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CHAFTER ~ VII

PETROCHEMISTRY.

SCOPE

Only a limited chemical study has been undertaken, and
the data obtained has been utilised for properly evaluating
eertain specific phenomena related to the metamormhism of
the area. Chemical analyses of ortho-amphibolites,
hormblende gneilsses, biotite gneisses and pelitic schists,
have been considered (Fig. VII+%) to understand the following
agpects @

1) True nature of the magma which gave rise %o

ortho-amthibiotites.

2) Derivation of hormblende gneisses

%) Origin and nature of biotite gneisses

4) TNature of the original metasediments that gave

rise 10 pelitic schists.



Fig.VII.1.

MAP SHOWING THE LOCATION OF SAMPLES SELECTED
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FOR CHEMICAL ANALYSES
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Representative samples were analysed and the data
plotted on wvarious appropzciate disgramg. The information
obtained from the chemical data has been interpreted in
conjunction with petrography and field details. Chemical
analyses of the meta—dolerites and alkali-bagalt have been
given just for the salfe of information and to ascertain

their probable parentage.

ORTHO-AMEITBOLITES

Thege metamorthosed linear bodies occurring as fold
cox:es represent the oldest rocks and have been interpreted
as the oceanic basement (= plate) over which the Ajebgarhs
were deposited. The chemical compogition of 5 mpepresentative
samples is given in the Table VII.1; and the percentage of
major elements and their atomic proportions, computed from
the major oxides, are given in Table VII.2. The overall
oxide percentages point to the alkaline nature of the
original-rock. The ratio between Fef203 and Feo (Table VII.1)
is more than 0.2, and that between Na and X (Pable VII.2)
is less tﬁan 10, These two are obvious indications of
a basic magma of alkali basalt type (Bngel et al., 1965,

Pe TL9). The original alkaline nature of the parent

rock also becomes clear on the graph showing weight percent
of 8102 on arithmetic scale against that of K20 on
logarithmic scale (Fig. VIIL.2); all the plots lie in the
alkali basalt regiéﬁ (Engel et Ja'l,, 1965, p. 728).
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TABLE VII.1q

CHENMTGAL ANATY SES OF ORTHO-AM B IB OLITES

~
—r - o >

[ [ Ty o, & ¥ 3 -

i i : : : iudy area) | 200
510,  49.25 50.56 50.30 46.03 51.40  49.51 50430
1,05 14,35 15.57 16.45 15.70 16.5%  15.7L - 15.70
Fe05 4.6 4.16 2,12 4.52 2.96 3,70 %60
FeO 8.09 8.08 8.22 9.3% 10.69 8.88 7.80
Mg 7.95 6,37 7.89 6,91 6,22 7,07 7.00
€20 8.08 7.21 8,94 9.45 9.80 8,70 9,50
Na,0  3.20  3.92  3.30 2,97 2.77  3.23 290
K,0 1.82  1.72 1.9% 0.8l 1.62 1.58 1.10
Total 97.48 97.5 99.1% 95.72 101,99  98.38 97.90

- P S Sy - — " o A . s S S

- s i oo

¥ A, Poldervaart, Geol. Soc. Am. Spec. Paper 62, p. 1363
1955 (in Walter T. Huang 1962 ~ P. 418)

The values of atomic proporitions of the elements like $i and
Al (Table VII.2) also furnish supporting evidence; a. Si
content that varies between 21;73‘ and 24.26, with an average
of 23.37, when congidered in conjunction with Al values
averaging 8.32, also suggest the derivation of ortho-amphi-
bolites from a magma of oceanic affinity. The Fe and Mg
values further substantiate their oceanic setting. The FMA

diagrem (Fig. VII.3) after Ringwood (1975) provides an



interesting tholeiitie differentiation trend, the FMA
values from the study area being computed in Table_VII.’jo
May be that the parent magma which gave rise 10 the alkali

basalt, was tholeiitic. Of course, this is just a con jecture.

