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Only a limited chemical study has been undertaken, and 

the data obtained has been utilised for properly evaluating 

certain specific phenomena related to the metamorpbism of 

the area. Chemical analyses of ortho-amphibolites, 

hornblende gneisses, biotite gneisses and pelitie schists, 

have been considered (Dig. YIIvli) to understand the following 

aspects s

1) True nature of the magma which gave rise to 

ortho-amphibiotites •

2) Derivation of hornblende gneisses

5) Origin and nature of biotite gneisses

4) H'ature of the original metasediments that gave 

rise to pelitie schists*



Fig.VII. 1.
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MAP SHOWING THE LOCATION OF SAMPLES SELECTED

FOR CHEMICAL ANALYSES
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Representative samples were analysed and the data 

plotted on various appropriate diagrams. The information 

obtained from the chemical diata has been interpreted in 

conjunction with petrography and field details. Chemical 

analyses of the meta-dolerites and alkali-basalt have been 

given just for the sake of information and to ascertain 

their probable parentage.

ORMO-AMHilBOIiJlBS

Obese met amor Jhosed linear bodies occurring as fold 

cores represent the oldest rocks and have been interpreted 

as the oceanic basement (= plate) over 'which the Ajabgarhs 

were deposited. Die chemical composition of 5* representative* 

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 VI 1*2;. The overall 

oxide percentages point to the alkaline nature of -the 

original-rock. Dae ratio between Re^O^ and Eeo (Table VII.1)

is more than 0„2, and that between la and K (Table VII.2)
0

is less than 10. These two are obvious indications of 

a basic magma of alkali basalt type (Engel et al., 1965, 

p. 719). The original alkaline nature of the parent 

rock also becomes clear on the graph showing weight percent 

of Si02 on arithmetic scale against that of K^O on 

logarithmic scale (Rig. VII.2); all the plots lie in the 

alkali basalt region (Engel et al., 1965, p. 728)®
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fABLE fll.'j

CHEMICAL MALY SES Off ORfHO-iiOHIBOLIfBS
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]S5(from st- •
tudy area) ;
-* •

Average*
of
200

Si02 49*24 50.5.6 50.30 44.03 51.40 49.51 50.30

Al2°3 14.333 15.57 16.435 15.70 14.53 15.71 15.70

EegOj 4.76 2.12 4.52- 2.96 3*70 3.66

1’eO 8.09 8.08 8.22: 9.33 10.69 8.88 7.80

MgO 7.95 6.37 7.89 6.91 6). 22 7.07 7.00

CaO 8.08 7.21 8.94 9.45' 9.80 8.70 9.50

Ha20 3.20 3.92 3.30 2.97 2.77 3*23 2.90

*2° 1.82 1.72 1.93 0.81 1.62 1.58 1.10

fotal 97.48 97.59 99.13 95.72 101,99 98.38 97.90

* A. Poldervaart, Geol. Soc. Am. Spec. Paper 62, p. 134; 
1955 (in Walter I. Huang 1962 - P. 4:18)

die values of atomic proportions of Hie elements like S3i and 

A1 (fable VII®2) also furnish, supporting evidence; a. Si 

consent that varies between 21.73' and 24*24, with an average 

of 23.37, when considered in conjunction with A1 values 

averagirg 8.32, also suggest the derivation of ortho-amphi

bolites from a magma of oceanic affinity, fhe Ee and Mg- 

values further substantiate their oceanic setting, fhe EMA 

diagram (Fig. VII.3) after Ringwood (1975) provides an
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interesting tholeiitic differentiation trend, the EMA 

values from the study area being, computed In Table VII .3*

May be that the parent magma which gave rise to the alkali 

basalt, was fholeiitic. Of course, this is just a conjecture.

