CHAPTER VI

GEOCHENISTRY

Currently, geochemistry has become the most powerful tool
available fto unravel the origin and evolution of granitoid rocks;
it can be used to classify granitoids,; to establish genetic links
between spatially associated granitoid rocks, reveazl processes of
their origin, %o learn about the nature of source regions and

potentially reveal information about their tectonic environments.

Hence, in the following pages geochemical datz of granitoid
rocks of Kumaun Higher Himalaya and also of the variocus nappes of
Lesser Himalaya have been used to undersiand their petrogenetic

behaviour.
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ANALYTICAL TECHNIQUES

Representative sasples of the granitoid rocks alongwith a few
selected samples of associated schists, quartzites and amphibolites
were broken into small pieces, coned and quartered. They were then
crushed, powdered and miiled (A mesh}. Pressed powder pellets were
analysed by X-ray fluorescence method to determine major and Lrace
elements, wusing Philips PV 9100 model XRF machine at Wadia
Institute of Himalayan BGeology (HIHG) Dehradun. Some samples were
also analysed at Mationzl Beophysical Research Tnstibute (NGRID,
Hyderabad, by applying the same sample preparation technique using

standard operating conditions on Philips Holland XRF model PE-1400.

The operating conditions werej
i. Major oxides @ Ag anode, M, filter, VAT path, 12 kv

2. Trace elemsnis 2 Ag anode , Ag filtery, Air path, 40 kv

Trace and Rare Earth Elements (REE) were also analysed at WIHG
and NMBRI wsing XRF and ICP-HMass spectrum;ater respectively. Acid
dissolution procedure was adopted for preparing sasples for ICP-
Mass spectrometer. The ICP-MB used is the Plasma Quad PR (Fissions
Instruments, U.K.) controlled by an IBM PC-XT micro—computer and

associated sofiware.

Following standards were used for both XRF and ICP-MS at NEGRI

and KRIHG:
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CRPS (FRANCE)D G5A, BH, G65M, HA-N

uses (USA)

G52, 65P-1, RBN-1, QLO-1, ABGV-1
857 (JAPaM) s JB82, IG1-a, JA2, JGE3

IG BE (CHIMMD BER1, BSR2Z,

W

in all 39 rock samples were analysed for major oxides out of
which 2B samples were selected from the Central Crystallines,
whereas 11 were those of the various crystalline nappes. Further
24 samples were analysed for trace slement sbtudies and 10 were
selected for rare earth element studies. Samples from both the
Central Crystallines as well as the corystalline nappes were
similarly consideved for trace and REE studies. The locations of
the samples selecked for geochemical analyses are shown (Figs. VI

a,B).

The geochemical divergiby in granitoid rocks is ultimately a
reflection of the composition{s} of the source regionis).
Contrasbing source regions are in turn, indicators of the
geoslogical envivonment (continental wversus oceanic) and the
tectonic setting {(orogenic versus anorogenicl. All these factors
play their role in defining bthe specirus of graniboid rocks and
provide a sound basis for their classification {(Bowden e% al.,

1984} .
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GEOLOGICAL SKETCH MAP OF LESSER KUMAUN HIMALAYA CRY-

STALLINE NAPPES SHOWING LOCATIONS OF SAMPLES SELECTED
.FOR CHEMICAL ANALYSES. (For rock type details see

Table YI .1 )
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HAJOR OXIDE CHEMISTRY

Hajor oxide data of rock samples of the stuady area, their
Niggli ¥Yalues and normative amineral compositions are given in
Tables ¥i.1, Yi.2 and V1.3. From Table V1.1, it is cbserwved that
8i0, varies from 63.97 to 73.05 weight percent for the granitoid
rocks. The Alfl: percentage is also quite high ranging from 11.60 —
17.20. The percentage of KP is found %o be generally predominant
over Maf. All the schistose samples show a preponderance of Mg
over Tzl which is 8 feature characteristic of argillacenus rocks.
The granitcid rocks howsver zre found depleted in Mgo, Czo and
Tiﬂz., The FEZDS(T) content varies from 1.11 to 6.21 percent for
granitoid rocks bubk is higher in the associated schisbose rocks

where it ranges from 7.37 to even 16.735 percent.