TABLE VII.2

MAJOR ELEMENTS AND TEIR ATOMIC PROPCRTIONS(ORTHO-AMPHIBOLITES)

----—--.-;; =§ ) )?-_ =s %Average of'§ Average*
AR N O T B )

Si  2%.25 23%.86 23.T4 21.T% 24.26  25.37 23,74
A1 7.59  8.24 8.70 8.3l 8,75  8.32 8.31
Fe'? 3,33 2,91 1.48 3.16 2,07 2.59 2.52
Fet® 6.29  6.28 639 7.25 8.3 6.90 606
Vg 4.80  3.84  4.76 41T  3.75 426 4.22
Ca  5.77 5.5 639  6.75  7.00 6.22 6..79
Na  2.37 2.91 2.45 2.20 2,05 2,40 2.15
K 1.29  1.22  1.37 0,57 1.15  1.12 0.78
otal 5469 5.4l 55.28 54.14 57.34  55.18 54,57
Tg;g;;enw.m 45,18 43.85 41,58 44,65 43,20 4333
Tota]i

catiom 97.48 97.59 99.1% 95.72 101.99  98.38 97.90

+oxygen

— - . - —— W - ——




Fig.VIl.2.1314

K,0:5i0, DIAGRAM FOR THE ORTHOAMPHIBOLITE

RN

Wt % Sio0,

o After Author ( Study area )

® After Poldervaart, 1955 (Average of 200 amphibolites )
x After Sychanthavong, 1978

A After Prinz, 1967 ( Oceanic -alkaline basalt )

Oceanic Tholeiites
J Alkali basalts of
higher volcanoes

] ( After Engel et al, 1965 )



Fig. VII.3. 132

FMA DIAGRAM SHOWING CHARACTERISTIC THOLEHTIC AND CALC-
ALKALINE TRENDS ( After Ringwood, 1975 ).

Total Fe as

Alk

Wt °h

Curve S represents the skaergaard differentiation trend and

Curve T the Thingmuli.

Shaded calc-alkaline band represents the differentiation trends
displayed by magmas from the Cascade, Aleutian, and New Zealand
calc-alkaline provinces.

—

"~+~.. Curve shown by the orthoamphibolites of the study area.



TABLE VII,3

TWMA VALUES (ORTHO-AMPHIBOLITES)

2 3 4 'é 5

S S i S o W S St S o W S 00 I SO hodn W S S o s WD W Wi e e S0 o S s R S WD S i S S W

ﬂ.”:’

rveomtl
-—

R |

.o c‘ﬂ

(E‘e.0+§‘e203) 49471 50447 44,07  56.44  56.27

(Mgo) 30479 26.27 33 .63 28.16 25,64
(Iﬁé}fméﬁ%) 19.44 23)o26 22 .%0 15.40 18.09

- oo o —— ——— -

For the parproses of comparison, the author has given in
Table ~VII.4'+, the average values of weight percentage of
oeeanic alkali basalts from the main oeceans of the world
(Manson, 1968)

' TABLE VII.4

AVERAGE VALUES OF THE OCEANIC ALKALIC BASALT

s e Bt e L e s s i S e e RS-

$ Pacific, Atlantic and

Ma jor ; ] _
: : Indian -oceans : Study area

- oxides i (After Manson, 1968) ¢

SiOZ‘ 46,9 49,51
A1203 15.5 15.71
F6203 - 301 35.70
FeD 8.6 8.88
Mg0 669 T.07
cad 10.4 8.70
i, O %0 %.23

K50+ 1.3 1.58

S Sy vy o o vy S
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Considering the sbove facts, it can be coneluded that
the amphibolites of the study area comprise metamorphosed

derivatives of oceanic bagalt of alkaline nature.

HORNBIENDE GNEISSES

These streaky hormblendic rocks consist of alternating
layers rich and poor in hornblende. The leucocratic
hornblende poor layers comprise quartz, oligoclase and
microcline. On the other hand, hornblendic layers contain
in addition to hornblende, andesine and quértz. The chemical

data of hornblendic bands only are given in Table VII.S5.

TABLE VII.H

CHEMICAL ANATYSES OF HORNMBLENDE GNEISSES

- . ——— -

— v ‘A

we

Sample No. § & E T ; 8 § 9
510, 56 499 61446 60.40 66.14
41,0, 15.82 16.72 15.07 13.12;
Pe, 05 4432 %.85 %.96 5,28
TeO %, 84 264 3479 1.72
Ng0 443 4.5 - 3T 3415
¢a0 2,10 3,08 1.54 1 40
e, 0 B35 %, 82 ol 3,087
K20 5 04%31 44-0245) 4" 0331 4'76 87"

Total 97.28 99.97 96.5% 99 .55

— ——
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It is observed that the chemical composition is broadly
comparable with that of the amphibolites, and no significant
chemical change is revealed. This leads to an important
conclusion that the leucocratic layers definitely represent
the granitiq material injected 1lit par 1it in the
amthibolites, the granitic constituents having been derived
from the overlying granitised retasediments. Actual
granitisatio;zzgansformaiion of amphibolite to biotite
gneiss is nowhere seen either in the field as is revealed in

the chemical data.

