
CHAPTER VI

GEQCHEHISTRY

Currently, geache®istry has became the most powerful tool 
available to unravel the origin and evolution of granitoid rocks; 
it can be used to classify granitoids, to establish genetic links 
between spatially associated granitoid rocks, reveal processes of 
their origin, to learn about the nature of source regions and 
potentially reveal information about their tectonic environments.

Hence, in the following pages geochemical data of granitoid 
rocks of Ktnsun Higher Himalaya and also of the various nappes of 
Lesser Himalaya have been used to understand their petrogenetic 
behaviour.
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ANALYTICAL TECHNIQUES

Representative samples of the granitoid racks alongwith a few 
selected samples of associated schists, quartzites and amphibolites
iiB«»r*sa §•% r%nIU*rnn •irvB-r-h ceotix&TI 1 rn> 5 qc fftnori s&n>rf ni c aii'I'apaffI "IHhkcsvjr isiaT^a tHonMfCl «7 i IL9BS.3.W R A 8 0 lr*J JL |Jf Jt 'tS'LmfSS* y wUPI BCfvJ aiBIJ L| UHai.il If*?* «?*J m lllt»Jf 1SHS.1 t? wllCfll

crushed, powdered and milled C& mesh?. Pressed powder pellets were 
analysed by X—ray fluorescence method to determine major and trace 
elements, using Philips PV 9100 model XRF machine at Madia 
Institute of Himalayan Geology fUTHSl Oehradun, Some samples were 
also analysed at National Geophysical Research Institute CNSRI>, 
Hyderabad, by applying the same sample preparation technique using 
standard operating conditions on Philips Holland XRF model PM—1400.

The operating conditions were?
1- Major ok ides s anode, M0 filter, VAC path, 12 kv 
2. Trace elements s A^ anode, Ag filter, Air path, 40 kv

Trace and Rare Earth Elements IREE> were also analysed at MIHG 
and WGRI using XRF and ICP—Mass spectrometer respectively- Acid 
dissolution procedure was adopted for preparing samples for I CP- 
Mass spectrometer. The I CP—MS used is the Plasma Quad PQ fFissions 
Instruments, U.K.) controlled by an IBM PC-XT micro-computer and 
assise sated software.

Following standards were used for both XRF and ICP-MS at NBRI 
and MIHG:

CS81



CRP6 (FRANCO s GA, BH, BSN, MA-N 
USeS (USA) s B2, BSP-1, R6N-1, GSLO-1, ABV-1
BSJ (JAPAN) s JB2, JBl-a, JA2, JB3 
IB BE (CHINA) s SSRi, BSR2,

In all 39 rock samples were analysed for major asides oat of 
which 28 samples were selected from the Central Crystallines, 
whereas 11 were those of the various crystalline nappes. Further 
24 samples were analysed for trace element studies and 10 were 
selected for rare earth element studies. Samples from both the 
Central Crystallines as well as the crystalline nappes were 
similarly considered for trace and REE studies. The locations of 
the samples selected for geochemical analyses are shown (Figs. VI. 
A,8) .

The geochemical diversity in granitoid rocks is ultimately a 
reflection of the composition(s) of the source region(s). 
Contrasting source regions are in turn, indicators of the 
geological environment (continental versus oceanic) and the 
tectonic setting (erogenic versus anorogenic). All these factors 
play their role in defining the spectrum of granitoid rocks and 
provide a sound basis for their classification (Bowden et al., 
1904).
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MAJOR OXIDE CHEMISTRY

Major oxide data of rock samples of the study area, their 
Niggli Values and normative mineral compositions are given in 
Tables VI.1, VI.2 and VI.3. From Table VI.1, it is observed that 
Si02 varies from 63.97 to 75.05 weight percent for the granitoid 
rocks. The Al-Pj percentage is also quite high ranging from 11.60 — 

17.90. The percentage of Kp is found to be generally predominant 
over Na^D. All the schistose samples show a preponderance of MgO 
over CaO which is a feature characteristic of argillaceous rocks. 
The granitoid rocks however are found depleted in Mgo, Cao and 
TiOj. The Fe^P^tT? content varies from 1.11 to 6.21 percent for 
granitoid rocks but is higher in the associated schistose rocks 
where it ranges from 7.37 to even 16.75 percent.

