RESEARCH COMMUNICATIONS

CURRENT SCIENCE, VOL. 81, NO. 4, 25 AUGUST 2001

Detrital zircons constraining
basement age in a late Archaean
greenstone belt of south-eastern
Rajasthan, India
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We report a 2Tpb /A "Ph age of ca. 3230 Ma age for

detrital zircon grains from the quartzite of the
greenstone association in the Rakhiawal area, east of
Udaipur, south-eastern Rajasthan. The age helps to
constrain the maximum age of the greenstone belt of
the region.

IN central and south-eastern Rajasthan, in the north-
western part of the Indian Shield, a number of large
outcrops of gneissic basement rocks of Archaean age
occur within the belts of Proterozoic supracrustal rocks
assigned to the Aravalli and the Delhi Supergroups'
(Figure 1). Structural inwasligations2 and available geo-
chronological data® indicate that some of the basement
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Figure 1. Generalized geological map of central and south-eastern
part of the Aravalli mountains (modified after GSI map and Roy').
‘X" marks the map area in Figure 2.
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Figure 2. Geological map of Rakhiawal area,
Udaipur, showing complex outcrop pattern of rocks of the greenstone
association (after Roy et al.'?).

blocks (the Sandmata Complex, for example) experi-
enced extensive Palaeoproterozoic reconstitution. Some
other blocks of the basement rocks on the other hand
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north-east of

(the Mavli block, for example), remained tectonically
passive (low-strain zone) during the Palaeoproterozoic
orogenic cycles. It is from these basement blocks that
records of Archaean crustal history have recently been
recorded®”’

Several workers have mapped isolated remnants
of greenstone belts in different parts of the Mavli
block'”"*. More recently, Roy et al.” mapped patches
of greenstone belts in detail in the region around Ra-
khiawal, about 15 km south-east of Mavli (Figure 2).
We analysed a few grains of detrital zircons from
quartzite, which constitutes an important component of
the greenstone association along with marbles and ma-
fic and ultramafic rocks. In this note, we report an
early-to-middle Archaean age for these zircons, which
we interpret as the possible age of the rocks of the pre-
greenstone basement.

The area around Rakhiawal exposes a variety of su-
pracrustal rocks with granitoids and biotite gneisses of
granitoid origin (Figure 2). The latter rocks are miner-
alogically and lithologically similar to 3.3 Ga-old to-
nalitic gneisses of the Jhamarkotra region, south-east of
Udaipur("?. The youngest granitoids that occur in the
region display intrusive relationships with all the other
rocks of the region. lon-probe data on zircons from the
latter type of granitoid from the Mavli region (the Un-
tala Granite) yielded an age of 2505 + 3 Ma (ref. 8). We
presume that this late Archaean granitic activity marks
the closing stage of the Mavli-Rakhiawal greenstone
belt evolution.

There are no age data to confirm the maximum age
for these greenstone belt rocks, i.e. the age of the pre-
greenstone belt basement. The map pattern and struc-
tural data of the rocks of the greenstone association"’
indicate presence of a number of layers of amphibolite.
The major one, which intrudes into quartzite beds, was
folded together with the latter. Sm—Nd isochron age for
these amphibolites is 2828 + 46 Ma (ref. 6). The sedi-
mentary character of quartzites, which yielded zircon is
confirmed by rare presence of cross-bedding in these
rocks. Based on chemical composition and the positive
initial Yyu, we suggest that the presumably gabbroic
protoliths of the amphibolites were products of mantle
melting. Presuming that there may not have been much
difference in age between the protolith of the amphibo-
lites and deposition of quartzite, we may not be far off
the mark in assuming 2830 Ma as the age of formation
of the Rakhiawal-Mavli greenstone belt. There are no
age data on the biotite gneisses of the area, nor do the
field relationships prove the basement status of these
gneisses.