BIOPITE GNEISSES
The chemical analyses of the biotite gneisses are most

revealing (Table VII.6), and typically point to their
derivation from the pelitic schists (Table VII.7).

TABLE VII.6

—— — ———
"y

Sample No. | 10 i 11 | 12
510, 61.94 62.45 70.00
A1,04 14 .32 14011 14.76
Fe, O .14 Sedil %470
FeO 1.48 0.88 0.80

 Mgo 436 455 2,12
@80 3.36 3449 1.35
Na,0 £.19 £.99 4.24
K0 4.24 R 2.75

Total 97.0% 99,30 99,72
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Ag compared to the coarse non—foliated biotitic granite
(Erinpura granite proper), these (which were originally
supposed to be foliated varieties of the former) show a
relatively high percentage of lMgO and PeO {Table Vir.li2).
On the other hand, the chemical compogition Of'gneisses

compares well with those of biotite schists etc.

A critical apprsisal of the chemical data of all the

three varieties leads to the following conclusions :

1. Te biotite gneisses have chemical composition
almogt comparable to that of the overlying

neta-gsed imenis.

2. No sgignificant addition of any cmstituent is
seen in the gneisses, and the transformation of
schists to granite gneisses appears to be a
transformative process of internal readjustment

of constituents only.

3% The relatively high percentage of NMg0 in gneisses
reflects the original magnesian richness of

meta~-sediments.

PELITIC SCHISTS

The chemical composition of bilotite schists and related
rocks (Table VII.7) throws some light on the original

composition and nature of the meta-gedimentse.
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TABLE VII.T7

CHEMICAL ANAIY SES OF PELITIC SCHISTS

- — Yot b - - w—— -
st e e St s e e S e S ey s v = T 13

Semple Nod 1% u 11s §o1e o7 18 i 19

- -

.o e
»
LT

§10,  70.10  65.34 65.85 66.14 67.69 72.85 67.29
A1203 12,31  12.46 12.35 18.01 1%.67 14.21 12.56
F8203 3.97 5’068 . 35063 2088 5,'007 10% 4.04}-

Fe0 1.28  1.00  0.96  1.00 1.72  1.20  1.04
Mg 1,72 1.0 2.17 145 L7 1.99  3.65
a0 0.56  4.35  %.50 0,28  0.70  0.28  3%.9%
Na,0 4,08  3.19 3.82 %98  3.0% 2,92 5,04
K,0 5.43  4.87  6.05  5.99  5.68  4.68  3.87

Total 99.45 97.99 98,33 99.73  99.43 99.60 101.42

— —— e s T——— et ————

‘The data shows that the sediments were mostly graywackes to
subgraywackes; with a fair MgO content. Pettijohm (1975,P.228) -
has g;i.ven_ the chemical composition of representative gray-
wackes (Teble VII.8) from which it will be seen thet the
composition of the metasediments of the study area also point

to their graywacke affinity.

The Al,05:810, variation disgram (Fig. VII.4) based om
the molecular percentages (Table VII.9) shows that the
chemical composition of the pelitic schists as well as biotite

gneisses is identical to that of graywackes -~ subgraywackes,
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TABLE VIL,8

CHEMICAL, COMFOSITION OF REERESENTATIVE GRAIWACKES
: (After -Petti johy, 19 75)

i
I

Consti~ 15 i 3 i i § i |
LI T N N M TGt T AN S N

810, 60,51 66424 T6+84 69.11 68.85 T4.43 T0:60 T1,10 68.84 65,05
710, 00.87 00«64 ~ 00,60 00,74 00.8% 00,70 00,50 00,25 00.46.

(A1203 15.36 15.28 11.76 11.%8 12.05 11.32 13.50313.90 14.54 13.89
F9203 00.76 00,70 00455 1.41 2.72 00.8L ‘2,20 Trace 00.62 00.74

PeO Te6% £.55 2.88 4.68 2.05 3.88 L1.60 2.70 2,47 2 .60
MnO 00.16 00.06 Trace 00.17 00,05 00,04 00,10 00,05 Wil 00.11
g0 5.39 2,74 1.39 2.06 2.96 1.30 1.60 1.30 1.94 1.22
cad 2,14 1,70 00,70 1.15 00,50 (1.17 1.30 1.80 2.23 5.6
Na,0 2.50 3.12 2.57 3.20 4.87 1.63 2.90 3.70 3.88 3.13
K,0 1.69 1.91 1.§2 1.76 1.81 1.74 1.60 2.30 2,68 1.41
H,0* 5,38 2.49 1.87* 4,13 2,30 2,15 2.80 1.90 1.60 2.30
H,0~ 0.15 00.08 = 00.05 00,77 00,20 00,30 00.26 00.35 00.28
2,05 00,27 00,12 = 00,03 00,06 00,18 00,20 00.10 00,15 00.08
770, - - - - - - - - 00,05 -~

c0, 1.01 00,30 = - 00.08 00.48 00,60 00.12 00.14 2.8%
505 - ~ - - - - = .- 00.15 -

s 00.42 - -~ - 00.08 00,12 =~ Trace - 00,05
Ba0 - - - - Trace - - - . 00,04 -

153 - - - -~ 00,07 00,17 = 00,09 - -

Total  100.24 99.99 100,18 99.68 99.94 10045 100.00 99.80 99.9% 99.77

—— —

* Loss on ignitom
' Contdeeoe
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Table VII.8 Contde.

A Archean, Manitou Lake, Ontario. B. Brunn, analyst
(Pettijohn, 1949, p. 250) -

B. Average of three Burwash Formation graywackes |
(Archean), Yellowknife Bay, Northwest Territories,
Cangdg; L. Seymour, snalyst (Henderson, 1972,

p. 890, :

¢ Tyler Slate (Animikean), Hurley, Wisconsim.
H.N. Stokes, anmalyst (Diller, 1898, p. 87)

D (?) Ordovician, Rensselaer, near Spencertown, New
York, H.B. Wiik, enalyst (Balk, 1953, p. 824).

E Tenner Graywacke (Upper Devonian - Lower Carbonifie-
rous ), Scharzfeld Germanry, R. Helmblod, enalyst
(HélmbOldg 1952{’ Pe 256)0

g Carboniferous graywacke from 'S“banley Shale, near
Menaiggarkansas. B. Brunn, analyst (Pettijohn, 1957,
Pe 3 .

& Average of six Kulm graywaékes from Ob erharz, Germany
(Mattiat, 1960, Teble 14) . :

H Lower Mesozoic compogitd® sample prepared by using
equal parts of 20 graywackes exposed along; shoreline
between Palmer Head and Hue-Te-Taka, Wellington,
Tew jeeland. J.A. Richis, analyst {reed, 1957,

Pe 18)e ‘

I Franciscan (? Jurassic) Quarry. Oakland Paving Co.,
Piedmont, California. J.W. Howson, analyst
(Davis, 1918, p. 22)

Jd Bocene, near Solduc, Olympie Mountains, Washington.
B. Brunn, analyst (Pettijohn, 1949, p. 250).
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Al203: 5i0, VARIATION DIAGRAM
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Molecular

l’ T ¥ i 1
50 60 70 80 90

Molecular %k Si02

© Biotite gneisses
e Pelitic schists

Points p,g and a represent the compositions of average

pelite, greywacke and arkose respectively ( after Pettijhon, 1957 )
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mostly all plotted points falling within the graywacke
field of Pettijohn (1957)s The rocks thus plotted, also
include the so called *Schistose guartz porthyries'! of
Sharma (1931) and dbviéusly they do not represent a

eruptive rock.

TABLE VII.9
MOIECULAR PERCENTAGES OF Si02 and A12Q3
(BIOTITE GNEISSES -AND PELITIC SCIISTS)

Samp-
le No

11 12 1% 14 15 16 17 18 19

".‘“-“
cmssmnedl
sreveveved!
'“.‘-'.a
'"““-‘.
‘m“-."
cvernepend

conurrrwns’

8102 69 o02 68.29 76068 7703:6 73‘0033 75023’ 74‘?‘42 75;.933 79026 71.4‘5'

Al0; 9441 9.10 9.51 7.99 8.25 8.34 11.94 9.06 9.12° 7.87

————

In this connection, the diasgram (Fig. VII.5) showing
Kohler Raaz values for pelitic schists (Tablé VII.10) clearly

&emonstra'tes the sedimentary parentage of these rocks.