The excess of aluminz in the granitoid rocks appears as
moderate normatbive corundoem {2 — IX), indicating a sadisentary
origin. In the KA vs Mazﬂ diagram representing various fields of
granites (Fig. VI.1) the granitoid samples are found scatitsred in
the granite, adamellite, granodioribte as well as tonalite fields.
However, in the Abh-Dr—fin (Fig. YI.2} tevnary diagvram {0 'Connor,
1965} these rocks can be represented in the granite Ffield.
Similarly on the Cald — Map — Kp ternary diagram {(Fig. ¥I.3} also
almost all the granitoid samples fall in the granibte field with

only one or two falling in the adamellifte and trondhjemilte fields.
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Table VI.1  MWAJOR OXIDES ARALYSES OF ROCK EAMPLES

SL.ND. SAMPLE ROCK LOC. 5102 A1203 Ti02 Cal Mgl Na20 K20 Fe203UT) Ha0 P05 TOTAL
MAME  TYPE
2 WIB S CCY 53.47 15.85 0.58 0.62 12,46 2.80 4.7 7.7 0.13 0.38 %B.13
77 M9 S COY 53.32 9.30 0.59 .16 22,61 0.00 277 B.14 0.12 0.07 100.08
27 M2 S COV 44443 11,01 1.68 0.14 1198 0.46 9,01 16,75 013 0.17 %.76
AVG. SCHIGT 50,41 12,05 0.95 1.31 15,75 109 5.35 1075 0.13 0.21 97.99
7 W9 fkz CCY B2 9.68 0.19 1.05 0.00 4.0 224 122 004 O AT
WON6 QEZ COY 7383 14,21 0.01 0.71 0.06 375 5.47 L 0.01 0,07 V.78
9 M3 Qtz OOV 69.97 15.71 0.00 0.81 0.12 3.89 5.5 1.0 0.02 0.13 97.62
AVG, GUARTZITE 75.00 13,90 0.07 0.86 0.06 3,90 427 L.56 0.02 0.09 9.04
10 D3 Bn A 75.57 14.56 0.0 0.59 0,28 2.47 4,93 1.52 0.0 0.20 0.3
3| ONM Bn COY 75.05 13.38 0.2 L.27 023 409 216 145 0.3 0.05 97.83
5 BIZ Bn  DME 7271 1379 028 0.3 0.3 211 &3 1T 003 013 99.81
8 ©h Bn CAM 72.85 1673 0.7 0.30 L.32 7.28 L.7B  0.45 0.01 0.13 100.52
9 ON23 B0 COY 70.89 1401 0.10 1,15 0,32 4.02 5.99 L7 001 0.12 98.98
74 WA 8o CCY 71,48 15.73 031 199 0.43 2.90 6404 2,58 0.02 0.17 10145
3 OBI G BAT 71,32 15,55 0.23 1.BB 0,45 3.31 5.32 L8 002 6.10 100.04
78 ME Gn COY 71,08 13.28 0.41 1,10 0.85 3.05 5.1 3.20 0.02 0.16 9B.26