The excess of alumina in the granitoid rocks appears as 
moderate normative corundum (2 — 3X1, indicating a sedimentary 

origin. In the Icp vs Wa^D diagram representing various fields of 
granites (Fig. VI.11 the granitoid samples are found scattered in 
the granite, adamellite, granodiorite as well as tonalite fields. 
However, in the Ab—Or—An (Fig. VI.21 ternary diagram (O'Connor, 
19651 these rocks can be represented In the granite field. 

Similarly on the CaO — Na^P — Kp ternary diagram (Fig. VI.31 also 
almost all the granitoid samples fall in the granite field with 
only one or two falling in the adamellite and trondhjemite fields.
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Tabla VI.1 MAJOR OXIDES ANALYSES OF ROCK SAMPLES

SL.NO. SAMPLE ROCK UK. Si02 A1203 Ti02 CaQ KgO Na20 K20 Fe203(T! HnO P205 TOTAL 
WE TYPE

IfIIllliIIIIII1) :sss=s: :s==ss= ii ii n ii ii u :=sass=s:

lltlII11 II1} Ii IIIIIIli<i It

no£.i- M18 Sc CCY 53.47 13.85 0.58 0.62 12.66 2.® 4.27 7.37 0,13 0.® 98,13
23 H19 Sc CCY 53.32 9.30 0.59 3.16 22.61 0.® 2.77 8.14 0.12 0.07 1®.®
27 Pl2ft Sc CCY 44.43 11.01 1.68 0.14 11.98 0.46 9.0i 16.75 0.13 0.17 95.76

AVG. SCHIST 50.41 12.05 0.95 1.31 15,75 1.09 5.35 10.75 0.13 0.21 97.99

37 N9 Dtz CCY 81.21 9.68 0.19 1.05 0.0!) 4.06 2.24 1.22 0.04 0.04 99.73
34 H6 QtZ CCY 73.83 14.21 0.01 0.71 0.06 3.75 5.47 1.66 0.01 0.07 99.78
29 M3 Qta CCY 69.97 15.71 0.00 0,81 0.12 3.89 5.15 1.80 0.02 0,15 97.62

AVG. QUARTZITE 75.00 13.20 0.07 0.86 0.06 3.90 4.29 1.56 0.02 0.09 99.04

10 D3 Sn ASK 75.57 14.56 0.10 0.59 0.28 2.47 4.93 1.52 0.01 0.20 100.23
38 N21 Bn CCY 75.05 13.38 0.12 1.27 0.23 4.09 2.16 1.45 0.03 0.® 97.®

5 BI3 Sn DHB 72.71 13.79 0.28 0.43 0.8o 2.11 6,33 3.17 0.03 0.13 99,81
8 C6 Bn cam 72.45 16.73 0.17 0.50 1.32 7.28 1.28 0.65 0.01 0.13 100.52

39 N23 Gn CCY 71.89 14.01 0.10 1.15 0.32 4.02 5.99 1.37 0.01 0,12 98.®
24 MIA Sn CCY 71.48 15.73 0.31 1.59 0.63 2.90 6.04 2.58 0.02 0.17 101.45

3 BJ1 Gn BAJ 71,32 15.55 0.23 1.88 0.45 3.31 5.32 1.86 0.02 0.10 100.04
2B «2B Gn CCY 71.08 13.28 0.41 1.10 0.85 3.05 5.11 3.20 0,02 0.16 98.26
26 H20 Gn CCY 70.62 15.19 0.38 0.77 1.32 3.94 4.27 2.® 0.03 0.17 99.57
12 L24 Gn CCY 70.05 14.11 0,20 1.68 0.63 4.22 4.19 3.14 0.04 0.16 98.42

H15 Gn CCY 69.38 13.04 0.72 1.22 1.75 3,60 2.94 4.79 0.11 0,12 97.67
35 R7 Bn CCY 68.90 15.20 0.17 1.46 0.61 3.94 5.54 2.12 0.02 0.18 ®.14
14 HIO Bn CCY 68.67 14.35 0,66 1,38 1,51 4.02 2.84 4.90 0,10 0,18 ®.6i
33 M5 Gn CCY 67.81 14.93 0.29 1.50 0.67 4.15 5.09 3.41 0.03 0.20 98.08
36 HB Sn CCY 66.^8 14.10 0.65 1.02 1.27 3.99 3.16 5.63 0.11 0.17 97.08
32 H4A Sn CCY 66.09 15.42 0.54 3.34 1.15 2.92 4.57 4.70 0.® 0.15 ®.93

