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Dyke Rocks from Davangere (Mysore State)

BY

C. NAGANNA,
Department of Geology and Geophysics,
University of Madras, Madras—25.
(Received for publication on January 31, 1956)

ABSTRACT

Dyke rocks of the composition of Noritic olivine dolerites and
Olivine dolerites occur around Davangere, Mysore State. The plagio-
clase of these rocks are all twinned and the anorthite content in them
ranges from 58 to 72 per cent. All types of twin laws, normal, parallel,
complex and interpenetration are noticed. Of the mafic minerals
olivine and both ortho-and clino-pyroxenes are found. Two specimens
of these rocks, texturally different are chemically analysed and their
petro-chemistry discussed. The magma which has given rise to these
two types is found to fit into the “gabbroide magmen” of Niggli’s
magma types and lies in between “eukritisch” and the next “c-gah-
broid” types; the difference in colour and texture in these rocks is
found to be due to the different cooling history of these rocks. These
rocks bear a close resemblance to the dyke rocks of Dodkanya
(Mysore State) which have an ultrabasic and charnockitic geologi-
cal setting,

Dyke rocks occurring as boulders are found strewn about in
the gneissic soil around the University campus, Davangere. The
exact trend of these dykes are not clearly seen but the boulders
have a trend NW-SE.

The anorthite content and twin laws of felspars were deter-
mined on the Federov Stage after the method of Reinhard (1931).
The results were checked on Reinhard’s Table V, by plotting poles
of twinning planes got by Berek’s and Nikitin’s constructions. The
optic axial angle was measured directly on the Universal Stage;
and Troger’s correction applied using § values. Since there were
no twinned pyroxenes the extinction angle was determined by
drawing a stereogram of the morphological and optical elements
after the method of Burri (1950). Mineral grains separated in
heavy liquids were used to determine the refractive index B. o and
Y were calculated by determining the birefringence on the Uni-
versal Stage after the method recommended by Hess (1949). The
volume percentage of the minerals in these rocks was determined
on a Leitz six spindle integrating Stage. Chemical analyses were
varried out by the methods outlined by Groves (1951),
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Petrography

The study of textures, the nature of the plagioclase and the
predominance of plagioclase or the mafic minerals leads us to re-
cognise two types of dyke rocks. The more dark coloured variety
Is noritic in composition and the other has euhedral felspars and
subophitic texture, (gabbroid). The Noritic dolerite is a hard
compact rock dark in colour with granular texture. In thin sec-
tion it shows abundant euhedral pyroxenes which range in size from
2mm X 1:3 mm to 0-05 mm X -05mm. The plagioclases are found
as irregular laths and needles. Sometimes these needles are flow
oriented, and many of them are interpenetrated. The anorthite
content of these felspars varies from 58 to 68 per cent,

Olivine grains are all euhedral and some are poikilitic in plates
of pyroxenes, thus indicating their earlier crystallization. The
olivine crystals are all bordered by iron ore. Some irregular grains

of iron ores are also seen. A hand specimen of gabbroid dyke is |

greyish in colour and has a granular texture. The felspars here
are euhedral, tabular, and in their interspaces are moulded
pyroxenes, The felspar grains range in size from 1-88 mm X 1-0
mm to 0:08 mm X 0-05mam. The anorthite content of the plagio-
clase felspars varies from 68 to 72 per cent. In some places inter-
growth between the pyroxene and the felspar is seen indicating
the simultaneous crystallization of both the minerals in the later
stages of crystallization. Both ortho- and clino-pyroxenes occur
and in some cases one grades on to the other. Even here olivine
grains are found as euhedral grains surrounded by altered iron
ore. Some of the felspar grains are clouded with iron dust. Small
irregular grains of iron ores are found here and there.

Table 1
g}
o @
Rock Types & g Tl @
’ ig" %n e g g i%‘” 5 4 2 (é)
55 gsﬁﬁaags'gmsa
o Z B = MULdS a < < 4
Olivine —
dolerite 68 to 72 26 13 — — 7 . _ _ __ 5
(gabbroid) )
QOlivine
dolerite 58 to 68 20 9 — _ 5 3 — _ 3
(noritic) -
Total : 45 22 12 3 8
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Mineralogy

Felspars: All the felspars are twinned, the twin laws deter-
mined are given in Table I, along with the range of anorthite per-
centage. The twinning plane is dominantly 010. In a few cases
it is 001. Well developed interpenetration twins are also found.
They cross each other either at 96° or at 60° and at 120°. The two
individuals crossing at 90° are found to have twinned after Carls-
bad and Albite-Carlsbad Law while the pole of the association plane
of the arms falls on 021 curve of Plate 2 of Reinhard, thus indica-
ting the parallelism of the association plane with the 021 face.
The pole of the association plane in the other case does not fall
on any one of the curves of Reinhard’s Plate 2 and hence it is con-
cluded that the association plane is parallel to an irrational pyra-
mid. These interpenetration twins are found to be quite similar
to those reported by Suryanarayana (1955), from the dyke rocks
of Closepet. The twin laws recorded are Albite, Carlsbad and
Albite-Carlsbad (Table I). Gorai (1951) groups these laws under

~ &-twin groups and says that they are characteristic of volcanic and

plutonic igneous rocks. The study of twin laws in these felspars
confirms this view.

Pyroxenes: The gabbroid rock has the ortho- and clino-
byroxenes in almost equal proportion. The ortho-pyroxene has
the following optical characters. —2V=T72° to 76°, a=1-674,
B=1-682, y=1-687.

From the above optical data the ortho-pyroxene is identified
as Bronzite,

The other Ortho-pyroxene found is pleochroic and is in abup-
dance in the noritic type. The optical characters are
—2V=49° to 51°. a=1-711, p=1-721, y=1-726
» X Brick red.
Pleochroic Scheme { Y npearly colourless.
Z light green.

From the optical characters it is clear that it is hypersthene. The
elino-pyroxene is found in both the types but it is seen reduced to ,

a very low percentage in the noritic type. The clino-pyroxene

shows the typical system of cleavages cutting each other approxi-

mately at 90°. The optical characters are '

+2V=42° to 48°, 0=1-683, f=1-689, y=1-T11. :
ZAC = 38° to 43° (Measured with reference to the,

prismatic cleavages).
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West (1952) calls the pyroxene of the Dececan Traps having 2v
between 30° to 48” as sub-calcic augite, as suggested by Benson
(1844) and modified by Walker. The clino-pyroxene described
above can also be called sub-calcic augite,

Olivine: These are found more in the noritic type than in the
other. The optical characters are

—2V=19" to 81° (By projection). [=-1-T10 to 1-689, y--o=
0-042, y—3=0-018 to 0-020.

Petrochemistry

The analyses of the two types are given below. The C. L. P. W.
Norm, Niggli values and Niggli basis are calculated and given in
Table II. Two analyses of rocks which have resemblance to these
analyses are also given for comparison.

Table II
A B C D

Si0, .. 4859 48-30 49-29 47-92
TiO, .. 04 0-44 0-24 1-40
Al, O3 .. 19-03 14-06 12-98 18-87
Fe,0O3 .. 074 1‘.78 0-12 1-18
FeO .. 663 T-72 8-40 8-65
MnO .. Tr 0-05 0-15 0-11
MgO .. 11-93 13-96 9-82 7-82
CaO .. 1029 9-89 15-73 10-46
Na,O .. 1-68 1-43 1-52 2-44
K,0 .. 028 0-10 0-32 0-19
P,0; .. 018 ND — 0-07
H,0 + .. 055 123 0-76

H,0 — .. 020 0-07 0.07} 0-51

Total .. 100-51 99-03 §9-40 99-62
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C.I.P.W. Norm
- A B C D
Q _ — — —
Or 1-67 0-56 167 111
Ab 14-15 12-06 12-58 20-44
An 43-37 31-69 27-80 40-03
Di 556 14-03 40-96 9-06
Hy 19-05 25-27 3-95 1365
01 1368 10-76 11-55 9-82
Il 0-76 0-76 0-46 274
Mt 0-93 2-55 0-23 1-86
Ap 0-34 — — 0-34
H,0 075 1-35 0-76 0-51
Total .. 100-26 99-03 99-96 99-56
Niggli Values
Si .. 101-4 9854 1027 1075
al 2331 1690 1586 24-90
fm 49-88 5850 45-69 44
c 23-05 21-67 3508 25-17
alk 376 2-93 3-37 552
t 0-627 0-61 - 0-374 0-305
P 0-125 — - 0-135
K 0 100 — 0-111 0-049
mg 0-749 0-73 0-672 0-591
Niggli Basis
cp 0-28 — — 0-28
Kp 0-98 030 1-01 0-67
Ne 8-85 7-72 810 13-08
Cal 2557 ©19-12 1686 24-16
Cs 205 . 529 1524 336
Fs 066 185 022 134,
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A B C D
Fa .. 754 8-98 9-89 9-99
Fo .. 24:42 29-26 20-74 16-36
Ru .. 028 0-28 017 1-01
Q .. 2937 27-20 27T 29775
Q .. 2937 27-20 2771 29-75
L .. 3540 27-14 25-97 37-91
M .. 3523 4566 46-26 32-34

A—Olivine dolerite (gabbroid), Davangere. Analyst: C. Naganna

B—Noritic olivine dolerite, Davangere. Analyst: C. Naganna.

C—Olivine gabbro dyke, Hebye (Dodkanya). Analyst: S. Rama-
nanathan (1955), J. Madras Univ. B, XXV, No. I, p. 48 ana-
lysis C.

D—Chilled marginal Olivine gabbro; Wager, L. R. and Deer, W. A.

Quoted from “Igneous and Metamorphic Petrology”, by Turner

and Verhoogen, (1951) p. 230. Analysis No. 1.

From Table II it is clear that these dyke rocks show a close simi-

larity in chemical composition to the dyke rocks from Dodkanya.
In Dodkanya we see these dykes amidst the ultrabasic dunites and

charneckites while the geological surrounding here is gneissic and
schistose. :

The normative plagioclase calculated to a total of hundred
shows Ab: An as 25: 75 in gabbroid type and 28 : 72 in the second

case, which closely matches with the composition of the plagioclase
determined optically.

The modal composition of the rock is given in Table III.

Table III
A B
~ Plagioclase .. 4910 34-77
Pyroxene . .. 4306 50-31
Olivine .. 666 13:33
Iron Ore .. 118 1-59
Total .. 100-00 10000

1956] DYKE ROCKS FROM DAVANGERE 7

The metasilicates Ca SiO3, Mg SiO3 and Fe SiOj3 of the ortho-
and clino-pyroxenes of these rocks together with that of other
rocks taken for comparison are recalculated from norm and are
shown in Table IV. It can be seen that the composition of' these
pyroxenes are almost uniform. The Wo molecules in th'e clinopy-
roxene are found to be more than 50% in all cases, while the En
molecules come next. In the ortho pyroxeres the En molecules
are more.

Table IV
A B C D
- ) o ¢ 4
o w % &
Cli i g g 5
li. Pyr. “S S 5 =)
i g § &
— = = = B
& A s P
& o 0 0
B <) <
Orth, Pyr. [?3 - 3 p
“ = =} =]
g & 5 K

The (f) norm of these rocks are calculated as suggestfed by
Barth (1936) in order to determine the order of crystalh;atlon of
Pyroxene and plagioclase in the magma.

This is given in Table V.

Table V
Rock Types.  ab’ an’ di’ hy’  (f) Norm
A 17-22 52-82 - 677 23-19 84-87
B 14-53 38:15 16-89 30-43 133-84
. C 14-75 32-59 48:01 4-65 121’46
. D 24:57 = 48-13 10-89 16-41 85-64 ..

~ From the above table it can be seen that rock type “A” havmg ‘
() norm 8487 which is a value far below 123, suggests that the
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felspar started crystallizing very early and the pyroxenes later.
This fact is clearly evidenced by the texture of the rock “A” where
we notice euhedral plagioclases and sub-hedral pyroxenes. More-

over the pyroxenes are moulded in the interspaces of the felspar
grains.

In contrast to this in the rock type “B” we get (f) norm value
133-84 whereby one infers that pyroxenes started crystallizing
earlier than the felspars. This fact is also supported by the texture
of the rock “B”, where we notice the big plates of pyroxenes
euhedral with felspars moulded into the interspaces.

The Niggli values for these rocks of Davangere closely match
with ‘gabbroid magmen’ and they lie in between the ‘eukritisch’
and the next ‘c-gabbroid’ type of Niggli’s magma types.

By comparing the analyses of the two rocks we can note the
similarity of all the constituents except Al,O,, MgO and FeO.
In “A”, Al,O; is higher and MgO and FeO are lower. In type “B”
Al,Oj is lower and MgO and FeO are higher.

It is clear from the optical and analytical data that much of
Al;O3 has been used for the development of euhedral felspars
in rock “A”, which has a felspar volume percentage of about 49,
thus bringing down alumina content and an enrichment of FeO
and MgO in the residual magma, which has rightly given rise
to rock “B”, which has pyroxene volume percentage of about 50.
The relative poverty of Al,O: in the residual magma has pro-

bably given rise to the abundance of the hypersthene in the
rock “B”.

Noritic dykes and olivine dolerites have been reported from
various parts of Mysore. Wetherell has classified the dyke
rocks of Mysore under eleven different groups. The dyke rocks
now under study find their place under the subclass (F), which
he names as dolerites with rhombic pyroxene and olivine.

The norite dolerites have been considered by Rama Rao (1940)
as related to Charnockites. In this area there is no such evidence of
relationship to charnockites. It is held that the two types of dykes
are the differentiates from the same gabbroid magma. Since the
crystallization of hypersthene requires high temperature it is in-
ferred that the noritic types have been drawn from the deeper

portions of the magma and the gabbroid types from shallower
depths,
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An Amperometric Method for the Estimation of
Germanium

BY

S. Hamsata IsramiM AND A. P, Mapnavan NAIR,
Chemical Technology Laboratories,
Alagappa Chettiar College of Technology, University of Madras.

(Received for publication on January 31, 1956)

ABSTRACT

An accurate method of estimation of Germanium by the ampero-
metric technique, has been developed. The method is based on the
Precipitation of divalent germanium as a complex with tannin in an
acid medium containing ammonium sulphate. The titration is per-
formed at—0-6 Volts (VS. SCE) in presence of a little cresol red
added as maximum suppressor. Temperature is without effect on the
Precipitation and on the titre values.

Many gravimetric methods for the estimation of minute quan-
tities of germanium have been developed based upon the principle
that germanium forms complexes with organic substances like
tannin, cinchonine, 5, 6, Benzoquinoline, ete. (H. H. Krause et. al.
1953). Al these methods being gravimetric are necessarily time
tonsuming. The present investigation was therefore undertaken
to work out the possibility of using one of these reagents, tannin,
as the precipitant in an amperometric estimation of germanium.
It is known that the amperometric technique combines accuracy
with rapidity of estimation.

It has been shown that tetravalent germanium can be precipi-
tated quantitatively by tannin from solutions containing oxalate or
sulphate (H. Holnes, 1948). Previously G. R. Davies and Sir G.
Morgan (1938) suggested a method- for the precipitation of ger-
Manjum from ammonium sulphate solution at an acidity not
€xceeding N. sulphuric acid. A chloride medium was indicated
FY W. R. Scholler (1944). H. Holnes (1948) however stated that
In chloride medium (0-5 N Hydrochloric acid) the precipitation
iS only 90-2% at ordinary temperature. All this work has been
done- with tetravalent germanium. The behaviour of divalent ger-
;f;amum towards tannin has not so far been studied. We have
., u;ld that divalent germanium also forms a complex with tannic
¢i¢ and that the precipitation is quantitative. As shown below,
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we had also a special reason for prelerring divalent germanium
to tetravalent germanium for our work,

The Polarographic characteristics of tctra and divalent ger-
manium, described by various invesligators (Das Gupta, A. K,
et. al. 1953; D. A. Tverest, 1953; Valenta, P., et. al 1954; 8. N.
Kvonov. Amin., et. al. 1944) indicate that maxima obtained in acid
and alkaline medium (for tetravalent germanium) could be sup-
pressed by gelatin, an observation that has been verified by us.
But as gelatin gives a precipitate with tannin (C. Ainsworth Mit-
chel}, 1936) ] this suppressor was unsuitable for our work. The
maxima of divalent germanijum could however be suppressed by
Cresol red which has no such influence on the maxima of tetra-
vak?nt germanium and which in no way interferes with tannin
Besides, divalent germanium gives better polarograms than tetra-
vglent germamium. These practical considerations led us to the
view that the divalent germanium lends itself to amperometric
titration hetter than tetravalent germanium and so the reduction
of tetravalent germanium to divalent germanium (using sodium

hypophosphite and hydrochloric acid) was necessary before the
amperometric titration,

As a preliminary to the amperometric titration and for fixing
up the correct constant potential for the titration, the polaro-
grams of divalent germanium were studied followin’g the method
of Evonoy. Amin. et. al. and D. A. Everest (1953) with suitable
rrfodlﬁcatlon. As an acid solution of a strength higher than 0-3 N.
dissolves the germanium-tannin complex partiallyi?

. . th . 1e was
maintained well below this limit. e acidity

Hydrochloric acid seems to be essential for the polarographic
reduction of divalent germanium (I. M. Kolthoff and Lingane, J.J.
1952) although the chloride ion polarogram interferes in ce’rta'm
cases (D. A. Everest, 1953). Further as the Germanium-tannin
c?mplex can be precipitated out only in the presence of an ammo-
nium salt, ammonium sulphate had also to be added to the solu-
tion taken for the polarographic study. Owing to the influence
o-f chloride ion mentioned above it is obvious that ammonium chlo-
r1d.e could not be used for this purpose. Polarograms were obtained
using solutions containing divalent germanium in the range 4 to
50 milli moles/litre with an acidity in the range of 0-25 to 0-35 N
and an ammonium sulphate content 0:8to1-0M; using Cresol red
as the maxima suppressor. The polarograms obtained were smooth,
with a definite step and no maxima appearing below a germanium
concentration of 30 m. moles/litre. Half wave potentials and the
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diffusion currents are recorded in Table I. Two of the polaro-
grams are reproduced in fig. 1.

Micro amps.

l1pa I

P 4.

~0-1 ~0:3-05-0'7 0.0_0.2.__0.4,0.6
E.de. Volts vs. SCE.

Fig. 1
Polarograms of + 2. Ge in 0-5N HCl and 1M. Ammonium Sulphate,

1. 8 X 10-4M Ge. 2. 12 X 10-3M Ge.

Table I
Polarograms of 42 Ge

Half wave potential Diffusion current

Ge. Concentration (catho dic) — Et (id)
(m. moles/litre) Volts. (Vs. SCE) ua
1. 4 — 049 1
2, 8 —049 - 2
3. 13 — 048 29
4. 16 —0-48 3-9
5. 20 —0-475 5-1
6. 30 —0-470 76
7. 40 —0-47 105

——

As the diffusion current plateau is above — 0-5 V. (VS, SCE) the
constant potential for the amperometric titration could be safely
fixed at — 0-6 V. (VS. SCE). This potential (—0:6 V) is also
well in advance of the hydrogen discharge wave. It is found that
tannin in this range and medium is non-reducible under dropping
mercury electrode.




Micro amps.

14 THE MADRAS UNIVERSITY JOURNAL [Vol. XXVI

Experimental :

0-2 gms of spectroscopically pure germanium dioxide was
weighed and dissolved with minimum amount of sodium hydroxide
and neutralised with hydrochloric acid, adding dropwise. 2-0 gms.
of pure sodium hypophosphite followed by 8 ml. of pure Hydro-
chloric acid were added, and after dilution to about 40 ml, the
solution was heated over a water bath for an hour. When the
reduction was complete the solution was made up to 100 ml. The
final acidity of this solution was 0-5N. 30 gms. of BDH. tannic
acid was dissolved in hot water and made up to 50 ml. A mixture
of equal volumes 05N, hydrochloric acid and 2 M. ammonium
sulphate was taken as the supporting electrolyte.

3 o
p—
1 3 3 1 5 6 T 8
Volume of germanous solution—ml—
F, 2

Amperometric Titration Curve,

To a known volume (1-5 ml) of tannic aci& solution, were

added 0:2 ml cresol red and a sufficient quantity of the above'

solution of supporting electrolyte to give a total volume of 25 ml.
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The standard germanous solution was then added in 0-5 ml. incre-
ments. It was not necessary to bubble inert gas to expel dissolved
Oxygen (D. A. Everest, 1953). The current was read two minutes
after each addition at a constant potential —0-60 V. (VS. SCE)
on a Tinsley Model recording polarograph. The volumes of ger-
Manous solution plotted against the current yielded two straight
lines intersecting at the end point (Fig. 2). The values are given
In Table I1. The experiments were repeated also at a higher tem-

Table II
Amperometric Titration of Tannic Acid against

Germanons Solution at Room Temperature
t——

Tannic acid Germanous solutions

01676 moles/litre 0:0192 moles/litre Deviation
ml] ml ml]

1-00 1-67 0-005
2-00 3:35 0-00

3-00 5:02 0-005
3-50 5-85 0-012
4-00 6-70 0-000
5:00 8:40 0-025

e

Perature (75°C) when no appreciable difference in titre value was
?bserVEd (Table III). The calibration curve is given in fig. 3.

Table III. At 75° C

\

0 Tannic acid Germanous solution Deviation from

1676 moles/litre, 0:0192 moles/litre Room temperature.

\ - »
-ml ' ml ml )
1'90 1-68 0-005
2:00 . 3-35 0-000

300 5-025 0005

N g—— * . . .
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Fic. 3

Calibration Curve.

Discussion ;

Fig. 2 illustrates that the variation of the diffusion current
with the volume of the germanous solution added is strictly linear.
The high accuracy possible in the method is evident from the fact
that the maximum error is only of the order of 0:3%. Therefore
the amperometric titration of divalent germanium with tannic acid
in chloride solution in presence of ammonium sulphate, should be
considered as a standard method of estimation. Apart from the
simplicity of operation and economy of the time, this method has
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got the added advantage that arsenic which is a usual impurity in
germanium compounds, does not interfere in this, because it forms
no complex with tannin (H. Holnes, et. al. 1946). It must how-
ever be mentioned that the addition of tannic acid solution to the
germanous solution does not give reproducible results. This may
be due to the sluggish precipitation of the germanium complex,
when the tannin present is less than in equivalent quantities; so
1t is essential that the germanous solution is added to the tannin -
solution and not vice versa.

The object in performing a set of titrations at an elevated tem-
berature (75°C) was to investigate whether the precipitation is
In any way affected by temperature. Table III illustrates that
almost identical titre values are obtained at the higher tempera-
ture, as at the room temperature. So no temperature control
during titration is necessary.
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ABSTRACT

South Arcot lignite when suitably oxidised has been shown to be
a rich source of humic acid. Aerial oxidation of fixed beds and
fluidised beds has been effected and the optimum conditions for ob-
taining the best yield of humic acid, have been worked out. The
ultimate analysis and the electrometric determination of the equival~
ent weight of humic acid have been performed. Ammonium humate
has been prepared by two different methods and its nitrogen and
ammonia contents estimated. The role of humic acid as a soil condi-
tioner has been studied in an extensive series of pot culture ex-
Periments.

~ Humic acids form a class of substances obtained from peat,
lignite or coals by alkali extraction. (Brusset, 1943). The extent
of humic acid derivable from coal depends on two factors, i.e.,
1) the geological age of the coal, low ranking coals being richer
I their humic acid contents and (2) the oxidising treatment that
ﬂ}e coal has received. Lignites in general being lower in rank than
.Mtuminous coals have a higher humic acid content (Lowry, 1943)
and South Arcot lignite is no exception to this generalisation
(Lahiri, 1954), '

The alkaline extract on acidification yields humic acids as a
dark brown precipitate which on drying becomes a dark, shining
Substance. These humic acids are generally a mixture of differ-
St carboxylic acids of unknown constitution and separable into
group's by fractional extraction with solvents (Bangham, 1950).

Peview of existing knowledge on this subject has been published

Y Brusset (1943). With a view to increasing the humic acid

+ Soatent many methods of oxidation have been suggested such as
cataluse of chemical reagents like nitric acid, with or without a
yst (Bangham, 1950) or aerial oxidation preferably at an ele-

*
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vated temperaturc or a compination of the two modes of oxida-
tion.

In the scheme of work which forms the subject matter of this
paper, prolonged aerial oxidation of a stationary bed and of a
fluidised bed at different temperatures has been performed.

A great many possible technical applications of humic acids
have been suggested. Those include their use in colloidal fuel,
water purification wood staining, etc. (Bangham, 1950) besides
their indirect applications as in the manufacture of active carbon,
carbon black, plastics and resins, lead storage batteries (Waksman,
1938) and in ceramics.

Two important aspects of their utilisation which have been
studied by the authors are (1) the function of humic acids as 2
soil conditioner in improving the uptake of fertilisers by plants,
(2) the use of humic acid for preparation of ammonium humate
which can be used as a nitrogeneous fertiliser in place of ammo-
nium sulphate (Crowther and Brencheley, 1936).

A. Preparation of humic acid:

Experimental : Humic acid was prepared from lignite as such
and also from oxidised lignite. A weighed quantity of sample
(about 4 gms.) was heated with 100 ml. of a 2% solution. of sodium
hydroxide for 20 minutes on a water bath. This was filtered and
the residue left was again extracted with fresh sodium hydroxide
solution and filtered. The combined filtrate was acidified with
60 ml. of N. hydrochloric acid when the humic acid precipitates
out. An excess of hydrochloric acid tends to peptise the humic

acids into collodial state. The humic acid was filtered and well_

washed, dried to constant weight at 110°C and the yield calculated
(Chowdhury and Biswas, 1942).

