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An interesting association of granitoid-amphibolite-

metasediments occurs around Jagat, southeast of
Udaipur in Rajasthan. Lying a little south of the area
from where 3.3-billion-year-old gneisses have been
reported, these rocks compare well with the known
greenstone associations of Archaean age. The mafic and
granitoid rocks show chemical affinity with the modern
volcanic arc rocks.

THE geological map of southeastern Rajasthan prepared
by Heron! shows a number of metasedimentary-meta-
volcanic units separated by outcrops of gneiss-granite
rocks, the latter described as Banded Gneissic Complex
(BGC). The stratigraphic position of BGC in relation to
the metasedimentary metavolcanic units belonging to
the Aravalli system, Delhi system and the Raialo serics!
has been decbated over the last four decades or s¢?”.
Recently available isotopic dates**, however, confirm
that the gneciss-granite rocks mapped as the BGC over
a large area, are truly Archaean in age, and have
undergone extensive duclile dcformation and reconsti-
tution during the Proterozoic®. The 3.3 -billion-ycar-old
pneisses, the oldest known so far from this part of the
Indian shicld, occur near Jhamarkotra, southeast of
Udaipur. Detailed mapping by us 1n the area a httle
south of Jhamarkotra revealed an association of gneiss -
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granite—amphibolite-metasedimentary rocks which com-
pares well with the well-known granite-greenstone belts
around the world. Here we report field and chemical
characteristics of these rocks. This might help in
understanding the early crustal evolution in the region.
A refirence may be made in this connection to the
report of Sargur-type banded iron formation by Sahoo
and Mathur® from the neighbourhood of the study area
around Jagat (Figure 1) about 30km southeast of
Udaipur.

Lithology and field relationship

Lithologically, the rocks of the Jagat area can be
divided into three main groups, namely the granitoids,
the amphibolites (including poorly metamorphosed
dolerite) and the metasediments. The granitoids cover
by far the largest area, followed by the amphibolites.
The metascedimentary units, which include carbonates,
calc-silicate rocks, quartzite,iron formations and pclitic
schists, on the other hand, occur as small bands and
irreguliar enclaves within the granitoid rocks.

The granitoids are of three different types: pink
gramtes, leucogranites and grey guoeisses. The last one
seems to be the most common of the three, The pink
granite, because of its colour and compuosition, can be
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Figure I. Geological map of the Jagat area, southeast of Udaipur,
Rajasithan. Inset, location map of the area: |, BGC (Mewar Gnetss); 2,
Aravalll Supergroup; 3, Deihn Supergroup.

easily identified as the youngest intrusive bodies cross-
cutting almost all the lithological units except the
youngest mafic intrusives. The leucogranitoids are
massive and occur in close association with grey
foliated gneisses. The contact between the two units is
always gradational. Thus in outcrops one can see
foliated grey gneisses passing gradually into massive
leucogranite, and only locally showing faint traces of
foliation. If the nature and folding of gneissic foliation
is studied carefully, it would appear that the grey gneiss
itself constitutes a number of genetic types. Structural
evidence suggesting presence of more than one phase of
grey gneiss is illustrated by the presence of enclaves of
grey-gneisses showing complexly folded foliation in the
midst of gneisses showing planar fohation.

Like the granitoids, the amphibolites can also be
classified into three types: small, irregular-shaped
outcrops within the grey gneisses; larger, relatively
linear bodies of amphibolites cofolded with gneisses
tlocally cross-cutting gneissic and type 1 amphibolite
foliation); and youngest dykes intruding all the rock
components of the area.

In the geological map prepared for the Jagat area,
the outcrop pattern formed by the Type 2 amphibolites
(Figure 1) presents a picture of extremely ductile

Table 1. Mean and standard deviation of major and trace element contents of granitoids of the