7 C3 Gn Off 65.60 16.08 0.70 1.75 2.65 2.12 4.88 6.10 0.04 0.14 1®.®
25 M2 Bn CCY 65.12 16.39 0.57 2.58 1,64 4.11 2.69 4.® 0.07 0.27 98.24

6 Cl Bn Off 64.86 17.90 0.66 0.72 2.59 0.93 6.28 5.99 0.04 0.11 100.®
31 H4 Sn CCY 64.63 15.71 0.56 2.69 1.51 4.24 4.79 4.47 0.05 0.29 98.94
13 Ml Gn CCY 64.20 16.25 0.83 2.54 1.68 4.33 3.02 5.66 0.06 0.30 ®.87
1*;tj MU Bn CCY 63.97 16.29 0.68 1.18 2.17 4.05 3.58 6.21 0.18 0.® ®.59

AVB. SNEISSES 69.02 15.09 0.42 1.47 1.18 3.63 4.32 3.66 0.05 0.17 99,02

4 BJ2B B BAJ 52.48 11.38 0.94 10.62 8.78 3.24 0,30 11.35 0.15 0.13 99.37
30 M3A B CCY 50.90 10.38 1.71 12.62 6.94 2.04 0.62 13,83 0,17 0.16 99.37
11 B4 B ASK 51.61 13.46 1.53 10.43 5.29 3.61 0.51 13.11 0.16 0.1B 99.®

AVS. BASICS 51.66 11.74 1.39 11.22 7.00 2.96 0.48 12.76 0.16 0.16 99.54

16 1112 Gr CCY 77.73 11.66 0.02 0.48 0.00 3.93 2.52 1.14 0.03 0.® 97.51
18 H14 Sr CCY 72.78 13.92 O.li 0.70 0.17 3.91 5.16 1.74 0.02 0.® 98.59
21 M17 Sr CCY 72.60 15.32 0.00 0.67 0.00 3.50 4.® 0.87 0.02 0.® 97.94

2 A2 Gr ALM 72.24 15.33 0.32 1.01 0.54 3.07 4.89 2.75 0.05 0.18 1®.®
17 H13 Gr CCY 71.85 14.36 0.06 0.98 0.19 3.96 5.72 1.23 0.03 0.11 ®.49
20 MIA Gr CCY 70.20 15.65 0.03 1.29 0,16 3.82 6.49 1.11 0.® 0.15 98.90

9 C7 Gr CAM 68.97 14.84 0.44 3.13 1.38 2.54 4.15 4.14 0.® 0.12 99.79
i A! Gr ALM 68.84 17.48 0,14 1,22 0.02 4.19 4.72 1.62 0.02 0.22 ®.47

AVS. GRANITE 71.90 14,82 0.14 1.19 0.31 3.62 4.82 1.83 0.03 0.12 ®.76
SSSass:ssrss:

IIIItlIIIIllitII111111 It ssasrs:

IIIIitIIII

srrsrs:

IIIIIIIIMIIli

ssssss: If It It It II It 41

SKY - Central Crystallines, ALM - Aloora Nappe, BAJ - Baijnath Nappe, ASK - Askot Nappe, 
DH8 - Dharaagarh Nappe, CKP - Chiplakot Nappe, CAM - Champawat Crystallines



Table VI.2 NIGBLI VALUES

H il 11 It It ti IJ====== It li It II II tl ilH (i ll tl il=======

IIIfIIIIilliIt ======== II tl It II tl It =======
St. NO.SAWLE ROCK IOC. 51 ti P k m alfc c fo al

NAME TYPE

22 M18 Sc CCY 135.08 1.11 0.41 0.50 0.79 13.87 1.69 60.57 23.86
23 M19 Sc CCY 106.06 0.89 0.06 1.00 0.86 3.55 6.80 78.63 11.02
27 H2A Sc CCY 104.23 2.99 0.17 0.93 0.61 14.67 0.36 69.58 15,39

AVS. SCHIST 115.12 1.67 0.21 0.81 0,75 10.70 2.95 69.59 16.76

37 H9 Qtz CCY 626.46 141 0.13 0,27 0.00 41.79 8.76 4.94 44.50
34 H6 QtZ CCY 428.90 0.04 0.17 0.49 0.12 41.79 4.46 4.55 49.20
29 M3 Qtz CCY 381.09 0.00 0.35 0.47 0.18 38.81 4.77 5.42 50.99