Two methods of oxidation of the lignite were employed.

Method I: Two lots of lignite were spread out in thin layers
in two dishes and were exposed to air, one at a constant tempera-
ture of 100°C and the other 150°C in a thermostatically con-
trolled electric oven for 40 days. The layers were stirred every
day and samples taken out every five days. They were then sub-

jected to alkali extraction as described above and the humic acid

contents were estimated. In Table I are given the results of the
above method. ,
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Method II: In this method, the lignite was subjected to
aerial oxidation in the fluidised state. For this a special column
was designed and constructed. (Fig. I).

FLUDSATION
COLUMN
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Apparatus for oxidising lignite in a fluidised state (Method II)

The column is made of 22 gauge G. L. sheet, 2" square sec-
tion and 2 ft. long. The air is supplied by a #%HP., 2000 r.p.m.
blower whose r.pm. can be controlled. The air is made to pass
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through a heater unit of nichrome wire wound on an insulating

base and enclosed in a 2” square section of G.I tube and attached
to the column by another 2 section of G.L tube of 6” in length,

where the air attains a uniform temperature by mixing. The out-
put of the heater unit can be controlled by a rheostat. Two ther-
mometers are placed, one in the mixing chamber and the other

at the top of the column, Two baffles are put just above the mix= .

ing cl.lamber S0 as to trap any lignite falling into the heater unit.
"I‘he lignite is supported on a 200 mesh sieve cloth which in turn
;S- supported by a %4’ copper plate having %” holes to allow the
Ir to pass through. The column is provided with sight glasses
?ne at the top and the other at the bottom and a sam ling outlet
Is provided at about 1” above the sieve to take samples and when
not. .'.required is closed with a cap. The column is designed to
fluidise about 2 lbs, of lignite and the heater to give air gat tem-

peratures ranging from 80° C to 180°
‘ C. Th i
with absestos-magnesia, " column is laged

About 350 gms. of ligni
. gnite—30 to 50 .
column. The blower was so ad mesh was placed in the

air which would raise the be
of heat is then regulated to g
in one experiment, 125°

justed as to give an amount of
d height by about 1§”, The input
ive the desired temperature (100°C
C in the second ang 150°C in the third).

measured by & wer culated and the volume of air flowing was
€t gas meter. The oxidation was continued for

60 i
hours, samples being taken at 6 hour intervals, Table II gives

the yields obtained i diff
at different tem erat

. u .
durations of oxidation. ° s ond for e
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Results and Discussion :
Table I

Oxidation of Lignite by Method I

% Humic acid content of

Time in Lignite.
days. 110°C 150°C
o 0
5 616 -
10 63-1 6 _
15 646 68'6
20 660 72.8
25 673 76.3
30 685 ;;'6
35 698 806
40 71-0 B

The above results are plotted in Fig. .2.

% Humic acid in lignite.

5 0 15 20 25 30 35 «
Time of Oxidation in days

Fic. 2
Oxidation of Lignite in a Stationary ‘Bed (Method 1).
These show that at 110°C, even though the oxidation 1’1;5‘;‘(’:”“
the humic acid content increases unifo.rmly with ti;ne af?t whi c};
the oxidation is comparatively slight till the 10th a}f er



24 THE MADRAS UNIVERSITY JOURNAL [Vol. XXVI

there is a more rapid increase in the humic acid content upto
about 35 days, but afterwards the process again slows down.
Oxidation at 150°C gives consistently better yields over oxidation
at 110°C. But in view of the long duration required for oxida-

tion even at 150°, this type of oxidation cannot be recommended
for industrial adoption.

Table II
Oxidation of Lignite by Method II

Bed density = 0:36 gm/ml

Air rate =30 c.ft/hr. at 80°F

Time in % Humic acids content of lignite -

hOUI‘S- 100°C 125°C 150°C
0 60-4 60-4 60-4
6 62-8 656 67-2
12 66-2 70-0 79-6
18 68-4 72-2 760
24 69:5 73-4 78-3
30 70-3 74-5 79-6
36 71-1 75-4 80-3
48 12:6 772 81-2
o4 73-2 78-0 815
60 738 78:8 81-8

The results of Table II are plotted in Fig. 3. In the fluidised
oxidation by method II, it can be seen that at 100°C, the oxidation
is slow compared to the higher temperatures, and after an initial
steep increase in the rate of oxidation lasting for 18 hours, the
process becomes slow at longer durations. At 125°C the oxidation
pattern follows that at 100°C except that even after 80 hours, the
oxidation seems to continue at a comparatively high rate. At
150°C, the humic acid content reaches about 80% in about 40 hours
and remains fairly constant afterwards. The main difference be-
tween the oxidation at various temperatures, apart from the gene-
ral increase in humic acid content, is the steep increase in humic
acid content within the first 36 hours of oxidation at the higher

H

temperatures, Generalising from the above data, it van bo re-
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commended that oxidation in a fluidised bed will be the best mode
of oxidation when conducted under the following conditions: — (1)
a temperature of 150°C (2) a duration of 40 hours at a bed density
of 0-36 gm/ml and (3) air rate of 30 c. ft. per hour.

F ~

s

% Humic acid in lignite
% .
e <,

3 5 a1 S0 36 43 48 5160
Time of Oxidation in hours.
Fic. 3
Oxidation of Lignite in a fluidised bed (Method II)

B. Ultimate analysis and equivalent weight of humic acid: —

The ultimate analysis of humic acid obtained from unoxidised
lignite was carried out by the micro methods in the chemistry labo-
ratories of the Presidency College, Madras through the kind co-
Operation of the Professor of Chemistry. For purposes of compari-
Sons the values for the ultimate analysis of humic acid from other
lignites reported by other authors are also given alongside in Table
Ml The nitrogen content of the humic acids obtained by different
methods was also estimated by us by the micro Kjeldahl technique
and the result obtained, irrespective of the mode of preparation of
the humic acid, was 0-98%.

The equivalent weight of humic acid was determined electro-
Metrically using a Beckmann pH meter with a saturated calomel
electrode and glass electrode assembly. The values obtained ranged

‘between 210 to 214, the higher value being characteristic of humic

acids obtained from oxidised lignite (Russel, 1932).
8.4
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Table III

Ultimate analysis of humic acids obtained
from various sources.

Humic acid from

———1

South Arcot German * Indian ¥
Lignite Lignite oxidised coals
Carbon .. 600 % 60% 6915
Hydrogen .. 40 % 4% 313
Nitrogen .. 0:96% 1%
Oxygen .. 35049 35% } 2172

* (Brusset, 1943).
T (Chowdhury and Biswas, 1942).

C. Preparation of ammonium humagte: —

Experimental: —The ammonium salt of the humic acid can be
pl'repared by two methods. Method—I, Humic acid (10 gms) pre-
viously prepared by alkali extraction of lignite or oxidised lignite,
was neutralised with a slight excess of ammonium hydroxide and
after filtration, the filtrate was evaporated to dryness and kept at
100°C until all ammonia was expelled. Method—II, The humic acid
was extracted with ammonium hydroxide as ammonium humate
directly from lignite instead of extracting as sodium humate. For

this 15 gms lots of oxidised lignite (containing about 809 humic '

acid) were mixed with 40 ml of ammonium hydroxide of different
str.e'ngths. Extraction was done both in the cold and in a nearly
boiling solution. The products of method I and II obtained were

analysed both with regard to their ammonia content and their total

nitrogen content by the micro-Kjeldahl technique.

Results and Discussion:

IV and V. The results are tabulated in Tabled

From Table 1V, it is seen that in the method I of ammonium
humate preparation, the nitrogen present as ammonia agrees within
2% of the value calculated on the basis of the equi:ralent weights
of humic acid (6:08%). This value is also nearly equal to that
reported by Waksman (1938). The total nitrogen experimentally

obtained (7-2 to 7:3%) is however difinitely higher than the cal--
culated value obtained by adding together the nitrogen present in
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Table IV

Preparation of ammonium humate from humic acid

Strength of Mode of Nitrogen content

Yield %

am?é?.’“iif)" 0 preparation as Total  as NHj
5N Without heating 928 7-08 5-88
10 N . " 936 7-08 . 59
5N  With heating 98-0 7-18 5-86
10 N Y 936 72 5-92
15 N 996 7-3 5-92

humic acid and the nitrogen present as ammonia. This difference
though small has to be explained. It may be attributed to the pos-
sibility of some nitrogen entering into the constitution of the humic
acid molecule during the ammonia treatment. This view is sup-
ported by the fact that for the more concentrated ammonia solution
and at the higher temperature of treatment where the conditions
are more drastic, the increase in the total nitrogen is still more

appreciable.

Table V
Extraction of ammonium humate from lignite

(Method —II)

pe—

Strength of Nitrogen present

am(T(? n;lal;oln. nggfagin Yield % as Total as NHj
5N  Without heating  11'6 8-2 586
10 N Y ., 12-2 - 82 5:88
5N With heating 232 8-86 59
10 N IR 366 91 596
15N

” ” 43-2 " 93 6-00

—
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In the preparation of ammonium humate by method II it can
be seen from Table V, that the extraction in the cold is not cfficient
since the yield is only 7-9%. of the total humic acid present. Hot
extraction with a recovery upto 659 of the total thnic acid is
obviously more efficient. It is to be expected that pressure extrac-
tion of lignite with ammonia is likely to give a much better vield
in which case this method is bound to prove more economical than
method T which involves two steps and loss of caustic soda. In
method II, the same type of disparity exists, even to a higher degreé,
as in the method I, between the total nitrogen experir;lentally ob-
tained and that calculated on the basis of the valués for the nitro-
gen content of humic acid and the ammonia content of ammonium
humate. This can be explained on the basis that in method I,
since 1t is lignite that comes into contact with ammonium hydroxide,
there is a possibility of greater amount of nitrogen reacting with
the constituents of lignite leading to a higher absorption of nitrogen.

D. Study of the effect of humic acid on plant growth: —

The usefulness of humic acid as a fertiliser was investigated on
fm exploratory basis in a series of pot culture tests.* Th(g follow-
ing layout of pot culture tests was arranged. (a) 4 pots of soil only,
(b) 4 pots of soil with a fertilising solution, (c) 4 pots of soil with
S gms of humic acid, (d) 4 pots of soil with 5 gms of humic acid
and the fertilising solution, (e) 4 pots of soil Wit}l 20 gms of humic

acid fmd (f) 4 pots of soil with 20 gms of humic acid and fertilising
solution.

All the pots contained 500 gms of garden soil of uniform quality
and the fertiliser solution used contained potassium, nitrogen and
ph?sphorus essential for plant growth. 100 seeds ’of mu:ta!‘d of
uniformly good quality were sown in each pot and after 22 days
the weights of each group of plants in each pot were determined.
The dry weight was also obtained by drying at 80°C for 24 hours.
In Table VI are given the results obtained.

* This section of the work was conducted with the kind and enthusiastic
co-operation of Dr. T. S. Sadasivan, Professor of Botany, University of Madras
and with the help of his staff, particularly Dr. C. . Venl,(atram The grat}tude
of the authors to them is hereby acknowledged, ‘
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Table VI

Effect of humic acid and fertilising solution
on plant growth

Conditions of Fresh weight Dry weight

growth (gm) (gm)

1. Soil only 1 6505 04062

(Control) 2 6-200 0-4264

3 6:010 0-4158

4 6-530 0-4228

2. Soil 4 1 7-98 0-4818

fertilising 2 7-550 0-4928

solution. 3 7-792 0-4788

4 7-323 0-5022

3. Soil 4+ 5gms. 1 7-9510 0-4274

humic acid. 2 6-823 0-3988

3 7-526 0-4428

4 7-583 0-4346

4. Soil 4 5 gms 1 9:623 0-5978

humic acid + 2 9-610 0-5898

fertilising 3 9-262 0-6138

solution. 4 9-430 0-6106

5. Soil + 20 gms 1 6-606 0-3568

humic acid. 2 6-021 0-3349

3 6038 0-3048

4 6-28 0-3076

6. Soil + 20 gms 1 10-231 0-5898

humic acid + 2 9:270 0-4926

fertilising 3 10-336 0-6004

solution. 4 9:136 0-4836

—

From Table VI, it can be seen that there is no appreciable in-
Crease in growth with humic acid alone. On the other hand there
Is a noticeable improvement in the uptake of fertiliser and hence
In the quality of the plants, when humic acid and fertilising solution
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were used in combination. Further it is seen that the humic acid’

required for the purpose is only about 1% of the soil.

These observations establish the significant fact that although
humic acid by itself contributes little to plant growth, it plays a
vital role in increasing the uptake of fertilisers by plants and can
therefore find extensive application as a soil conditioner.
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ABSTRACT

The tectonic and structural study of the Chamfmdi granites and
their gneissic environs are dealt with briefly in th'ls paper. A. map
embodying structural features such as mineral .orlentatmn, foliation
planes and joints is prepared along lines enunciated by. Hans Cloos
(described by Balk 1937). The field relations of the different rock
types found in the area are summarised. Megafabric as well as petro._-
fabric diagrams have been prepared. Since it is seen from the fapnc
study, that there is preferred orientation in all the diagrams of granites,
gneisses and migmatites, the rocks are regarded as tectonites.

Introduction :

The paper deals with the tectonic and structural study. of
Chamundi granite and the surrounding gneisses called the Nanjan-
8udu gneiss. The Chamundi granite is regarded by the My§ore
Geological Department as of the same age as Closepet granites.

losepet granite is the name given in Mysore to a band of coarse
grained granites which form a chain of rounded bosses and domes,
running N-S right through the middle of the state for a length of
over 200 miles with an average width of 20 miles. Jayaram (1911)
has described the Closepet granite as a complex of pink and grey
granites with porphyritic, uniform, medium and coarse grained
Members traversed by fine pink and grey pegmatites and aplites all

erived from a granite magma but belonging to different periods
of intrusion and consolidation. It is considered to intrude all the
€arlier formations including Charnockites (Jayaram, 1907). The
Closepet granites contain inclusions of many of the older rock for-
Mations e.g., hornblende granulites, hypersthene granulites, band-
ed magnetite quartzite, garnetiferous quartzités and several types
of crystalline schists. From a detailed study of some exposures of

is granite and its inclusions near Closepet, it is inferred that the
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magma which gave rise to these 8ranites was initially potassic 22
that by contamination w

) .odic
ith older basic rocks it turned highly s°
and later diffirentiateq (Rama Rao, 1949).

ne such, belonging to the Closepet grar:z:
series.  Earlier literature op Chamundi granite is scanty. Bli sor
Foote’s (1900) is the earliest report. He considered it as an © "
granite on which the schists were deposited. Wetherell and Sar
path Iyengar deser

: into
bed it as a mottled syenite boss intrusive 18
the gneisses, Smeeth (1916) consid

ered it to be a granite beloilfe
ing to Closepet age and in jtg isolated occurrence resembled

e O
The economic importance by
ornamental stones has heep touched upon
Laxmana Rao (1935).

sneral
Its structural features such as min€
orientation, foliation and

. e
joints were recorded in keeping with th
Hans Clgos (See Map).

General Geology

The Chamund; hill is situateq bet
76° 42’ ang Lat, 12°

o 40’ and
ween Long. 76° 40’ an
1¥ and 12° 17"
country around Chary

The general level of th.i
undi hills is 2400 feet, above sea level, a“(_l ¥
almost a plain, fairly cultivated land. The Chamundi hill rlsei
abruptly from the plain to 5 height of 3403 feet above sea levé
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at Lalitadri park. This elongated portion runs like a ridge in an
east-west direction.

The rain water falling on this hill flows as a number of small
waler courses down the slope of the hill in all directions from its
top. 'These water courses constitute a radiating set of streams.
These streams form tributaries to bigger streams which flow all
1‘(;und the hills at the bottom, and empty themselves into a number
of tanks.

The rock exposures of Chamundi hills (Refer Map, Babu 1955)
may ceaveniently be grouped as hereunder:

1. Porphyritic granite (Both pink and grey). 2. Coarse grain-
ed grey granite. 3. Coarse grained pink granite. 4. Fine grained
grey granite. 5. Fine grained pink granite. 6. Medium grained
binkigh grey granite. 7. Banded gneiss. 8. Amphibolites. 9.
Hornblende schists. 10. Pegmatites and Aplites.

Field Relations

Porphyritic granites are found mostly at the foot of the hills,
extending only to some distances up into the flanks. There are
pink and grey types present here. The colour mainly depends
upon the colour of the phenocrysts present in the rock. It becomes
exceedingly difficult often to trace gradual passage of one variety
into the other. There are various mixtures of grey and pink
varieties in different proportions. The pink members of the por-
Phyritic granites are intensely crushed. The felspar phenocrysts
(Microcline) are embedded in a coarse grained matrix composed
of felspar, quartz and biotite. The length of the phenocryst varies
from 21” to ¥ length and breadth varies from 2”7 to §”. There
are-also phenocrysts of 3" square. The felspar phenocrysts show
lineation. At places the phenocrysts and mica show platy paral-
lelism or planar structure due to their alignment with their largest
faces in parallel planes. The strike of planar structure is almost
N-s being vertical or dipping at high angles to the west. There
are caught up patches of dark basic material occurring in it as
streaks, patches and lenticles. These basic patches and the por-
vthritic granites are cut across by veins of aplites and pegmatites.

The porphyritic granites pass into coarse grained granites,
Wwith the decrease in the grain size of the phenocrysts of felspar.
Here also we find coarse-grained pink and grey granites. The pink
Mmembers show intense crushing. The pink and grey coarse grained

S. 5
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it is diflic demay
ranites also grade into cach other, and it is dnhcu.IL' tso Coiht up
fhe boundary belween the two. They also oc.cu; :OMSC opaine d
patches in porphyritic graniles. One such. pa‘xtch (;)t e h of
grey granite in grey porphyritic granite is found to
Uttanahalli. | |
- fine grained and medium graine o L ex-

. lh?;:eaf]‘:se grained pink granites are found at the boutgcsets 5
?ne?- of the hills. There are well developed’ pronounce

ension .

. Z {'an]t( S wil 1 th‘) a(] ()llllng
]Olnts n t}lelll Ille COIlta(.l‘, of t}l(‘b(} ¥ y }

- .

coarse graltled gIaIllteS 1S Sharp

-a-
d pinkish grey 8F

. . *on-
and there are no gradational t(;lre,
tacts. The sharp contact probably points to their intrusive na
acts.
and the fine grained texture to the

ir formation from the copsohi‘;
tion of highly acidic residua] liquors deYoid of any volutllir:idst
stituents. These fine grained pink graniteg occur mostly @
gneisses and in contact wit

3 . R st p11SiVe
h amphiboliteg often exhibiting intrus
relationship with the latte

r,

. | is
direction. Itn d
anite in the NE half, a

& small exposype

[ the map amidgt
s. Caught up patepe

nite to the north ¢
contact with the gneig
8ranite are fouuq in pinkigh 8rey granite

NE of the Map at Lalitady p
crude banding

planar structure,

of this pinkish grey gr?n
porphyritic granlte‘ 1'
s of coarse grained PH};
in the exposures to t <
ark.  Pinkigh grey granite sh?‘:'d
Al a few places they also show lineation alth
There are Veins of pegmatites and aplites, bo
grey and pink, oyt he pinkigh grey granites.
The banded

. itic
gneisses are found in contact with the porphyr
granite. The gneisses are foup,

longs away from

the north of th

ting acrosg ¢

> t0

- At places, as for exampltins

© ™Map, the bands are $0 sharp and mineral grathe
€ rock lookg like g flaser gneiss. In a well to

lqui S of schistosity of the original
hornblenge schist of the areq. Caught up patches of Hornblende
schist ang amphibolite in the gneisseg substantiate thig statement:
Pegmatites and apliteg Cut across gl rock formations in .thlS
area. There are tWo typeg of these rocks namely, grey and pink-
only to the grey members of the gra-

. . e
nes to the Pink series. Aplites ar
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cgmatites. The same
: tites, as they cut-acrOés ?Z.gn‘lc;ere are veins .Of
younger than pegma ‘ another evidence, 't’s The pegmatite
can also be proved flOfltqher side by pegr'na“ ‘ 'tion at the centre
aplites bounded on ei srained. The aplite por Aplite veins have
Margin is highly Cotarsde éo;d of mafic min era.lS. qé)d aplites strike
's fine grained and is evinclusions. Pegmatltes-kte EW, ST70° W,
small dioritic patches as In general they Str'lc angles of 40°-50°.
in different direcuons.gtly vertical, some dip at 3 c1 s to the east
NTOW. They are mo}lt of hornblende schist 3 mlsfﬂall belt run-
There is a small bethe village Varuna. It lsifh a width of 2-1
of Chamundi hills near thwards from Varuna Wtrend is also N 3.
hing for over 7 miles n(:r s a small ridge Whose tals of hornblende
furlongs. The band foj‘fm };iv long Prisma?lc Cry%dz by hornblende
The rock is CO‘EPOEiidO s ‘g(,)rdered on either si
and garnet. The bs
gneiss,

Granite

i Is like
i omposed  of .platy mmerj‘ struc-
The rocks are eisent;;l;i ;lat§ Parallehslﬁl 1ort Opli;i: layers,
mica and felspars. T 83; ce (010) lying paralle show a slight
fure, with the largest a‘( osed surfaces felspars taken as linea-
e and there, at thg' i‘cfion. These cannot befelspars exposed
inear trend in a N-S dir f the crystal faces of the tructure. The
tion, as they are only e Z in the plane of platy ied in the por-
on the surface and 1{y 1lr;:,ar phenocrysts are arrzg;zdram Fig. 1.
Sner In WhtiCh tfhéhfrﬁ}zmdi is shown in block diag
phyritic granites o a

Fie. 1

face. Here the
he exposed sur . _
. is the top of t i the vertical sur
el In Flﬁ. 1 A]iSSDal:e apparently linear. On
elspar phenocry.
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Y- N l.isrnatic
porphyritic granite. Lincation is well exhibifed 1)y’1.hc. Emcation
crystals of hornblende to the N and NI (,?f tlrle mj{{-ﬂ{@ 4 dip
pitches to the north at angles {rom 26"-37". The sl

. \ X in block dia-
of the gneisses and the trend of lincation are shown in b
gram in Fig. 4.

F. 4

On the horizontal surface ABCD
gneisses which is N 30°

dips eastwards is shown
plane of foliation itself,

, is shown the strikeh c";
W.  The face of the foliation plane w tlhe
in the vertical plane DCEG. CBEF— l}iom-

where in lie the prismatic crystals O.f,‘ ris-
blende (shown in black dashes). The longest axes of this pthe
matic mineral are oriented parallel to one another, wh.ereasf the
strike of the foliation is N 30° W, the horizontal projection (; 26°.
ineation pitches north at an ang.le 0 ele-
Surface DCEG is perpendicular to lineation, and hence linear

on CBFE
ments  (hornblende needles) appear as dots. Dots
represent galic elements.

lineation ig north, and 1

. all
Gneissic foliationg are found in the low lying regions
around the hill, T the

west of the hill, foliation strikes nc?l"th ;‘II:N
dIbs west at low angles. To the SW of the hil. they steike o
and dip SW a angles ranging from 30°-35°. The northern Ic);int
tion of the area is interesting from the structural and genetic F;un
of view, on account of rapiq variations in the direction and amf the
of strike and dip of the foliation planes. At the very foot 3 dipt
hill near the rifle range the foliation strikes almost E-W an out
at higher angles varying from 50°-80°. The dip is generally e
ward away from the hill, byt ot portions it is inwards into
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in t irection of dip of foliation .planejs

hill. Thig rapid variation in the dirce D e bands in this
indi?ates - ConLoftiorxwl;x;lefi‘ii?eﬂl:g foot of.the hil%t }';m(i taof‘;}zj
borth mag ans al‘Cd‘:ﬂ‘ range, the foliation strikes n01dl or @ tew
degrees o o l‘l L e;c ’of north, and dips a‘.c ant‘,l e Oof more
degrees,to t%m e O‘l '“r/1d soulh east of Lalitadri-Par i, the B
Elan 60;). rl'o e fiijr:l N:S direction dipping etaostt }z::aw e.st. oy
altOI; féi:kcf'lc”els c'Legjx‘e the direction of dlp c)hdnig;sthe B e m
Point | "’lb :mall foldings here and thu‘c.e e e o

e bm“'l al structure. The margin ol th south castern
foo ot o N_'S lfcg'ml?d f‘neral N-S direction, and tbe 3-121 N
iOOt‘;f tli;ezlz;}lV\l’S ;)I:nilgl)sl to the margin of the hill, dipp
rends oo e
again.

folia-
i that the planes of
. description tha : low lying
It is seen from the above iill and in the low ly
. d the hi ; hill
t : isses sweep aroun in of the hi
rleoni of thed gtrfllzltSbtheir strike is parallel to t}}ﬁ’ Hlire?:; strike gene-
atgtﬁnsf ant d away from the foot of thedhls Es,of the region, and
e foot, an E an )
iBDI ast at the N, NE, . . estern
:sllth-S d‘ippmcig :;ittha west at the western an(i. ;;(:tli‘t:;nw
it an .a] pa .
bartg eof“zle::e rigion forming almost a quaquaversa

Joints

di granites indica‘?e.s,

structural map of Chamun i

thatAofSt?}iy ;efvgll"ZI types of structures cllllaé:f’tecilpsé c;: of gran e

odies, joints are more dominant a1.1d we leveloped in the &rs

nitje l',OCks of Chamundi. Though hneatxoxtl ; T

and seen in these rocks, the planar §tx~uc ;he o the.area

Several places trends in a N-S directx(')n. e o o ucture
are resolved by considering their relation to

+ structure.
1. Longitudinal Joints which are parallel to planar s
oo g t 90°.
2. Cross joints which cut the planar structure a

L 15 or IGSb.

d in
. .. very well develope
itudi d diagonal joints are v more
e Ig.‘:;gltt.Udmii{sal:)f Chamundi. These joints afouithfgi joints
lic ro

an 75?/,1) lsf the joints of the area. t};l‘hei ete?ie ;;rte‘:zn of the hill
dippin angles. At the sou e_a . ipping at low
n:)ai ngz‘;ajr(:l‘;vki riad there are flat lying JOl?ts;sflﬁi'ifontal.
angles of Jess than 10° and some of them are alm
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The jointing in the gneisses is nol so regular as in granites.
The joints developed in gneisses are mostly bedding or strike
joints trending in the direction of foliation. At a few places we
find these joints being folded due to buckling of gneisses.