META~DOLERITES AND ALKATI BASALTS

The dolerite sills intruded into the metasediments prior
t0 the coa:segrained Erinpura granite, as also the narrow
basaltic Post-Erinpura dykes, reveal alkaline nature in
their chemical compogsition (Teble VII.11). It is most
likely that they have been intruded by the remobilization
of the oceanlic crust during suceessive deformatn}onal even%;s

related to the utheaval.



Fig .VIL.5.
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KOHLER-RAAZ DIAGRAM

N Pelitic schist
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TABLE. V11,10
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KOHLER RAAZ VALUES FOR FELITIC SCHISTS

gempile NO.E case '?{_ Kok;;ler R?:az. W};:lues
: § i a2 | F i fm
1% 11 46,07 VE5.39 18.54
14 I 39,17 34 .51 26,31
15, II 29.89 39.71 30440
16 IrI Bho 38 36,29 29.3%
17 IT1 41.22 36.77 22,01
18 111 60.15 20.07 19.77
19. . I 24 .82 39.20 35.98
) TABLE VI, 11
CHEMICAL ANAIYSES OF BASIC ROCKS
T e Y ot ] 22t o2t 1 o2a
810, 55,04 50,36  51.00 52.00 48,70
41,0, 18.02 18.42 18,28  16.37  19.50
ey 0y %28 4,12 3.96 2.76 3445
FeO 8.53 9.00 9.38 9.8% 9.24
Mgz0 6.10 6.80 6.82 6.36 6449
' Ga0 8480 6 .24 6466 Te43 7.38
Na,0 3,14 3.46 3.09 3.45 3.29
K,0 0.95 1.01 0.81 0.91 0.80
Total 101.86  99.41 100,00  99.11  98.85

s s i g Sl s S Mg o st

* Post-Delhi (Pre-Erinpura)

- ——

* 3 [ vy S 4
Post-BErinpura.



TABIE VII 12

CHEMICAT, ANATYSES OF GRANITES

PR - - -

25

y— .

o e
26 .1 27 28 § 29 i 30

Jnnn.:a
"onwﬂ

-
-~ rn g g

§10, 66489 T2.47 T2.13  T1.66 64.29  70.32

Al,0;  16.41 13,21 13.26 14.22 17.76  13.56
FeyOp  1.8L  0.61 0,55  0.29  1.70  1.39
FeO 3.24  3.24 2,12 1.80  3.80  2.16
MgO 0.29  0.92 0.59  0.50 0.36 0,34
a0 221 2.60 2,63  2.08  2.6%  2.49
Na,0 3.34  2.61 2.FL  2.60 2,60  2.87
K,0 5.95  5.31  5.56  5.12  5.24 5,37

Total 100.12 100.97 99,55 98,27 98,38 98,60

The chemical analyses of Caleareous rocks in
Table VII.1% and 14 have been given t0 asceritain the
compogition of the original sediments and to calculate

the 4, C, & F values plotted in Fig. VII.1.



TBLE VII, 13

CHEMICAL ANWATYSES OF MARBLES

145

@ Cale-schist

. —

Sample No.; 31 32 i 33 i 34 35
510, 0.7 4.8 1.0 1.0 9.3
1,0, 0.% 2,8 0.2 0.6 1.9
FGZZOB 0044 0921 had 004} 106‘) .
FeO - - - - -
Mg0 0.7 3% 0.7 0.8 044
94210 54 09 - 5002 55:&2 54-'09 50021
Na,0 " - - T - -
LoYY = - - - -

Loss on ' ‘
ignition 42,6 38,9 42.7 42 6 <35.6
Total 99.6 100.2 99.8 100.8 99,0

TABLE VII.14
CHEMICAL ANATYSES OF CALC-SCHIST AND PARA-AMPHIBOLITES
Sample Mo. @ 36@ : 37* 58*

S i02 4}1'8 . 81 4‘?70 510 5'70 78

41,505 19.1% 18.13 21,51

Pe,y 05 6129 13479 0.62

Féo 5’012 1096} 3040

Vg0 5460 5,00 2.15

Ca0 4,91 %5,22 2.10

Na,0 5425, 4sT2 %,18

K,0 0.56 2.75 4.37

Total 95,67 97,07 95,11

% Para—-ammibolite