Jagat area
Pink granites Leucogranites Grey gneisses
(cluster M) (cluster M) {cluster M,) (cluster M,)
Mean Mean Mean Mcan
(n=21) SD (n=10) SD (n=15) SD (n=29) SD
Major elements (wt%)
S10, 73.22 1.74 74.88 0.836 68.43 2.31 61.00 2.95
T:0, 0167 0112 0.21 0.138 0.379 0.151 0.56 0.318
Al, O, 14.76 (0.863 14 63 0.656 16.31 0.899 17.44 2.89
Fe,0, 0.569 (.467 0.394 0.301 136 0.894 2.28 178
FeO 0443 0313 0.456 0.412 1.61 0.674 318 2.04
MnQ 0.014  0.008 0.013 0.011 0.037 0.012 0065 0.042
MgO 0.368 0.333 0.372 0.326 1.11 1.01 2.08 189
CaO 1.026 0447 23 0.724 2 88 0.893 301 2.01
Na,O 3.93 0613 5.51 0.996 491 0 863 3.98 1.20
K,O 402 1.067 0&39 0414 1.55 0.771 2.11 1.45
P,0, 0.123 0.241 0176 0.280 0.29 0272 0.231 0.164
Mol AL, O,/ 1.17 — 1.20 — 1.098 - 1.086 -
Na,0+K,O+
CaO
K,0O/Na,O 1.09 - 0.167 0.324 - 0.96 -
Trace elements {ppm)
Li 4.19 3.19 33 452 12.2 6.10 29.11 25.55
Rb 85.28 27.13 284 12.23 50.533 20.21 98.33 57.60
Sr 200.33 87.63 1817 120.75 401.4 148.61 41533 275.70
Ba 164580 126086 59717 1063.57 174266 1960.11 151856 167896
Cr 26 19 107 235 9.83 40.53 15 80 42 78 37.49
Cu 193 1314 207 14 69 17.4 1.84 260 2342
Ni 22.43 899 2300 1118 36 66 658 47.56 17.60
£n 17.48 39.70 10.00 1035 31.23 20.33 71.44 65.52
K,/Rb 412.50 - 25000 278 67 —~ 258.75 -
Ca/Sr 2905 ~ 42.00 54.66 — 55.56 -
Rb/Sr 0.586 - 0.267 0.196 - 0.282 -

_——_—_—_——*—_—-—_—'_—'—'—-——_—_--—__
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polyphase dcformation. The grade of metamorphism
during these deformation phases ranged between
middle and upper amphibolite facies. The last phase of
deformation is manifested by a series of low-dipping
shear zones formed under lower amphibolite to
greenschist facies metamorphism.

On the basis of field data, the following stratigraphic
model has been erected for the Jagat area:

Dolerite dykes (Type 3 amphibolites)

Pink granttes

Shearing and low P-T metamorphism

Leucogranitoids

Polyphase folding and amphibolite facies metamorphism

Emplacement of Type 2 amphibolites and metasedi-

ments (7) Grey gneisses with small enclaves of
amphibolites (komatiitic) and metasediments.

Petrochemistry and tectonic setiing of rocks
Granitoids

The average chemical analysis of the different grani-
toids is given 1in Table 1. Statistically, the gramitoids
group into four clusters, which correspond to pink
granites {cluster M,), leucogranitoid {cluster M,) and
grey gneisses (clusters M, and M) respectively. As the
normative Ab-An-Or diagram (Figure 2) shows, the
compositions of leucogranitoids and the grey gneisses
range in the field of tonalite trondhjemite-granodiorite
(TTG). The pink granites mostly fall in the field of true
granites and their average major element composition
matches well with the average of the granite-adamelite.
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Figure 2. Normative An-Ab-Or diagram {afler O'Connor' ) Closed
arcles and open chidles, two clusters of grey gnenses; open tnangles
lcucogranites, Crusses, pink gramite,
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There 1s a degree of uniqueness in the composition of
the leucogramtoids {cluster M, rocks) in having hgher
values of 510, and lower values of Al,O; compared to
those of grey gneisses (clusters M; and M,). The
leucogranitoids, therefore, can rightly be described as
the high silica low alumina granite of Barker’.
Compatibility of the Jagat granitoids with those of
the Archaean is brought out clearly in the (La/Yb)y vs
Yby diagram® (Figure 3). In the AFM diagram (Figure
4) all the components of the Jagat granitoids together

100-

ARCHEAN TTG FIELD

10 ' POST ARCHEAN
E..‘ ! GRANITOID FIELD

(vye) N —

Figure 3. (La/Yb)y vs (Yb)y plot showing fields of Archaean and
post-Archaean granitoid rocks. Most of the Jagat granitoids fall in
the Archaean field. Symbols as in Figure &.
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Figure 4. Ploty of Jagat grannods and amphibohites 1 Ab M
dragram, Closed and opea cicles, two ddusters of grey gacisnwes, OpeR
trangles, lencogrande, coassen, prak granete The dcontiuous hne
represenis the tholentie dilerentiaion seties, bosdall (B), lerra-basalt
(1 B), basaltic andesite (BAL andeste (A), davite (1)1 and fhyohite {R).