26 #20 8 COY 70.62 15.19 0.38 0,77 1.32 3.9% 4.27 2.88 0.0F 0.17 99.97
12 124 60 CCY 70.05 14.11 0.20 1.68 0.63 4.22 4.9 T.14 .04 0,16 9B.42
19 WIS Ba  COY 69.38 13.04 0,72 122 L1758 3.40 2,94 479 011 0.12 97.47
™ OK7 Bn OOV 68,90 19.20 0.17 1.4 0.61 394 5.54 2.2 0.02 0.18 9E.14
14 H10 B ECY 48,47 1835 O.66 138 1,51 4.02 2.8 4.90 0,10 0,18 98.41
T M5 Bn CCY 47.B1 14,93 0.29 1,50 0.67 4.15 5.09 341 0.03 0,20 96.08
3 ¥ Bn DOV 46,98 14.10 045 1,02 127 399 316 5.63 0.1 0,17 97.08
T M Gn COY 46,09 15.42 054 3,73 L15 292 457 A70 005 045 9B.95
7 03 B CHP 45.60 1608 0.70 1.73 2,63 2,12 4.88 4.0 0.04 0,14 100,06
25 W2 Bn CLY A5.17 1639 057 2,58 1.6 411 269 480 0.07 0.27 98.2%
& £1 B CHP 44.86 17.%0 0.66 0,72 2,59 0.93 &28  3.99 0.04 0.11 100,08
31OHE Bn DOY A4.A315.71 056 2,89 151 424 479 447 005 0.29 98.94
13 Bl 6 B0V .20 1425 0.83 2,54 168 4.33 3.0Z  5.46 0.06 0,30 90.57
15 WL Bn COY &63.97 16.29 0.48 1.1B 2.47 405 358 &2 0.18 0.28 90.59
AVE. GNETSSES 69.02 15.0% 0.42 147 L8 343 432 .66 005 0.17 9902
4 BIZBB BAJ 52.48 11.38 0.%4 10.62 B.7B .24 0.30 1135 0.5 043 9.7
3 MM B £CY 50.%) 10.38 1,71 12.62 6,94 2.04 0.62 13.83 0.17 0.16 9.3
i1 Bt B ASY 51.41 13.46 1.33 10.83 5.79 3.60 081 13.11 016 0.1B 99.8%
AVG. BASICS .66 1178 139 1122 7.00 2.9k 0.4B 1278 0.16 0.16 9904
16 M2 Gr  COY 77.75 1L.44 0,02 0,48 0.00 3.9 252 L% 4,03 0.80 97.51
18 W4 6 COY 7278 13.92 0.1 070 0.17 3.91 5.6 1,74 0.62 0.0B 93.59
21 W7 Gr  COY 72.40 15.32 0.00 0.67 0.00 3.50 4.88 0.87 0.02 0.0B 97.%
2 A2 Br AN 72,23 15,33 0.32 1.0t 054 .07 487 2,75 0.05 0.18 10038
17 W13 G COY 71.85 1436 0.06 0.9 0.19 3.9 5,72 1.23 0.03 0.1 98.49
2 Wb B LDY 70.20 15.65 0.03 1.29 0.16 3.82 649 L1 000 0.13 9.9
9 £7 B CAH 68.97 1484 0.44 3.13 1.3B 254 4,13 4.44 0.0B 0.2 779
i Al Gr  ALH 48.84 17.48 0.14 122 0,02 419 472 1,62 0.02 0.22 98.47
AVG. GRANITE 71,90 14,82 0,14 1,19 031 3.62 4.82  1.B3 003 6.2 9B.TR

........ == Ei 3

€LY - Central Crystallines, ALM - Alsora Mappe, BAT - Baignath Nappe, ASK - Askot Mappe,
[HG - Dharamgarh Mappe, CHP ~ Chaplakot Nappe, CAM - Champawat Crystallines



Table V1.2 NIGGLI VALLES

ot ot 8 o s it o 4 0w s o o o

5. NO.SAHPLE ROCK LOC, 51 ti p k ag  aik C fn al
NAME  TVPE
2 W8 5 ooy 135.08 {1 0.41  0.50 0,79 13.87 1.49 60,57 23.8%
T W9 & ooy 106,06 0.8 006 1.00 0,86 355 4.B0 7B.AZ 1}.02
27 WA s OOy 104,723 2,99 0.7 093 0.81 14.47 0.3 £9.58 15.39
AVS. SCHIST 115.42 1.7 0,21 0.B1 0,73 10.70 2.9% 69.99 16.7h
37 OM9 gtz COY 626,46 141 043 0,27 000 41,79 B.7A 4.9 4430
I Wh @t COY 428,90 0.04 0.17  0.4%  0.12 41,79 446 455 4.8
29 W3 @tz Loy .07 0,00 035 0.47 0.18 IB.Bl 4.77 5.42 0.9
AVE. QUARTIITE 478.82 0.79  0.22 0.41 0,10 40.80 4600 4.97 4B
I8 N2t Bn  COY 473,74 058 0.43 0.26 0.32 .06 BT 6.1 G034
10 D3 6o  ASK 48,58 0.47 0.55 0.57 0.3 BT 397 736 5392
5 BIZ Gn DHB 407.72 119 031 066 0.42 3844 2,61 16,85 46,98
3 M Bn CLY I87.42 0.41 0.2B 0.50 0.41 42.00 &1 L3I0 45,00
2B W G LY Wh,64 1.6 037 0.52 0.43 .44 6.47 16,33 43.05
3 Bl & BAJ 367.20 0.0 0,22 0.51 0.47 /T 1047 7.4 47.72
24 WA & CCY 6,32 1,17 0.3 0.58 0.42 IX.54 B.58 11.19 4673
12 124 B CCY /4,08 6.77 035 0.40 0.3 38.52 9.19 1378 42,51
26 W® Bn COY B4 .48 0,36 0.42 057 F3.07 4,17 17.45 45N
8 Ch Bn CAM 34838 0.62 0.27 0.10 0.85 BT 240 1L 4794
19 WIS 6o CCY 4538 2,73 026 035 .48 27.0%  6.59 27.57 IB.TY
3 W e CLY J44,88 0.4 037 08B 0.4 T7.16 791 9.59 4.3
2 W e CLY 325,86 106 0.41 0.45 033 I5.28 7.80 4.1 32.7%
14 WG B COY 3583 2.3 037 0.32 043 7.3 1.09 24.98 40.58
% M8 Bn  COY 12026 2.3 0.7 034 0.3% 28.41  5.28 24.14 40.1B
32 WeA Bn  LCOY 282320 L.77 628 051 038 5.04 13.40 19.71 J9.6h
253 W2 &n LY 278.67 183 949 0,30 (.46 2K.28 1177 .78 AL
h Ol Bn WP 269.47 2.08 0.20 0.82 0.91 20.59 .22 31.B5 4432
T L3 6n OWP 257,55 2.7 0.2 0.0 051 20,28 7.72 3131 39.09
I oMW en LDV 2444 174 0,51 043 0.46 290461 11,91 20,18 3B.3H
13 Wt 8n LY 250,80 2,56 0.52 031 0.42 /.12 1116 24.37 9.4
15 M1 8o CCY 26036 2,10 0.4% 037 0.4 /.52 5.20 29.77 3.t
AV, BNEISEES B4 148 0.3 048 0.8% 30,90 7.49 1B.0B 43.53
i1 D4 B sk 128,77 2.0 0.19 0.09 0.47 .44 ZB.16 42.19 20.01
4 BIBE BAJ 1229 1.A7 0.13 0.06 043 7.B8 26.92 49.30 15.89
M A B coy 120.84 308 Q.16 0.17 0,53 5.59 32.42 47.21 1449
AVE. BASIES 124,19 2,55 0.6 0,10 058 7.74 29017 44,73 1686
6 B2 & OOV 574.28  0.11  0.00 030 0.00 40.42 384 4.40 51.%
21 Hi7 G6r OOV 430,28 0,00 0.3 0.48 000 38,94 4.30 2.65 3411
i8 M4 Br  CLY 423,36 049 0.20 0456 0.26 BL.4D 4,41 5.74 48.2%
17 #3 B LY 9693 0.3 0.26 0.4 0,31 41,77 5.Bb 5.09 47.28
2 A2 Br AN J7.53 L300 040 051 0.3 .02 5.BR 12,11 49,01
20 His B OOV .45 0,12 033 053 0.30 40.74 7.18 4.09 47.98
1 Al 60 AR 348,12 0.54 0.48 0,43 0.03 3412 LGB 453 52.48
g £7 B0 MM 34,28 1.57  0.23 0,52 0.46 2351 15.43 2076 0.3

AVG, GRARITE 40449 034 026 046 0,22 TI01 .47 7.42 48.87
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Fig. vi.l K20 vs Na20O diagram



Or

Fig.vi 3 Ternary variation diagram for
deformed granite compositions

(O'Connor, 1965)



The difference in the lithological and mineraliogical
characters of various rock samples is brought out by the bulk rock
chenistry, i.e.; when plots of their Miggli valoues were prepared
(si zgainst mg, fetc, $i, p, al, k and alk}. On binary diagrams
(Fig. “I.4 a3 ko g) they got betier resolved, 2311 forming a single
cluster indicating 2 common source. The granitoids show a general
depletion in mg, i, p against increasing si Miggli values. Alk
and al are found to show an increase with increasing si values fodc
is found to decrease with incressing =i, whereas the schists show

an increase in fedfc.

£ careful examination of the Miggli values {Table VI.2} of
granitoid rocks revezls that alk shows an increase with increasing
s5i wvalue, while i, py o, 21, fm and =g show a systemabtic decrease
with increasing si, a few samples sxhibiting a2 certain asount of
deviation which zre fto be sxpected in the sedimentary forsations
and have been observed by Shaw (19543, The Niggli wvalues of the
schists, amphibnlites, guarizites as well as the granitoid rocks
have also been represented in two friangular diagrass, viz., alk —
al - fotc and fm — ¢ — al (Fig. VI.5 and &) respectivaly. The
zmphibolites and schists exhibit bigher values gf fode and fo,
whereas the granitoids and the quartzites are depleted in the zame.
The granitoids are 311 grouped together alonguwith the guartzites in
a single cluster with high values of al and alk as compared ta the

schists and amphibolites.
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5i0y against Na{l, K43, Pfs, CaO, 91203, Tiﬂz, Mo, MRO and
FEZOIQT) plots have been prepared to understand the behaviour of
these elements with variations in silica .content in the granitoid
rocks of the study area (Fig. VI.7 2 to i)J. Examination of these
Harker variation diagrams indicate that the major oxides CaD, MgO,
Finly, Pfs, Ti0; and Fefz(T) define linear negative trends with
increase in silica, that is all these major oxides decrease with
increasing silica. The depletion of ferromagnesian minerzls is
accounked for by 3 general decrease of biotite as is also revealed
by the petrographic details of the graniteoid rocks. These rocks
are more zbundant in muscovite rsﬁ;hew\ than biotite. Moreover,
opagque minerals are also found in biotite. HMajor oxide K shows
linear positive brend with incresse in silica, hence with increase
in silica, K tends to increase, while Nafl does not show any
sppreciasble change with increase in silica and 91203 decreases with
increase in Eiﬂz. A progressive enrichment of K3 over N&P can also
be made out from the major oxide variation dizgrams, however, CaO
declines with increasing silica indicating higher E—-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, schisks and paragneiss far
comparison in Table VI.4. A& careful study of the various major
oxides reveals that the granitoids of present study show an

enrichment of Siﬁzg Nap and K.‘,D and a depletion of Fezﬂs(T), Fn, Cald
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and Tiﬁz when compared to the average ssdisent composition.
However, it shows a close similarity o the average composition of

S-type granite of Whalen et al. {(1987).

On &M diagrar of Kuno {(1968) the rocks of the study area
indicate & c;:alc—alkaline trend (Fig. VI.8). From this diagram it
is also evident that therse is a2 progressive enrichment in alkalies
and concomitftant depletion in magnesia and total iron. The calc—
alkaline character of these rocks is alszo substantiated by the
plots of lugicaﬂiﬂaﬁﬁp) VETSEUS Si02 {Fig. VIi.®}, which iz known
as alkaline—limes index of Brown (1982). In this dizgram a1l the
points representing granitoids fall in the =zlkali-calcic field.
Buch evidence corroborates the conclusionzs of petrographic and

field features.