The field observations were checked by analysing the joints 0B
a Schmidt equal area projection.

The planar structure was made to coincide with the vertical
plane through N-S axes. The poles of the joints were then plotted
so that the original geometric relation of the joints to the planaf
structure was maintained. Although 1200 readings of joints were
recorded in the field, it was possible to plot only 750 poles of
joints. The poles were plotted on the southern hemisphere, an

the subsequent point diagram contoured with 1% countet. (Ref-
Fig. 5 and 6.)

oo

.
o
.
.
.
-
«%es o 0
-
.
.
-
.
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The joinis do not show any preferred orientation in any par-
ticular direction. They trend in all directions with a high angle
of dip. The scatter diagram of these joints explains this. The
points which are the poles of the joint planes lie on and very
near the circumference of the projection indicating a high angle
of dip for the majority of these joints.

Plot of 740 Joint pole readings.

In the contour diagram however, four maxima are found two
to the NW and SE of the diagram, and also to the east and west
of the diagram. This means that there are two sets of prominent
joints, one set striking NE because the maxima are at NW-SE of
the diagram. They are the diagonal joints, because they are

S. 6
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roughly 45° to the planar structure. The other set. s:trikes r?‘OI";:
because the maxima is at EW. They are longitudinal joints, becc.lu :
they are parallel to the planar structure. There is also a mm:d
maxima at N-S, corresponding to cross joints striking.east, a
cutting the planar structure at 90°. In the centre of the d-m'gram fvg
find a small minor maxima corresponding to flat lying Jomts. Wltf
low angles of dip. There are also other maxima on either side ¢
planar structure corresponding to minor joints.

Nature of the Joint Surface

The joints developed in the granites of the Chamundi ar;
generally smooth and even. At a few places they are rough an
uneven. Generally they are free from mineral deposition. But
often the joint surfaces are coated with a thin brown film of limo-
nite. Stiriations are absent. Only one case was noticed near
Lalitadri Park, where the joint surfaces are striated.

Movement on the Joints

Longitudinal joints show movemen
veins in granites.
These joints are fill

t by the displacement of
The displacement is not of a high magnitude.
ed in by pegmatites and aplites.

The other set of joints show no movement or displacemef‘t‘
They show only offsetting of one against the other. But the dia-
gonal joints show crushing on either side of the joint plane.

Contact

The contact is not visibl
across the contact were ava
of the hill in 3 nalla we fip
and granite intruding into ¢
contact of the granite with

e in the field, and very few sections
ilable. But at the northern portion
d gneisses passing right into the l}ill
he gneisses. This indicates intrusive
the gneisses. Also in a well at the

sence of a number of hor
confirms this. This intrug
foliation planes in the wa

Il rocks, and especially these foliation
planes are more pronounc

ed in the wall rocks which are more
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basic in composition. The wall rock constituents WhiC}.'l were? o.m-
ginally hornblende schists have now been converted into 'blotlt:
and this platy mineral biotite has facilitated .th.e formatu;n od
foliation planes all along their contact. The foliation plane foun
all round the hill may therefore be taken as tl}e'contact of the
granite with the gneisses represented by the foliation planes,

Veins

The veins are represented mostly by pegmatites an.d apl.t;c:;.
They vary in size from a few inches to' severalhfeet in \:\17‘;1 ere.
Usually they cut across all the rock formations of the arlea. o here
are both pink and grey veins. Pink ones confine only ber}: of
members of the granite, and grey ones to the grey mem.th -
the granite. Evidences of the association of the former wi
latter are wanting.

Aplites : —These occur mainly in porphyritic gran;{fs.f(’i[‘li)ez
vary in width from a few inches to 2-3 feet. They u:trln esyenclose
up the joints, and fill up the joint planes. They son:xe i e
small oriented dioritic patches (Fig. 7). These veins us
across the planar structure.

Fic. 7

B3 aplhit Pegmalile porile palches Mica
Rplile.

Pegmatites : —They are coarsgly crystalline ahggreg.atest v:cf
Quartz and felspar intergrown with each other. T :re zrzome.
types of pegmatites namely grey and pink. The}gll 'fzre o;mins me
times bounding aplites. They are coarse at their ma gs a, and ,
We find development of flakes of mica. Thesff cut :::ﬁs Veif‘s e
and also displace them (Fig. 8). They vary- rom s
big dykes. There are also dilational pegmatites.
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ysts i -phyritic
Felspathic Veins: —The felspar phenocrysls in p(nph’lbwll e
; M " " vy “ M . '1
granites are segregated, tending to formm felspathic veins. o
veins vary in width [rom 27-3”. Grey felspathic veins are a

‘,

Fic, 8
-3 npl;fg Pe'sma’lfe P.G Granile m fgsic Pa’ch.

found along the plancs of schistosity in the hornblende schists.

They seem to be injection veins.  These veins are transected by
another set of veing (Fig. 9 and 10).

Fre. 9
Greranlle. [EEX Falspathic vein. Basic palch
Petrofabric Study
To dete

rmine preferred oricntation in these rocks, Secm.o ne
were cut perpendicular to the planar structure in both granites

and gneisses. The gneiss shows a well banded structure of mafic
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i . irregular
and salic streaks. The granites, however, show only an irregul:
arrangement of the constituents in a plane.

Fre. 11 )
Petrofabric diagram of 200 f;uartz grains.
Contour interval 1% maximum 5%.
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- ThT(;l ep(iesd\fvere plotted in thg lower hemisphere of a schmidt
o s ? ;: mgram. of the gneiss is given in diagram (Fig. 11)-
o v our.maxxma and several minor maxima at the peri-
i}; tery 1WIf aon incomplete “a-c” girdle. The maxima have an
! ax'iva (')1‘}:'15 between each other and one on cither side of the
2o esr bUtlsthco?rtisponds to the quartz pattern maximum II of
pand i954 O1(;n crval bet?veen the maxima there is 90° (Fair-
vals iess t};alx:. Q()o)'h Such diagrams however with angular intev-
it (Sa. d. ave boon vecorded by Sander in schists and
granites on;tert,hl%(),_F"lg. 14, 16 and 17, p. 358). These seem
o 1_3 o the p(‘)smon of the lamellae of quartz. It was seen
e slide of the gneiss studied that most of the quartzes showed

an undulose extinction and
ose were segmented into broad e.
The C-axis in each of the lamellae was plotted broad lamell

e, 12
Petrofabric diagram of 209 quartz grains,
Contour interval 1% maximum 6%

Fic. 14
Petrofabric diagram of 200 quartz grains.

FiG. 13
Petrofabric diagram of 200 quartz grains

Contour interval 1% maximum 4%e.

Contour interval 1% maximum 6%
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p Diagr.ams (Figs. 12 to 14) are of a grey porphyritic granite.
etrofabric diagrams were prepared for all the planes a-c, b-c, and
a-b. The granite in hand specimen is porphyritic with pheno-
Crysts of felspar, which are flow oriented, and the mafic minerals
SWeep round these phenocrysts, sometimes assuming linear trends
and shows a rough planar structure. The relation of these dia-
Ig:ams to the several aspects of granite is shown in sketch in
1g. 15.
Here the central maximum has a cross girdle (a-b) and also
an Incomplete a-c girdle developed. It therefore represents
Maximum VII of Sander (Fairbairn, 1954, p. 10).

Fre. 17
Petrofabric diagram of 200 quartz grains.
Contour interval 1% maximum 11%.

o Diagrams (Figs. 16 and 17) are again a-c diagrams of another
Fic. 16 mrp.hyl‘ltic granite and a migmatite. These also show a single
&Ximum in the centre but the a-b girdles are ill developed,

Petr(c:afabric c%iagram of 200 quartz grains. 8.7
ontour interval 1% maximum 5%. .
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Since there is preferred orientation in all the diagrams studied,
of gneiss, granites and migmatite, the rocks can be classified as
tectonites.
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Methyl Ethyl Ketone Peroxide as an Initiator in the
Polymerization of Methyl Methacrylate
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ABSTRACT

Methyl Ethyl Ketone Peroxide was employed to catals_rse the
Polymerization of methyl methacrylate in the range 65-80°C in bulk
3 well as in solution. From two simple measurements of f)verall
tates and degrees of polymerization under various conditions it was
Possible to evaluate (i) the ratio of the propagation constant to the
termination constant raised to half power (ii) transfer coefficient for
the monomer (iii) transfer coefficient for the catalyst (iv) Fransfer
coefficient for the solvent (v) Rates of initiation ete. The specific rate
transfer constants for the monomer and the catalyst in solution ap-
Peared to differ slightly from those in bulk.

. Methy1 ethyl ketone peroxide (MEKP) has not been exten-
Stvely employed as an initiator of vinyl polymerizations. Vaidhya-
Rathan ang Santappa (1955) and Mahadevan and Santappa
(1955) have briefly reported polymerization of styrene and methyl
acrylate with this catalyst. A systematic investigation of kinetics
Of viny] polymerization with MEKP as initiator was undertaken.
8 ofew results in the polymerization of methylmethacrylate at 65°-

0°C are briefly reported here.

Theoretical : Various rate equations and equations relating
to €grees of polymerizations under a variety of conditions have

“en explained in great detail in the previous publications by San-
PPa et g] (1955). The following relationships which are rele-

Vant to oy present work are being reproduced.

) Cataly’sed overall rate R, is given by

k. T, Ve f4 %M
R— p lea¥ f£[Cat]%[M] — K[Cat]" .. ()

[ktc + ktd]%
W%xere k,, k., and k,, are the rate constants for propagation, ter-
Mination by combination and disproportionation respectively in the
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polymerization of monomer (M), k,, f are the ratc constant for
the spontaneous decomposition of the catalyst (Cat) and catalyst
efficiency respectively. The latter, according to definition by
Matheson (1945) is

k,[M]
(ko [M] + ey}

k, and k, are the rate constants for the initiation and irreversible
association respectively of the primary radicals.

@)

Further, the reciprocal of the degree of polymerization Pa 18
given by

Re [S]

s—— )
K2 [M]3 - [M]

1/P"':AR+C +Ccat
M

Cyu Cas, C are transfer coefficients for monomer, catalyst and
solvent respectively; A is [k, + 2l /k,2[M]2  The third term

. . Cat)
in the R.H.S. of equation (3) may be replaced by C (

cut’

Experimental : Methyl methacrylate, a Rohm and Haas pro”
duct, was purified by repeated distillation in oxygen free nitrogen
under reduced pressure and was always stored in a refrigerator
Methyl ethyl Ketone peroxide was supplied as 60 solution bY
Laporte Chemicals, Details of estimation and purity of the mono”
mer anfi catalyst as well as deaeration of the system are reporte
In previous publications. (Santappa et al)

Polymerization of methyl methacrylate was carried out in @
glass ampoule (8 cms. long and 1 em. diameter) well cleanse
and flamed before use. After deaeration of the monomer catalyst
sy.j;em with nitrogen for about half hour, the ampoule was sealé
f:}r;e rﬁszted in a thermostat bath at the desired temperature t_ﬂ
experimgzer \:I/‘Zs converted to ca. ten percent, found by few trid
N Afts' 3 time for polymerization was usually one to tw(z
o c.h'll dex:war s the ampoule was taken out of the thermosta

llled in- a beaker containing ice. The fused capillary ©
the am.poule was then broken open and the contents were dis’
solved in small quantities of acetone and quantitatively transferré
to a beaker. Addition of methanol precipitated the polymer which
was transferred to a weighed sintered glass crucible, washed with
methanol and dried to a constant weight at 70°C., Fr,om the weight
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of the polymer, rate of monomer disappearance was evaluated. The
degrees of polymerization of the polymers were determined by
Measuring the viscosities of 0-1 percent polymer solutions in ben-
zene in B.S. No. 1 Ostwald Viscometer and using the well known
Staudinger’s relationship n = k[y]%, the values of k=2-8X 108
and o = 1-32 having been determined by Baxendale, Bywater and
Evans for polymethyl methacrylate, (1946).

Results and Discussion :

Percentage conversion against time (Fig. 1) was studied in
the polymerization of methyl methacrylate catalysed by MEKP

20 T T T

v 020
I

10

117 0 20
I

I

% of Polymer Forned

10

10120

B
) /
A

150 180

30 0 90 120
Time i Minutes
Fic. 1, Percentage Polymer formed vs. Time in bulk and in solutions.
cataI}'st concentration were: A’=10—3; A= 10-2; B=5Xx10—2
C =101
Set I Bulk; II Ethyle Acetate; III Benzene; IV A’ and C,
Toluene; IV B and Cj Methyl Ethyl Ketone.
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both in bulk (monomer M 9:Z molar) and in solution (M=-46
molar). It was found that all the lines in the Fig. 1 passed through
origin. This indicated the absence of period of induction and
suitability of the catalyst in the further studies of polymerization.

Employing a hundred fold variation of concentration of MEKP
the.order of reaction with respect to catalyst was studied. As with
radlcgl initiated vinyl polymerizations and in conformity with
equation (1) above, plots of Rate vs (Cat) * were all linear (Fig 2)

10 20

Rate 105

&0

40

20

i\ L
10
[cat]iz 1g2 0 do 40

Fic. 2, R 2 i

e Vir (Cat)% in Bulk at temperatures 65°, 70°, 75 and 80°C

g om below and in solution (4+6 molar).
enzi{r;et, B Ethyl Acetate, C; Toluene D Methyl Ethyl
one at 70°C and C, Toluene at 80°C.

botl.l in bulk and in solution. The ab
ordinates of the plots indicated that ¢
any contribution. The slopes of the
of K X 108 as 0-83, 10, 1:7,2-89 an

sence of any intercept on the
he thermal rate did not make
plots in bulk gave the values
d the values for the constant
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K = 'k’pzikvdf ) 09053 % 10-4, 1-086 3 104, 1:848 X 10~4,
t 2

3:142%10-4 at 65°, 70° and 80°C respectively and K’=1-936103,
€Xp (—9065/RT for temperatures 65° to 70°C and K"::4-43><106,
exp (—16760/RT) for 65-75°C. Values of K X 10° in benzene,
toluene, ethyl acetate and methyl ethyl ketone solvents (M=4-6
molar) at 70° C were 0-3, 0-318, 0-3 and 0-4 respectively and for
toluene K — 2-79 %109 ex (—20440/RT) was found. The values
of activation energy for overall rate thus varied within wide hrr-uts.
A value of ¢a 10 -+ 3 K Cals was reported for the overall activa-
tion energy in bulk by Flory (1937). This value was supported
recently by Umasankar Nandi and S. R. Palit (1955) in the homo-
8eneous polymerization of methyl methacrylate' catalysed by
hy drogen peroxide. The latter authors have given dl\.zergentr
values for overall activation energy in solution polymerization. A
caleulation of the activation energies from values of K by various
uthors given in the paper by Tobalsky (1953) indicat.ed_ the
divergent nature of the values and therefore in our opinion a

great uncertainty appeared to be attached for the accuracy of those
values,

. The relationship between the degree of polymerization and
Tate has been studied both in bulk and in solution in the four
solvents mentioned above. It may be pointed out at the outset
that equation (3) given under theoretical above, generally obeyed
for buli and solution polymerizations though it must be admitted
that methyl ethyl ketone peroxide conformed to the same beha-
Viour g Tertiery Butyl Hydroperoxide and Cumene hydro-
Peroxide, which exhibit certain curvature in the plots of 1/P, vs
tates. From studies of 1/P, vs Rates both in bulk and solution
It was possible to evaluate A (=k:/k,?[M]?), transfer constants
Or monomer, catalysts and solvent. In bulk and at very low con-
Centration, MEKP (~ 10-3) it was presumed that the transfer of
8rowing polymethyl methacrylate chain with the catalyst was
hegligible and from plots of 1/P, vs Rates (Fig. 3) the slopes gave A
nd the intercepts gave C, The A values at 65, 70, 75 and 80°C
Were 1.5 1.92 0.895 and 0-3 respectively. Values of k,/k.*
Obtaineq from A, at 65, 70, 75 and 80°C were 8-87 X 1029-84 % 102
1-62 X 102 and 19-85 X 10—2 respectively and k,/ki% =1-69
X 104 exp (—5112/RT). The C,, values from the intercepts at
85, 70, 75 and 80°C were 2 105, 3% 105, 3310~ and
X 10~ respectively. With C values so obtained two methods
of evaluating C.., values in bulk were conceived. The first method
Was to plot {@smp,) —C_}/R against R at high catalyst concen-
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<2
=
<
el
=

1/Pn X 10%

1 1 1 L e
10 20 30 40 30
Rate 109
Fe. 3. Rate vs. 1/Pn in Bulk at 80°, 75°, 70 and 65°C from beloW
and in solution. A Ethyl Acetate, B Benzene at 70°C.

trations (~ 101 to 10~2) and evaluating Ce: from the slop®
Cut/K2[MP. The second method was to plot { '11,-— AR | against

(Cat)/ (M) and evaluating C., from the slope. Both the methods
gave more or less identical values for C.r. Since small variations
in the slope produced large divergences in the Cuut values by the
first method it was discarded and therefore the second method wWas
resorted to for the accurate evaluation of the constant. The values
for the Ce at 65, 70, 75 and 80°C were all in the neighbourbood
of ~5 X 10~2 showing surprisingly very little variation with ter”
perature. From the values of K and A it was possible to evaluate
by methods described previously (Santappa et al 1955) the rate
of initiation R; in the bulk polymerization of methyl methacrylate
catalysed by MEKP. The values for Ri/cat at 65, 70, 75 and 80°C
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Were 2-08 % 10-6, 2-44 X 108, 5-17 X 10-8, 5 X 10~°¢, respect:lvely
and an activation,energy of ~ 30 Kcals for initiation was obtained;
R/ /cat == 5-608 X 1013 X exp (— 30700/RT) .
Polymerization experiments at 70°C in the four sovients lé i-
cated above were also conducted and all the consfta}r;t’s' ’t{:: ) (:;:
i
CM Cs and R//Cat were evaluated. \.Iallf.es o n e
solvents ranged from 6 to 8 X 10-5 indicating approxima yTh
to 20 per cent decrease of the constant from the bl.llk valufet.h ts
decrease in the value of K’ in solution may be attrlb}lted el e;’ ;
increase in k, or decrease in k, or kdf. Probably increase of ke
and f were pesponsible. B
L~ s & =t

: ) %
&

/Q‘_

010 .

010 | B
o

010 |~ o

30
S —
s b e
m a—
T e o010 t—j_”: —
- .
/
T o T
M/
65 A
10} /
///
{
1
t 1 !
0 2 4 6 8 10

%Sil‘] 103
M] ° Ll
Fio, 4. {(1/P.) — AR} vs. [Cat]/[M] in Bulk at temperatures 65°, 70%,
75° and 80°C and in solution A (Ethylacetate), B (?enzene),
C (Toluene), D Methyl Ethyl Ketone at 70 C. .
Evaluation of A, Ceut, C M values in solution was also possible.

om the slopes of the plots I/P. vs R (Fig. 3) in the four solvents
S.8 .
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at 70°C the A value was ~ 4 and k,/k,": value was ~ 11'9)(10'2’
The values of k,/k in solution appeared 1o be in better agree
ment than these in bulk with the value caleulated from Matheson's
et al (1949) values for k, and k. The A’ values got by plotting
1/Ps vs R/[M]? in solution at different monomer concentrations
was used to plot {—I‘}"— —[‘;Il])”z} against [S]/[M] at constant
[Cat]/[M]. (Method (i) in the Table 1} (Fig. 5) From the

7 t 2 3 4 5
M .h-—_-*"—*—__w_‘ T T 'i

1/Pn

R
M2

Fie. 5. 1/P. vs. R/ [M]? in solution at 70°C A Benzene; B Ethyl

Acetate; C Methyl Eth
’ : yl Ketone; and D Toluene.
(A.bOVe) {(1/Pn) _‘A'R/[M]ﬂ} vs. [S]/[M] at 70°C in B Benzene

F Methyl Ethyl Ketone; G Ethyl Acetate and H Toluene.

slopejs of the linfzar plots values for C, at 70° were evaluated. From
the intercept given by (Cy =+ Cur Cat/M) it was also possible
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1
to evaluate CM and Ce. Alternatively { B AR } vs [Cat]/[M]

at constant [S]/[M] were plotted (Method (ii) Table 1) Ccat was
‘ [S]

8iven by the slope and % Cy T CH\'/H } was furnished by the

intercept_ The values for C. and CM by the two methods did not

differ much, the respective values are for ethylacetate 3:3x10-5, and

2><10“5; for benzene 1:43%10-5, 2%10-5, for toluene 5:5X10—3

and 0, and for methyle ethyle ketone 1-43 X 10—5 and 2 X 10-5.

e values of the transfer constants in the solvents were in the
fxpected order (Sadan Basu, Jyotirindra Nath Sen and Santi
R Palit, 1952). It was seen that C values for all the solvents
St:udied were of the same order. The values for Ce: by method
(i) and (ii) differed, though were of the same order in their powers
?f ten. These differences we felt were within errors accompany-
Ing the graphical evaluations. We further found that method (i)
Tepresented a more accurate and suitable evaluation because con-
stant catalyst concentration was used and (M) was widely varied
and the plots were more linear.

. Values for C, in the solution were found to be generally
Shghtly lower than in bulk for the same concentration of the cata-
lyst. Probably specific rate transfer constant for catalyst might

ave decreased in the presence of solvent molecules.

Table 1

C\
en Ethyl Methylethyl
Methtod Benzene Toluene AcetZte ‘i{efone y

\
() 33x10-3 368%10-3 2:3x10-3 1:96 X103
(ii) 5%10-8 33 X10-% 33x10-3 4 X10-3

e —————

S O

Pn cat M 8 M]
Tate values of [thg slope ‘g’ referred to above. The value of the
S0pe thus determined in ethyl acetate solution was 62-5.

{ With the known values for Cet and C, it was possible to plot

}against R/M2 and get more accu-

With the known K’ value from Rate vs Cat?, the rate of initiation
Vas caleulated, 2K A’ = R//[Cat] = 5311 X 10-7. The value
°F other solvents were also about the same, The low values got
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in solution may be due to the lowering of the rate constant for
the spontaneous decomposition of the catalyst in a mixture of
solvent and monomer or dependence of catalyst efficiency “f’. o
monomer concentration or both.

2
10 b=
9 A
Bl od a
T~
6 |-
5k
L
3
24
41
3
bl
. (M) S -
Monomer 1 i 1 1 1 [
3 3 5 6 7 8 910

2
a Ethyl Acetate

Fic. 6. Rate vs, Mo
lines is 3/2 indicat

@ Benzene O Toluene E‘MEK

momer Concentration on Logarithmic graph-slope of
ing first order reaction with respect to Monomer-

tion Twil:sozjelr Oi the reaction with respect to monomer concentf'a'
constant ca? ‘113 ed by carrying out polymerization at 70°C with
above. Log ;‘ yst 'f‘oncentration in the four solvents mention€
all the sol vs Log M (Fig. 6) were plotted and the slope i
€ solvents was 1-5. 1t could therefore be described that the
reacftlon was of the first order with respect to monomer concel”
tration and the other one half power of monomer concentration

mig};t be explained by the catalyst efficiency, f, being dependent
on 1t,
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ABSTRACT

The complexes of ferric iron with oxalic acid and citric acid
which are active photoinitiators of vinyl polymerization have been
studied spectrophotometrically. Two oxalate complexes have been
detected at a pH ~ 2-5; and it has also been found that one was
dfﬁstroyed by increasing the acidity of the solution. These observa-
tions were confirmed and the formula and stability of the complex
Xisting even at low pH (~ 0'7) were determined. The values of
the equilibrium constant for its formation were evaluated at ionic
Strengths 0-5 and 0-2. The equilibrium constant for the formation
of the citrate also was likewise determined at = 0-2. The extinction
curves for the citrate and oxalate complexes in the ultraviolet were
also drawn,

It has been indicated by Evans and Uri (1949) that the com-
Plexes of ferric iron with oxalic as well as citric acids are active
ph°tosensitizers for vinyl polymerizations. A detailed study of

& kinetics of vinyl polymerizations initiated by these complexes
T®qUires a correct estimation of the light absorption fraction and
Oncentrations of these complexes in solution. Such an estimation
IS possible by a determination of the formula and stability of the
Complexes,

Bobtelsky, Chasson and Klein (1953) were able to detect two
Complexeg Fe3+/Ox and 1Fe3t/3 Ox by the photometric titration
0 Sf)lutions of ferric chloride with sodium oxalate. Since the for-
?atlon of more than one complex has thus been detected, we have
msed, in our study of these complexes spectrophotometrically, Job’s
ane(;hod of variations (1928) modified and extended by Vosburg
of C({oper (1941). Accordingly the optical densities of solutions

“8rric nitrate and oxalic acid (pH ~ 2-5) mixed in the ratios.
*1,1:2 and 1: 3 were measured in the range 250 mu—400my.
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(Fig. 1). It was seen that the 1: 1 mixture had a well defined
maximum at A =290myp. The difference between the observed
extinction at this wavelength and that calculated on the basis of
no reaction between the components wag greatest for this mixture,
thus indicating clearly the formation of a complex in equimolar
proportions of ferric iron and oxalic acid, having a characteristic
maximum absorption at ~ 290 mpu. At other wavelengths, the
largest difference in optical density for the 1: 1 mixture was not
observed due to interference probably of other complexes formed.
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Optical densities of mixtures of Ferric nitrate and Oxalic acid in the ratios
1:1 (curve I), 1:2 (curve II) and 1:3 (curve III), at pH = 2-5 and pH =0
plotted against wavelengths, l
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From measurements of optical densities of the mixtures at
PH=1, and 0-7, it was found that the peaks at 290mu became
sharp with a lowering of pH. All these curves (Fig. 1) were charac-
teristic of the cquimolar ferric oxalate complex which indicated
that the other complexes were gradually destroyed by increasing
acidity, in agrecment with Bobtelsky’s observation. The existence
of a single complex was further confirmed by measuring the optical
densitics of ferric nitrate and oxalic acid solutions in which their
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mole fractions varied from 0-2 to 0-8. The total molar concentra-
tion was kept constant at 10-3 M at o pH .= 0-7 (Table 1a). The
difference between the observed extinction and that calculated' on
the basis of no reaction of the components was plotted agams‘f
[Fe’+]/ ([Fe3+] -~ [Ox]) Fig. 2. The sharpmaxima at the ratio 0°9
over the whole wavelength range studied (280 —400mp) shofﬂed
conclusively that the only complex formed under these conditions
was that in which iron and oxalje acid combined in equimolar
ratios. The experiments with ten times the total molar concentra-
tions i.e., 10=*M gave identical results (Fig. 2) (Table 1b) proving
that 1Fe/1 Ox was the only comple

x formed at higher concentrations
also.