AVS. QUARTZ111 478.82 0.39 0.22 0.41 0.10 40.80 6.00 4.97 48.23

38 N21 Gn CCY 473.74 0.58 0.13 0.26 0.32 34,06 8.67 6.93 50.34
10 B3 Gn ASK 469.58 0.47 0.53 0.57 0.36 34.76 3.97 7.36 53.92

5 BJ3 Gn CHS 407.72 1.19 0.31 0.66 0.42 34.44 2.61 16.% 46.08
39 N23 Bn CCY 387.42 0.41 0.28 0.50 0.41 42.00 6.71 6.30 45.00
28 H2B Gn CCY 386.64 1.69 0.37 0.52 0.43 34.14 6.47 16,33 43.05

3 BJ1 Gn BAJ 367.21 0.90 0.22 0.51 0.47 34.33 10.47 7.48 47.72
24 MIA Gn CCY 356.32 1.17 0.36 0.58 0.42 33.54 8.58 11.15 46.73
12 L24 Bn CCY 354.08 0.77 0.35 0.40 0.35 34.52 9.19 13.78 42.51
26 M20 Gn CCY 353.44 1.44 0.36 0.42 0.57 33.07 4.17 17.45 45.31
8 C6 Gn CAM 348.34 0.62 0.27 0.10 0.85 38.23 2.60 11.23 47.94

19 HIS Gn CCY 346.34 2.73 0.26 0.35 0.48 27.05 6.59 27.57 38.79
35 W7 Gn CCY 344.84 0.65 0.39 0.48 0.48 37.16 7.91 9.59 45.34
33 «5 Gn CCY 325.86 1.06 0.41 0.45 0.34 35.28 7,80 14.16 42.76
14 M10 Gn CCY 325.83 2.38 0.37 0.32 0.43 27,35 7.09 24.98 40.58
36 H8 Gn CCY 320.26 2.36 0.35 0.34 0.35 28.41 5.28 26.14 40.18
32 H4A Bn CCY 285.20 1.77 0.28 0.51 0.38 25.04 15.60 19.71 39.66
25 M2 Gn CCY 274.67 1.83 0.49 0.39 0.46 24.28 11.77 22.75 41.20
6 Cl Gn Off 269.47 2.08 0.20 0.82 0,51 20.59 3.24 31.85 44.32
7 C3 Gn Off 267.55 2.17 0.24 0.60 0.51 21.28 7.72 31.91 39.09

31 M4 Gn CCY 264.44 1.74 0.51 0.43 0.46 29.61 11.91 20.18 38.31
13 Ml Gn CCY 260.80 2,56 0.52 0.31 0.42 25.12 11.16 24.37 39.34
15 Mil Gn CCY 260.36 2.10 0.49 0.37 0.45 25.52 5.20 29.77 39.51

AVS. GNEISSES 338.64 1.48 0.35 0.44 0.45 30.90 7.49 18.08 43.53

*■“• B4 B ASK 128.77 2.90 0.19 0,09 0.47 9.64 28.16 42.19 20.01
4 BI2B B BAJ 122.96 1.67 0.13 0,06 0,63 7.88 26.92 49.30 15.89

iiO H3A B CCY 120.84 3.08 0.16 0.17 0.53 5.69 32.42 47.21 14.69

AVS. BASICS 124.19 2.55 0.16 0.10 0.54 7.74 29.17 46.23 16.86

16 M12 Sr CCY 574.28 0,11 0.00 0.30 0.00 40.42 3.84 4.40 51.34
21 H17 Gr CCY 430.28 0.00 0.20 0.48 0.00 38.94 4.30 2.65 54.11
18 M14 Gr CCY 423.36 0.49 0.20 0.46 0.26 41.60 4.41 5.74 48.26
17 M13 Gr CCY 396.93 0.25 0.26 0.49 0.31 41.77 5.86 5.09 47.28
2 A2 Gr AIM 387.53 1.30 0.41 0.51 0.36 33.02 5.86 12.11 49.01

20 MI6 Gr CCY 361.15 0.12 0.33 0.53 0.30 40.74 7.18 4.09 47.98
1 A1 Sr ALM 348.12 0.54 0.48 0.43 0.03 36.12 6.68 4.53 52.68
9 C7 Gr CAM 314.28 1.52 0.23 0.52 0.46 23.51 15,43 20.76 40.3O