TABLE VII.2

MAJOR ELEMENTS AKTD THEIR ATOMIC EROPQRTIOMS(ORTHO--AMIHIBOLITES)

• I f « ; {Average oft Average*
{1 ! 2 13 « 4 { 5 *-5( from si-1 of
{{•;*; udy area) • 2-00

si 2:5.25 23>. 8& 23.74 21.73 24.2.6 23.37 23.74

A1 7.59 8.24 8.70 8.31 8.75 8.32 8.31
Ite1*3 3»33 2.91 1.48 3.16 2.07 2.59 2.52
Ee*2 6.29 6.® 2 8 6.39 7.25 8.31 6.90 S,.06>

Mg 4® 80 3.84 4.76 4.17 3.75 4.26 4.22

Cat 5. 77 5>el5 6.39 6;. 75 7.00 6.22 6j. 79

I.a. 2*3)7 2.91 • 2.45 2.20 2.05 2.40 2.15

K 1.29 1.22 1.37 0®37 1.15 1.12 0.78

Total
cation54*6.9 54.41 55.28 54.14 57.34 55*18 54.57

Total
oxygen

42.79 43.18 43.83 41.58 44.65 43.20 43.33

Total
cation 97*4.8 
+oxygen

97*59 99.135 95.72 101.99 98*38 97.90



Fig.VII . 2 . j 21

K2 0 : Si 02 DIAGRAM FOR THE ORTHOAMPHIBOLITE

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

Alkali basalts of 
higher volcanoes

After Engel et ai, 1965 )
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FMA DIAGRAM SHOWING CHARACTERISTIC THOLEUTIC AND CALC- 

ALKALINE TRENDS (After Ringwood , 1975 ).

Total Fe as

Mgo

Wt %

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.
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IABLE VI1.5

IMA VALUES (ORKiO-AMIHIBOIIOES)

1%
p 1 ! 2' \ 

_j____ ______ f_ 1 I ^ 1 i i i i 1 i
«,«•••• |iiiiIi 5

E
(E'eO+EfegOj) 49.77 50.47 44.07 56.44 56.27

M
(MgO) 30.79 26.27 33.63, 28.16 25.64

Aik (A)
(Kg Of ^O) 19.44 23.26 22.3^0 15.40 18.09

SOr the purposes of comparison, the author has given in 

fable VII.4, the average values of weight percentage of 

oceanic alkali basalts from the main oceans of -the world 

(Mans on, 196:8)

I ABIE. VII.4

AVERAGE VALUES Off UHE OCEANIC ALKALI0 BASAL!

Major
oxides

•
p•
•»
f
1
1
•

Pacific, Atlantic and i
Indian -oceans j

(After Manson, 196:8) j
Study area

SlOri 46® 9 49.51

AlgO^ 15.5 15.71 .

Eeg 0^ 3.1 33.70

EeO 8.6 8.88

MgP 6j® 9 7.07

OaO 10.4 8.70

Ulag©1 3.0 33.23

/ 
,

0

' 1.5 1.58
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Considering the above facts* it can be conduced; that, 

the amphibolites of the study area comprise metamorphosed 

derivatives of oceanic basalt of alkaline nature.

HQRIBLEHLE filEI'SSBS

fhese streaky horriblendic rocks consist of alternating 

layers rich and poor in hornblende. She leucocratic 

hornblende poor layers comprise quartz, oligoclase and ' 

microcline. On the other hand, hornblendic layers contain 

in addition to hornblende, andesine and quartz, fhe chemical 

data of hornblendic bands only are given in fable ¥11.%

TABLE ¥11.5

CHEMICAL ANALYSES OF HCR3BLEHJ)E GEEISSES

Sample H;o« • 6 I 7 f 8 I 9
* • # •

Si02 56.99 61.46 60.40 66.14

Alg 0-^ 15.® IS. 72 15.07 13»12<

Ee^O^ 4.32 3.85 3.9S 5.28

EeO 5.84 2 $64 3.79 1.72

MgP 4.43' 4.15 ' 3.75 3.15

CaO 2.10 3.08 1.54 1.40

ETagO 4.55 ’ 3.82: 3.71 3.87

E^O 5.43 4.25;> 4*3-1 4.8?

Total 97.23 99.97 96.53 99.55
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lifc is observed that the chemical composition is broadly 

comparable with "that of the amphibolites, and no significant 

chemical change is revealed, litis leads to an important 

conclusion -that the leucocratic layers definitely represent 

the granitic material injected lit par lit in the 

amphibolites, the granitic constituents having been derived

from the overlying granitised metasediments. Actual
and

granitisation^transformation of amphibolite to biotite 

gneiss is nowhere seen either in the field as is revealed in 

the chemical data.