Chappel and White (1974} used 3 variety of criteria to
distinguish granitoid rocks. Probably, the most straight forward
characteristic of S—-type granites is their peraluminous
composition, because pelites are relatively enriched in Al during
weathering and so presumably will be metfamorphic rocks derived from
them. Hence, perazluminous nature is the most obvicus S—-type
charackerisbic. The alumina saturation index of the granitoid
raocks of the study ares is move than 1, indicating their
peraluminous nature. Even HNiggli al>alk+D confirm their
peraluminous nakure. Holecular proportions of AlDy/Cal+NafHK

versus Sill, were used by Chappel and White (1974) to indicate nature
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of source material. Alimoest all granitoid rocks of the study ares
plot in the S—type field (Fig. VI.10). Moreover, Barrel and
Mackenzie (1971} used Naﬂ/ﬁlf‘x VErsus K{JIALPS dizgvam o delineate
the sedimentary and igneous fields. Alaost 31l rock samples of the
study area including schists, guartzites and granitoids plot in the
sedimentary field (Fig. VI.1i}. Only the amphibolites show a clear

cut igneous origin exhibiting their orthe nature.

White and Chappel {(1977) have also shoem that R&D versus Najf)
diagram is very efficient in demarcating between the fields of I-
and S—granites of Barridale, Australia. Theoretically, alkalies
are important parameters for discriainating betuween I-and 8-
granites. Relatively low Na{lin S-type granites is due & removal
of Ha in sea wabter during sedimentary fractionation of source rock
and high K due ko ilts adsorption from the sea waber into the clay
minerals. Y¥hen granitoid rocks of the study area were plotted in
the KO versus Najf] diagram {Fige. ¥I.12} most of the plots fall in
the S—type field with ftwo falling in the I-type fTield which could
probably be doe o a3 certain amount of overlap in both these

fields.,

Til, which is highly correlated with Zr, and therefore
decreases regularly with differentiation, P is ktied up principally
in small guantities of apatite and monazite, minerals that also
appear to decrease modally with differentiation. However, in Pflg

versus Till, diagras (Fig. VI.13), PJfly shows no correlation
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whatzoever with dif%erentiatimn, indicating that its concentration

are not related ko an igneous melt fractionation processes.

The complementary diagram of de la Roche (1978) was chosen to
plot the data aimed at establishing the comnection between the
chemiral and the mineralogical compositions. This dizgram clezarly
distinguishes parent sedimentary domains and can also estimate the
relative proportions of quartzx, feldspsr and sheel silicates.
Hence, in the (I1/3-K versus Al/3-Na diagram oajor petrographic
compositions ocoupy 8 distinct field in %:he diagram of quarizites,

santdstones, arkoses, graywackes and shales. The graniteid rocks of

the study area plot in bthe arkose fTield (Fig. VI.14}).

Tecktonic setting, however, provides a criticzl congiraint on
any modern granitold classification. £ z=imple but isportant
division can thus be implied between continental granitoids
generated during the evolution of fold belts {(oreogenic) and those
granitoids more closely associated (anorogenic) {(Bowden et al.,
1984) . HNolar Alfl/ (Mafi + K3} versus molar AL,/ (Cal + NafJ + KM
characteristics based on Shand’'s index were used by Maniar and
Picocoli {1989} bo delineate various tectonic settings. The
granitoid samples of the study area zll fall in the continental
collision granite zome and are also highly peraluminous {Fig.

VI.152.
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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 btype and moreover Erace
elements when used in conjunction with other itypes of data often
provide unique solution to petrologic problems. According to Shaw
(1954) who investioabled minor and $trace elements of a2 series of
pelitic rocks that bhad undergone pmgvefasive regional metaaorphism,
revealed that the concentration of most elements remained constant

during metamorphism.