The possible reaction in equimolar ratio is
Fe*t 4+ H,C.,0, :.(FQH,\C:O.;) B L V3 SV ¢
Also,

[Fe Hx C:_.OA;](I»H()‘

log K; —Iog —— = (2—x) log (H")

[Fe?'] [Ox]

where K; is the equilibrium constant for reaction (1) and [Ox]
= [H,C.0,].

The value of x and hence the ioni
by studying the effect of ch
the reaction 1).

¢ state of the complex was found
ange in hydrogen ion concentration on

For a series of solutions of different [H'] the variable term
log [FeOx]/ [Fe3+] [Ox] was plotted against-log [H]. (Fig. 3)-
The value obtained for the slope (2—x) was 2 e, x=0 an
therefore the reaction that takeg place is

Feit + H,C.0, T2 (pe’C,0.2-)¢  L2H*
[FeOx]/ [Fe3t] [Ox] was evaly

ated by using thiocyanate as indi-
cator for ferric ions at e

quilibrium. Extinction measurements of
the solutions containing [Fe (NO,),] = 9-5 x 10—4m, [H.C.04]
= 10™°m [KSCN] = 10-3m apg of varying concentrations f
[HNO;] (0'18“0’26M) all adjusted to an ionic strength (1) =05
were made at A = 520mp at which the absorption due to all other

[N
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25

5 J
re—

18 o

— by

L —

k| o

— Eﬁ ]
1)
=

375

3 o " 07 08
~log [H+]
log [Fe0x] plotted against — log{H+]
S
{Fel [Ox]

Fic. 3 .
i arison,
The theoretical curve for slope =1 is also shown for comp

. . ca-
Species except FeSCN+ was utterly negligible. If D is the m

i SCN'+ j molar extinction coefficient
Sured optical density and e?; is the

of FeSCN++ at 520 my, then,

Dj20

—_———
cFeSCN++
520

and [SCN-] = [KSCN] — [FeSCN++]

— [FeSCN++]

SCN++
o [Fery = [Ife[Sc’“-*]

e
A p=0.5 for Fedt 4 SCN- —— FeSCN++ 2)

where K. is the equilibrium constant
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correcting for hydrolysis of ferric ions,
[Fe* 1K |
[Fed* OH-] = ——[T{T where K i is the equilibrium con-

= [Fe(NOy) 3] — {[Fe] |- [FeSCN ' 1] - [FeOH! t1} and unre-
acted oxalic acid [Ox] — [H.C,0,] — [FeOx]

FeOx] [HH]2
Thus K, = [
us K, WX_] can be calculated easily.

stant at 4 =0-5 for Fe’l 4- OH- Fe3tOH-. Then [FeOX]

The values of I{12 and gFeSCN+
520

have b ated by
Frank and Oswalt (1947). e been evaluate

‘ In reaction (2), if ‘@’ and ‘b’ are the
concentrations of Fet and SCN-—

of FeSCN++ formed, ignoring

complexes are formed,

» and x is the actual concentration
hydrolysis and ag long as no other

) 1
le. Xg“ (a—l—b+—1€—) X+ﬂb’—‘-:0;

ie, X = 1
1
a+b+‘K‘2 (a+b+—1§?)2

!

ab (ab)2
+

)

F .
.ox}'l the': experiments reported, the second and higher terms on the
:lllg t Sllde. of (3) can be neglected. It DA is the optical density of
e sols
solution, and e\ the molar extinction coefficient of FeSCN*y

then,
thskx:g ab 1
a-tb4
+K-_.
ab 1
1€, — = __ 1
DA € (a+b) ’]L g . (4)
l e K

A 2

Table 2 (a)

525 mpu
D — X108

500 mu
ab
X 108
D

D

460 mpy

D —— X108

X 108

ab

440 mpu

D

400 mu
ab
X 106
D

D

[KSCN]
m/1
(b)

m,’/
(a)

m/1

[HC10,][Fe3+]

2-041 0-15 2-00 0-112 2:69 0-078 3-816

2:335
2-50

0-073 4-11 0-147

0-003

0-001
0-002
0-003

0-5

2-157 0-206 2-905 0-139 431

0-278

0-257

4-688

0-128

”

”

2°436 0-275 3-278 0-196 4-591

2-715

0-367

0-360
0-417

0-179 5-027
5-713
5-815
7-416

”

”

0-227 5283
0-215

3-61

0-332

0-442

2-878
3-011
3-84

0-004 » 0-210

0-005
0-008

b2)

0390 385 5455

2-846

0-527

0-498

0-258

3]

*»

6-976

3-344

3-648 0505 4-75

0-638

0-625

0-321

121

»

Table 2 (b)

540
1650

525

2200

500
3200

480
4000

460

4400

440
4150

400 420
2100 3250

380

Amp
£ FeSCN++ 1200

132-2 136-8 137-7 133-8 1389 137-4 1377 134-7

138-9

K,

Mean K, = 1364
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Hence for various valucs ‘@’ and ‘b, ab/D ploticd ugainst Sa’i’,‘l;)t
should give, if FeSCN1* is the only complex forined, a straigh?

line with the slope and the intercept

& e K

A L2
Frank and Oswalt have obtained by the above metho_d
EF;;%CNH = 2100 and K\Z = 136-2 -+ 1-9. Repeating thelr

< t
experiments we have been able to reproduce the value of Kz '?;e
differ slightly in our value of e oSCN' which is 2375.

. o
data are given in Tables 2 a and b and typical plots of ab/D agains

et
(a 4 b) in Fig. 4; and our extinction coefficient curve for FeSCN
in Fig. 5.

X 106

ab
D

1 L A N N N . R . N 4___5
0 1 2 3 4 5 8 7 8
(2 4b) x 103
Fic. 4

e
ab/D X 108 plotted against (a4 b)103 for FeSCN++; the wavelengths

indicated above the lines.
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r— ™ T—

(A;8) 5000 |
€1000

(4B) 4000 |
i C800

(4,B)3000
C600

(A,B) 200
C400

{A.B) 1000
€200

hN

~—eq

(AB;cy g . . . \ . L
" ° 560 380 400 420
A,C) 260 : 200 320 340 36
( B) ﬁg 333 420 440 460 480 500 520 540
hmy
Fre. 5

FeCo A
~ The molar extinction co-efficients ¢ of the complexes (FeC204)+ (curve A)

FeSCN++ (curve B) and FeHCitr)+ (curve C) plotted against wavelengths.

d, our own value
In our calculations of K, above, we harve used,
2315 for e‘s'gg‘:““ and 136-2 for K2 The values of KH at

lonie strengths 0-5, (= 0-5702 X 10-%), and at 0:2, (= 076 X

=) (useil later) vs(/ere calculated from Rabmo_vmtght }':md iSt;)f:i;
Jayer's (1942) results. Mean value of K; obtaine u;I f_ 12
X 102 (Taple 3). Since we are using ﬂ.le c.omplexdat P &_ i
le, [H+] = 0-2 to photoinitiate polymerizations under 1nt'a (;atx i
With monochromatic light (A = 365 myp) it was necessary ; etix"
Mine the value of K atu=02 and eFeO% at 365myu. For this

S0
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purpose the optical density D at 365 mp of the complex at u = 0-5
was measured. The concentration of the complex being knowp
in this solution, D/[FeOx] gave eﬁté)x since absorption by
other species in the solution used was negligible. Hence the COT'“
centration of the complex in a solution of ionic strength 0-2 is
easily calculated from its optical density at 365 wmy. Similar
measurements at 380mp and 400 mu yiclded values closely ag.ree-
ing among themselves for [FeOx] at pu == 0-2. The concentrations
of the other species in this solution are caleulated as indicated be
fore and K, at u == 0-2 is then computed. (Table 4).

Optical densities were measured at lower wavelengths upto
270 mp of (FeOx) solutions at W= 0-2. These were corrected for
absorption by the unreacted ferric ions and oxalic acid which had
to be taken into account at these lower wavelengths. The cor
rections were calculated from measured extinetion of 10—3M feryi¢
nitrate and 10-3M oxalic acid in the prescnce of 0-2M HNO;. (Table
la). From the corrected values of optical density the molar €%

tinction coefficients at different wavelengths were then calculate
for (FeOx) and plotted in Fig, (5).

. Similarly citrie acid and ferric ions react in equimolar propor”
tions to form the complex (FeHCity) +,
by Lanford and Quine

brium constant for t

sponding value is 2200. Hence though the
density measured by Lanford and Quinan wer¢
. oduced in our data, the value of K, at p= 10
obtained by us (1955) was 1-2. The extinction coefficient of the fer-

ric citrate complex (Fig. 5) and Ky at 1==0-2 were calculated a8
for the oxalate complex. (Tables 5 3 & b).

values of the optical
almost exactly repr

A noteworthy feature of the results obtained was that since We
calculated molay extinction coefficients of the oxalate and citraté
complexes from measured optical densities which were unaffected
by the value of gFescn.. We used, any change in the calculate
con%erggxl;ation of the complexes due to employing different values
of eFeSCN++ (o followed by a proportionate change in the molar

remained relatively unaffected,

10-3m 1
2-160

[KSCN]
Ky
2-252
2-162
2-054

1
mean ks

2om,

2833 u=202

5 X 10—
x 10—3

m/1

= 1-0 adjusted by NaNO;; [Hjcitr]

[(H.Citr]
4-7597 % 10-3
4-8021 % 10-3

(Fe?~]=10-%m1,
4-G82

[Fe3+]
m/1
6-787 X 10—+
7-567 X 10—+
7-991 x 10—+

Table 5 (b)

Table 5 (a)
[Fe(NO3)3] =10~ m/l; [Hycitr] =5 X 10~ m/I; ¢ FeHitr+

1-212
1-284

027
[FeHctr]+
m,/1
3-180 ¥ 10—+
2:403 3 10—
1-979 % 10—+

0-182
-09
-068
056

Dses

0-186
0-183

m/1
‘15
-18
-200

HNO;

m/1
014
0-15

HNO;
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Experimental;

i i ardiend noainst
Ferric Nitrate was a E. Moerck product, standardised aga
potassium permanganate after reduction with Snel,.

KSCN was of B.D.H (AR) varicty standardised against silve
nitrate using fluorcscein ag indicator,

Cxalic and eitrie acids were also B, D, 1L (AR.) products;
standard solutions were made by exact weighing and checked up
by volumetric titrations,

NaNO;, also B.D.H. (AR.) product was used in adjusting the
lonic strengths.

Optical density measurements were made in a Beckmann
model D.U,. Spectrophotometer using matched corex cells for

the visible and silica cells for the ultraviolet region, at room tem-
perature, 27°¢,
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Rates of Initiation and Chain Transfer Const:i\;lts in the
Polymerization of Methyl Acrylate

BY

V. MAHADEVAN AND SANTAPPA,

Physical Chemistry Labomtoo‘g%
University of Madras, Madras-23.

956
(Reccived for publication on February 13, 1956)

ABSTRACT cc
te at 60°
A study of the bulk polymerization of methyl 1afrr yizibiscyclo—
o 80°éuwyith 2.2 Azobisisobutyronitrile, (A%SZ’ (i{nOz), Benzoyl
hexanecarponitile. (11Az0) o tone peroxide (MEKP) in 20
- ethyl ethy tes of (a)

Peroxide (Bz,0.), and Me . has been made. Rate
te as a diluent, . tants for the

f)rflilact’igt e(:;]yi)o?;leﬁ‘tlzr(i}zation, (b) chain transfer constan
T

mo . -
tbe (.'lt'dlyst ha e been d Iua ed. Cataly cles
omer an(l *a ) \Y eva t st e “(:]en

ization of methyl acry-
have been calculated. Certain aspects polymerization

hacrylate.
late have been compared with styrenc and methyl methacry - )
and M. Santapp:
In our previous publications (V. Ma}}ade;/fa I;nethyl acrylate at
1955), the general nature of p‘)lymerl%ano(;l r cent ethyl acetate
5500 ’to 750\(3{ using various initiators in 9 pere ted. The cata-
as a diluent ai}d a non-transfering solvent Yasth 1pketone peroxide,
YSts tried were Benzoyl peroxide, .Methy el i dro peroxide. A
Ditertiary butyl peroxide and Tertiary bu‘cy‘e :lso Hoticed under
Small thermal rate and auto accele}:atlon W: 1 results of polymeri-
ot os iee this paper,

e e 1€ conditions. In X . al rate and
zationxr\f;:}rln;gt?)ler cent ethyl acetate in ‘Z?C:r;h:xrted. Azo,

. . tely suppressed, are rep
au;xo a;;@loeratllgonoa lenfiorhr;linP 3}llave been used as mltlat:rsf. f:a:}:

20 -0, z.Us a ; tants o
Vo E Ty e ‘o f transfer cons !
of initint] lymerization, rates ° late radi-
monc)lr:i?o;ngfcfﬁ,ﬂ;qts with the growmf.g, pzl}?ymet?;,tl:;:riave been
creioe . : or these

cal chain . the activation energles . n rates has

eValu};?:cll 'lr'll('ihe decpendence of monomer concentration o

i ies.
®en studied and correlated to catalyst efficienc has already been
The theoretical scheme relevanthto o Wo{‘l; lil’Isaiadevan and
. ers .
8iven ; the series of the pap . is paper,
.eSnarllrtlach fli;;tS)Of F((jr the sake of understar.ldm}%i osf ﬂ’,lll‘;f tI;tal
we reprogﬁcp below the three important relationships.

Overall rate R, is given by
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R,,t = Rplh 4+ Rp ~ Rp - [kp (kd/) "/'“'/ (ku: - klzl) %]M[Cat] &
=KM[Cat]% N ¢Y

where R, is thermal rate and R, represents catalysed rate. Kp
Kie, kt, ks represent the specific rate constants for propogation,
termination by combination, termination by disproportionation an
specific rate constant for spontancous decomposition of the catalyst

[Cat] respectively; f is catalyst efficiency and M represents mono-
mer concentration.

The second relationship connecting reciprocal degree of poly-
merization 1/P, and various rates of polymer formation by transfer
with monomer CM and rate of polymer formation by transfer with
catalyst C..; is given by

1/Pn= (ktec + 2ktd) Rp/KpM? + CM - C,,[ (Cat]/ (M) ]

| (2-a
1/Pu= ARp/M2 4 CM 4+ C, [cat) / (M) ] .. (2b)
1/Py= ARp -+ CM + C.y([ (cat) / (M) ] (@0

It is easy to deduce the rate of initiation of polymerization Ri a5
Ri (1+x) /feat] = Ri/[cat]= 2kdf (1 4 x) = 2K2A’
where x = k,/ (g + k). )

From the two simple measurements of overall rates of polymeriza-
tion and degrees of polymerization at these overall rates, rates ©
Initiation, rate of transfer with monomer and rate of transfer with
catalyst have been evaluated. With the known values of ks a8
approximate value of catalyst efficiency and therefore the relative
Importance of the type of termination reaction has been arrived at-

Experimental: The method of purification and estimation of
the monomer and the catalysts Bz,O, and MEKP were the same
as reported previously (V. Mahadevan and M. Santappa 1955)-
Thfe catalysts Azo and HAzo have been prepared by the method of
Thiele and Heuser (1896) as adapted by C. G. Overberger etal
(1949). The general scheme of the reaction is as follows:

R R/CN CN R

C= ) N, T
CH>3 O+ H,N— NH, 4 CN X —NH— NH - C<
cHy CHs
R CN CN Rr
— \C/-— N=N 4
. =N- C\ 4+ 2HBr.
CH, CH;
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where R stands for any alkyl or aromatic group except in the case
f’f ¢yclohexanone where the whole group composed of R and CHj
'S replaced by the cyclohexylring. The appropriate quantities of
e ketone, hydrazine sulphate and sodium cyanide in water were
shaken fo; two days and the substituted hydrazine compound oh-
tained, was purified. This was then oxidised with a solution of bro-
mine in yhsolute ethyl aleohol (4 gms in 100 cc). The hydrazine
fompound was dissolved in cthanol saturated with pure dry HCL
he bromine solution was added till absorption of bromine became
Very slow. The mixture was then poured into a large volume of
Iee water and the precipitated Azo-compound filtered and purified
Y repeated reerystallisation.

90
80
70

GOt O/
501 -
B

404
¢
J0¢

Rate X 105 moles litre second
b e oD

s

[~

H P 34 576 78910 20 30 40
[M] mole/litre

Fig, L Plot A gives the relationship between log R, and log M in the
Roly Merization of methyl acrylate with Bz:O: as initiator at 60°C in ethyl
Acetate solution. The values are plotted on the Loga.rit‘h‘mic Scale.
Plot B gives the same relationship with Azo as initiator .
at 70°C in ethyl acetate.

‘The standard solution of H,O: in ethyl acetate was prepared

Y shaking B.D.H. H,0, (~ 60 vols.) in water, with pure AR

Sthy] acetate, extracting the ethyl acetate layer, drying it over
S 1
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anhydrous sedium sulphate, and estimating the H,O. content by
iodometry. This solution was then diluted to the required strength.

The details about the method of carrying out the polymers
zation experiments and evaluating the overall rates and degrees O
polymerization have been dealt with in the previous publication
(V. Mahadevan and M. Santappa 1955).

F,G,H,1 40 -

F,G,H,j 20

F,GH1 0

AB 120 |
C,D,E 60

Rate X 105 moles/litre/second
Rate x 105

A,B 40}
C.DJE 20

0

A .B 2 4 . 2

6 8 10
C,D,E 10 20 50 60
F,G,H1 ‘

A.. B {eat]lzz 1p2, C,D,E,F, G H,1 {cat]/2,103

Fic. I Plots A & B give the relationship between R, and (Cat)% in t:,hé
polymerization of methyl acrylate with HAzo as initiator at 70°C and
respectively, with a 20 per cent solution of the monomer in ethyl acetafg
Plots C, D & E give the same relationship with Azo as initiator at 60°C, 70 1
and 80°C respectively, with a 20 per cent solution of the monomer in ethy
acetate, d
Plots F & G give the same relationship with HyO, as initiator at 70°C 8%
80°C respectively at the same monomer concentration.
Plots H & I refer to Bz,02 as initiator at 60°C and 70°C respectively at the
same monomer concentration,

Table 1

Rates of Initiation and Chain Transfer Constants in the Polymerization of Methyl Acrylate

C cat

Ri’/ (Cat)

Temp.

Catalyst

2-48

1-94

1-21
2'692 x 10-8

exp

3
3
2

3-182 X 10—
6-046 X 10—
11-35 % 10-2
3-981 X 108

1 .
exp

60°C
70°C
80°C

Azo

(4583/RT)

exp

(-18330/RT)

exp

(-26200/RT)

exp

(9154/RT)

(-17100/RT)

—5
1g—>

X 10
X 10

22
24
-182
exp

8 X103
30548 x 108

4 w10-3
exp

32 X10-¢
716 X 10—%
1:096 < 1012

909 X 10—
1-728 x 10-3
4-365 < 108

exp

70°C
8¢°C

HAzo

1-936
1-2
2-864 X 10—

exp

(-17190/RT) (-4583/RT)

(-27500/RT)

exp

(9154/RT)

(-18310/RT)

10-75

"o

O_
0__

X 1
X1

83
10-75

6-579 X 10-3
1-921 X 10—2

3-998 x 10-5
10-:8 X 10-5

7-259
1-5385 % 10—8

exp

1-363 < 10-3
2-728 X 10—3
6457 X 108

(-6875/RT)

1-991
exp

2-188 % 1015
(-27500/RT)

exp

1-479 X 1011
(-24400/RT)

exp

(9154/RT)

(-18310/RT)

exp

70°C
80°C

H:02




Table 3
CM Values as obtained from the intercepts of the I/Pn vs. Rp Plot as well as [ (1/Pn) — ARp] vs. [Cat]/[M] Plot

Catalyst

22 molar

33 molar

Temp

2-182 % 10—3

2-419

(a)

60°C

2

BZ')O

(b)
(c)

w1 s o

[
oo
"‘HHS

XX KX

70°C

=

O Y

[{oNorkte)

‘/"/4 /'\

s
s
D
M~
ol I el s e
SLLL LLL!
[ ]
EEEENEEETE
7/
10 QO
10 QD A 3
O H e

65°C

MEKP

75°C

Ol=
Rem™ A e o1 e 1=
D0 B O 1017 ¢4 © i< A1 o0 [= i3 A O
—H®o oo

26 K cals for rate of initiation with all these catalysts.
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Results and Discussions:

Polymerization conditions with 20 per cent methyl acrylate

monomer in ethyl acetate solution were ideal inasmuch as the
thermal rate and the phase of autoacceleration were totally absent.
With Bz.0, as well as Azo as catalysts, it was found (Fig. I) that
the rate was dependent on 3/2 powers of monomer concentration.

is indicated that the catalyst cfficiencies in these cases were

dependent upon monomer concentration.

Polymerization experiments were conducted with the catalysts
HAZO» Azo, H,0., Bz,0., and MEKP at temperatures ranging from
80°C o 80°C. Plots of Rate vs. (Cat)* (Fig. II) with all these
catalysts were lincar and passed through the origin which indicated
the absence of any superimposing or disturbing reactions,, The
slope of each plot gave KM (Eqn 1) from which K values were
evaluated. These values at various temperatures with the various
Catalysts with their exponential forms appear in Tables 1 and 2.
s for K would give a value of ~
The value
If Matheson’s frequency fac-
d k¢ (~ 1010) are taken

would be obtained for

D activation energy of ~ 18 K cal

or the frequency factor was ~ 108
jCOrs (Matheson etal 1951) for k, (~ 10%) an
Into account, a frequency factor of ~ 1010
Initiation.

rsus overall rates (Fig.

Reciprocal degrees of polymerization ve
lymerization of methyl

At F) were plotted after conducting po
acrylate with all the abovementioned catalysts. From the equa-
Fions (2—a to 2—c) in the theoretical section it is obvious that the
Intercepts on the ordinates of these plots represent the rates of
transfer of the polymethylacrylate radical chain with a monomer
mMolecule (CM, Method 1). It was found that such a transfer did
take place. Tt could be concluded that the specific rate of transfer
With' monomer was approximately 10~5 times as efficient as for
Propogation. Transfer with the monomer was highest when HAzo
Was the catalyst and lowest when TBHP was used (Table 3). From
e slopes of the plots in Fig. III, A’ values were evaluated. These
Za;ues with their exponential forms are to be found in Tables 1
nd 2,
Using Matheson’s values for k= 2000 and 2 ke = -85 X 107 lin
2k

the Polymerization of methyl acrylate, a value of 2-125 for A= T2
n

2t 80°C  could be obtained. Our values with Azo, and



Table 3
CM Values as obtained from the intercepts of the I/Pn vs. Rp Plot as well as [(1/Pn) — ARp] vs. [Cat]/[M] Plot

Intercept of /
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: ively, A
Bz,0, at this temperature were 2°48 and 2-41 r-et;pepil:egAzo
value of ~ 1-9 for A’ at 70°C was also observedl w1.th 2o, HAzo
and Bz,0,. Widc variation in the values of A W11955)_ r;mam
other catalysts (V. Mahadevan and M. Santappa

FGyo

D E 49
FG20

FGo|
ABCsp

ABCu

1/P. X 105

ABC3
DE 20

ABC 20}

ABCI10}

¢ L

20 23

A.D % 5 10 15 2
‘ 'c 10 20 30 40 N
?‘u 10

Rate X 105 moles/litre/second

Fie. 1, Plots A, B & C give the relationship 1/P» vs. R, with Azo as
initiator ’at 60°C, 70°C and 80°C (22 molar monomer).

Plots D & E refer to the same relationship with HAzo at 70°C and 80°C
respectively at the same monomer concentration.