BIOTITE GflBISSES

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

CHEMICAL ANALfSBS OP BIOTITE GEEISSES

**Sample K>o • 1 10
••
••S
• 11

••
t

1*
12

Si02 61.94 62.43 70.00

■Alrj O^r 14.32? 14® 11 14.76

EegOj 3.14 35.41 3.70

FeO 1.48 0.88 0.80

!%0
i

4.36' 4.5-5 2.12

G'aO 3*36 3.49 1.35

lagO 4.19 4.99 4.24

*2<> 4.24 5.62 2.73

Total 97.03 99.30 99.72?
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As compared to the coarse non-foliated biotitic granite 

(Brinpara granite proper), -these (which were originally 

supposed to be foliated varieties of the former) show a 

relatively high percentage of MgO and BeO (fable ¥11.12).

On the other hand, the chemical composition of gneisses 

compares well with those of biotite schists etc.

A critical appraisal of the chemical data of all the 

three varieties leads to the following conclusions •

1. fhe biotite gneisses have chemical composition 

almost comparable to that of the overlying 

meta-sed ime nts.

2® Ho significant addition of any constituent 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 ]%0 in gneisses 

reflects the original magnesian richness of 

meta-sediments.

BBLIfIG SCHISQB

fhe chemical composition of biotite schists and related 

rocks (fable ¥11.7) throws some light on the original 

composition and nature of the meta-sediments.



TABLE ¥11.7

CHEMICAL AS AIK SIS OF BELITIC SCHISTS

—--------------------- ,5-
Sample Fo4 13 1 14

*

] 15 1 16
•

\ 17 i
• •

18 1 19
•

Si02 70.10 65.34 65.85 66.14 ' 67.69 12.26 67.29
Al^O^ 12.51 12.46 12.35 18.01 13.67 14.21 12.56

Ee^Oj 3.97 5.68 . 5.63 2.88 5.07 1.46 4.04

E'eO 1.28 1.00 0.96 1.00 1.72- 1.20 1.04

MgO 1.72 1.10 2.17 1.45 1.77 1.99 3.65

OaO 0.5-6 4.35 3;. 50 0.28 0.70 0.28 3.93

NagO 4.08 3.19 3.82 3>*98 3.13* 2.92 5.04

^2° 3 A3 4.87 6.05 5.99 5.68 4.68 3.87

Total 99.45 97.99 98*35 99.73 99.43 99.60 101.42

The data shows that the sediments were mostly graywackes to 

subgraywaokes; with a fair IgO content. Eettijohir (1975»1>.228) 

has given the chemical composition of representative gray

wackes (fable 711*8) from which it will be seen that the 

composition of the metasediments of the study area also point 

to their graywacke affinity.

The: AlgO ’̂.SiOg variation diagram (Eig,. 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 - subgraywaokes,
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TABLE TO.8

CHEMICAL COMPOSITION OF REPRESENTATIVE GRigWACKBS 
. .(After-Petti jail*, 1975)-

c°nsti" i A ! B 
tuent i »