Closed cucles with plus sign, Type 2 amiphibolites, open squares, Type
J amphibolites.
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show a hinear trend in the calcalkaline field. The other
chemical parameters such as Rb vs (Y + Nb) and Nb vs
Y plots® {Figure 5) also suggest similarity of the
eranitoids with those occurring in the Cenozoic volcanic
arc (Figure 5}

Mafic rocks

Some of the mafic rocks of the Jagat area, which occur
as small, irregular-shaped enclaves within the grey
gneisses {Type 1 amphibolites), are komatiitic n
chemistry. showing high values of MgQO, Cr and Ni
(Table 2, analysis no. I). It must, however, be noted that
these rocks occur rather rarely compared to tholentic
metabasalts grouped under Type 2 and Type 3
amphibolites. The Type 2 amphibolites which are
cofolded with the grey gneisses and younger metaba-
saltic dykes (Type 3 amphiboltes) are comparable 1n

their chemical analysis, showing only minor differences
in the average values TiO,, ALLO,, Fe, O3, S10, and Ba,
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Figure 5. Nb vs Y and Rb vs (Y + Nb} diagrams showing the fields of
ocean ndge (ORG), within plate {WPG), volcanic arc (VAG) and
collision {CG) granites. Jagat gramtoids fall in the VAG held.
Symbols as in Figure 2.

()

Cr, Cu and Ni (cf. Table 2, analyscs nos. 2 and 3). Plots
in the AFM diagram (Figure 4) reveal the tholciitic
composition of these malic rocks. Both types of
amphibolites are quartz and hyperstene normative and
a few of these have normative olivine.

Diagrams of Pearce'® were used to define the
possible tectonomagmatic setting of the Jagat amphi-
bolites. The rocks plot in the CAB/LKT field in the F1-
F2 diagram and n the LKT field in the F2-F3 diagram
(Figure 6). In Muilen’s'! (MnQ) x 10-TiO,(P,0,) x 10
diagram {Figure 7) most of these amphibolites plot in

Figure 6. Plots of discnnminant functions ¥ \-F, (# and F,-F,
(B showing the fields of low potassium tholentes {LKT), ocean floor
basalts (OFB). calc-alkahine basaits (CAB). shoshonites (SHO) and
within plate basaits (WPB). Closed circles, Type 2 amphibolites, open
squares, Type 3 amphibohtes
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Table 2. Major and trace element composition of mafic rocks and iron ore formations

Figure 7. Mullen’s'? triangular diagram showing plots of Jagat
amphibolites in the field of island arc tholeiite (IAT) and mid-ocean
ridge basalt (MORB). Symbols as in Figure 6.

the field of island arc tholeiites (IAT) and mid-oceanic
ridge basalt (MORB). |

Very little information is now available on the
chemistry of the metasedimentary units which include a

C URRI NT SCITNCFE, VOL. 63, NO. 2, 25 JULY 1992

Sl no. ] Type 2 Type 3 4 5
Sample no. 6K, {n=17 av. (n=§) av. 10D, M,
Oxides (Wt %) Bl
S10, 52.28 504 49.32 52.32 32.37
10, 0.87 1.93 1.54 0.49 2.00
Al,O, 1.76 13.51 14.71 3.69 7.68
Fe,O, 0.99 4.33 3.89 1.76 12.49
FeQ 11.92 10.78 10.86 31.12 1296
MnO 0.23 0.23 023 0.55 0.32
MO 14.39 3.3 60 2.23 1.19
Ca0O 8.35 8.59 8.95 2.89 8.65
Na,O 0351 2.22 2.13 1.26 1.67
K,O 0.16 0.75 0.71 1.33 2.06
P,O, 0.23 0.26 0.24 0.27 0.11
Total 98.19 98.23 08.5
Mg No. 67.66 40.12 42.76 12.09 8.19
FeOQ/MgO 1.86 2.82 2.45 1282 20.34
Ca0/Al, O, 1.08 0.66 0.61 0.78 0.49
CaQ/Na,0+K.,0 12.46 2.01 3.24 1.12 2.32
K,0/Na,O 0.31 0.34 0.32 - 1.23
S.1. 51.38 23.35 249 6.71 3.92
Trace elements {ppm)
| ] 17 19 19.63 5. 2]
Rb 17 19.43 24.89 8 H)
ST 42 157.53 166.84 13 426
Ba 101 546.6 426 135 618
Cr 1371 89.18 14493 62 166
Cu 13 £9.18 175.85 1t 27
Ni 891 116.59 148.15 74 63
Zn 154 156.94 - 41 188
Cr/Ni 1.54 0.67 0.75 2.84 2.02
Rb/Sr 0.4 0.201 0.203 0.62 0.16
K/Rb 70 4763 206.6 1330 240
1.0 few bodies of quartzite (bearing fuchsitic mica), mica
schists, marble and iron-stone formations. The latter
units contain both banded magnetite {ilmenite) quart-
zite (BMQ) and quartz-grunerite rocks (with or without
20 N garnet). The occurrence of BMQ is relatively rare
compared to the quartz-grunerite rocks. The chemical
compositions of the latter rocks are given in Table 2
‘0 % (4 and 5). Rocks such as these are quite common in the
greenstone belts of Karnataka'?.
CIT
so wo?? 40 .
a0 - Conclusions
- . o OIA . .
ot T, - Isotopic data from the neighbouring area suggest three
L .
00 — © 8 e— 20 important thermal events®, corrcsponding to the emplace-
. ment of TTG gneisses of Jhamarkotra at 3.3 billion
CAB years ago (Ga), emplacement of Maoli-Rakhwal
v v . y amphibolite at 2.83 Ga, and metamorphic reconstitution
MR x 10 20 40 &0 80 Py0gx 10