Plots F & G refer to HoO2 at 70°C and 80°C respectively.

inexIJliCable at present. An activation energy of ~ 9 K cals ‘for
v i i ] al. Fig. IV (Plots A, B, C
" Was obtained and it was quite norm - A, B, C
D) represents variation of A’ with temperature w ,

Bzzoz, DTBP and MEKP were used as catalysts.
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Making use of the slopes in the Figures 11 and 111, it was pos*
sible to evaluate rates of initiation of polymerization with all the
catalysts under consideration at 60°C to 80°C (lign. 3). The
R’/[Cat] values at 70"C with Azo, HAzo, Bz.0. and H.O. were
14-18 31075, 3-2 X105, 5-12 < 165 and 3-99 < 105 respec
tively which indicated that Azo and Bz,0. were the most cfficient
initiators. Further, it was found that our values for rale of initia-
tion of methyl acrylate with Azo were much higher than the values

1 othaervl , . oy /
with methyl methacrylate and styrene, the values being 5023 X

log A’ X 10

2:93 30
[1/T7 % 103

Fic. IV. Plot A log A’ vs. 1/T with Azo.

Plot B log A’ vs. 1/T with Bzo0..

Plot C log A’ vs. 1/T with DTBP.

Plot D log A’ vs. 1/T with MEKP.
10,148 X 105 and 1-77 X 105 respectively at 60°C (TobolskY
and coworkers 1952 and 1953). This was in agreement with the
finding by Arnett and Peterson (1952) that the rate of initiatic?
depended upon the monomer used and not the same as had be?”
claimed by Tobolsky and Baysal (1953). Variation of rate ©
initiation with temperature with the catalysts DTBP, MEKP’
Bz,0, and Azo are given in Fig. V. Values of initiation at Vario.us
temperatures with the various catalysts with their exponenb?
forms are given in Tables 1 and 2.
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The specific rate constants for the spontaneous decompOSIth\n
of the catalysts (ki) Azo (-0001533 X sec™?) and HAzo (47X
10~%) (F. M. Lewis and M. S. Matheson 1949) being known, it was
Possible to caleulate the catalyst cfficiencies (F) in bOt.h these cases
(Eqn, 3). A catalyst efficiency of nearly 1 was obtained for Azo

ACD 1 e

AU D=4
B — al

~
R
0
—
~N
g ACD-5
o
o
-~

B~ 4

ACD=4

}J — f]

23 o, 59 2+95 300 3:05 1
200 2

[1/T] X 103
Fie, V. Plots A, B, C & D refer to the variatior} of R"/[C
When DTBP, BZ‘_Y.O2 MEKP and Azo respectively were
and approximately -8 for HAzo. From these val
3 though that termination by combination was mo
N meth sizati nd the monomer co
vl acrylate polymerization a R
fnethyl methacrylate rather than styrene in the type of termination
in :
% 1ts polymerization.

Values of [(1/Pn)—AR,] were plotted against [Cat]/[M]
(B, 2—c) and from the slope and the intercept,of‘ these plots
]W °Te evaluated rates of transfer of the chain radical w1tl} the cata-
vst eat and with monomer C (MethOd 2) rESpectlver. Ccnt
va l.les f()r all the Catalysts were ~ 10'2 to 10—3- These Yalues Wlth

®Ir exponential forms for all the catalysts are given in Tables 1
. 12

at] with temperature
used us initiators.

ues, it appeared
re predominant
nformed to
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and 2. It was interesting to observe that in all cases catalyst was

more efficient by hundred to thousand times than monomer for
transfer. Further, wherever transfer was more efficient with cat®”
lyst, transfer with monomer in the same reaction was comp«?\fably
less efficient. :

Sl

X g
- —3—13 ! <

|k T

. .

é e
) . "

10F !
n___—-—n—f—(“"’/J
X X x-

At G 10 20 30 ad 50
H, I 4 8 12 16 20
. Ate G ([Cat]/[M]) X 105; H & I (Cat/M)104
mmthVI 1All t}}e l?lots give the variation of {(1/P.) — AR,] with [cat]/[M]'
€ polymerization of methyl acrylate with a 20 per cent solution in @ ¥
- acetate.
P]:)ts A & B refer to Bz,0q at 60°C and 70°C,
ts C & D refer to H20: at 70°C and 80°C.

Fpl& G refer to Azo at 60°C, 70°C and 80°C respectively-
ots H & I refer to HAzo at 70°C and 80°C.

Plots E,

The C, values evaluated by the methods (1 and 2) indicated
above are compared in Table 3. It was found that the values dif-
ffered very little when either of the methods was used for calculs’
tll"lg this quantity. It was further found that the values of K, A :
R//[cat], Cet and Cy differed very little when either 5+5 Mol

monomer or 22 molar monomer was used for polymerisation. The#?

at 70°C
Ref. 8
Ref. 13

at 70°C

X 10—6
5:909 X 10—¢

(b) 1085
1:086 X 10—¢

(b) 103-3

(c)

7-698 X 10—2
2
5
2

1-447 < 103

7-563
5-733 X 10—5

MEKP

18
(d) 21714 X 10—2

(c) 1068 X 10—6
(e) No data

(a)
(b)
(c)
(d)
(e)
[(a)
(a)
(d)
(e)

at 80:3°C
Ref. 4
at 77°C

Ref. 4

29 X 10—¢

No data
557 X 10—8

1-08 X 107
(d) No data

Table 4
HAzo
399
No data
No data
No data

()
(c)
(d)
(e)
(a)
(b)
(c)
(e)

at 60°C
Ref. 4

|

X10-5 J

e P e P ey

(a) K, (b) A, (c) Ri/(Cat), (d) C e, () CM

48 X 10-5 %

Azo

Rates of Initiation in the Polymerization of Methyl Acrylate, Methyl Methacrylate and Styrene

methacrylate

Styrene
Methyl

Monomer
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. iven in
various values for the catalysts Bz,0, and MEKP are given i
Table 2. All these values [op methyl

acrylate with Azo, HAzo al}(d
MEKP are also compared with the values for methyl methacrylate

and styrene polymerizations with the same catalysts  (Table 4).
From a glance at thege values, it is o)
conforms to the other norm
of its abnormal tend

; . e
vious that methyl acrykff;
P . - 1 e
al monomers for polymerization in sp
eney for autoaceeleration,
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ABSTRACT

i he “Char-
In this paper is presented a detglled hma}:s (;ioflaid' o
Nockite Series” of the type area of Sir T omma1 Tolland,  Ihe
Structural elements have been evaluated and the n;z;ists o e it
ships of the rock types indicated. "I’he area coberS of peammitic
pelitie, semi-pelitic, calcareous and igneous memhi s which bad at-
tained earlier the sillimanite grade of .metamorp SRe.gresgive meta-
morphosed rocks have been later sub]ected‘ to a = men;ber Meta-
Morphism, by the intrusion of the charnockite (ac
“Charnockite Series' of Sir Thomas Holland).

INTRODUCTION

An interesting suite of rocks called Charnocl;}tles :75?113[ Ofirgz
found in full variety by Sir Thomas Holland at %tM dc;m > Mount
and Pallayaram which are about 10 miles south of Ma ks.ltses g have
Since come to he regarded as the type area (?f char rzofc le t-hrough-
QUently he found occurrences of these rocks in grea dorcf arough-
out South India, and laid the fonér;dfltigrfs ffgogheRsat; g};p(; (1916

tes in his classical Memoir published in : oo Ee o
o e e o B
of the £ ites of St. Thomas’ Mount; : :
(1954) ;};gﬁi (1955) made unique contributions to t}lrlxe mm;;?;
°8Y of Charnockites. Though important aspects of ttl}e c ;rrézgamh
Tocks of the type area have been engaging the attention 1o T e
Workers from time to time, it has to be noted. that a geo oglc? : folz
ad stryetyral map of this important area, which are so es}ien 1abeen
2 closep understahding of the problem of Charnockites, fave >
acking up-to-date. To supply the long felt want, therefore, geo-

* Now in the Department of Geology, Presidency College, Madras-5.
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; to
logical and structural maps have been prepared and appendefdthe
this paper which deals with the field and structural aspects 0 o
Charnockites and associated rocks of the type arca of Sir Thom
Holland.

Classification and Occurrence

be
The principal rock types of the type arca of Holland can
divided into:

(1) Khondalites,

(2) Charnockites,

(3) Leptynites,

(4)  Granites, Pegmatites and Aplites
and (5) Dolerites.

Khondalites which are undoubtedly the oldest formatlorz
occur as disconnected patches and lenses associated with Charr]l'iic
kites and leptynites, and comprise a series of psammitic and P? ! .
gneisses which show lateral compositional variation in the dlrja—
tion of persistent strike and dip. The components of the -khonar-
lites are garnetiferous—sillimanite gneiss, cordierite gneiss, & re
netiferous-biotite gneiss and quartz magnetite rocks. They 2
perfectly gneissose and bedded in character.

Garnetiferous-sillimanite gneiss which is greyish white rockd‘;f
banded appearance is principally made up of quartz with subor <
nate amounts of needles of sillimanite and pink garnets, and fot‘mr
the main bulk of khondalites. Distinet bands of these rocks ?Ccu
in force in Pachaimalai and in low mounds east of Nagalkeni a

. r-
north-east of Cowl Bazaar, surrounded by leptynites or cha
nockites.

. . .. ite
Cordierite gneiss comprised of deep blue cordierite and whi

. in 8
quartz occurs at the contact of these rocks with charnockites 1
low mound south-west of St. Thomas’ Mount.

Garnetiferous
varying in width
Pachaimalai and i
biotite separate th

-biotite gneiss appears as intercalated bands
from 10-20 feet in the sillimanite gneisses ©
s highly siliceous in character, Thin layers ©
e layers of quartz with felspar and garnet.

. S.
In the western portions of Pachaimalai quartz-magnetite rock

. . n
occur as thin bands both in sillimanite gneisses and leptynite. I

g ' 95
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: ' reen
the sillimanite gneiss these bands are en'rl}clzhedb :z;tiia?:efmiunts
hedenbergite, red garnet and magnetite wit Sufect banded struc-
of quartz. But in the leptynite the}’ show p e f quartz and mag-
ture due to the presence of alternating fayers ots,qof hedenbergite
Detite, with or without very subordinate amoun
and garnet.

. the area
Charnockites which are the predominant roc‘lz ttyl;)eess o
Comprise ultra-basic, basic, intermediate and acid ty

. ranu-
The Ultra-basic Charnockites are mainly ;epr::;r}l;efebzriemh
litic pyroxenites which are characterised bB_’hyp all qua;ntities of
brown hornblende and augite toget}.xer wit t.s;: They occur on
8reen and black spinelloids and occasional apati 1 as minute lenti-
€ summits of the low hill south-west O.f P;mn;zckites with inter-
cular ultra-pasic segregations in the basic ¢ -?r and amphibolites
ocking contacts. Segregations of pyroxenites ing as autoliths in
With subordinate amounts of plagioclase occu~rr1 §nd in the plains
the basic charnockites in a long hill east of TrlS(;1 r this division.
€ast of Nanmangalam can also be included unde

ciated with
Basie Charnockites occur as imperfelct basidzfa:;c;cfands .
Subacid and acid charnockites, and the large

Fie. 1

i Acid Charnockite.
H ; rnblende Norite. A.C. -
e Baste Chamocmte.Ng"iljé. Hl(?)».N. Biotite Norite. L. Leptynite.
P.N. Pyroxene e Dicpside Granulite.

s ani i mall
tends from Pammal Hill to south-west of TlrgPIZZ?:\c}szl éli‘?:ossition
Masses possess a lenticular habit and show a 1rf o Lo
of the constituents parallel to the 101.1g ax-lsho' hornblende and
Erained, dark-coloured basic charnockites rich in
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. - . '\'enand
biotite and sometimes garnet oceur in the .101111 of sil.ltl(-sl st O
autoliths (Plate 1. Fig. 1) throughout the acid ch;n‘n(.)t.' 1 C ene-
Pallavaram. At Cherimalai the autoliths ol granulitic py?

“toa SNOW .
i i ; vod v acid charnocckites s
bearing basic charnockites enveloped in the acid charnc

C s ites
a gradational passage through hornbiende norites to biotite n,::)rfhe
(Fig. 1), which are characterised by a gneissose texture due At
directional orientation of hornblende, biotite and hypersthene-
the southern end of the Rifle Range
as subangular fragments in the
induce in the rock the

. ing
the basic charnockites occl'Jll‘r )
acid charnockitic base (Fig
appcarance of a flow breceia.

le—— | FOOT —_

Fre, 2

B.A. Basic autoliths,
A.C. Acid charnockite,

. ay
About one furlong south-east of Meenambakkam Rad‘t’)ut
Station, basic charnockite occurs as thin, distorted and drawn

1 a
lens in the acid charnockite (Fig. 3) giving the rock a striking P~
pearance on the weathered surface,

A.C ]

B'c g‘\.

Fr. 3
B.C. Basic charnockite,
A.C. Acid charnockite,
The basic charnockite

either with augite, hornblende or biotite. There is also a garnetl”
ferous Variety,

. . . i hed
S comprise a series of norites enric

N LK DA RAO PLATE 1 J. Madras Univ., B, Vol. X
N LEELANANDA

t lph of Basic & tOhthS m A(.ld CllalIlOCklte Ihattal Kunnt
E ield })ll() Ogrd d 2108 y

quarry north-east of Trisul.
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The most prevalent variety is the hornblendic type which is
characterized by greenish brown hornblende, hypersthene, augite
and plagioclase together with magnetite and apatite as important
aceessories, Augite norites in which the principal mafic constituents
are augite and hypersthene characterize the north-eastern and
south-western fringes of the hill west of St. Thomas’ Mount and the
central portions of the hill south-west of Pammal.

. The biotite norites in which biotite and hypersthene are the
important mafic constituents occur intimately associated with horn-
blende norite and acid charnockite along the western and north-
Western fringes of Pammal and along the southern fringes of the
Mosque Hill and as autoliths in the acid charnockitic massifs east
;’f Pallavaram. In Pammal Hill they pass into garnetiferous acid
ypes.

The garnetiferous basic members of this series occur at the
south-eastern foot of the Mosque Hill as lenticular autoliths in the
acid charnockites. They have a typical gneissose texture and are
Coarser in grain than the average basic varieties, and are charac-
terized by coarse grains of garnet and flakes of biotite as the mafic
Constituents.

In the marginal portions the basic charnockites are veined by
acid material and give rise to the Intermediate Types of Holland;
and they occur intimately associated with acid charnockites. Mega-
scopically it is very difficult to distinguish the acid from the inter-
mediate type and so they are shown in the map by one symbol as
acid and sub-acid charnockites. They are in brief an assemblage
of minerals of basic and acid members of the series.

The Acid Charnockites which are the most predominant rock
types in the type area occur as distinct masses. The microscopic
studies reveal that there are two distinct types, one enriched in
perthite and the other in antiperthite, the latter being very sub-
ordinate in amount. The type area may be said to be characterized
by the perthitic type. Besides occurring as distinct masses they
also occur as veins, lenses and autoliths in the basic charnockites.

The antiperthitic type of acid charnockite called Enderbite
Comprises the central portion of the hillock just west of Pallavaram,
and it also occurs as veins and lenses in the basic charnockites of
§t. Thomas’ Mount. It shows intrusive relation to the khondalites
In the western portion of Pachaimalai.

S. 13
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The perthitic types of acid charnockites show variations with
respect to their mafic constituents. Though hypersthene is the
normal ma_ﬁc member, we also come across types west of Cowl
Bazaar which are characterized by only biotite garnet or magné:
tite as the principal mafic constituents in one a’nd thé same 11?355'
Of course all these minerals are secondary after hyper‘sthene.

C -grai ; ]
oarse-grained quartz-felspar veins of bluish grey colour ruft .

in diver i i i i
se directions in the acid and basic charnockites. In a hi

north- is
nor foi:s:hgfl;l‘msul the coarse grained bluish grey veins which aré
Ick cut across the charnockites as shown in Fig. 4.

N A S S Y
-‘t."“': PERACINAN

K PN *ye - -~
_\\~:.*< oY \.".-‘~,:

C.P. R N4
AURGLNLAR>AC

AT O
/;_.(\;,3 PRV 3;\.1 D

”e
N -

Fc. 4
C.P. Charnockitic pegmatite,
A.C. Acid charnockite,

ordif;?:iggii tcso(agse grained microcline perthite with very sub-
nockites in the southcluartz oceurs as clots and patches in the char’
coarse grained vari t‘We§tern portion of Trisul. Larger masses ©
the weet of Cou 1}; y with quart.z and microcline perthite occur to
kites. The azaar as an intimate member of the charno¢

se rocks without mafic constituents can be called Alas”

kitic charnockites a
! nd perhaps these r 5 in the
consolidation of charnockitic magma epresent the last phase

Besi i i
and a b:s?i T;’LCO}IET t(})f am(.i charr_lockites in the basic charnockite®
xenoliths present i the acid variety there are also fragments ¢
malai. At Cheri I; the basic charnockites of Trisul and Che™
rimalai (Fig. 5) there are xenoliths of calc-diopsid®

granulites i i
In the garnetiferous diopside granulites; and the inte’”

1s nrlched lth le Slde p g

diopsid ; sphene as an important accessory.

Trisul t;eg 1::11: 1sl;cle p: e Ou'twards to diopside bearing noriBEeS- At
side, grossularit icate xenolith, characterized by wollastonite, diop”
te, sphene and calcite occurs as a caught up Paté
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(Fig. 6) in the acid charnockites. Besides these calc-xenoliths
?here are also cordierite-hypersthene-sillimanite bearing xenoliths
in the acid charnockites at the south-eastern portion of Tambaram
Hill (Fig. 7). -

D.G.‘/“

D.S. c.2.

Fie. 5
C.D. Cale-Diopside granulite.
D.S. Diopside-scapolite granulite,
D.G. Diopside granulite.

C.W.G<

F1c. 6
C.W.G. Calc-Wollastonite granulite.
D.G. Diopside granulite.
A.C. Acid charnockite.

C.G. <

Fre. 7
C.G. Cordierite gneiss.
A.C. Acid charnockite.
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Leptynite is a {riable cream-coloured roclk rq)l:inklod 'Wl'l}]l }z‘fj;:
nets and occurs as distinet bands and lenses associated .v\lfnt,h< i'lnse
dalites and charnockites. Holland (1900 p. 143) considers “‘1{\"”(1
leptynites as metamorphosed members of the acid chamocl“t@: of
observes, “The rocks now referred to present the charz.xctc,lbl ot
those known to German petrographers as ‘normal grzmuhtos', )
the minerals rutile, kyanite, sillimanite, ete., wo frequently 1()un’,
in the Saxon Granulites do not occur in these rocks at Pallavaram.
The detailed survey of the arca by the author discloses that very
often lenses and patches of hizhly siliccous sillimanite gneiss occujz'
as relics in the leptynites of the eastern and western pOftions_Oﬂ
Pachaimalai.  Similarly relics of sillimanite gnejsses and radiating
needles of sillimanite are found in the lepiyniles cast of Pallavaram
(Fig. 8). Tt also occurs as bands of considerable length in hetweent
the khondalites and charnockites and it grades often into the khon-
dalites on the one hand and into the ch
the contacts of the charnockites tl
greyish white to grey. Tt shows f
migmatite. In brief,
Saxon Griaulites,

arnockites on the other. A
were is gradation of colour from
aint handing approaching that Of
these rocks present the characteristics ©

> $.G.

"
R ¢
N R
%
\

S.G. Sillimanite gneiss,
L. Leptynite.

There are highl
derived from ch
Pallavaram.

y crushed bluish grey garnetiferous leptynites
arnockites in the highly disturbed zone east ©

The cream coloured garnctiferous leptynites are extensively

ramified by quartz felspar veing genetically connected with later
granite intrusives,
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it incipally made up

The coarse and medium graind granites Eilgmgf lfornblen de,

of felspar and quartz with subordinate z?mo o he charnockites

lolite and chlorite show discordant rola.tlorll o e morthern

In Cherimalai, in the long hill east of Trisu e comoasition

Portion of T"mlbwram Hill. Pegmatites of gr Mitos cast of Pal-

. o o y0sl C € :

avaram, and aplites of tbo same comi1 e the western pogglg‘ns

Telation to the charnockites are foun 5 - 2

B 27 v i
of the hill south-west of Pammal. : . )

. e (i goungest for-
Dolerite dykes of diverse COInpOsmor}l1 ar ﬁgﬁﬂﬁgﬁ structural
Mations ip {he type area of Holland and their ¥

o o s paper by the
Caracters were deseribed in detail in a plCWOUS“ pap
authop (1956) . o

)

Structural Elements

&

Structurql map (Fig. 22) of the type area (fgflii(;llil‘hé ? ot
Prepared on the lines initiated by Han's Cl'o os s z.and A PROHRS
O the map refer to structures occurring m‘g}ff)ufzhé area covered

I strike op dip. Any structural element wit llr}ct o A

¥ the symbol is not more than 5° from the p Ole lements within

°re Is consistency of orientation of structura eecorded on the

SUitable areal limits the same symbol has been r

M2p to show their average strike and dip. ine in the
This te chnique was applied to all the'z rock_s occurm;l(g);o(;rlindi_

area, ang some 600 readings were plotted involving over

Vidua] compass-clinometer readings.

: hich all
The rocks are characterized by foha}ted Struft':;ie tow
lnts and other structures are geometrically related.

- . 1
Foliation: The pelitic. and psamrts 'gne'lssesti:é‘ley zﬁfi‘% 133
« i and in these rocks the primary beddiag 1s 3e " m. across in
nate to foliation. The foliation planes are 2 tol. t'm ‘.,aries Py
® 8rained sillimanite gneisses. The strike of f? iation e
N 350 E to N 45° E, and they are either vertl.ca1 or ; p i
Angleg towards south-,east. On the surface of. fohatflonh?c;ni(—; 300 in.
and Ifrinimanite show distinct line?;*i'on’gt)he'l?liic}slilcl)imv;nite gneiss of
© ° E— ° irection (Fig. 9). : e
the Suf?;smif ofNPi‘(szhaIiEm(ilai shows a perfect bedc%mg }E)lape rs:;slst?n
Sty anq cleaves readily along that direction. With the inc

gfain size the foliation planes are faintly visible or not visible at
aly,

folj
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In garnetiferous biotite gneiss the individual folia are very
Much thinner, and the dark thin folia which are enriched with
oriented biotite flakes alternate with thin layers of quartz and
fEISpar_

Foliation and lineation of charnockites are marked on the map
where they could be measured in the field. As a rule the centres
of charnockite massifs are structureless on fresh surfaces but in a
few localities lineation is distinctly seen on weathered surfaces due
to the directional orientation of hypersthene, hornblende and
biotite, In the rocks the faint foliation parallels the strike of folia-
ton of the meta-sediments. Fig. 10 shows the characteristic folia-
ton displayed by a norite south-west of St. Thomas’ Mount. Due
to the parallelism of hypersthene the rock shows distinct foliation,

ut the surface parallel to the foliation displays granulitic texture
and this is a common feature of charnockite quarries opened along
the strike of foliation. Acid and enderbitic charnockites also show
alnt and discontinuous foliation due to the parallel orientation of
Ypersthene along their contacts with basic charnockites and
Meta-sediments. Perhaps the discontinuity is due to the presence
of meagre amounts of hypersthene. Some of the leptynites show
distinct foliation on the weathered surfaces due to the horizontal
ineation of quartz. The sections perpendicular to visible foliation
exhibit 5 granulitic texture as shown in Fig. 11.

The foliation planes of the majority of the rocks strike from
N20° E_520° W to N 45° E—S 45° W.

Though the strike of foliation of metasediments, charnockites
and leptynites is roughly towards a N. E.-S. W. direction, it shows
& sudden swing in its trend towards E-W direction to the east of
PallaVaram. This fact is shown in Fig. 12 which is the projection
of the poles of 430 foliation planes plotted without selection. There
&re two maxima, the best of which lies in the N-W quadrant and
the minor one in the north pole. It is therefore concluded that
the forces in the area operated from the north-west to induce the
oliations in a north-east to south-west direction in all the rock
tYbes. The minor deviation of strike of foliation towards E-W may

© either due to an independent strike of deposition of the rock
tpes, or alternately, the rocks which had a concordant strike of

eposition in N. E-S. W. direction may have been titled into their
Present position by a shear couple.

Joints: The joints have been analysed by considering their
Yelation to the foliation planes of the rocks. There are two major
Sets of joints, one parallel or nearly parallel to the foliation and the
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?Lher a.t 707 10 90” to the foliation. In addition (o these two ther®
is a thlrd' t‘ype W}.li(.‘h is nearly at 45” to the foliatiml»plzmcs with
afvery variable dip. Of these the two major scts constitute 85%
of t}}e r.ecordcd observations.  Although cssentially similar the
]olntu-lg in the meta-sediments is not ‘so 1'0;)'u1(1;'1yydévelopéd as
that in the charnockites. Even amongst tilw charnockites the

regularity of the joints is present in the acid types
pes.

M

Cont F1g. 12
onteurs at 0-1-2-5-4-5-¢-7-8"
Be . . . . . ’ ) /”
releases;cflels t;ese, sheet joints which have resulted due (o the
oad are present and follow the topography
ot °

Th rvati
on s Sihf;leilddt Zbimlv'atlons were checked by analysing the joirt
met-sediments C;ntzi-{ll“e'a pr()J.oction. As the joint patterns of the
the s weré nd (L} arnockites are closely similar, the polcs 0
in Fiao 13, 1 i?nd 35 on the.lower hemisphere and they are shov?
pendicular, to 7f;)liat. - In Flg 13 the contours of cross joints P&
to N. E. and E Wl(;nl‘cu,lmlnz}te in iwo moxima which are du?
minance of joir;tg -0 latl(.’n displayed by the rocks. The predo‘
by the wider "\rpirpendlcular to North-East folialion is show?
joints is shown incF?; lif the ?O_ntours. Similar behaviour %
shows two well de "i by thc_ joints parallel to foliation. Fig ~
The two major mjV‘e oped maxima and one subsidiary maximu®
ximately 455 1o t;lX1r£a correspond to the joints present at appro‘
i ) e' -W and N. W.-S E. foliation planes and e
Y maxima to the predominant N. E.-S. W. foliation.

19561
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y
S
Fic. 13
Contours at 0-1-2-3-4-5-6-7-8-9-10-11%
(513 Poles). )

F1e, 14
Contours at 0-1-2-3-6-9-12-15%
(282 Poles).

105
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Fic. 15
Contours at 0-1-2-3-6-9-12-15%
(163 Poles).

The joint surfaces vary from smooth to hackly and apart ftrzf
a brownish stain they are generally free from mineral depost lare
Sometimes pyrite is present. The joints of metasediments
hackly and usually limonitized to gz great extent.

D 107
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ol e highly
At the southern end of the Rifle Rangé the 1\}0;3325 Vas;'andgthe
Polished and slickensided, and one jOiTlt- Smkefs ces show lineation
other N 30° E. Their highly polished ]Om-t Sulrsa On detailed exa-
of the mineral constituents as shown in Fig. 1 .such joints in that
Mination it was found that there are Sevgr-?; appears that couples
area, and by resolving the forces in tl.qe ﬁe(; ! F‘iﬁ 17. The rocks
ave acted along the directions indicated In hed and mylonitised
adjacent to these joints show their highly crus
Natyre,

o &
<
&

/

et/

=

7

Fic. 17

; th of the
Deformation Breccia: Adjacent to th.e zone: ]u::eszlllack com-
Osque on the summit of the Mosque H.‘-lu’ t}l1er1¢: dense compact
Pact strings, lenses and dykes of grl?YISh ]jia; charnockitic lep-
Materia] in t’he basic and acid charnockites an ested the name
tynites to which King and Foote }(118‘651) hsE:e‘;eaizg(chharacterised by
“« . ] these len
trap-shotten gneiss”. Some of o 75° E and N 20° E
two sets of cleavages which strike 11: fihevfii—;cstion s of the slicken-
S 20° W, and these closely paralle ) ite walls,
Sideq joint, alanes. The breccia has a steeF_’ dlp and-d:f r'1dr1e rocks
and sends :everal branches in different directions in

! which it occurs as shown in Fig. 18.

is com-

Under the microscope the greyish black compac.:nf:slazi lquartz,

Posed of black dust through which ar{gular fraintche whole rock
elspar and mafic minerals are disseminated an

1s highly crushed and mylonitized.
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—> C.L

Fic. 18 )
D.B. Deformational Breceia. A.C. Acid Charnackite. C.Lu Charnockiti®
Leptynite.

The matrix varies considerably but has some relation t0 t}_le
rocks in which it occurs. In basic charnockite it is black, in 8¢
charnockite brown and in leplynite somewhat greyish. The
matrices of these breccia display flow texture. Sharp contacts 0
the fine grained matrix with uncrushed but strained portions €%
firm the plastic flow of the breccia. Sometimes veins of this fin® y

cr.ushed matrix shoot into the highly crushed portions in differe®
directions.

i . . cks
The matrices have the same mineral composition as the rot

in which they occur. The fragments arc usually angular to sub

angular with shapes which can endure flow.

In the southern portion of Rifle Range the charnockites aré
highly crushed. Angular fragments of charnockites, pOfPhy o
blasts of felspar and quartz, variations in grain size of the gou?
mass, bent plagioclase crystals along the borders of a few of the
fragments, and drawn-out appearance of small fragments are eVt
dences of their highly disturbed and crushed nature. In the

Mosque Hill and Rifle Range garnets occur in the crushed char”
nockites,

Faulting: East of Pallavaram in the highly disturbed zoné*
of the charnockite complex the strike of foliation suddenly swiné®
to N. W'“S E. to E—W. from the normal N. E.—S. W. tré?"
and dips towards south-east or south at angles varying from i

r

to 70°. North-east of Rifl
e Ran S| . in b owa
north-west, ge some of the masses dip

These sudden and abrupt changes in strike and & :
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indicate dislocation and rotation of the block east of Pallavaram
from its normal position. This is also supported by slickensided
joint surfaces, mylonitic and cataclastic structures displayed by
the rocks in that portion. The rotation of the block appears to
have been brought about due to the movement of the rocks along
the complementary fractures which parallel closely the trend of
major joints that are either parallel or perpendicular to the domi-
nant N, E.—S. W. foliation of the type area. It is also interest-
ing to note that the trend of the major leptynitic bands are also
Parallel to the fractures.

After the formation of charnockites the rocks were apparently
Subjected to severe compression, and in the charnockitic massif
east of Pallavaram the deformation was most severe with the
result that the mass was blocked out.

) Petrofabrics: The petrofabric study of the various rock types
In the area, charnockites, leptynites and sillimanite gneisses has
been undertaken.

Petrofabric diagrams prepared on sections cut perpendicular
to the strikes of visible foliation of these rocks are represented in
Fig. 19 a-d. It is obvious in these diagrams that the plane of
foliation is coincident in all the 4 diagrams. The petrofabric pat-
terns, however, are different.

a

Fic. 19-a
Contours at 0-1-2-3-4-5-6-7-8-9%
(235 Quartz axes).
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Fig. 19-b
Contours at 0-1-2-3-4-5-6-7-8-9-10%
(242 Quartz axes).

|

- e e = = o g -~ = . = e e = —

a

Fi1c. 19-¢
Contours at 0-1-2-3-4-5-6-7-8-9%,
(204 Bi-cleavage Poles)

Fic. 19-d

Contours at 0-1-2-3-4%
(234 Quartz axes).

The sillimanite gneiss (Fig. 19a) has a Prominenlt{ rgaxufnum
near the periphery of the diagram. This max1mur:n looked at fon,;
b-c plane would correspond to the centralﬁ maximum type °
Sander, According to him this is the max1m}1m around a- ax.1ts,
the direction of movement. Fig. 19b which is 'that of .leptymoef;
adjoining the sillimanite gneiss shows an identical maximum
Quartz axes.

The biotite diagram of the norite (Fig. 19¢) shows thefc?aficr;
teristic double maxima of the biotite diagram, anc.l the fo ;a 1c 9
blane runs in between them. Fig. 19d is a quartz dlagra.m (;-diﬂ
charnockite of St. Thomas’ Mount. Here the pat.tern is s ;;, " y
different, There is a weak central maximu‘m with four be e1t'
Maxima developed on either side of the c-ax1§ and b;;re?esia;
the end of ‘a’, with an almost complete a‘-c gn'dle.Th e ilaieral
Seems to correspond to a typical granulite dIagrarr:. .the peri1 pother
Maxima, however, do not make an angle of 45° with eac
but make an angle of 30°.

It is, therefore, seen that though all these ro;:}l: .typeestrlc;x?:}jri:
Consistent foliation referrable to the same force their p frofabr
Patterns are not always the same. Therefore, the two \
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. t
o , differen
foliation and petrofabric patterns, are referrable to tWOd que 10
causes. The first is due to deformation and the secon
crystal growth during or after deformation,

|

Petrofabric diagrams (Fig. 20a, b, ¢) illustrate the ce;':';
maxima in granulite diagrams, and the discussions that haV? cu
introduced in interpreting them. Fig. 20a is that of leptynite Jete
perpendicular fo the strike of foliation. Here there is a c'omp a0
girdle with several minor maxima within the girdle. Smcedel‘,
girdle is interpreted as being perpendicular to b-axis of Sa}n um
one should interpret this diagram so that the central max1r(r11 "
corresponds to the b-axis and the girdle as rotatoin aTO}H’l In
But in the rock section there is no lineation parallel to ‘b" (!

. . . the 4
these circumstances the central maximum is mterpreted as
direction of movement of Sander.

Fig. 20b is again
dicular to strike of fo
the centre and incom
difficulty in interpret
mmovement,

: in

liation. Here there is a single maximumm 20
. . is

plete and dispersed a-c girdle. There 0
) A o ion
ing the central maximum as a directio

n- .
a diagram of leptynite in the plane perpe'

1936
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Fic. 20-b

Contours at 0-1-2-3-4-5-6-7%
(266 Quartz axes).

Fig, 20-4

Contours gt 0-1-2~3-4-5—7-9-11%
(231 Quarty axes),

S.

[f16. 20-c

Contours at 0-1-2-3-4-5-7%
(284 Quartz axes).

113
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. Cpme agaln
Fig. 20c represents h-c plane of an acid charnockite; anf From
the central maximum indicates the ‘o’ direction of muvcmenr.ﬁc v
this diagram it is evident that acid charnockites intruded vertic®

Conclusion

nd
In this paper is presented the yesults of detailed maﬁg;nb.
of the rock formations of the type arca of Sir Thomas Ho their
The descriptions of the rock types have been confined to ;ural
magoscopic characlers and mutual hiekl relationships. struc opic
elements in the vrocks have heen evaluated.  Detailed mierose
and chemical characters are to follow.

nd
. L. . o H cous @
The rock types comprise pelitic, semipelitic, Calca; meta-
. . : . ier
Igneous members which had been subjected to an car ihe illi-
morphism. The pelitic and semipelitic clements attained

; e L 4o iemcous elements
manite grade with biotite grade persisting.  The 1&“190“5;1 calear
had attained the hypersthene-diopside-garnet grade. The

e
reous elements had attained the pyroxenc-hornfels grade. Thte;e
metamorphic grades were then subjected to wet conditiOT.lS by ste
intrusion of the acid charnockite magma surcharged with v;/t e
and volatiles. This was the period of the amphibolization © i
basic charnockites and the biotitization of the shear zones W 2
the introduction of potash. This was also the period of form 0
tion of the migmatites. We have therefore in the type areata-
Sir Thomas Holland rocks of an earlier age of high grade M

. . ta-
morphism which have been subjected to later retrograde M
morphism.
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On the Hypersthene-bearing Rocks of Salem—I

BY

S. RAMANATHAN,
Department of Geology and Geophysics,
University of Madras, Madras-25

(Received for publication on January 27, 1956)

ABSTRACT

The ultfa basics and hypersthene-bearin
geologically mapped and a brief account of the textur
and chemistry of the hypersthene bearing rocks given. The hyper-
sthene-bearing rocks are found ‘to be of more than one age. The

Pertrogenesis of these rock types is indicated.
Introduction

S Holland described in 1900, the charnockite series of rocks.
allnce then, excellent papers have been published on these rocks
over the world. Quensel (1951) has prilliantly summarized
e various views on the origin of these rocks. Pichamuthu (1953)
s also given an exhaustive summary and a bibliography. Howie
(195?) has said the last word on the chemistry of these char-
Nockite series of rocks and the minerals contained in them. Naidu
(1955) has discussed the relationship of these minerals to the rocks. -
reYiew of this vast literature on this series reveals that the char-
§OCk1te series have different geological settings in the several .
®ountries wherefrom they are reported. '
Charnockites from Dangin, Western Australia, are reported
(Pl'lder 1945) to be set in a terrain of metasediments, belonging to
80 older series of paraschists. The hypersthene bearing rocks of
eru district, Kenya, described as norites, hyperites, bojites, and
Pyroxenites by Pulfrey (1946) are considered by him as plutonic
ocks set in a basement of biotite-schists and gneisses. Dixey (1921)
Tecords the occurrence of the magnesian group of igneous rocks in
Sierra Leone Peninsula, West Africa, associated with talc-schists.
.and amphibolites. The same author quotes Lacroix’s authority for
ﬁle occurrence of gabbro-peridotite series in French Guinea, “ana-
o go}ls to the igneous rocks in West Africa.” Groves (1935) des-
) gl:lbmg the charnockites from Uganda reports the “discovery” by
Mmons of a small area composed entiraly of anthophyllite and
‘Retinolite, forming the original basement. Mikkola and Sahama

g rocks of Salem have been
e, mineralogy

0
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o on 10
(1936) have described the granulites of Lapland, passing
“norite-bands” often, in a setting of ultrabasics.

' ndalite
In India, the charnockites of Eastern Ghats have a Kho mbers

setting (Crookshank, 1938). “The basic and ultrabasic med “ine
of the charnockite series” of the Central Provinces are f()11111924)'
truded” into the biotite—and hornblende-gneisses (Hallowes, meta
Ghosh (1941) while marshalling evidences to prove thet their
morphic origin of the charnockites of Bastar State, points 0U
association with banded, streaky or composite gneisses. Ra.mas
(1945) in his memoir on the charnockites of Mysore describe

s . . isses-
associated rocks as schists, ferruginous Quartzites and gnels

. amm
The charnockites of the type area of Holland, in Pallavar™ ?

. Rao
are again found to have a khondalite setting (Leelal?and;ave;
1955). In Vellore, North Arcot district, the Charnockites
setting of granitic-gneisses and basalts (unpublished).

£
In Salem, the charnockites, though they have a basemel;tno
older para-schists, have g dunite-association with them (HollaZs
1900). A similar charnockite-dunite association is found 0B two
other side of the Nilgiris (Rama Rao, 1945). A study of these se
areas has heen undertaken to find out the relationship of thee_
ultrabasics to the charnockites. In this paper, the hyp ersthe?
bearing rocks of Salem are described.

The literature reviewed ahove shows that Charnockites f’f d:)fn
ferent areas have different geological settings. Any discussios i-
the origin of charnockites should depend on the particular gwlogc-
cal setting and associated rocks. Geological maps of the charﬂ‘:”_
kite areas in India (which have been reported all over India) shf; A
ing the charnockites and their associated rocks have been t;e
hecessary (Howie, 1955). The author has prepared a map of

area around Salem, showing the ultrabasics, charnockites, and an ’
sociated rocks (Map 1). Ll

A brief summary of the lithology follows:

Geology around Salem

The following rock types have been identified in this area.
Dolerites
Potassic rocks
Dunites
Intermediate Charnockites
Variegated gneisses
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Basic granulites
Amphibolites

Garnet-pyroxene rocks

Hornblende-granulites

Actinolite-tale schists

Magnetite-Quartz-rock

Andalusite-hornblende-schists

a broad syncline, the general

The structure of the region is
The formations on the north-

Strike of
e::ks of the region being NE-SW.

side have a dip towards SE and the southern formations to-
Wards NW.

ShowA 1_‘ef<'erence to Map 2, which is

and ;1 lns'lde the square in Map 1, shows the quariz : '

o ssociated rocks near the centre to have a vertical dip,
Y represent the general axis of the fold.

Iye In Kanjamalai, the structure is a basin, as also reported by
ngar (1941). This basin structure does not seem to fit in with

1€ general syncline of the area, unless the basin is due to the sag-
8lng of the rocks inwards due to the weight of the iron-ore, or
:f’lthdrawal of the dunite magma from underneath, or the deposi-
lon of sediments in a basin. This leads on to the question of the
8ge relationships of the rock types occurring in this area.

The geological Survey of India regard the
the oldest rock of the area (Holland, Mem.
GS.I 30). The paraschists consisting of the Andalusite-schists,
Actinolite-talc schists and the hornblende-granulites along with
the iron-ore series are regarded as the Dharwars laid on this base-
Mment of gneisses. The charnockite series are intrusions into these
Schists and gneisses. Then come the dunite mass and the younger

dykes.

According to the Ge
following succession of even

Dolerites

Dunites .
ies (including the garnet-pyroxene

Charnockite ser
rocks, regarded as ultrabasic members of the
Charnockite-series)

Schists and the iron-ore series (Dharwars)

Variegated gneisses (Fundamental gneiss).

an enlarged-map of the portion
-magnetite-band
which

. .Age relationships:
ariegated gneisses as

ological Survey of Inciia, therefore, the
ts holds good for the area here mapped.
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The difficulties in accepting this succession are as follows: —

(1) The iron-ore series are interbedded with garpg't:hype;s
sthene-augite granulites, which are regarded by Holland (lWU)'teS
the ultra basic members of the charnockite series. These granuli :
therefore should be éontemp-oraneous with the iron-ores and mus
be Dharwarian in age, whereas the charnockite series have beel
regarded as very much younger than the Dharwars.

(2) The iron-ore series do not have any relict structuri?s Of
sedimentary rocks, which are found in the other Dharwarian 11.'0;1
ores. Holland (Mem. G.S.I. 30) explains this as due to the hig 1:
grade of metamorphsim that the Kanjamalai Dharwars have undel;l
gone. The sedimentary nature of these iron-ores is mainly inferrl‘ie
from their basin-structure but the iron-ores can be traced from t‘ ]
iron-ore-beds to the garnetiferous rocks.

e

(3) - The Intermediate charnockites, which are banded, ha‘;;

thin magnetite-quartz bands which alternate with mafic bands core
‘taining crushed hypersthene, biotite and hornblende. Thereforé,

there is some relation between the Intermediate charnockites &
the iron-ore series,

(4) The basic granulites (basic members of the charnockite
series) are regarded ag intrusives into the variegated gneisses. But,
1t is very difficult to establish in the field their intrusive nature
They are rather in the form of lenticles. Their lenticular natur‘-;
has been commenteq upon by Prider (1945) in his study ©
Australian charnockites, There is therefore a possibility that these
basic granulites are older than the variegated gneisses.

(5) The intermediate c
intermix at their bord
other. Opinions are
converted over to chy
Narayanan, 1955).

harnockite and the variegated gneisses
ers, the xenoliths of one being found in the
current that the biotite-gneisses have bee;l
rnockites and vice versa (Pichamuthu, 1955,

The age-relationship of thege rocks, in view of these difficulties)
is discussed at the end,

after all the field, textural, mineralogical an.
chemical relationships of the various rock types have been eny
merated.,

PETROGRAPHY

1. The Paraschists

Andalusite-hornblende-schists and Actinolite-talc-schists With
hornblende-granulites comprise the oldest series of rocks. Ther®

2.
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are also types linking these rocks as is evidenced in the field and
Under the microscope.

The andalusite-hornblende schists consist of blue-green horn-
lende, stumpy needles of andalusite, granular pieces of Zoisite and
epidote, oligoclase (Anse to Ansy), a little iron-ore and biotite
With a small amount of magnesian spinel? In some cases, they also
have a little actinolite and a few grains of released quartz. The
lue-green hornblende has a needle-like inclusion arranged parallel
to (100). The microscopic evidences suggest an original chlorite-
Schist epidotised and then recrystallised into a blue-green horn-
blende, At contacts, andalusite, epidote and Zoisite become very
abundant. These granules can be traced into sections wherein the
andalusite and blue-green hornblende tend to be porphyroblastic.
Both andalusite and epidote are elongated in schistose planes. The
almost complete absence of twinning in the plagioclase and its
Simultaneous extinction in the base between the mafic minerals
Suggests a salic infusion (originally albitic) into the chlorite-schist.

The first stage of the metamorphic history of this rock type is
one of complete crushing and mylonitisation of the chlorite and
then recrystallisation into zoisite, epidote and blue-green horn-
blende, as evidenced by slide R. 74. The next stage is the conver-
* sion to an andalusite-hornblende schist. A retrograde metamorphic
effect is also marked by the leaching out of iron-ore in the blue-
freen hornblende and its paler tint as seen in slide R. 36, resulting
In the conversion of the amphibole to edenite (-+-2V=87° —88°),
and then to chlorite. :

Optical characters:

Andalusite: Andalusite occurs as colourless, stumpy prisms,
~ With negative elongation.
—2V = 81°—83°, y—a = 016, y—f = -007.

Zoisite and epidote: Zoisite is orthorhombic and oceurs in the
form. of granules. It shows abnormal blue interference colour and
the optic axial angle varies from very low (positive) to uniaxial.
It is also characterized by negative elongation. It is often found
intergrown with granules of monoclinic epidote and looks as thou?h

~One passes on to the other. The birefringence (y—a) of Zoisite
is 0-006.

The epidote granules are distinguishable from zoisite in their

optic axial angle, —2V = 78°,
S. 16
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ZA (001) cleavage = 24°—25°,
(y—a) = 0-043.
These optical data agree closely with an epidote containing

9-63% Fex0s and 9:99% MnO (Winchell, 1951).
Blue-green amphibole;

—2V =1T2°—-174° X == Yellowish green
ZAC = 14°—15° Y = green
y—a=10-021 Z = greenish blue.

Actinolite: 'The mineral is pleochroic from yellowish green
(X) to green (Z).

—2V = 81°—83°
ZAC —=15°
y—a = -023,

The average modal composition of the rock is as follows:
Plagioclase .. .. 13-9%
Andalusite
Epidote } 23-8%
Zoisite
Actinolite .. .. 41-9%
Blue-green
hornblende } 18-5%
Accessories .. . 1:9%

. Actinolite-talc-schists: This group is characterized by the pre-
sence of actinolite and tremolite with a little muscovite and foljated
chlorite. Actinolite is pleochroic from vellowish brown to green
while tremolite is colourless, —2V — 86°—88°, ZAC — 21°.

The actinolites are rich in released grains of iron-ore arranged
parallel to their folige and are altered to tale. In some places, they
have been completely altered to Steatite. The amphiboles are 0
the Dharwarian type and the rock occurs as lenticles in the varl
egated gneisses. '

Magnetite-grunerite-le
magnetite-Quartz rocks f
detailed account of which
Similar magnetite-quartz
is found associated with
The grunerite grains kee
The quartz grains are of

ptites and Magnetite-Quartz rocks: The
orm prominent bands in Kanjamalai, 2
Is given, among others, by Iyengar (1941?'
band oceurs in the dunite area also. This
magnetite and grunerite bearing leptites-
P to the plane of schistosity of the rock-
the infiltrated type and are clustered with

1956] HYPERSTHENE-EEARING ROCKS OF SALEM 123

i . . al
ron-ore.  Quite a good number of grains of ron-ore szocrté:sz‘)].
in shape. There are also a few grains of plagioclase. (& =9

i inni ral-
The grunerite is colourless, and s.hows niulltiple(g‘l"g)nmng pa
lel to (100). The optic axial plane is parallel to .

TV =80°, y_q = 0-632, ZAC=8".

i i lows:
The modal composition of this rock is as fol

Quariz ; B .o62-1%
Fel:;pal" | 11-6%
Grunerl.te 96-37%
Magnetite

R. 76) occurring both in Kanjarfxalai
& hed grains of quartz, antiper-
The quartz is mosaic and the

There are leptite bands
and adjoining hillocks, containing crus
thite, biotite, muscovite and epidote. e the centre of the
ehtiperthitic inclusions are restricted e fcl)akes of biotite and
Blagioclase grains. There are tufifs of IE)cllgte apatite and a few
Muscovite occurring in clusters with epl ;) es are studded with
Srains of club-shaped Zircon. The'p.lagloc ase
Deedles and grains of muscovite, sericite an
tontent varies from Angg to Anzs-.

d epidote and their An.

i ites, as for
These pass on to types that may be .cal’ll?l(l1 m;fglzzzlasé grains
Instance, R. 65, collected from Kanjamalai. e Fhe biotile
ere are disintegrated and contain “vein” an fllpie and is more of a
oceurs in tufts and rarely grows Into a big aen altering to green
o-cenish type. Original diopside grains 87 s(}axlorite Granules of
amphibole and actinolite which pass on to ¢ h ; few grains of
cPidote and apatite form the chief accssso” ™S V; minerals is given
club‘Shaped Zircon. The modal percentage O

elow;

43-4%
Felspar . 5-6%
Quart.z .. 2-5%
Diopside
Actinolite } B .. 98-6%
chlorite
Biotite,
Apatite, .. .. 19-9%
Magnetite,
and Zircon. :

m these types is characterized

The pure leptite variation fro agioclase. (Anss

i 1
by the absence almost of any mafic mineral. The p
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to Ango) in these rocks is sericitised and kaolinised. Quart‘z grains
have undulose extinction and are clouded with dusts of 1ron—ore1.
They are vermicular and of the infiltrated type. (R. 78). The moda
composition of this leptite is given below:

Quartz o .. 25%
Felspar .. .. 63%
Others . o 12%

The association of the magnetite-quartz rocks and the leptites;

their age relationships and their petrogenetic significance are dis-
cussed in the last section.

The hornblende-granulites are found to occur mostly in the
form of lenses in the variegated gneiss, as near Toppur. They are
granulitic in texture and contain plagioclase (An,; to An30? ’
Quartz, blue-green hornblende and brown biotite. The biotite is
found to be intergrown along its lamellae with iron-ore. A little
epidote and apatite form the accessories. Optically, the blue-green
hornblende has the same characters as the blue-green amphibo]e
occurring in the andalusite-hornblende schist. The volumetric per-
centage of the mineral constituents are:

Plagioclase .. .. 951-5%
Quartz .. e 32%
Actinolite .. .. 10-5%
Blue-green }

hornblende 25-2%
Biotite a}nd } 9-6%
accessories

2. Garnet-Pyroxene Rocks

In the immediate neighbourhood of Salem, there are several
prominent, bare, rocky hill-masses like the Nagaramalai, Kusa-
malai, Karankaradu and the hills of Kanjamalai and adjoining
hillocks which are composed mainly of this garnetiferous rock
refferred to as “the garnetiferous basic members of the charnockite
series” by Holland (1900). These rocks are mostly coarse-grained.
The granularity, especially of the garnet varies from sizes bigger
than one’s fist to minute specks. The main rock-type Iooks in 2
hand-specimen, coarse-grained, granulitic and contains garnet,
amphibole and pyroxene. This varies to a finer-grained type on
the one hand and to schlieren, patches and lenses of almost pure
amphibolites, or pyroxenites, on the other. When finer-grained,
they pass on to a hornblende gneiss containing clinopyroxene,
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hypersthene and amphibole. There are also f.elspathic schl.ler.en,
®mposed of Quartz and felspar, forming veins in the rock.‘Sumla‘r
fock types noticed by Rama Rao (1945) have been described }?_y

Im as follows: “In some of the hand-specimens of.fchese rocks,
¥ based purely on the mineral composition, the garnetiferous mf:l?-
Bocratic portions may be termed eclogites whereas the leucocratic
Portions can be called the garnetiferous hypersther}e or hornb}ende-
8ranulites, or the basic or intermediate charnockites, 'ac?ordmg to
their texture and other characters”. A similar description would

°ld good for the Salem rocks as well.