AVS. GRANITE 404.49 0.54 0.26 0.46 0.22 37.01 6.69 7.42 48.87
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Fig. vi.I K20 vs Na20 diagram



An

Fig. vi. 2 Ab-Or-An diagram (O'Connor, 1965)

CaO

NaeO K20

Fig.vi 3 Ternary variation diagram for 
deformed granite compositions
( O' Connor, 1965)



The difference in the lithological and mineralogical 
characters of various rock samples is brought out by the bulk rack 
chemistry, i.e», when plots of their Niggli values were prepared 
(si against sag, fm+c, ti, p, al, k and alk). On binary diagrams 
(Fig. VI.4 a to g) they got better resolved, all forming a single 
cluster indicating a common source. The granitoids show a general 
depletion in mg, ti, p against increasing si Niggli values- Alk 
and al are found to show an increase with increasing si values fm+c 
is found to decrease with increasing si, whereas the schists show 
an increase in fe+c.

A careful examination of the Niggli values (Table VI.25 of 
granitoid rocks reveals that alk shows an increase with increasing 
si value, while ti, p, c, al, fm and mg show a systematic decrease 
with increasing si, a few samples exhibiting a certain amount of 
deviation which are to be expected in the sedimentary formations 
and have been observed by Shaw (195&3. The Niggli values of the 
schists, amphibolites, quartzites as well as the granitoid rocks 
have also been represented in two triangular diagrams, viz., alk — 
al — fss+c and fm — c — al (Fig. VI.5 and 6) respectively. The 
amphibolites and schists exhibit higher values of fm+c and fm, 
whereas the granitoids and the quartzites are depleted in the same. 
The granitoids are all grouped together alongwith the quartzites in 
a single cluster with high values of al and alk as compared to the 
schists and amphibolites.
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Pig. ¥1.4 c : ti vs si

Pig. ¥1.4 d : p vs si
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Fig, 71,4 g ; alk vs si



Fig. vi. 6 fm-c-al diagram



SiDj against Na^CS, KjP, P|3j, CaO, A1 p-^, TiOj, HgO, WnQ and 
Fe^JjCT) plots have been prepared to understand the behaviour of 
these elements mith variations in silica -content in the granitoid 
rocks of the study area CFig. VI.7 a to il. Examination of these 
Harker variation diagrams indicate that the major oxides CaO, MgO, 
PlnO, P^Jj, TiOj and Fe^Oj(T? define linear negative trends with 
increase in silica, that is all these major oxides decrease with 
increasing silica. The depletion of ferromagnesian minerals is 
accounted for by a general decrease of biotite as is also revealed 
by the petrographic details of the granitoid rocks. These rocks 
are more abundant in muscovite rather than biotite. Moreover, 

opaque minerals are also found in biotite. Major oxide Kp shows 
linear positive trend with increase in silica, hence with increase 

in silica, Kp tends to increase, while Na<p does not show any 
appreciable change with increase in silica and Al^P^ decreases with 

increase in SiOj. A progressive enrichment of Kp over Na^B can also 
be made out from the major oxide variation diagrams, however, CaO 
declines with increasing silica indicating higher K-feldspar 
content as compared to plagioclase feldspar.

The average major oxide data of the granitoid rocks of the 
study area are compiled alongwith average sediment, average 
paragneiss and average phyllites, schists and paragneiss for 
comparison in Table VI.4. A careful study of the various major 
oxides reveals that the granitoids of present study show an 
enrichment of SiOj, Na^P and K^D and a depletion of Fe^DjCTl, MgO, CaO
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and TiQj when compared to the average sediment composition. 
However, it shows a close similarity to the average composition of 
S—type granite of Whalen et al» (1987).

On AFH diagram of Kune C19681 the rocks of the study area 
indicate a calc—alkaline trend <Fig. VI.81. From this diagram it 
is also evident that there is a progressive enrichment in alkalies 
and concomittant depletion in magnesia and total iron. The calc- 
alkaline character of these rocks is also substantiated by the 
plots of logtCaO/Na^J+K^JJ versus SiOg (Fig. VI.9), which is known 
as alkaline—lime index of Brown (19821. In this diagram all the 
points representing granitoids fall in the alkali—calcic field. 
Such evidence corroborates the conclusions of petrographic and 
field features.