•#

J

S102 60.51'66.24 76.84- 69.11 68.85 74.43 -a 0 <£
> O 71,10 68.84 65.05

Ii02 00.87 00.64 - 00.60 00.74 00.83) 00.70 00.50 00.25 00.46,

.Al^ 0^ 15.36 15*28 11.76' 11.38 12.05- 11.32 13.50 ,13.90 14.54 13.89

Fe2°33 00.76 00.70 00.55 1.41 2.72 00.81 '2.20 Trace 00.62 00.74

PeO 7.63 4.53 2.88 4.64- 2.03 3.83 1.60 2.70 2.47 2 .60

MnO 00.16 00.06 Trace GO.17 00.05 00.04 00.10 00.05 Nil 00.11

3.39 2.74 1.39 2.06 2.96 1.30 1.60 1.30 1.94 1.22

CaO 2.3.4 1.70 00.70 1.15 00.50 01.17 1.30 1.80 2.23 5 *62

IPagO 2.50 3 * 12 2.57 3.20 4.87 1.63 2 .90 3.70 3 .88 3*13

KgO 1.69 1.91 1.62 1.76 1.81 1.74 1.60 2.30 2.68 1.41

H'20+ 3*3)8 2.49 1.87*■ 4.13 2.30 2.15 2.80 1.90 1.60 2.30

h-2o" 0.15 00.08 - OO.O5 00.77 00.20 00.30 00.26 00.35 00.28

PgOp^ 00.27 00.12 - 00.03 00.06 00.18 00.20 00.10 00.15 00.08

Zr02 - - - - - - - - 00.05 -

co2 1.01 00.30 - - 00.08 00.48 00.60 00.12. 00.14 2.83

03 o - ~ - - - ~ - - , - 00.15 -

S 00.42 - - _ 00.08 00.12 - Trace _ OO.O5

BaD - - - - Trace - - - . 00.04 -

C! - - _ - 00.07 00.17 - 00.09 - ~

Total 100.24 99.99 100.18 99.69 99.94 10045 300.00 99.80 99.93 99.77

* Loss on ignitors
Contd....
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Sable HI.8 Contd

A Arche an, Manitou lake, Ontario. B-. Brunn, analyst
(Bettijohn, 1949, p. 2.50)

B;® Average of three Burwash Formation graywackes
(Archean), Yellowknife Bay, lorthwest Territories, 
Canada. 1. Seymour, analyst (Henderson, 1912, 
p. 890)

© Tyler S;late (Aaimikean), Hurley, Wisconsin..
HVHI. Stokes, analyst (Diller, 1898, pe 87)

3) (?) Ordovician, Rensselaer® near Spencertown, Hew
York, H.B. Wiik, analyst (Balk, 1953', P« 824).

E Tanner Graywacke (Upper Devonian - lower Cafbonifer 
rous), Seharzfeld Germanry, R. Helmhlod, analyst 
(Helmbold, 1952<, p. 256).

E* Carboniferous graywacke from Stanley Shale, near' 
Mena, Arkansas. B. Brunn, analyst (Pettijohn, 1957, 
p. 319)

ffi Average of six Halm graywackes from Oberharz, Germany 
(Mattiat:, 19®,-Table 14) .

H lower Mesozoic composite sample prepared by using
equal parts of 20 graywackes exposed along; shoreline 
between Palmer Head and Hue-Te-Taka. Wellington,
Hew Zealand. J.A. Richie, analyst (Reed, 1957, 
p. IS).

I Franciscan (? Curas sic) Quarry. Oakland Paving Co., 
Piedmont, California. J.W. Hows on, analyst 
(Davis, 1918, p« 22)

J Eocene, near Solduc, Olympic; Mountains, Washirgton. 
B. Brunn, analyst (Pettijohn, 1949, P« 250).
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Fig.VII.4.

Al203:Si02 VARIATION DIAGRAM

0 Biotite gneisses 
• 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). 33ae rocks thus plotted, also

include the so called *Schistose qpiartz'porphyries 1 of 

Sharma (1931) and obviously they do' not represent a 

eruptive rock.

1ABLB VII.9

M01ECUM PER CEKf AGES OP SiOg and AlgO^ 
(BiOflfE SHEISSBS-AKD PEBIflC-SCHISfS)

-viSamp
le ffO 5! 10 12 15 »tt*

14
'Y“-------------

115; i is I 17 I 18 
I ? 19

Si02 69.02 68.29 76.68 77.56 75.05 75.25 74.42 75.95 79.26' 71.45 

A1203 9.41 9.10 9.51 7.99 8.25 3.34 11.94 9.06 9.12 * 7.87

In this connection, the diagram (Pig. VII.5) showing 

Kohler Baaz, values for pelitic schists (fable HI.10) clearly 

demonstrates the sedimentary parentage of these rocks.

MB1A-D0LSRI1ES AND ALKALI BASABfS

fhe dolerite sills intruded into ihe metasediments prior 
to the cos^egrained Erinpura granite, as also the narrow 

basaltic Post-Erinpura dykes, reveal alkaline nature in 

their chemical composition (fable Vll.tl). It is most, 

likely that they have been intruded by the remobilization 

of the oceanic crust during successive deformations! events 

related to the upheaval.