Among the different types studied, three have been chosen a;

;{epresentative, and they are chemically analysed (R. 43, R. 32 an

- 64),

In thin section, R. 43 is found to consist of cogrse-gramed lsub-
Bedra] plates of green clino-pyroxene (of 2mm. size), hypersthene
0 f2 mm, size) garnet (2 to 3 mm. size), hornblende (0, ‘5t0 9 rrLun
Size) and plagioclase (1 to 2mm. size). Quartz., a ‘ht‘tle apatite

iren-ore form the accessories. The texture 1s distinetly gjra-
Rulitic, The plagioclase grains are quite as large as the mafics.
This i taken to represent a type garnet-pyroxene rock.'

R. 32, in thin section consists of coarse to medium-gramed sub-
Bedra] grains of green clino-pyroxene (about 1 mm. size), 1'1yper-
Sthene ( 1 mm. size), hornblende (1 mm. size) and plagioclase
(@ mum, size).. Iron-ores form the main accessories. Garnet is al?-
Sent and plagioclase is smaller in grain-size than the mafics. This
S taken to represent a garnet-free variation of the type R 43.

Clinopyroxene (2mm. size), bypersthene (2 mm. size) ar}d
homblende (2 to 4 mm. size), together with iron-ore form the main
Constituents in thin section of R. 64 which represents a pyroxenic
Variation of the type.

Besides these, there are variations to pure amphibolites, as for
+8 R, 39, Which’ contains brown hornblende, clinopyroxene and
hyperSthene, R. 160 with only actinolite altering here @d ther.e

chlorite with a little apatite and iron-ore and R. 44, with acti-

Dolite and tremolite altering quite a good amount to chlorite; the

texture in these cases is granoblastic.

Mineralogy
Plagioclase : The twin-laws of the plagioclase felspars of these

Tock types and their anorthite content have been published ear.li-er
. (Ramanathan, 1954). The plagioclase grains are often porphyritic,

8 in R. 43 and R. 77. A good many of them have got well deve-
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loped cleavages, and the cleavages disappear when there are dis-
continuous lamellac appearing. But, the anorthile conlent of hoth
the twinned and untwinned, well-cleaved grains, is the same, ‘?‘5
in R. 43, where it ranges from An,s to Ans,. The plagioclase 'm
this is andesine. ln R. 32, the plagioclase varics in its anortthe
content from Angy to Angzy, while the amphibolite and pyroxenic
variations are free of felspar. The plagioclase is clear and not
clouded, but most grains are surrounded by veins of an amorpho}ls
material. This can be traced on to a Zone of the same materia
surrounding the mafics, implying thercby, that an infusion of salic
liquid has dissolved the earlier mafics and converted them. The
plagioclase grains, in some cases as in R, 77, have a tendency to
be elongated along with hypersthene; then, the mineral is Ui
twinned, and the untwinned grains show undulose extinction.

Pyroxenes: The mafic minerals occur in clots and are often

surrounded by veins of he same amorphous material as seen %n
plagioclases. The clino-pyroxene occurs in big plates, is green
colour and non-pleochroic. The green colour of the clino-pyroxen®
matches with the green colour of hypersthene parallel to Z. It3S
one of the primary minerals and is present in all the varieties.

is lamellar parallel to (100) and has good partings parallel
(010) (continental setting) . The optical characters are as follows:

R. 43.

+ 2V = 58°—61°

y—o = 024025
ZINC = 41°—43°

y—f = -017— - 018

B = 1-706

R. 32.
+2V = 57°-59°
ZNC =43°__44°

R. 64.
+2V = 55°—57°
ZNC —43°_44°

Y—a = -021— -022
v—p = -017— - 018

The above characters are those of augite. The augite is found
altering to amphibole, and often there are grains of augite at th°
centre, altering on to an amphibole all around. (Sketch 1)

The first stage of alteration is the development of chlorite W_ith
iron-ore released, and then on to well-developed grains of yellow}
green amphibole. Augite is also found to have reacted with P#
gioclase resulting in the development of garnet.

Augite, occurring in the form of small

i and occasional schliere®
in the garnet-pyroxene rock has been colle

cted from Karankaradu'
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It was crushed to 80 mesh and separated in bromoform and differ-
ent dilutions of clerici from amphibole and a little hypersthene,
and was analysed. The approximate modal composition of the
SPecimen from which the clino-pyroxene was separated is

Clino-pyroxene — 85-3%
Hypersthene — 81%
Amphibole — 42%
Ores — 24%

The analysis is set below in Table L.

!ﬂili “m w . ;;d]‘;”
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Skercy 1: Hypersthene completely replaced by actinolite and tremolite,
Ugite and hypersthene grains are surrounded by a rim of ch%orlte and blue
8'een hornblende. At contacts with hypersthene and plagioclase, brown
@mphibole developes. . .
Hyp—Hypersthene. Act—Actinolite. Tre—Tremolite. Au—Augite. Ch-—
Chlorite, Pl—Plagioclase. B.G.—Blue green amphibole. Hb—Hornblende,
—Quartz, Mt—Magnetite, B.A—Brown amphibole,
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6 (O, OH, F)

atoms
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Table 1

Chemical Analysis of Clinopyroxene, S. 1
Metal. atoms.

Mol. No.

Wt %

Oxides

23843932 |2 |23 S g 1956) HYPERSTHENE-BEARING ROCKS OF SALEM .. 129
meecerHe | dled A ‘é ~ Titanium and aluminium are in this analysis regarded as
Teplacing silica. The bases are slightly in excess of the ideal
5 2 atoms by 0-008 and the silica falls short of it by 0-002. .
1 P ' %‘O @ The analysis is given in Table II, with four others for com-
i A N % Paris
Ehn bkl % on.
RE<REEOR =
j Table II
> T -
6‘» . Oxides I II I v \'
e ]

g ¥ 3 3 g Sio, 45-87 54-49 4852 48-0 42-70
e D 2 Z Tio, 0-44 Tr 0-70 0T 0-42
FEREIRIT B ] AlL,O 4-67 2-50 587 49 855
Hooosb0s & H s 6

@ Fe,0, 2-22 1-63 2-58 21 1-80
« G Feo 13-93 1-98 976 141 652
B MnO — 0-06 0-20 — 0-16
T a
Y o o M . . . . .
FRRIRIEOS lg l AR g0 12-59 16-74 11-59 14-0 13-41
= D e Ca0 1948 2140 1966 162 24-52
[}
= Na;0 0-53 0-83 1-04 - 1-02
g & K.0 0-14 0-40 0-19 — 0-48
@ H,0+ 0-28 0-12 0-13 — 058
SORRELZRNS 28 H,0- — _ 0-05 — 0-17
~~
4]
© % Total 10015  100-15  100-29 1000 100-33
M % —_—
g r’da) L Clino-pyroxene from Garnet-pyroxene rock, Karankaradu,
§ e §§ E § R - Salem. Analyst, S. Ramanathan.
2 @ II. Pyroxene from eclogite, Eskola. Quoted from “Petrography,
,é % Vol. IV” by Johannsen, p. 462.
o 11, Augite, Norite, Nagaramalai, Salem. Analyst, R. A. Howic.
Q = Iv. Clino-pyroxene from s22, Basic charnockite, Uganda. Analyst,
- DoM< 1o | . A. W. Groves.
0 < O O Y 3]
ROTNARNS 5 s t g ( p E V. Clinopyroxene, Sittampundi. Analyst, C. E. Nehru.
- g It is seen from the table that the analysed 'clipo-pyroxene does
B ot resemble the pyroxene from eclogite, reported by Eskola. The
clinO-pyroxene from Sittampundi, occurring in a garnet-pyroxene
o - rock, is richer in alumina and calcium and poorer in iron and silica.
elel Q0 o o & It is however, close to the augite from Norite, Nagaramalai, Salem
%8€£12§ S z“e"g;‘ & (analysed by Howie) and to the eclino-pyroxene reported’ by

S. 17
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Groves from a basic charnockite.  When the Q I, M values of t.he
mineral are plotted in Niggli’s diagram for pyroxenes, the point
falls inside the field of pyroxencs just below common augites, and
not inside the omphacite field. Under these circumstances, the
author is inclined to call this mineral as common augite and not
as omphacite which is the pyroxene typical of cclogites.

Orthopyroxenes occur in all varictics of this rock type and
this is perhaps the reason for Holland to have regarded them as
“garnetiferous basic members of the charnockite series”. They are
granular and have pleochroism from pink to green.

X = pink
Y == greenish
Z = green
The hypersthenes are clearly lamellar, parallel to (100) and they

. i1
are discussed more in detail under the “Intermediate Charnockites’-
They are found to occur as primary minerals.

The optical characters of the hypersthene from different
varieties are listed below :

c———
R. 32. R. 43. R. 64.
/
— 2V, 68° — 72° 55° . §1° 710 — 75°
(v —a) 0-012 — 0-013 0-014 0-011 — 0-012
(v —B) 0-004 0-004 0-004
g 1-683 1-702 1-686
L m—

All the three are pleochroic but the pinkish tinge increases
with the decrease in the optic axial angle. The optical characters

place them in the Hypersthene-Ferrohypersthene range of Polder
vaart (1947).

The hypersthene and augite are surrounded by a rim of amor-

phous material, when they are altered. They alter to amphibole: -

The first stage is the formation of chlorite with its fibres across
the boundary of the mineral with released iron-ore, The chlorité
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Is next converted to green actinolite, and in contact with plagio-
ClaSe, a rim of blue-green amphibole develops (Sketch 1). I.n
Some cages, hypersthene is enftirely surrounded by a brown amphi-
ole when it is in contact with plagioclase. Again, thqrfe are cases
Where the whole hypersthene grain is replaced by acjcmohte and
tremolite, surrounded by a corona of green amphibole (Ref.
Sketch 1),

Hypersthene and augite occur in separate clots suggesting that
€Y may have crystallised separately.

Amphiboles : The amphibole is secondary and all stages can

€ traced from the process of conversion of augite and hypersthene

to the stage when the green and brown hornblendes become the

Major constituents of the varieties, as for eg., R. 160 and R. 39.
€ Process of conversion seems to be

Augite — Chlorite + iron-ore —> Actinolite — B?own
Hypersthene } Amphibole — green Amphibole.

These amphiboles are seen spreading freely at the expense of
b"th augite and hypersthene. Most amphiboles have got released
fon-ore and a little Quartz. Some of the green amphiboles have
80t schiller inclusions parallel to (001).

In some cases, the garnets have suffered retrograde metamor-
Phism and are converted to blue-green amphibole and then on to
fihlorite. The blue-green amphibole is seen to grow into garnet
In such cases.

b The optical characters of the different amphiboles are listed
EIOW;

Yellowish green amphibole occurring in R. 32, R. 43, S. TT:

y—o = +017—018

+2V  =85'—87° ,
y—P = +009—-010

INC = 15°—17°
X = pale yellow
Y = greenish yellow
Z = pale green
X<Y<Z

The mineral has positive optic axial angle, having an aPﬁmtg
towards pargasite, but the pleochroism is from yellow to green an
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not to blue. Since ZAC =15°—17°, the mineral cannot tend
towards Hastingsite. The optic axial angle is not very low to be
grouped with edenite. Following Buddington (1952), the mineral
is named common hornblende.

Green Amphibole occurring in R. 43:

— 2V =T4°—T78"  y—u = -021
ZINC = 18°—19°  y—f = -007

X == light green

Y = light green

Z = dark green
X=Y<Z

The optical characters group this mineral as common horn
blende.

Actinolite occurring in R. 43, R. 160, R. 44:

— 2V  =81°—83°

ZAC = 14°_150 Y—@¢= 023 —-024

X = yellowish green

Y = colourless

Z = dark green
Y<X<Z

Blue-green Amphibole : R. 43.
— 2V =172°—"74° Y—a = +017—-018
ZNC =14°—15° v~ = -006—-007
X = Yellow
Y = green
Z = bluish green

This bluish-green amphibole occurring in the amphibolites of .

Kusamalai, §alem, have been separated and analysed by Naidt
(1955) and its optical characters reported in detail. The analysed

amphibole lies within the field of common hornblende and repre-

sents a type rich in iron.
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Brown Hornblende: R. 39.

— 2V = 178°—-80°
ZNC = 10°—11°

ng = 1-692—1-694
ny'= 1-701—1-703
fg'= 1-705—1-707

X = yellowish brown

Y= pale brown

Z — dark brown
X<Y<Z

This and some other similar amphiboles have high absorption
Making it impossible to measure the extinction angles, accurately.
In such cases, two methods after Naidu (1955) have been employec?,
Wherein reasonable accuracy was available. The methods elimi-
Rate difficulties arising out of strong absorption parallel to Z and

. Consists in getting the emergence of both the optic axes, locating

the acyte bisectrix and the optic axial plane, drgwiz_lg the cleavage
trace ang applying the Biot-Fresnel law of extinction.

This brown hornblende occurring in the amphibolite,. R. 39 at
arankaradu was separated first in bromoform and then in n;_ethx—
ene jodide. Methylene iodide is found to be an exce}lent 1q1.11d
Or separation of amphiboles since almost pure amphibole grains
are separated from co-existing augite and hyperstht'ane. Repeat.e.d
Separations in methylene iodide and various dilutions of.cler1c1,
8ave an almost hundred percent pure amphibole for analysis.

The approximate modal composition of the specimen from
Which the brown amphibole was separated is given below :

Brown amphibole .. 184% .
Pyroxene 18-6%
3-0%

Chlorite and iron-ore
The analysis is set in Table IIL
The Warren's formula for the mineral is
(OH) o.5; (Na, K, Ca)z.3s (Mg, Fe”, Fe”', Al)5-22
(Si’ Ti, AI)B O23.49
Acc‘”’ding o0 Berman (1937) the formula of the mineral is
(WXY)g.58 Zs O23.40 (O, OH, F)ouss
In the allotment of atoms, Ti is reckoned with Si, after kunitz

(1930)- Berman’s formula indicates a slight excess of the bases
and deficiency in (O, OH, F). The Warren’s formula, however,
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Table III

(O, OH, F)
atoms

atoms.

Chemical Analysis of Brown Amphibole from R. 39
Metal.

Mol. No.

Wt %

Oxides

ittt

Ti++++

674
8
153

=]

)
15-61

oo
1

SlOz
TiO4

‘29
051
46-98
47-49

S. Ramanathan

Fet+
Mg+~
Ca+t
Na+
K+

Al+++
Fe+t++

Analyst:

459

306

99-78
3-31

Sp. Gr.
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shows a slight excess of the (Na K, Ca) group, over the normal for
the formula.

The analysis of the mineral is set in Table IV with a few
others for comparison,

Table IV
Oxide 1 I Il v v
Si0, 40-44 38-84 4308 39-78 41-06
Tio, 0-56 3-90 0-17 1-47 1-85
Al, 0,4 15-61 7-91 7-48 11-39 15-47
Fe,0,4 263 3-89 3-01 5-93 2-47
FeO 12-40 9-42 15-37 14-21 13-20
MnO Tr 0-25 1-18 0-68 0-18
Mgo 10-29 14-60 9-42 9-62 10-85
Ca0 1268 13-86 11-82 9-68 10-00
Na,0 4-06 2-69 3-85 1-57 2-97
K:0 0-42 0-97 0-53 1-60 0-61
H,0+ 053 025 1-75
H.0- 016 3'67} 409 2-59 0-01
Total 99-78 10000  100-00 98-77 99-72
Sp. Gr. 3-31 3:33 3-418 3-211 3-236
ZAC  10° —11° 10° 16° 21° +5° 16°

—

L Brown Amphibole, Karankaradu, Salem. Analyst, S. Rama-
nathan,

IL. Barkevikit, Fuerteventura (Essek), Analyst, W. Kunitz.
111, Barkevikit, Skuttersundskjar (Foyait), Analyst, W. Kunitz.
IV. Femaghastingsite, Tupper lake quadrangle, Analyst, E. K.
Oslund. (Buddington and Leonard, 1953).

V. Hornblende from almanditic amphibolite-gneiss with porphyro-
blastic garnet, 2-5 miles E. S--E. of St. Regis Falls (Nicholville

Quad), Analyst, L. C. Peck (Buddington, 1952).

It is seen from the above table that the brown amphibole from
Salem lies in between the two barkevikites set for comparison.
The optical characters agree well, while chemically, the Salem am-
Phibole is richer in alumina and slightly poorer in silica and defi-
cient in water. The Femaghastingsite of Buddington and Leonard
(1953) is alkali—poor and ZAC is large. The hornblende from
Adirondack closely resembles the analysed mineral in chemical
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composition but its sp. gr. is only 3-236 and ZAC == 16°. Also, it
is pleochroic from straw yellow to green.

The Q@ L M values of the amphibole were calculated and
plotted in Niggli’s diagram for amphiboles (Fig. 1). It is seen that
this amphibole (A), falls inside the field for Barkevikite, hasting-
site and basaltic hornblendes. So, on the evidence of Niggli's
diagram, Kunitz’s analyses and the optical characters determined,
this mineral is named Barkecvikite.

o ) Frc. 1.
L Niggli s QLM diagram of amphiboles and melilites of eruptive rocks.
b.l Grunerites and altered hornblendes. 2, Aenigmatites. 3, Alkali ho™”
endes. 4, Common hornblendes. 5. Barkevikite, Hastingsite, Basaltic horp~
blendes. 6. Melilite. A. R, 39. B. S. 46 C. s. 35
Garnet:

big crystals to minute s
amphibolites.
fringence.

pecks in the granoblastic garnetiferou
It is isotropic and does not show anamolous biré”
It is massive. Some grains have a sieve structure 0%
taining released vermicular Quartz. Garnet is found to develoP

at the expense of all the three main mafic minerals, augite, hype” .

sthene and amphibole. The force of crystallisation of garnet is

Garnet occurs in different sizes from almost PUF€.
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strongest as shown by its straight crystallographic edges against
other minerals, and has got its convexity towards the mafics show-
ing that it develops at the expense of all the mafics.

Amphibole
Hypersthene ¢ -+ plagioclase —> Garnet.
Augite J

In some cases, a certain amount of retrograde metamorphism
is evident in garnets, on account of the following observations.

1. Some grains are surrounded by a rim of blue-green amphibole
altering to chlorite. The blue-green amphibole is found to grow
into garnet (Sketch 2).

SkeTcH 2:  Garnet grains are surrounded by a rim of chlorite passing on
© hornblende. Blue green hornblende passes into garnet and develops freely.

Ga—Garnet. Au—Augite. B.G.—Blue green hornblende. Hb—Horn~
Mende, Ch_Chlorite. Pl—Plagioclase. Mt—Magnetite.

1
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2. Some garnet grains contain veins of epidote, and

3. Some iron-ore grains adjacent to garnet are converted to limo-
nite.

Garnet is poikilitic with augite and hypersthene.
grains of garnet, from Nagaramalai, exhibit well developed part-
ings parallel to the hexoctahedral faces and they have minut€
needle like inclusions, (whose characters could not be ascertained
even under U M 4 objective), arranged parallel to the cubic faces
fmd they appear as blebs on dodecahedral faces (sketch 3). The
inclusions, however, have a positive elongation and show high
birefringence. The nature of these inclusions have been discussed
by Holland (1896). Some garnet grains have also tension cracks
developed.

Some

Skerce 3: Garnet has developed hexoctahedral partings and -mc]usioﬂs_

arranged parallel to the cubic faces.
Ga—Garnet. Am—Amphibole.

The specific gravity of the garnet is 4-03 and refractive inde¥
1-798 for sodium light. The garnet from R. 43, has been sepa”
rated and analysed. The analysis is given in Table V.,

Table V

Chemical Anaysis of Garnet from R. 43

Wt %
recalculated
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12 (O, OH, F)
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Oxides
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Formula :

(Si, Ti)2.95 Oi2-

(Fe’”, Fe", Mg, Ca) 3.5 Als.01

S. Ramanathan.

Analyst:
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Neglecting Na,O,K.O, H,0! and H,0- and recalculating to
a total of 100, the general formula of the mineral is

(Fe”, Fe”, Mg, Ca). Al (Si, Ti)s Oy..

. a5y,
The Ti is regarded here as replacing Si after Kunitz (1.9"’5).
Calculated in terms of standard molecules, it has the composition:

Almandite .. 51-9%
Pyrope .. 28-5%
Grossularite .. 18-8%
Andradite .. 0-8%

The standard molecules of this garnet are compared with 2

&

few others, cited by Heritsch (1927},

1 2 3
Almandite .. 519 567 539
Pyrope - 285 30-9 29-0
Grossularite .. 18-3 12-4 157
Andradite .. 08 -
Spessartite —_— —_ 4-4
1. Garnet, R. 43, Nagaramalai, Salem,
2.

Garnet, Eclogit, Sanalpe, Hintze (Kunitz).
3. Garnet, Pegmatit, Val Dombastone, Doelter (Runitz).

It is found that the analysed garnet closely resembles the one
from eclogite. Heritsch has also prepared tables showing the para-
genesis of garnets and rock types. The following paragenesis has
data lying close to those of the analysed garnet.

IL  Eclogitgranaten

Spessartin .. 0-—3 %
Grossular .. 9 —42%
Pyrop .. 19379
Almandin .. 33 —-57%
Andradit . 0 — 21%

c . . d
This similarity denotes an eclogitic origin for the analyse
garnet.

Below is given in Tahle VI, the composition of garnets 12
different rock types after Wright (1938) and the position of the
analysed garnet and also another garnet analysed from Sher\.’ak;
roys (described later), in his taple. They are also compared wit
those analysed by Naidu (1955) and Howie (1955) from Pall-
varam,
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Table VI
— Q
8 T = =
Pl [ o o]
g = @ =1 &
Rock Type % é & g g
g & - B
7 & a
e — 41 . 8 ——
Pegmatite .. 4Tl - - 56-8 —_—
Granite .. 360 -
Garnets associated
with contact action _ _— 56-4 -
on siliceous rocks 307 _ 13-8 73-0 —
Biotite schists er 60
Garnet, leptynite,
?ﬁéﬁiﬁam .08 41 195 750 0-6
Lepti m . . —
LIS o wn -
Amphibole schists .. — 207
G?\I}Ze&ramalai . - 18-8 285 51-9 0-8
Eclog%tes e T 18:3 34 9l -
Kimberlite and 9-0 72-3 13-4 —
Peridotites e 163 51-9 28-9 —
Garnet, Shervaroys .. 29 287 207 34-4 15-6
Various basic rocks .. —
Charnogkite, 1-3 . 35-8 41-2 21-7
uganda ..
Calcareous contact 515 . —_— 40-8
rocks .. T

————

In the above table, the garnet from Nagarar.nalal, ;;?Sbiz ?iazect-i
between those of amphibolite schists and e‘cIc.>g1tes. This is In ac-
cordance with the data of Heritsch, (1.927) glv;? ea.e’s (.1955) s
(1955) garnet has the character of schists and Howi

also the same character.

Petrochemistry

i i i llowing
ied in this series, the fo
the rock types studie . : .
thre:I\nNZ?S chemically analysed and their analyses.are given in
Table VII. Their modal composition is given below:
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11_31- 43, ﬂ(jamet,l GI(JEJToxene rock, Nagaramalai: Plagioclase 40-47
ypersthene Vo, Augite 6.3 A . Q07 'net
13:3% and ores 7-1%. 3%, Amphibole 16-97%, €3¢

3R9 fi, Gamet freg variation: Plagioclase 36-1%», Hypersthene
0, Augite 9-5%, Amphibole 14-0% and ores 1-3%

R. 64, Pyroxenic variation . /
. 2t Amphibole 46-3% ite 37-7%
Hypersthene 14:6% and ores 1_4,? ibole 46-37¢, Augite 7

Table VII

Constituents 1 II 101 v \Y VI
———— . e e ,,‘M_—w___.‘—-—-——m//
?gz 4404 4516 4368 47-00 4824 5211

All 2 074 025 042 069 Tr 0-77
Fe2 03 2167 1891 17-71 1559 13-03 1808
Fef) 3 377 066 020 129 228 104
MnO 852 76l 810 1028 720 919
MgO 0-60  Nil Tr 015 o081 007
Ca0 761 1243 1352 g8 1072 837
cao 1136 1191 1262 1375 1348 520
K,O 150 274 302 170 288 29
P.O; 013 054 017 o007 023 16
H.O+ 006 008 Tr 007 007 @ —
H.00 017 042 028  0-40) 038

2 004 003 o017 o014 O o004

Sp. Gr. 325 313 300 — — .
e

L R. 43, Garnet-pyroxene-hornblende rock, Nagaramalai’.