Initial methodology involved mechanical separation
of zircon grains from the samples using a roller mill,
followed by gravity (Wilfley table) and magnetic sepa-
ration and handpicking of grains. Zircons separated
from the quartzite samples are long prismatic, having
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Table 1. Isotopic data from single grain of zircon evaporation (Sample no. RKL 99/1)
Zircon colour Grain Mass Evaporation Mean *"Pb/"Pb 7ph/*°*Pb age (Ma)
and morphology # scans’  temperature in °C ratio” and 2-o,, error with 2-g,, error
Pink to light red, 1 104 1596 0.257611 £53 32322403
short prismatic, 2 62 1597 0.257624 + 46 3232.2+03
well rounded 3 66 1599 0.257645 £ 51 3232403
terminations 4 85 1596 0.257633 £ 54 32323+03
Mean of 4 grains 1-4 317 0.257627 £ 26 3232302

3 3 .
"Number of *"Pb/?°*Pb ratios evaluated for age assessment.
"Observed mean ratio corrected for non-radiogenic Pb where necessary. Errors based on uncertainties in count-

ing statistics.
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Figure 3. Histogram showing distribution of Pb isotope ratios de-
rived from evaporation of 4 zircons from quartzite sample RKL 99/1.
The pattern is integrated from 317 ratios. Mean age is given with 2-
sigma error.

abraded terminations. Most grains were transparent. The
colour varied from very light brown to light honey-
yellow.

Isotopic measurements were carried out on a Finni-
gan-MAT 261 mass spectrometer at the Max Plank In-
stitut fiir Chemie in Mainz, Germany. In the present
study, Kober’s'*" single zircon evaporation technique
was used with slight modifications'®. This involved re-
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peated evaporation and deposition of Pb-isotopes from
chemically untreated single zircons in a double-filament
arrangement. No correction was made for mass frac-
tionation, which is of the order of 0.03% (Todt, pers.
commun.), significantly less than the relative standard
deviation of the *"Pb/*™Pb ratios, and insignificant at
the range considered in this study. The measurement
yielded a “""Pb/"°Pb age 564.8 + 1.4 Ma, identical to
the adopted age of 564 Ma for this standard'’. Evapora-
tion temperatures were gradually increased in 20-30
steps during repeated evaporation-deposit cycles, until
no further changes in the “Tpb/**Pb ratios were ob-
served. Only data from high-temperature runs or those
with no changes in the Pb isotopes were considered for
geochronological evaluation. The calculated 2pb/Ph
ratios and their 2-sigma (mean) errors are based on the
means of all measurements evaluated and are presented
in Table 1. The “’Pb/**Pb spectra are shown in the his-
togram in Figure 3 that permits visual assessment of the
date distribution from which the age was derived.

Four grains were evaporated individually and yielded
comparable 7pp/Fph isotope ratios (Table 1) that
provide a mean age of 3232.3 + 0.2 Ma (Figure 3). The
fact that all grains are of the same age, strongly sug-
gests that they were derived from a homogeneous grani-
toid source. It is thus likely that the detrital material
contained in the quartzite reflects a granitoid basement
predating sequence in the Rakhiawal region.

Study by Roy and Kroner’ confirmed a virtually 600
million-year history (from ca.3230 to 2620 Ma) of the
Archaean Aravalli craton of the north-western Indian
Shield. Within this long span of Archaean crustal his-
tory, a number of greenstone belts have evolved in dif-
ferent parts of the Archaean crust. Ca. 3230 Ma age of
detrital zircons separated from the quartzite of the
Mavli—-Rakhiawal region, therefore, helps to constrain
the maximum age of the greenstone belts. The age is
quite compatible with that of the TTG-type granitoid
gneisses of the Jhamarkotra regions_x, about 30 km
south-southeast of the Mavli—-Rakhiawal region. Our
study, therefore, implies the presence of early to middle
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Archaean granitic basement for the greenstone belts,
which evolved during middle Archaean and late Ar-
chaean periods.
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