Chappel and White (19741 used a variety of criteria to 
distinguish granitoid rocks. Probably, the roost straight forward 
characteristic of S—type granites is their peraluminous
composition, because pelites are relatively enriched m #11 during 
weathering and so presumably will be roetamorphic rocks derived from 
them. Hence, peraluminous nature is the most obvious S—type 
characteristic. The alumina saturation index of the granitoid 
rocks of the study area is more than t, indicating their 
peraluminous nature. Even Niggli al>alk-s-C confirm their
peraluminous nature. Molecular proportions of A1^3/CaO+Wa^3+ 
versus SiOj were used by Chappel and White (19741 to indicate nature

1933
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of source material. Almost all granitoid rocks of the study area 
plot in the S—type field (Fig. VI.IO). Moreover, Barrel and 
Mackenzie (19715 used NajP/Al^ versus ICp/Al^ diagram to delineate 
the sedimentary and igneous fields. Almost all rock samples of the 
study area including schists, quartzites and granitoids plot in the 
sedimentary field (Fig. VI.ID. Only the amphibolites shot* a clear 
cut igneous origin exhibiting their ortho nature.

White and Chappel (1977) have also shown that K^O versus Hstfi 

diagram is very efficient in demarcating between the fields of I- 
and S—granites of Barridale, Australia. Theoretically, alkalies 
are important parameters for discriminating between I—and S— 
granites. Relatively low Na^J in S—type granites is due to removal 
of Na in sea water during sedimentary fractionation of source rock 
and high K due to its adsorption from the sea water into the clay 
minerals. When granitoid rocks of the study area were plotted in 
the K£3 versus Ma^P diagram (Fig. 91.12) most of the plots fall in 
the S—type field with two falling in the I—type field which could 
probably be due to a certain amount of overlap in both these 
fields.

Ti02 which is highly correlated with Zr, and therefore 
decreases regularly with differentiation, F is tied up principally 
in small quantities of apatite and monazite, minerals that also 
appear to decrease modally with differentiation. However, in PjPj 
versus TiG^ diagram (Fig. VI. 13), shows no correlation
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Fig. vi. 13 P2°5 vs T1O2



whatsoever with differentiation, indicating that its concentration 
are not related to an igneous melt fractionation processes.

The complementary diagram of de la Roche <19781 was chosen to 
plot the data aimed at establishing the connection between the 
chemical and the mineralogical compositions- This diagram clearly 
distinguishes parent sedimentary domains and can also estimate the 
relative proportions of quartz, feldspar and sheet silicates. 
Hence, in the A1/3—K versus Al/3—Na diagram major petrographic 
compositions occupy a distinct field in the diagram of quartzites, 
sandstones, arkoses, graywackes and shales- The granitoid rocks of 
the study area plot in the arkose field CFig- VI.141.

Tectonic setting, however, provides a critical constraint on 
any modem granitoid classification. A simple but important 
division can thus be implied between continental granitoids 
generated during the evolution of fold belts Corogenicl and those 
granitoids more closely associated Canorogenicl (Bowden et al., 
19841. Molar AW<Na^ + K^> versus molar AW<CaO + Ma£l + K£l! 
characteristics based on Shand's index were used by Waniar and 
Piccoli <19891 to delineate various tectonic settings. The 
granitoid samples of the study area all fall in the continental 
collision granite zone and are also highly peraluminous CFig. 
VI.151.
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TRACE ELEMENT CHEMISTRY

Trace element concentrations are generally used to study the 
nature of source rock or origin of a rock type and moreover trace 
elements when used in conjunction with other types of data often 
provide unique solution to petrologic problems. According to Shaw 
(19541 who investigated minor and trace elements of a series of 
pelitic rocks that had undergone progressive regional metamorphism, 
revealed that the concentration of most elements remained constant 
during metamorphism.

The rocks of Higher Kumaun Himalaya as well as of the various 
Lesser Himalayan nappes are supposed to have undergone progressive 
regional metamorphis® during Precaratsrian and the most granitoids 
have formed during this metamorphism under upper amphibolite 
facies. Assuming that their trace element concentrations would be 
retained, the author has preferred to dwell upon the trace element 
behaviour of the granitoids to understand their original nature. 
The author therefore selected 18 representative samples of the 
granitoids from Higher Kumaun Himalaya and 6 from the nappes for 
trace elemental chemistry. The data on important trace elements 
are presented in Table VI.5.