I gale‘lj’; Iénalyst, S. Ramanathan.
- N o2, Garnet-free variation of e rock
- I/:nalyst, S. Ramanathan. o the wbove

. R. 64,  Pyroxenic iati j i st
v S. Ramanathan. veviation, - Ranjamala e
V. Basic garnetiferous norite, Niapea Hill, west Nile District
v Uganda, Analyst, A, W. Groves, ’

, l1'\1,/4117'7. Garnetifer'ous-hornblende-diopsideehypersthene

ock, Dodkanya. Analyst, B. § Raju (Reported
Rama Rao). .
VI, ilag;oclase-hypersthene-gamet—granulite, Kevijoki,
apland, Analyst A. Huhma (Eskola, 1952).
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The C. I. P. W. norm, Niggli values, Niggli Basis molecules,
Q L M values and Katanormative minerals of the three analysed
rocks are given in Table VIIL
Table VIII
C.1. P. W. Norm

I I 111
Or 056 2:78 0-56
Leu —_ — 0-44
Ab 12-58 6:29 —
Ne — 9-09 13-63
An 52-82 37-81 34-47
Di 3-03 16-56 22-59
Hy 10-87 — —
0l 13-60 25-94 26:77
Mt 5-57 0-93 0-23
b4l 1-37 0-61 0-76
Ap 0-34 0-34 —
Niggli values
al 26-43 21-21 19-29
fm 45-16 48-75 50-22
c 25-31 24-43 24-95
alk 310 5-61 554
Si 91-07 86-36 80-71
ti 1-11 0-458 0-554
k 0-04 0-10 0-04
mg 0-522 0-732 0-746
Niggli Basis
Cp — - -
Kp 0-34 1-62 065
Ne 8-06 14-17 1549
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Ju——-4

II. R 32
I 11 111 Ko.57 Nag.. Cajeas Mgir7s Fere Alyga Siingr Tigue
e T — [Oy55 (OH) 511 60-
Cal 31-56 21-91 20-01 L R. 64: .
C . 3. . K0.24 Na;,.m Calg.og Mdlg.q;g Fey.,“ Alg(,.gg ‘Si42.33 Tl().gg
o 134 617 818 C [0, 55 (OH) 411 go.

s 403 0-64 0-16 The transfer of cations for the conversion of the different
Fo 15-95 25-07 2121 rocks, after Barth (op. cit.) has been worked out below in Table IX.
Fa 10-57 852 9-09
Ru 050 0-21 0-27 Table 1X
Q 27-65 21-69 18-33 Transfer of cations from R. 64 to R. 32 by metasomatism of
Q 2765 21-69 18-88 salic liquid:

L 39-96 3770 3615 Addition of Valences Remqval of Valences

M 32-39 40-61 44-97 cations ] thonii -
Katanorm K 033 0-33 Na 0-56 0-56

Q — - _ Al 4-89 2:67 Ca 0:95 1-90

Or 0-56 970 1-09 Si 0-64 2-56 Mg 1-91 3-82

Ab 1344 10-67 611 Ti 0-17 068 Fe 025 050

An 5260 3651 33-35  Hm@©H 1

Ne — — 11-83 203 7-24 3-67 678

Wo 179 §-23 10-91

En 10-32 _ and from R. 32 to R. 43 by the same process.

H

y — — — Addi?ion of Valences Removal of Valences
Fo 8:91 25-07 97.97 cations cations
;a 8:55 8-20 9-01 Fe 2-90 580 K 045 0-45
ct o3 064 0-16 Al 272 8-16 Na 220 2-20
Rp -~ — — Si 0-14 0-56 Ca 015 0-30

u 0-50 0-21 0-27 Ti 0-07 0-28 Mg 658 13-16

— H in (OH) 24
The analyses are computed in terms of Barth’s standard cell — _— -
{(1951) and the formula of the rocks are: 583 14-80 9-38 1851

L R.43 It is seen from the above table that the valency could not be

Ko.12 Nag.gp Cajg.gg Mg, F . : balanced to the extent demanded by the theory. It is also of
‘ 1116 Fejo.08 Alon.gs Sigaqy Tig-58 .
10:06 “1%23.84 ©l43411 interest to note that for the conversion of R, 64 to R. 32 and to R. 43
[O157.4 (OH) 241160 S 19
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(more basic fo less basic) there had heen a general addition of
Si, Ti and Al and removal of the alkalies with Ca and Mg.

111,  Basic Granuliies

The structure and texture of the basic granulites ave oited
even grained and gabbroidal, some finely granular. The majority
of them are granulitic. They occur as sinall lenticles and bands
in lthe variegated gneisses and in the hillocks adjoining Kanja-
malai.

Based on their mineralogical association, they can be divided into
three main types.

1. Diopside——Hypersthenc-Scapolite granulite oceurring
near Isangadu, R. 28.

2. Diopside—Hypersthene—Granulite, occurring  as small
lenticles in the variegated gneisses, R. 29, 8, 57, 8. 58.

and 3. Garne.t“"l?iOPSide-mHornblende Granulite without hyper~
sthene, occurring in the hillacks adjoining Kanjamalai, R. 80.

All thes‘e rocks are massive, medium to fine grained and al-
mqst dark in colour. The presence of felspar some iimes adds
a little greyish tinge to their colour,

Under the microscope R. 28 is seen to be composed of plagio-
clase (about 1 mm), a little antiperthite (about 1 mm) diopside
(about 1 mm), hypersthene (about 1 mm) and scapolite (about
. mm). The texture is granulitic. The anorthite content of the
plagioclase varies from Ang, to Anyp. The plagioclase grains aré
all Clemj- They are andesine and not labradorite. There aré 2
few grains of antiperthite with irregular blebs of potash felsps™

The antiperthitic inclusions are restricted to the cores of the grainé

and then, the plagioclase is often without twinning. When twin”

ning is seen, the twinning lamellae are restricted to the €dges:-

while the core is antiperthitic. Some non-perthitic grains are also
free of twinning. This fact has been repeatedly emphasized, among
many authors, by Quensel (1951), as characteristic of the rocks of
the charnockite series. There are a few grains of untwinned micro”

cline with —2V=79°, with well-developed cleavages. The felspa™ -

are all clear and not clouded.

The hypersthene and diopside sraing are both greenish‘tinged

along one vibration-direction. Hypersthene is pleochroic o™

X = light pink, Y = colourless to Z = light green., Both are lamel
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lar; the hypersthene is lamellar, parallel to the optic axial plane,

while in diopside, the lamellae are perpendicular to the optic axial

plane., The discussion of the lamellar structure is reserved for

a later section. Some of the hypersthene grains have got qriented

’atgglsions parallel to (001), a fact noted from this area by Howie
3).

The optical characters of the hypersthene are as follows:
—2V = 60°—64°;, y—a=-016; vy—f = -004.

The optical characters of diopside are

T2V = 58°—§1°

y—o = -025 1T
ZAC = 38°~39° p=1-105

y—B = -020

The scapolite grains are characterized by high birefringence
and are invariably surrounded by a rim of carbon. They are also
found always developed near the contact of the hypersthene-grains
with plagioclase. Some grains are fresh and unaltered while others
have been marginally altered to blue-green hornblende. Occasional
grains have got only the dark border of carbon preserved while the
rest of the grain is completely altered to an aggregate of calcite
and blue-green hornblende. The mineral is uniaxial, negative.

w—e = -021-~-024

The birefringence value gives the composition of scapolite as
Mayo Megy. A similar scapolite-bearing hypersthene-granulite has
been noted by Quensel (1951).

The accessories include iron-ore and apatite.  The apatite
grains have got inclusions arranged parallel to the optic axis.
The modal composition of the rock is as follows:

Plagioclase ’ — 64-5%
Hypersthene — 16-5%
Diopside o~ 30%
Scapolite ~ 10-1%
Quartz — 2:0%
Magnetite . .

and Biotite } — 1%
Apatite —  1-8%

R. 29, under the microscope, is composed of plagioclase, diop-
side and hypersthene with enstatite, as the main constituents. Acti-
nolite, apatite, biotite and iron-ore are the chief accessories with a -
few grains of released Quartz. The texture is again granulitic. The
characters of the plagioclase are essentially the same as in R. 28,
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The hypersthene is less distinctly pleochroic and arve mostly,
surrounded by a corona of an uniaxial, green to colourless, filbrous
chlorite. The chlorite passes on to actinolite pleochroic from dark
green to light green. The optical characters of hypersthene are

—2V = 63° —65° Ve D15 ,017. 'v_,_,‘ﬁ — 004

Actinolite:

2V =T858 y—ues o022, ZAC o= 157

There are also a few grains of colourless ortho-pyroxene. They
have got an inclusion arranged parallel to (100).

—2V = 80" Y—a =012,

Some grains of hypersthene also show the “so-called” inclined
extinction, a subject of much discussion. The reason for such e¥
tinction has been clearly explained, among others, by Naidu (1943}
A further discussion on this will not be made here.

A few hypersthene-grains in this and some intermediate char-
nockites also exhibit the amphibolic cleavage, found in literatur®
(Groves, 1935) . Amphibolic cleavages are said to be seen in hyper”
sthenes of charnockites, as an evidence of conversion of amphibol
to pyroxenc (op. cit.). But these authors do not mention the angle
between the two cleavages. A number of stercograms were drawn
and when transformed with (010) at the centre, one of the tWO
cleavages is found to be prismatic while the other is paraliel ©
(100).  As a result of drawing of more than thirty stercograms, it
is found that the (100) parting is at least as common as the pﬂi‘
matic cleavage and the angle between (100) A (110) is about 457
as measured on the stercogram, in the hypersthenes of basic 8%
nulites, and intermediate charnockites from Salem.

Diopside is green in colour and itg optical characters are:

+-2V == 58°--61°
ZAC = 38°—4p°

y—u = -023
v--ff = -020.

In these hasic granulites, there is a dyke of dark pyroxem,te
oceurring, composed of blood-red hypersthene of the type seen':”
the amphibolites from Shervaroys, diopside and hornblende W!
some iron-ore. There is no plagioclase. The mafics have the same
optical characters, as the mafics of the amphibolite from Shervaros™

The diopside and hypersthene have got very well-developed lame”
lae parallel to (100).
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R. 80, tho garnetiferous-diopside-granulite, though freef Ero}gn
hyp@rsthcne, should be included in this group. The texture is gab-
broidal and consists of plagioclase (about 3mm.) garnet (4 'mm.),
and green augite (about 1 to 2 mm.), with iron-ore and apatite.

The anorthite content of the plagioclase varies from Ang,; ta
Any;, Antiperthite is absent. Garnet is developed borderzngmthe
edges of diopside (sketch 4) and form well-defined Zones and ihey
are also developed around grains of iron-ore (sketch 4).

SRETCcH 4: Diopside grains are fringed by garnet around the edges. They

ar d grains of iron-ore. '
: g:iézzzle(;pedmf?)?gpside. Pl-Plagioclase, Hb—Hornblende, Q—Quartz.

Mt—Magnetite. |
Garnet grains have not established t.hemselves‘ withf their tfox:cei
of crystallisation and they contain vermicular grains of ciluar z mt
side them. The augite has got the same charact.ers as o .t' e garne
Pyroxene rock. The texture of the rock type with the initial stages



150 THE MADRAS UNIVERSITY JOURNAL [Vol. XXVI

of development of garnet around orc-minerals and pyroxene, the
formation of hornblende under similar instances around iron-ore
and the presence of green augite relate this rock to the garnet
Pyrox§ne rocks. Thus it serves to be a link between the basic
granulites and the garnet Pyroxene rocks. The approximate modal
composition of the rock is given below:

Plagioclase — 53-6%%
Garnet — 17- 8’//1,
Diopside — 21-1%
Ores — T1-5%

. 'Ifhe diopside-hypersthene-scapolite granulite, R. 28, has been
chemically analysed and the analysis is given below with a feW
others for comparison, in Table X

<
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It is seen from the table that the analysis agrees with the
analyses of diorite and norite. The standard cell formula for this
rock has been calculated and is as follows:

Kys Nag.gy Cag.yo Mgssr Fegoo Alazgs Sigsos Tigasn
[0157 (OH) 31160-

The C. L. P. W. Norm, Niggli values, Niggli basis and Katanor-
mative values of the analysed rock are given in Table XL

Table X
S
Oxides I I 111 v
e
Si0, 51-44 52-23 51-60 50-28
TiO, 0-72 0-96 1-00 0-80
ALO, 2148 1861 19-96 18:08
Fe,O, 231 504 7:06 210
FeO 5-45 4-09 3-60 928
MnO 0-15 0-11 0-16 0-36
MgO 476 4-58 3-04 7-02
Ca0 9-17 7-74 10-44 934
Na,O 3-25 4-25 1-80 238
K.0 0-67 1-05 050 0-53
P,O; 0-10 0-94 050 0-30
H,O+ 0-25 0-53 0-58 0-08
H,O- 0-05 0-22 — Jﬂ
Total 99-80 100-35 100-24 10058
—— . " T T /
Sp. Gr. 2-88 — — -
e

1. Diopside-hypersthene-scapolit . R 28
- Snalyst, S. Ramanathan,p ite granulite, Salem. »
. iorite, near to norite, ugand L. Rile

(Groves, 1935). . uganda, ‘Analyst, H

II. Intermediate charnockite, varberg district, Analyst"

N. Sahlbom (Quensel, 1951).

IV. Norite, Ibrahimpatnam, Krishna district, An?lyst" .

Srirama Rao, -

Table XI

CIP.W. Norm Niggli Values Niggli Basis Katanorm
Q— 060 al — 31-98 Cp— 028 Q-— 007

Or— 3-89 fm—~— 34-24 Kp— 233 Or— 3-89
Ab —27-17 C— 2469 Ne — 17-67 Ab—29-45
An—41-98 Alk— 9-09 Cal —25-18 An —41-97
Di— 2:32 Si —129°9 Cs— 078 Wo— 1-04

Hy —18-13 ti— 1-36 Fs— 2-33 En—13-27
n— 1-37 K— 0117 Fo— 995 Hy — 7-20

Mt — 3-25 Mg — 0-527 Fa— 656 Mt. — 2-33
Ap— 034 Ru— 050 Cp— 0-28
Q—34-42 Ru— 050

IV. Amphibolites

The amphibolites occurring in Shervaroys, the amphibolite
lenses and patches occurring in Jarugamalai, foot-hills of Sherva-
roys and Namam Hill are all included in this group. The amphi-
bolites of Shervaroys are the most remarkable of these, and they .
occur as huge massive dykes, conforming with the strike and dip
of the intermediate charnockites, more than 150 to 200 ft. in width
and in length from the foot of the Shervaroys to about 3000 ft. ele-
vation. In Uarugamalai, no amphibolites of similar dimension
could be traced, but there are a number of small lenses, patches
and xenoliths of amphibolite. At the foot hills of Shervaroys, the
amphibolite occurs in the form of a main dyke about 50 ft. broad,
running N.—S. throughout the length of A1441 and A1478 and it
is also found to occur in the form of xenoliths and basic patches,
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Some of these are occasionally faulled., At the top of Namam hill
also, there is a dyke ol amphibalite traversing the whole length of
the hln, about 200 “l bl‘O'dd, 1’L111ning due E__W, dlppmg tOWE\rdS
north at 32°,

Based on the characters of the amphibole, these can be divided
into three types:

.(1) The amphiholites of Shervaroys (S, 46) and Jarug?”
malai (S. 50) are of the same type and they contain the greenish-
brown hornblende.

(2) The amphibolite of Namam hill (S. 35) is characterized
by the presence of a green amphibole.

. (3) The amphiholite of /1441 and A1478 (S. 28) is charac-
terxzefi by the presence of an amphibole whose pleochroism is
greenish-brown to bluish-green.

T}-le amphibolites from Shervaroys and Jarugamalai are xeno-
morphlc, granulitic in texture and dark green i; colour. In thid
sectian, the rock is granulitic in texture an;) is composed of greenish
br(l))wn amphibole (akout 4 mym, size), blood red hypersthen?
afzdo?tl.ftlmm.), .and augite (about 2 mm.), together with iron-ore

a little plagioclase as accessories. The plagioclase is clear an
varl‘es in An. content from Anys to Ang,. Tihe hypersthene an
auglte are occasionally lamellar, parallel to (100) and when the
lamellae are present, they are restricled only to the centre and do
not traverse throughout the length of the miﬁora].

Augite:

+ 2V = 5°—58° v—a = 023
ZAC =141°_43° v—f = 019

Hypersthene -

S U C S |
v v - 4 —a = -004
X =blood red e
Y = red
Z = light green

The amphibole is found to develop freely at the expens

hypersthene and plagioclase. It grows into grains of hypersthene

and plagioclase.

=2V =181 y—g =022

ZAC =15° v—B = +008 B = 1-691—1-693

eOf
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X == straw yellow
Y == dark brown
Z == greenish brown

X<Z<Y
The approximate modal composition of this rock is as follows:
Hypo'rsthenc ) 2145
Augite §
Amphihole .. 60-8%
" Plagioclase 5-4%0
Accessories 12-4%¢

The amphibole from this rock was separated and analysed.

The analysis is given below and compared with a few others in
Table X1,

Table XII

—————

Oxides I I 11 v
Si0, 39:73 40-44 38-84 43-08
Tio, 258 056 3-90 0-17
Al 0, 1375 15-61 7-91 7-48
Fe,0, 406 263 3-89 3-01
FeO 7-64 12-40 9-42 15-37
MnO 0-05 Tr. 0-25 118
Mgo 1304 10-29 14-60 9-42
Ca0 1276 12-68 13-86 1182
Na:0 356 4-06 2-69 385
K.0 125 0-42 097 0-53
10t 014 053 s 3-67 4:09
H,0- 1-29 0-16
Sp. Gr. 3-33 3-31 333 3-418
ZAC 15° 10—11° 10° 16°

————

own amphibole, Amphibolite, S. 46, Sherva-

st, S. Ramanathan.
I Karankaradu, Salem, Analyst,

I Greenish br
roys, Salem, Anal
II. Brown amphibole,
S. Ramanathan.
II. Barkevikit, Fuertevent
IV. Barkevikit, Skuttersun
W. Kunitz.

ura (Essek), Analyst, W. Kunitz.
dskjar (Foyait), Analyst, :

8. 20
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It is interesting to note that the analysed amphibole cor-
responds to barkevikites of Kunitz and is not very much different
from the brown amphibole of the amphibolites of the garnet-
pyroxene rock, Karankaradu. This affords an interesting link be-
tween these amphibolites, and the basic granulites, both of which
are related to the garnet-pyroxene rocks,

The Basis molecules and Q L M values of the analysed mineral

were calculated and are given in Table XIII with R. 39, for com-
parison.

Table Z{I11

Niggli

Basis Kp Ne Cal Cs Fs Fa Fo Ru @

g

S. 46 462 1881 1055 1352 4.9 74 2689 181 10°77
R 39 132 2181 1371 1150 264 14-21 2125 044 1272

—
S. 46. R. 39.

Q 10-77 12-72

L 33-98 36-84

M 5525 50-44

dia ;I‘he ? LM vglues of this mineral were also plotted in Niggli's
gram tor amphiboles (Fig. 1) and it is found to occupy a place

(B) inside t .
has)tingzt:s. he field for barkevikites, basaltic hornblendes an

Warren’s formula for the mineral (Table XIV) is

(OH)1.59 (Na, 1_<, qa)a-:;z (Mg, Fe™, Fe”, Al)s-00
(84, Ti, Al) .o, (S AT

Formula after Berman (1937) is

(WXY)S-;;-_), Zyg Oy0.7¢ (0, OH, F)1.20

In the' caleulation of the atoms, Ti has been reckoned with Sb
after Kunitz (1930). The formula after Berman indicates 2 Sligh?
excess of the bases and deficiency in (O, OH, F).

The amphibolite from A 1441 and A 1478 (S, 28) is dark
colour and granulitic. Under the microscope, it is found t0
composed of bluish green to brown amphibole and plagioclase W

a little iron-ore and apatite. These are the only mineralogical ¢0%
stituents of this rock,
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Table X1V

Chémical Analysis of Greenish Brown Amphibole from S. 46

+ check

Valenc

Basis
24 (0O, OH, F)

Metal atoms O, OH, F
atoms

Mol. No.

Wt %

Cxides

S | =H
LREER |28 | =
- MBS [ D
o)
++

+ +
ii++i|+i+
thioo | Qe ot
pE<RE A0AM

] [=2]
= = o o
% W s
P ek T S L

[JeRde

-2

-l &

,_AA

- 15 O MY €2
38 953 |888qa
NS oS o

2-58

39-73
13-75

8102
TiO,

405

270

Al, O3

135

1

326
228
57
14
72

78
106

32
106
1
326
223
114
28
144

26
106
1
326
228
57
14
72

4-06
7-64
0-05
13-4
12-76
356
1-25
1-29
99-71

r (=23 03
MnO
MgO

26717

Total

3-33

Sp. Gr.

46-71

Formula :

(OH) ;.29 (Na, K, Ca)3.30 (Mg, Fe”, Fe”, Al)5.00 (Si, Ti, Al)g Ogs.71

Analyst, S. Ramanathan.
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The plagioclase is clear and has got an anorthite content rang-
ing from Any, to Any; and is mostly untwinned. The amphibole
grains are clear and unaltered and contain iron-ore and apatite 83
inclusions. A number of grains of amphibole are twinned on (100)'

2V =85 8T
ZAC =247 [average measused on eight grains by the
method of Nemoto and Turner (Hes
1949).]
v—a = (018 Y"_ﬁ — 013
X = green

Y = bluish green

Z = greenish brown

The amphibolite from Namam Hill (S. 35) is dark green i
colour with a crude gneissose texture in the hand specimem
Under the microscope, it is xenomorphic granular, and consists ©
green amphibole (about 2 mm.), hypersthene (-5 to 1 mm.) an
augite (-5 to 1 mm.). There is no plagioclase. The minerals have
got strain-shadows and exhibit abnormal birefringence. The
hypersthene is pleochroic from pink to colourless and has

;jgi:j’:—mo' The augite is colourless. +2V:55°"580'

The amphibole is found to develop at the expense of both
hypersthene and augite. The optical characters are:

-2V
ZAC

== 83°—85°
= 19°—-22°

ng = 1-672—1.674
n,’ =1-679—1-681
ny' = 1-662—1-664
X = pale yellow

Y= Dbluish green

Z = yellowish green
X<Y<2Z

The amphibole was separated and analysed and the analysis
is given in Table XV,

Table XV

Analysis of Green Amphibole from S. 35

Valency check

Basis
24 (O,0H, F)

(O, OH, F)
atoms

Mol. No. Metal atoms

Wt %

Oxides

ORI NNNHANI | | OD
FHANMMID AN 4 D =D
~too |- |ow
LoHaH 5 2
as)
(o]e)
+ +
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TI+ T +T+
Tl ot
T O O oy C,C
BECmE VAN

o] i <o
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0 v N o
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B
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M , H =)
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S 9 EF |o-RSE
Lo - O Noo®
DWW m NI | OO !
™ SN ™ |
5;—4 ;114 Mo SRR lw
= =N
01D | O 00
XX A BB 12aIFL
t~ ~ < AN
Yo ) 7o) o <H Oy
BR P IR IEEF TS
[ < N
1) <t
22 § 85 | a33RL | &
o 0 © Conoe | D
3 S
o [

a @) p
SS 2 20960%00
= A wwggmm a1 =]
e <€ RRER0ZME H

47-30

3-08

Sp. Gr.

Formula:

(OH) ¢.70 (Na, K, Ca)z.9; (Mg, Fe”’, Fe”, Al)5.533 (Si, Ti, Al)s.00 Oz23.30

Analyst, S. Ramanathan.
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The approximate modal composition of the rock is as follows:

Hypersthene - augite oo 29:9%
Green Amphibole .. 62-400
Iron-ore N B (A

The analysis is set below with a few others for comparison in
Table XVI.

Table XVI
—
Oxides I I 111 v
sio, 4431 4242 40-29 42:05
TiO, 0-61 33 6-60 1-48
ALO, 8-29 694 572 14-69
Fe,O, 693 11 0-63 3-21
FeO 611 1082 12-65 6:30
MnO — — 0-10 0-04
MgO 1622 1673 1351 1491
Ca0 1320 1174 1282 12-83
Na,0 2-54 1-59 418 2:01
K,0 0-35 0-74 122 0-65
H,O+ 0-73 2-40 158
H,0- 0-33 } 6-58 0-01 0-09
Sp. Gr. 3-08 3-284 3-20 3:16
.

I. Green Amphibole, Amphiholite dyke, Namam hill, Salem-
Analyst, S, Ramanathan, :
II. Gem. Hornblende, Arendal (syenit) Analyst, W. Kunitz
IIT. Green Hornblende (uralite) from granulite, Kailasgarh,
Vellore, Analyst, H. Schwander (P, R. J. Naidu, 1955)-
IV. 3709, Hornblende, Ultrabasic rock, Pammal hill, Madras-
Analyst, R. A. Howie.

It is seen from the table that the analysis generally resembles

the other common green hornblendes reported by Kunitz (193.0 )
Naidu (1955) and Howie (1955). The Q L M values of the minerak
when plotted in Niggli’s diagram for amphiboles (Fig. 1 C), falls
inside the field for common hornblendes,

1956] HYPERSTHENE-BEARING ROCKS OF SALEM 159

The amphibolites of this type containing mainly lljlypersths?i
and amphibole with subordinate clino-pyroxene ha\'zé ee? relpce;
ed as the ultrabasic type of charnockite from dlf'fe.renf pla a;
According to Washingion (1916), “The name bahiaite rom.t
occurrence in Brazil, was recently suggested for the Rha?;{msis.
composed essentially of hypersthene and hornblende,.. L eiite
ington (1916) had extended the term to the ultrabasic pyrol}.i o
from Pammal hill, Madras. This term may as well beh?é)li ie o
this group of amphibolites which have mainly amp! 1l°e "
hypersthene with subordinate clinopyroxene and a 1‘1‘tt eh'o.rt ¢
Plagioclase. Hence these rock types are also termed “Bahiaites.

(To be continued)
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