The rocks of Higher Kumaun Himalayz as well as of the various
Lesser Himalayan nappes are supposed to have underqgone progressive
regional metamorphiss during Precambrian and the most granitoids
have formed during this metamorphiss under wupper amphibolite
faries. Assuming that their trace slement concentrabions would be
retained, the author has preferred to dwell wupon the frace element
behaviour of the graniteids to understand their original nature.
The author therefore selected 18 representative samples of the
granitoids from Higher Kumaun Himalaya and & 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 Mi, Cuy Co, and V, show low concentrations ranging from 1.44 to
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25.12 ppm (Nid, 2.14 to 43.97 ppm (Cu), 0.04 to 14.62 ppm (Lo) and

12.43 to 184.91 ppm V), like those of crustal granites.

The concentration of Rb in the granitoids of the study area is
101.2 to SB?.8 ppm; which is rather high and typically represents
its derivation from pelitic rocks. It appears that it survived a
sustained weathering, and therd has been no change in its
concentration during metamorphism. 8r 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 %o be rather high and rather low
respectively in the pelites. Further these rocks exhibit RL/Gr
ratio of the order of 0.8 to 7.77 which is considerably high and
again point to their pelitic nature. ~According to Miller (1984}
the Rb/Sr ratios of pelites and their-metamnrpﬁnsad egquivalents are

much higher than those of average crustal rocks (0.5 — 1).

Only & samples of granitoids could be analysed for Ba
concentrations (Table VI.53) and it was found te range from 15.5 to
675.3 ppm, and in all cases was < 1000 ppm wxhich is a

characteristic of Ba cantent in pelitic rocks.

The average Rb/Ba ratioc for the granitoid rocks is as high as

7.3 and this ratio also distinctively points tomards a pelitic

971



source. In the pelites Rb/Ba ratioc is generally higher than the
crustal average ratioes (of fhe order of 0.25}) and these ratios
would be even higher in co—existing liquids because partition co—
efficients are higher for Ba for all relevant crystzlline phases
than for Rb (Miller,; 1984}, 6a which remains more or less constant,

ranges from 12.79 o 31.03 ppm.

Harker diagrams have been used to understand the behaviour of
certain trace elements with respect to SiCh- While Zr and In are
found o decrease with increasing silica, Y and Ga remain more or
less unchanged with increase in silica (Figs.VI.16 a, by ¢ and d).
In the Rb vs Mgl (Fig.VI.17), it is observed that there is an
increase of Rb with decreasing pgO. This could wvery well be
attributed to ackion of fluid phases (Clarke, 1992}, It iz known
that ©r is strongly partitioned into plagioclase, and the Cap »s Sr
diagram ((Fig.VI.18} shows that with increasing Call, Sr is also
increasing exhibiting positive correlation. Both Rb and Sr, hence

confTirm their compatible nature.

Co—variaztion of two elements, usually with similar geochemical
behaviour and competing for the same lattice sites helps to define
the processes of chesical svolution. In Fig.VI.19 both the large
ion lithophilse elements Rb vs K are compared and they reveza! a
positive correlation and low K/Rb ratios. Conventiocnal wisdom
suggests that high K/Rb ratios are typical of magmatic processes

and that lower values can only be reached by fluid interaction.

real
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While the high field strength elements Th and Ir when plotted
(Fig.VI.20),; reveal that there is almost no change in Th with
1little change in Zr, indicating removal of fircon has not bean a
part of the process of Tormation of these rocks. The Ir
concentration has as expecied,thus remained more or less unchanged

during the evolution of these rocks.

Using Rb-Sr systematics the granitoids can be primarily
grouped inito fwo genetic end meambers éhuse derived from the mantle
(M~ and I — granite? and those from the continental crust (5 — and
A —~ granitesl. Using Misra and Sarkar’s (1991} diagras {Fig.
VI.21) it is observed that almost all the granitoids of the study
area Tall in § — granite field. A few plots Tall in the A& —~ Lype
fisld also and this discrepancy could be attributed to a cerbain
degres of overlap between 8 — and A ~ type granite fields,
indicating their sources in continental crust or derived materizl

from it.