A careful examination of the trace element data reveals that 
the Ni, Cu, Co, and V, show low concentrations ranging from 1.44 to

C963
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25.12 ppm (Nil, 2,14 to 44.97 ppm (Cu), 0.04 to 14.62 ppm CCo) and 
19.43 to 1S4.91 ppm <V>, like those of crustal granites.

The concentration of Rfa in the granitoids of the study area is 
101.9 to 589.8 ppm; which is rather high and typically represents 
its derivation from pelitic rocks. It appears that it survived a 
sustained weathering, and there' has been no change in its 
concentration during metamorphism. Sr concentration which varies 
from 11.66 to 321.46 ppm is rather low. The high and low 
concentration of Rb and Sr in the granitoid rocks indicate that 
these could have formed due to the granitisation of pelitic rocks. 
This is in accordance with what Miller {1984) has mentioned that Rb 
and Sr concentrations tends to be rather high and rather low 
respectively in the pelites. Further these rocks exhibit Rb/Sr 
ratio of the order of 0.8 to 7.79 which is considerably high and 
again point to their pelitic nature. {According to Miller C1984) 
the Rb/Sr ratios of pelites and their metamorphosed equivalents are 
much higher than those of average crustal rocks CO.5 — 1).

Only 6 samples of granitoids could be analysed for Ba 
concentrations (Table VI.5) and it was found to range from 15.5 to
675.3 ppm, and in all cases was < 1QOO ppm which is a 
characteristic of Ba content in pelitic rocks.

The average Rb/Ba ratio for the granitoid rocks is as high as
7.3 and this ratio also distinctively points towards a pelitic
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source. In the pelites Rb/Ba ratio is generally higher than the 

crustal average ratios (of the order of 0.255 and these ratios 

would be even higher in co—existing liquids because partition co­

efficients are higher for Ba for all relevant crystalline phases 

than for Rb (Miller, I9B45 . Sa which remains more or less constant, 

ranges from 12.79 to 31.03 ppm.

Marker diagrams have been used to understand the behaviour of 

certain trace elements with respect to SiOj. While Zr and Zn are 

found to decrease with increasing silica, Y and Sa remain more or 

less unchanged with increase in silica (Figs.VI. 16 a, b, c and d> . 

In the Rb vs HgQ (Fig.VI. 175, it is observed that there is an 
increase of Rb with decreasing MgO. This could very well be 

attributed to action of fluid phases (Clarke, 19925. It is known 

that Sr is strongly partitioned into plagioclase, and the Cao vs Sr 

diagram (Fig.VI.105 shows that with increasing CaO, Sr is also 
increasing exhibiting positive correlation. Both Rb and Sr, hence 

confirm their compatible nature.

Co-variation of two elements, usually with similar geochemical 

behaviour and competing for the same lattice sites helps to define 

the processes of chemical evolution. In Fig.VI.19 both the large 

ion lithophile elements Rb vs K are compared and they reveal a 

positive correlation and low K/Rb ratios. Conventional wisdom 

suggests that high K/Rb ratios are typical of magmatic processes 

and that lower values can only be reached by fluid Interaction.
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While the high field strength elements Th and Zr when plotted 
(Fig.VI.20)f reveal that there is almost no change in Th with 
little change in Zr, indicating removal of Zircon has not been a 
pari; of the process of formation of these rocks. The Zr 
concentration has as expected,thus remained more or less unchanged 
during the evolution of these rocks.

Using Rb—Sr systematics the granitoids can be primarily 
grouped into two genetic end members those derived from the mantle 
(M - and I — granite) and those from the continental crust CS - and 
A — granites). Using Misra and Sarkar's (1991) diagram CFig. 
VI.21) it is observed that almost all the granitoids of the study 
area fall in S — granite field. A few plots fall in the A — type 
field also and this discrepancy could be attributed to a certain 
degree of overlap between S — and A — type granite fields, 
indicating their sources in continental crust or derived material 
from it.

Trace element discrimination diagrams for interpreting the 
tectonic setting of the granitoids have received less attention 
than those for basalts perhaps due to the problem of sampling 
granitoids with well defined tectonic settings and their 
complicated petrogersetic histories which make their chemical 
compositions difficult to interpret. Pearce et al. i1984) 
classified granitoids of known tectonic setting on the basis of 
their geochemical and mineralogical characteristics, using K, Rb,
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Sr, Y, Zr and Mb as the discriminants* They divided granitoids 
into Ocean Ridge Granites CORG), Volcanic Arc Granites (VAG), 
Within Plate Granite (WPS), and Collision Granites (COLSI which 
were further subdivided into Syn—Col1isionsl and Post—Collisional 
Granites™. On Y vs SiOj and Mb vs SiOj discrimination diagrams 
(Figs.VI.22 and 23) the granitoids of Kumaun plot in the VAG, COLG 
and ORG fields, where as in the Mb vs Y diagram (Fig.VI.24) the 
granitoids get separated into VA6 and syn-COLS fields. Further the 
Rb vs 3102 and Rfo vs Y + diagrams (Fig,VI.25 and 26) clearly 
discriminate the granitoids of the study area in the syn—COLG 
field. The Syn—Collision Granites thus as defined by Pearce et al. 
(198#) are typically muscovite bearing, peraluminous and exhibit 
most of the features associated with S—type granites.

RARE EARTH ELEMENT CHEMISTRY

The development of precise analytical techniques for the 
analysis of the individual rare earth elements (REE) have rendered 
the® particularly valuable for placing limits on the applicability 
of preposed petrogenetic models. The REE are particularly useful 
in petrogenetic studies because they are geochemically very similar 
and have greatest abundance in minerals with sites preferring an 
element with a cation radius of about 0.9 to 1.0 angstrom. An 
important consideration in the application of REE to petrogenetic 
studies is the mobility of REE during metamorphism, hydrothermal 
alteration and weathering, as most of the rocks found at the
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surface of the earth easy have been affected by one or even all of 
these processes. However, unless these processes are obviously 
severe, they do not cause a major change in the patterns or 
abundances for the REE (Sun and Nesbitt, 19781. Hence, it appears 
that most rocks that have undergone essentially static 
met amorphiso or only very limited hydrothermal alteration or 
weathering should give REE patterns and abundances indicative of 
the original rock. For REE analysis of any granitoid rock it is 
important to consider that the majority of these elements reside in 
trace mineral phases such as apatite, sphene, monazifce, zircon, 
xenestlsse, etc COromet and Silver, 19781. Hence, a large rock 
sample enough to be representative has to be powdered and well 
homogenised to attain analytical precision. The REE data for the 
rocks of the study area are given in Table VI.6.

Spider diagrams enable comparison with any other composition, 
usually a general standard at a glance. Fig. VI.27 shows the 
average of granitoids of study area compared with average 
continental crust compositions (Clarke and Washington, 1924). 
While most of the LREE are found enriched, Er concentration remains 
unchanged and Y and Lu concentrations are found depleted. The 
deviation from the average continental crustal concentrations could 
be attributed to the usability of the REE'S. The REE'S mobility 
under metasomafeic conditions could be one of the main reasons as 
demonstrated by Corey and Chatterjee (19901.
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Fig. 3ZE. 27 Spider diagram representing comparison 
of average REE abundances to that of 
average continental crust concentrations



The REE abundances for the granitoid rocks of the Central 
Crystallines as well as the crystalline nappes were normalised 
using chondrite normalising values given by Mask in et al« C1968) 
and plotted as shown in Fig. VI.28. These REE patterns more or 
less match with the calculated REE patterns of an original 
graywacfce composition which was experimentally melted at 
amphibolite grade < fence and Taylor, 19761. They showed that 
although there are some variations as a function of age, all 
analysed graywackes and shales have similar REE patterns and 
concentrations and they concluded that these concentrations were 
representative of the continental crust. Hence, since the REE 
patterns for graywackes approximates that of the continental crust, 
if large volumes of continental crust are involved in melting, the 
parent will probably have a REE composition similar to that of 
graywacke CHanson, 19801« fill LREE show almost identical slopes 
excepting sample number C7 which is showing slightly high Sm 
concentration, perhaps owing to some analytical error. The HREE 
are all give flat patterns while only two samples show slight 
depletion. negative Eu anaraolies betray removal of plagioclase. 
Similar REE patterns of all the granitoid samples suggest similar 
source and the similarity to the REE patterns of rocks derived from 
continental crust is in conformity with the major oxide and trace 
elemental data interpretation.
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