagram of Irvine and Baragar [17], Figure 10
the representative points of both SV-, and RV-volcanics
spread over subalkaline and alkaline fields. The RV-
composition is more affiliated to the alkaline field. The plot of
chemical data on the classificational diagram of Church [18],
figure 11, shows that the SV-volcanics fall in the field of
rhyolite and dacite, while the RV-volcanics fall in the field of
rhyolite.

56 60 70 80 90 D.I.

Fig. 9: The plot of the different oxide percentages against the
D.IL values of the examined volcanics and plutonites.

TRACE ELEMENTS

To investigate the variation of trace element abundance
with the calculated D.I., figure 12 is constructed for both SV-,
and RV-volcanics. Zr, and Ba increase with increase in D.I.
while Sr, Co, Ni, V, and Cr decrease.

Ramsy et al. [19] used data on the volcanics analysed from
various tectonic settings to plot the important among their
elements against the SiOj-contenf (Fig. 13). The SV fall
mainly in the field of immature island arcs, and active
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continental margins while the RV belong to the anorogenic
terrains.
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Fig. 10: Alkalies-silica diagram. The dashed line is

McDonald’s (1968) dividing line for Hawaiian

tholeiitic and alkaline rocks. The solid curve is a line

proposed by Irvin and Brager (1971) for making a

general distinction between alkaline and subalkaline
compositions. Plots are in weight percent.

e —— .. Zasail l I l |
S ——— Ancesits _ 4]
(5] - K _—
- T Qacate
o ————" RAhvzlite
- | L
J N,
= Y N
oy !
= N\ /
/{i-/
o A
: R4
/
’—- i 2 ch’x
o, l q,”/;‘} L
& ~ -
e R
0.223 €123 0.333 elic3 £.233

a0 [sio; —
Fig. 11: Triaxial plot of Na;O+K,0 versus Fe;O3 + FeO +1/2
(MgO + CaO), basicity index of church (1974)
versus Al,O3/Si0; in weight percent for St. Catherine
volcanics. Fields of variation of most common
volcanic rocks are shown as designated by Church
(1975).

1050
100 Ba’ e
$20 LR
N %% - % °l
B L S 7 » m )
7 S i \:ﬁu\ |
0! Toox
v ° X \e{:’:’. 5 200 °
S0 £ .
. o i ;
fo ™ 70 0 ) 00
70 20 E] 1o €20 osg”.
ox Zr °,
20¢ 208
Cr o 4 B &4 4 " il
N — 70 (1) 33 0o
10 C] [ 20 °
0.1 -Co 1 oo
Fig.q2 . 0.1. Veuus scce frace element of SC. x o2
Cetherine Velesnles. " 70 W, s

Fig. 12: D.I. Versus some trace element of St. Catherine
Volcanics.

Ly

pm

ACM: Active czatinentcl
merging -
1563 .
AV: Aneregente veleanic
terreing

7% 11209 O1: Oceanic islend

fA: Immatur island

H
i1s00 ares

*legam

144

Fig. 13: Abundances of Ti O,, Zr, P;,0,, Ba, Ni and Cu in St.
Catherine volcanics compared with average fields of

magmas from various modern geotectonic
‘environments (defined by Ramsay et al. (1981) after
Ewart (1979 and 1981).

CONCLUSIONS

Although the average contents of major and trace elements
show decrease or increase from the G-II-granites to the G-III-
granites, yet it is not possible to relate the varieties of the two
types, collectively, to one differentiation trend. Accordingly
both granitic types are derived from different sources at
different tectonic environments. The plots of the rift-related
volcanics (RV) reveal trends always parallel to those observed
for the examined G-III-granites.

The geochemical criteria strongly suggest the island-arc
setting for the SV-volcanics, and compressional environment
for the emplacement of the calc-alkaline (G-II-) granites
(mostly suture related) while the most reasonable tectonic
setting for the RV-volcanics and the alkaline (G-III-) granite is
that of anorgenic or within plate.
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