Trace element discrimination diagrams for interprzting the
tectonic setting of the granitoids have received less attention
than those fTor basalis perhaps dus to the problem of saspling
granitoids with well defined fectonic settings and their
copplicated petrogenstic histories which make their cohemical
compositions Jdifficult te interpret. Pearce et al. {(1984)
classifiesd granitoids of known tectonic sstiing on the basis of

their geocrhemical and mineralogical characteristics, using K, Rb,
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Sr, ¥, Zr and b as the discriminants. They divided granitoids
into Ocean Ridge Branites ({(ORG), Volcanic Arc Branites (VAG),
Within Plate Granite (HPB), and Collision Granites (COLG? which
wereg further subdivided into Syn-Collisional and Post—LCollisional
Granites. On ¥ vs Siﬂz and Hb vs 5102 discrimination diagrams
{(Figs.VI.22 and 233 the granitoids of Kumaun plot in the VAS, COLG
and OREG fields, where as in the Nb vz YV diagram {(Fig.VI.24}) the
granitoids get separated into VAB and syn-LOLE fields. Further the
Rb »s Gify and Rb vs Y + Mb diagrams (Fig.VI.Z5 and 24} clearly
discriminate the granitoids of the study area in the syn-COLG
field. The Syn—Collision Branites thus as defined by Pearce et al.
(19843 are btypically muescovite bearing, peralusinous and sxhibit

most of the features associated with S—type granites.

RARE EARTH ELEMENT CHEMISTRY

The development of precise analytical %technigques fTor the
analysis of the individual rare sarth elements (REEY have rendered
them particularly valuable for placing limits on the applicability
of proposed petrogenetic models. The REE are particularly aseful
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 CG.9 to 1.0 angstrom. an
important consideration in the zpplication of REE 1o petrogenetic
studies is the sapbility of REE during metamorphiszm, hydrothermal

alteration and wmeathering, as most of the rocks found at the
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surface of the earth woay have been affected by one or even all of
these processes. Homever, unless these processes avre obviously
severe, they do not csuse z major change in the patterns or
abundances for the REE (Sun and Mesbitt, 1978). Hence, it appears
that most rocks  that have undergone essenftizlly static
metamorphisa or only very limited hydrothermsl alteration or
waathering 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, sphens, monarite, zircon,
xenotise, ebtc (Bromet and Silver, 1978). Hance, a large rock
sample snough %o be representative has to be powdered and well
homppenisesd to attain analytical precizmion. The REE datas for the

rocks of the study area are given in Table VI.&.

Spider diagrams enable comparison with any other composition,
usually a general standard at a2 glance. Fig. VI.27 shows the
average of granitoids of study area compared with average
cantinental corust compositions (Clarke and HWashington, 1924).
Hhile most of the LREE sre 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 mobility of the REE'S. The REE'S mpbility
under metasomabic conditions could be ane of the main reasons as

demonstrated by Corey and Chatterjee {(1920).
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The REE abundances for the granitocid rocks of the Central
Crystallines as well as the crystalline nappes were normalised
using chondrite noreslising values given by Haskin et sl. (12683
and plotted as showsm in Fig. VILZB. These REE paitterns more or
less match with the calculzted REE patfterns of an original
graywacke composition which was experimentally melbed at
amphibolite grade {(HMance and Taylor, 19746%. They showed that
although there are some variations as a function of age, all
analysed graywackes and shales have similar REE patfterns and
concentrations and they concluded that these concentrations were
representative of the conftinental crust. Hence, since the REE
patterns for graywackes spprovimates that of the continental crust,
if large volumes of continental crust are involved inm welting, the
parent will probably have a REE composition similar to that of
graywacke {(Hanson, 1980). A1l LREE show almost identicsl slopes
excepting sample nueber OF which is showing slightly high Sm
concenkbration,; perhaps owing to some analytical error. The HREE
are all give flat patiterns while only two samples show slight
depletion. Megative Eu anamplies betray removal of plagioclase.
Similar REE patterns of 311 the granitoid samples suggest similar
source and the similarity tao the REE patterns of rocks derived from
continental crust is in conforaeity with the major oxide and trace

elemental datas interpretation.
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