of minerals at 245 Ga. If these dates are taken as
representative of the Archacan events in this pant of the
Indian shield, then the total period of granitoid-
greenstone evolutionary history must have spanned a
period of about one bitlion years. This long interval 1s
quite compatible with that of the other granitord-
greenstone terranes of the world'? . |
Though the association of the rocks occurring
around Jagat looks very similar to that of the South

Ui
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Indian greenstone belts, the availlable data from
Rajasthan point out some glaring contrasts, some
of which are: (i} paucity of ultramafic rocks; (ii) total
absence of conglomerate and coarse clastic rocks; and
(1) no hnown mctal mincralization of Archaean age,
except for some localised occurrences of barite deposits.

These differcnces may be ¢ritical 10 the recognition of
greenstone belt evolutionary processt? in this part of
the Indian shield. At the present state of our knowledge
it 1s difficult to reconstruct the geometry and areal
extent of the greenstone belts. What we see today are
the extensive dismembered patches of greenstone rocks
amidst the sea of granitoid rocks.
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Optical studies of two smectic liquid
crystals

A. M. Babu, S. B. Bellad, M. A. Sridhar, A. Indira,
M. S. Madhava and J. Shashidhara Prasad

Department of Physics, University of Mysore, Mysore 570 006, India

The temperature variations of refractive index, density
and order parameter of the compounds 2-4(4'-cyano-
phenyl)-5-n-heptyl-1,3-dioxane (PDX) and 4-'-pentylcyclo-
hexyl-(4-n-pentylcyclohexane)-1-carboxylate (OS) are
reported in the smectic and isotropic phases. The
principal molecular polarizabilities (x_, « ) and the order
parameters S have been evaluated using the anisotropic
internal field model (Neugebauer’s approach). The
theoretical estimates of the mean and principal molecular
polarizabilities using the modified Lippincott-d-function
potential mode] are in close agreement with the values
evaluated from the experimental results.

THE order parameter of a liquid crystal 1s one of the
most important parameters which dctermines 1ts
physical properties and therefore any tensorial property
such as refractive index, magnetic and electric suscepti-
bility, elastic constant, etc., can in principle be used to
determine the order parameter of liquid crystals’?.
Presently, refractive index has been selected as a
macroscopic property to represent the degree of
ordering. The materials which have been studied are
essentially those containing benzene groups in the
central rigid core. In view of the fact that measurements
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carried out on hiquid crystals with different rigid cores
could yield valuable information on the influence of
molecular structure on optical properties and order, we
present here the refractive index and density measure-
ments on 2-(4'-cyanophenyl)-5-n-heptyl-1,3-dioxane (PDX)
and 4-n’-pentylcyclohexyl-(4-n-pentylcyclohexane)-1-
carboxylate (OS) contaiming dioxane and cyclohexane
groups in the central ngid core respectively.

The materials obtained from E. Merck, Darmstadt
were recrystallized before use. The transition temperatures
obtained from differential scanning calorimetric (DSC)
stuches are given below:

1. 2-(4'-Cyanophenyl)-5-n-heptyl-13-dioxane

§
NI
L

Heating: Crystal to smectic, 53.0°
Smectic to isotropic, 55.0°

Cooling: Isotropic to smectic, 55.0°
Smectic to crystal, 42.0° {supercooling was
observed).

2. 4-n'-Pentylcyclohexyl-(4-n-pentyicyclohexane )-1-carbo-
xylate
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