KOHLER - RA AZ DIAGRAM

F

f m

Petitic schist
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TABLE, ¥11.1,0

KCELER RAAZ VALUES FOR BELTTIC SCHISTS

Sample No
i»

. i Case
i:•

•* • * —————I Kohler Raaz lalues
t ..... .....-........ ... ....... ... ............! q0 IF ! fm
• • •

II #6.07 35.39 18.5#

1# I 39.3-7 34.51 26.31

15 II 29.89 39.71 30.40

IS III 34-»3® 36.2.9 29.33

17 III 41.22 36.77 22.01

18 III SO.15 20.07 19.77

19. * I 24.82 39*20 35.98

TABLE, 111.11

CHEMICAL MAKSES'OF BASIC ROCKS

•* . ••\ 20+ \
* »

i 
i

i 
i

[ 4* 
I

! 
cvJ 

1

1  «. 
1

[ 
i

[*"***j
1 

1

1 
1

1 
1

1+ 
I

! 
V
-i 

1

I 
o

j 
! 

1 
1

i 
i

1 23*
t

*: *\ 24
•

Sx02 53.0# 50.36 51.00 52.00 #8.70

AlgOj 18.02 18.42 18.28 16.37 19.50

le2°3 35.28 4.12 3.96 2.76 3.4.5

PeO 8.53 9.00 9.38 9.83 9.2#

1®0 6.10 6.80 6.82 6.36 6.#9

GaO 8.80 6.24 6.66 7.4,3 7.38

N'agO 3.14 3.46 3.09 3.45 3.29

%o 0.95 1.01 0.81 0.91 0.80

Total 101.86; 99.41 100.00 99.11 98.85

+ Post-Delhi (Pre-Erinpura) Post-rErinpura.
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1ABIB VII. 12

CHEMICAL ANALYSES OB SEMITES

• ~Tr^^»""“"T_nir'"1 Tn*-,,~rT ■™1** ~n* M* -m*lmj^-rm» -nuirirai ttih Tum-|-^iq-|Trni«M«w«ti

\ 25f \ 2&••
l 27 
$

l 28
: \ 291 I 30

•

Si02 66.-89 72.47 72.13 71.66 64.29 70.£2

A12°3 16.41 15.21 13.26 14.22 17.76 13.56

Pe20^ 1.81 0.61 0.55 0.29 1.70 1.39

PeO 3.2:# 3.24 2.12 1.80 3. 80 2.16

MgO 0.29 0.92 0.59 0.50 0.36 0.34

CaO 2.21 2.60 2.63 2.08 2.63> 2.49

FagO 3.34 2 .61 2.11 2.60 2.6.0 2.87

KgO 5.93- 5.31 5.56 5.12 5.24 5®3>7

Total 100.12. 100.97 99.53 98.27 98.38 98.60

The chemical analyses of Calcareous rocks in 

Table VI1.15 and 14- have been given to ascertain the 

composition of the original sediments and to calculate 

the A, C, & P values plotted in Pig. VII. 1i.
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TABLE ¥11.13

CHEMICAL MALI SES Off M1KBLBS

S ample Ifo. j 31. l \ . 3& j 35 | 34

• «•»•*]1

Si02 0.7 4 ..8 1.0 1.0 9.5

Al2°3 0.5

C
OO
J 0.2: 0.6 1.9

Fe203 0.4 0.2: - 0.4 1.6

laO: - - _ - -

MgX) 0.7 3.5 0.7 0.8 0.'4

CaO 54.9 50.2 55.2- 54.9 50.2:

EagO - _ - _ -

KgO - - - - -

Loss on 
ignition 42.6 38.9 42.7 42.6 35.6

Total 99.6 100.2 99.8 100. S 99.0

TABLE VII. 14

CHEMICAL MASSES

o3oo

■SCHIST AID PARA-AMBHIBOLITES
• _ - • ......................

Sample Eo • i 
•

36® *
: . 37
• •

•
••
•

58*

Si02 48.81 47.50 57.78 '

ai2o3, 19.15 • 18.13 21.51

Ee2°3 6.29 15.79 0.62

PeO 5.12 1.96 3.40

MgP 5 .60 5.00 2.15

CaO ' 4 .91 5.22 2.10

< EagO 5.25 4.72 3.18

0.56 2.75 4.37

Total 95.67 ■ 97.07 95.11
@ Calc-schist: * Para-amphibolite:


