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Abstract: New petrographic and mineral chemistry data are presented to show that the
‘Majhgawan and Hinota pipes are olivine lamproite lapilli tuffs and not kimberlites as
suggested elsewhere. These bodies, therefore, comprise a newly recognized province of
diamondiferous olivine lamproites. Other intrusions in India have been proposed in the
literature as being lamproites or kimberlites. Available information for these localities is
discussed and, where possible, augmented by new data (Wajrakarur/Lattavaram, Angor,
Jungel, Chelima). The Wajrakarur/Lattavaram bodies are classified here as kim-
berlites. Although two of these bodies appear to be extreme varities they do not repre-
sent a different rock type and are not lamproites. The Chelima and Gondwana coalfields
dyke swarms could include lamproites. There are no data to support suggestions of
other lamproites or kimberlites in India. This study highlights the need for further de-
tailed petrological investigations of many of these localities.

Key words: Lamproite, kimberlite, diamond, lamprophyre, minette, India,
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Introduction

Until recently, kimberlite was considered to be the only important, primary
source of diamond. Various diamondiferous bodies in Australia, Arkansas,
Zambia and the Ivory Coast, all of which were originally referred to as kim-
berlites, have now been shown to be lamproites (JaQues et al., 1984; ArxiNson
et al., 1984; ScorT SMITH & SKINNER, 1984 a, b, ¢; ScorT SMrTH et al., 1989;
MrrcuELL, 1985; BrroMan, 1987), Kimberlites and lamproites are distinct rock
types exhibiting differences in near surface emplacement, petrography and pe-
trology. These differences have both petrogenetic and economic considera-
tions.

The occurrence of diamond in secondary deposits in India has been known
since ancient times. The Majhgawan pipe in Madhya Pradesh (Fig. 1) was the
first primary source of diamond to be recognized (Sivowr, 1930). One impor-
tant objective of this paper is to show that this and the nearby Hinota pipes,
which are generally referred to as kimberlites are, in fact, lamproites. In the
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light of this conclusion, other bodies in India which have been proposed as ei-
ther lamproites or kimberlites are reviewed, where possible in the context of
new petrographic data (Wajrakarur/Lattavaram, Angor, Jungel, Chelima) and
some preliminary mineral chemistry data (determined using an ARL SEMQ
electron microprobe). The intrusions are described in order of the notation in
Fig. 1. The definitions and classifications for lamproites are based on Scorr
SmrtH & SkINNER (1984 2, ¢), JaQuss et al. (1984) and MrrcueLL (1985) and for
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Fig. 1. Localities of suggested lamproites and kimberlites in India. Legend: (1)
Majhgawan Mine and Hinota, (2) Angor, (3) Jungel, (4) Gondwana Coalfields, (5) Wajra-
karur and Lattavaram, (6) Chelima, (7) Zangamrajupalle, (8) Maddur and (9) Warangal.
Also shown are the cratons after Naqvi et al. (1974) but also see Fig. 18 a of BereMan
(1987),
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kimberlites on Crement et al. (1984), Sxinner & Crement (1979), Crement &
SkINNER (1985) and MrrcueLL (1986).

Majhgawan and Hinota

The diamondiferous Majhgawan pipe occurs 25 km southwest of Panna in
Madhya Pradesh (Fig. 1). The pipe, which was found by diggers before 1827
(Harper & GuosH, 1974), was known to be different from the nearby second-
ary diamond deposits, but it was only much later that it was recognized as a
volcanic rock (“agglomeratic tuff”’; SiNor, 1930). Majhgawan, a 9ha pipe,
underwent major exploitation during the period 19371964 and is currently
in operation (BANERJEE & AGarawaL, 1980). It is the only significant primary
diamond deposit in India with reported grades of 8 to 15 cts/100 tonnes and an
average stone size of 0.78 cts (BANERJEE & AcARAWAL, 1980; DesHpaNDE, 1980).
Hinota, about 3km from Majhgawan, was discovered in 1959 (Haiper &
GHosH, 1974). Hinota is 2 ha in size with a grade of less than 1cts/100 tonnes
(Desuranps, 1978). These bodies have been referred to as kimberlites (e.g.
MatHUR & SiNGH, 1971) although differences from kimberlites elsewhere (e g
those in South Africa) were often noted (e.g. GranTHAM, 1964).

Majhgawan and Hinota intrude the Kaimur sandstone of the Proterozoic,
lower Vindhyan Group which are thought to overlie Archaean basement of the
Aravalli craton (Fig. 1). The Archaean Bundelkhand gneisses (2500 Ma) are ex-
posed less than 10 km to the north. Upper Vindhyan sediments carry diamonds
in the Panna area. Numerous age determinations have been made for Majhgawan
and range from 840 — 1140 Ma (LoverING in GRANTHAM, 1969; CRAWFORD, 1969;
CrawrorD & ComMpsToN, 1970; McDougaLL in CrawrorD & COMPSTON, 1973;
Paut et al,, 1975). PauL (1979) also gives a whole-rock Rb—Sr age of 1630 Ma.
The single age determination for Hinota is 1170 Ma (Paur et al., 1975).

Majhgawan is a circular body with a small pointed bulge to the west (e.g.
Harper & GHosH, 1974). The pipe has been drilled to 120 m and has the shape
of an inverted cone with contact dips of 70~75° (SiNow, 1930; Harper &
GHosH, 1974). Mataur & SineH (1971) refer to different rock types as yellow-
green pipe rock, dark coloured volcanic rock (below 27 m) and weathered tuf-
faceous material, The latter, which occurs in the bulge and along the north and
northwest margins of the main pipe, is unworked because of lower diamond
grades. Other variations in rock type, e.g. basaltic kimberlite and kimberlite
breccia, both with and without phlogopite, are also noted (Smor, 1930;
Harper & GrosH, 1974). Hinota is a circular intrusion. A cross section sug-
gests that it has a shallow (80 m) crater (Harper & GHosh, 1974), No mention
of a bedded texture was found in the literature for either body.

Petrography and Mineral Chemistry

Majhgawan: The sixteen samples examined are similar, Most of them derive
from the open pit, which is presumed to be the diamondiferous area of the
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pipe. One sample is from borehole core sample at 100m. One of the samples
was extensively altered, and cut by veins of secondary carbonate while the
other samples are fresher. They all have macroscopic fragmental textures
(typically the fragments are <15mm in size but range up to 40 mm) and are
generally clast supported. The fragments are mainly igneous and have mac-
rocrystic textures with olivine pseudomorphs set in a fine grained (often
brown) groundmass. The occasional zenolith was observed. Microscopically,
the igneous fragments have irregular shapes, are composed of abundant olivine
pseudomorphs and a finer grained to glassy groundmass (Table 1). The glassy
base and plastic deformation, albeit rare, of the fragments show that they are
juvenile lapilli. The lapilli usually have macrocrystic textures (Fig. 2). The mac- -
rocrystal olivines (rypically <5mm but occasionally up to 10 mm) are mostly
anhedral and occasionally subhedral. They commonly have serrate margins
which, in detail, are euhedral (Fig. 2) and probably represent imposed morphol-
ogy (as discussed by Scorr Smrt et al., 1989), Macrocrysts also occur as dis-
crete grains between the lapilli. The second generation of olivine occurs as
smaller (<0.5mm), generally euhedral grains which display both simple and
complex shapes (Figs. 2 to 5). The latter suggest the presence of crystal ag-
gregates. All the olivine is altered and has been predominantly replaced by pale
green serpentine (Table 2) but other secondary products are present.

"Two main varieties of groundmass occur (Figs. 2 and 3). The first is brown,
turbid indiscernible material (Fig. 4) which contains innumerable, virtually
cryptocrystalline laths of mica. This groundmass probably represents the inci-
pient crystallization of glass. Occasionally the groundmass mica may be coar-
ser grained (up to 0.5 mm). Vesicles may be present. The second type of lapilli
has a clear, virtually isotropic, glassy base and typically contains abundant ves-
icles and slender needles of apatite (Figs. 3 and 5). Some vesicles are filled by
serpentine (Table 2). In a few instances both varieties of groundmass were
noted within the same lapilli. The compositions of the base in the two types of

Table 1. Modal analyses,

Majhgawan  Wajrakarur/Lattavaram

Pipe/sample 1 P1/1 P2/2 P5/1

olivine 43.3 56.2 26.6 328

monticellite 14 36.4 9.6

phlogopite 9.8 1 19.8

oxides 7.7 6.8

perovskite 1.7 ' 7.4

serpentine 6.1 5.4

carbonate 3.8 0.4

melilite 6.6

other 56.6 35 11,2
Majhgawan: 1 ~ single large juvenile lapilli as Fig. 2, “other” is glassy or cryptocrystal-
line groundmass. Wajrakarur/Lattavaram: P2/2 and P5/1 — “other” is indiscernible

groundmass.
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Fig, 2. Majhgawan lamproite, Sample 1, Field of view = 10 mm. PPL. Part of a large ju-
venile lapilli which is composed of two generations of altered olivine set in a dark
brown, turbid, very fine grained groundmass. Olivines macrocysts (m) with an overall
anhedral shape often have serrate (in detail euhedral) margins, Numerous smaller eu-
hedral phenocrysts (o) are present and complex shapes often suggest that they are ag-
gregates. Contrast the nature of the olivines with Fig, 8,

Fig. 3. Majhgawan lamproite. Sample 1. Field of view = 1.6 mm. PPL, A juvenile lapilli
which is composed of olivine pseudomorphs set in a colourless, vesicular (v), glassy (g)
groundmass, Contrast the nature of the groundmass with Fig, 2. The outlines of the oli-
vines are highlighted by a necklace of secondary minerals. Note the complex shapes of
the olivine phenocrysts (o). An olivine macrocryst (m) and another similar lapilli (bot-
tom right) are also present.

juvenile lapilli (Table 2) are different. If the areas analysed are unaltered and re-
presentative of the magma, which seems likely, the data suggest that they are



198 | VB;aH..ded.'t'f"Slfrfi:tH?“ :

é PR BARGRL - 7B

Fig. 4. Majhgawan lamproite, Sample 1. Field of view = 0.6 mm. PPL. Part of a juvenile
fapilli with the dark, brown coloured groundmass, It contains pseudomorphs of olivine
phenocrysts (o), vesicles (v), high relief perovskite, in an almost cryptocrystalline turbid
groundmass in which minute laths of phlogopite can just be discerned. Contrast the na-
ture of the groundmass with Fig, 5.

not only petrographically, but also compositionally, distinct. Presumably this
reflects two episodes of eruption.

Scattered grains of phlogopite occur in both types of lapilli but in a few
samples they are more common (Fig. 5). Rare discrete grains occur between la-
pilli. The phlogopite is generally pleochroic ranging from pale brown to a
somewhat darker orange brown colour. Phlogopite occurs as macrocrysts (up
to 4 mm), phenocrysts (up to 1.5 mm) and groundmass crystals {<0.05 mm).
Most of the macrocrysts are anhedral to subhedral, in some cases rounded,
plates and are generally distorted with undulose extinction. They are usually
invaded along cleavage partings or occasionally totally replaced by secondary
material which is generally opaque to translucent orangy red (Phematite of
Matnur & SiNgH, 1971). Rare polycrystalline grains appear to be partially re-
crystallized. Some of the larger phlogopite grains have pitted cores (alteration,
reaction, incipient melting?). The phenocrysts are typically slender laths (Fig.
5) which commonly display polysyathetic twinning. The groundmass mica,
when discernible, is present as lath-like or more equant crystals.

The phenocrystal phlogopites (Table 2), with high TiO, and fairly low
AlLO; contents, fall outside the main field for kimberlites but are similar to
micas from lamproites (cf. Fig. 7 of Scort Smrra & SkiNNER, 1984 a; Fig. 6.3 of
MrrcHeLL, 1986). Except for slightly higher TiO; values, they are similar to the
phenocrysts in the juvenile lapilli from Ellendale in Western Australia (Jaquss
et al., 1986) and Prairie Creek, Arkansas (Scorr Smirn & SxiNNER, 1984 a).
They are different in composition from groundmass micas in olivine lam-
proites (e.g. JaQues et al, 1986; Scorr Smrth et al,, 1989). Groundmass
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Fig. 5. Majhgawan lamproite. Sample 8. Field of view = 0.6 mm. PPL. Part of a juvenile
lapilli. It is composed -of mictophenocrysts of altered, euhedral olivine (o) and phlo-
gopite (p), fine grained acicular needles of apatite, high relief perovskite, the occasional
vesicle (v) and a clear, colourless, glassy groundmass.

mica at Majhgawan is too fine grained to analyse using an electron mi-
croprobe,

~ Only minor differences in composition were found between the grains de-
noted petrographically as macrocrysts and phenocrysts. The phenocrysts and
small crystals (neoblasts) within the recrystallized areas of polycrystalline mac-
rocrysts have higher Cr,O; (up to 1.24 wt.%), Al,O; and TiO; contents than
the macrocrysts. Paur (1980) notes the opposite variation in TiO, and ALO;
between, what he terms, larger xenocrysts (macrocrysts?) and the smaller,
subhedral groundmass grains (phenocrysts?). Limited published data are
mostly similar to those presented here (MmpLEMOST & PauL, 1984; Paur, 1980;
Guerra et al,, 1986) except for those of Naik (1985) which have, in particular,
lower TiO, contents (0.87 - 1.64 wt.%). '

Most lapilli contain small cubic, hexagonal or star-like (<0.1 mm) grains
which are pale grey, coloutless or turbid, have high relief and moderately high
birefringence. They are distributed uniformly throughout the sample or occur
within, or form necklaces around, olivine pseudomorphs. Some of these high
relief grains are composed of approximately 95 wt.% TiO; and are therefore
probably anatase (perhaps hydrated). These grains could be secondary after
perovskite. In one sample a second unidentified high relief, yellowish mineral
occurs as overgrowths on the probable anatase perhaps indicating a more com-
plex original mineralogy. Rare, small spinels occur. Some opaque material is
manganoan ilmenite. Minor secondary carbonate was noted in a few samples.

The nature of the matrix between the lapilli is difficult to discern but in some
cases it is composed of serpentine-like material. Occasionally it has a glassy ap-
pearance and contains minerals which resemble those found within the lapilli
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(olivine, altered perovskite, spinel). This suggests that such a sample is an auto-
lithic breccia. In another instance clinopyroxene microlites occur within the
serpentine matrix (suggesting crystallization from later related fluids?). Ser-
pentine which occurs in olivine pseudomorphs, infilled vesicles and the macrix
between lapilli is similar in composition (Table 2).

Many of the petrographic features discussed above have been noted pre-
viously (e.g. MaTrUR & SiNGH, 1971). Other minerals, not noted in this study,
have been referred to in the literature (mainly for Majhgawan). These include
possible melilite, fresh olivine (MaTHUR & SiNGH, 1971), rare perovskite, rutile,
spinels (Mg—chromite), titanomagnetite, baryte, pectolite and dolomite
(MippLEMosT & Paut, 1984; Gurra et al,, 1986). Pyrope garnet is noted as
being rare (GranTHAM, 1964; 1969; MatHur & SiNgH, 1971). Magnesian il-
menite is reported as being absent by Granraam (1964, 1969) while MipprLe-
MosT & Paur (1984) report some high CryO; (2.5-6.8wt.%) and high MgO
(14.5-16.2 wt.%) ilmenite. Other, probably secondary, minerals reported in-
clude illite, talc (Das Guera & Prukan, 1971), vermiculite, chlorite, smectites
and calcite (Kresten & Paur, 1976). Calcite only occurs as secondary veins in
near surface samples (MatHUR & Siven, 1971; Paut, 1980),

Hinota: The nature of the seven samples (including borehole core from 96 m)
examined from Hinota are all broadly similar to those from Majhgawan. The

samples are generally more altered, including extensive carbonatization. The
 juvenile lapilli are similar to those at Majhgawan. They usually have mac-
rocrystic to porphyritic textures but the olivine pseudomorphs, notably the
macrocrysts, are less abundant than at Majhgawan but do exhibit similar mor-
phologies. Coarser mica occurs but is not common. It has a distinctive orange-
brown colour and displays polysynthetic twinning. Possible sanidine was ob-
served in one instance, Parts of two altered samples appear to be composed of
glass shards suggesting the presence of glassy ash material. In addition KresteN
& PauL (1976) note vermiculite, chlorite and smectites which are probably sec-
ondary minerals,

Discussion

The petrographic classification of these samples is problematic because of
their glassy nature and the resulting paucity of primary groundmass minerals.
Majhgawan and Hinota have been termed kimberlites in many publications
based mainly on the occurrence of diamond, the abundance of olivine and
ultramafic geochemistry. Various petrographic features at Majhgawan and Hi-
nota, however, are different from those found in kimberlites. Glass and, in par-
ticular, scoriaceous juvenile fapilli have not been observed in kimberlites but
are typical of lamproites (compare Fig. 3 with Fig. 3 of Scorr Smirn &
SkINNER, 1984 a and Fig. 30 A of Jaques et al., 1986). Two generations of
olivine as found at Majhgawan and Hinota occur in both kimberlites and
olivine lamproites. Generally in kimberlites the olivine macrocrysts are
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anhedral and rounded and’the phenocrysts have simple euhedral shapes (e.g.
Fig. 8 this paper; Fig. 2.1 of Mrrcuery, 1986; Fig. 2 of Scorr SmrrH et al., 1984;
Fig. 13 a of CremenT et al,, 1986). The complex shapes of the olivine mac-
rocrysts (probably imposed morphology) and phenocrysts (crystal aggregates)
at Majhgawan and Hinota are typical of lamproites (cf. Fig. 2 of this paper with
Fig. 2.8 of MirrcheLL, 1986; Fig. 1 of Scorr Smrr & SkiNnER, 1984 a; Fig, 2 of
Scorr Smira & SkiNNER, 1984 b; Fig. 80 D of Jaques et al, 1986),
Also, polysynthetically twinned mica is unusual in kimberlites.

All the petrographic features of Majhgawan and Hinota, including those that
are atypical of kimberlites, are similar to those of the crater-facies rocks found
in olivine lamproites from Ellendale and Argyle in Western Australia (Jaques
et al., 1986), Prairie Creek in Arkansas (Scott Smite & SxinwEr, 1984 2) and
Kapamba in Zambia (Scott SmrrH & SkiNner, 1989). The mineral composi-
tions support classification of these bodies as lamproites. ~

No new whole-rock analyses were obtained during this study because of the
lack of suitable material. Data are given for Majhgawan and Hinota by Smoxr
(1930), Matrur & SiNGH (1960), MaTtHUR (1962), Paur et al. (1975), MippLE-
MOST & PauL (1984 — average only) and Gupra et al. (1986). The major element -
data (e.g. high MgO up to 27.4 wt.% and low Na,O < 0.6 wt.%) are similar to
both kimberlites and olivine lamproites although the low CO, values are more |
characteristic of lamproites. The samples with high CO, contents (up to
10 wt.%) may represent altered surface samples. Some of the trace element data,
albeit sparse, suggest that the rocks may be lamproites (e.g. 1174~2035 ppm Sr,
1033~ 1649 ppm Zr, 210 ppm Nb, 3634 -27300 ppm Ba and high La, Ce, Nd;
GurTa et al,, 1986; MmbpLemost & Paur, 1984) when compared to data for
other kimberlites and lamproites (cf. Table 6 of Bereman, 1987).

The samples examined from Majhgawan and Hinota are therefore termed
glassy olivine lamproite lapilli tuffs although some autolithic breccias may be
present. Crater-facies lamproites elsewhere typically contain abundant xeno-
lithic material, generally as single grains of quartz. In contrast, at Majhgawan
and Hinota xenolithic material is a very minor constituent of the samples ex-
amined here but MaTaur & SivaH (1971) note that accidental inclusions (up to
10 cm in size) are often encountered. Most of the samples from Majhgawan ex-
amined here probably compare with the “dark coloured volcanic rock”
(below 27 m) of MarHUr & SmveH (1971) who also classified the rocks from
Majhgawan as tuffs, albeit tentatively. The one altered sample derives from the
upper part of the pipe (12 m) and corresponds to the “yellow-green pipe rock”.

Angor

This body is located near Angor about 100km west of Majhgawan in
Madhya Pradesh (Fig. 1). It has been referred to as a diamondiferous kimberlite
(Purr, 1972). The intrusion is 400 X 200m in size (Nang, 1971; Puri, 1972;
Marnur, 1981). It intrudes the Archaean Bundelkhand granite on the Aravalli
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craton (Fig. 1). Dolerite dykes occur in the immediate area of Angor. NaNE
(1971) reports that 1000 tonnes of material produced no diamonds while Purr
(1972) and MatHUR (1986) note the recovery of a few diamonds and Desu-
PANDE (1978) reports a grade of 0.67 cts/100 tonnes.

~ Petrography

The five samples examined are extensively altered, carbonatized and veined.
Secondary quartz, serpentine and iron oxides were noted. Patches of secondary
carbonate probably represent olivine pseudomorphs (up to 4 mm) which make
up 40~-50 modal % of the rock. Interstitial areas largely consist of fan-like ag-
gregates of an acicular mineral which displays a quench (or spinifex-like) tex-
ture. Probable spinel and altered pyroxene? also occur in these areas.

Angor was first reported by Jrmneran & Puri (1956) who noted a similarity
with Majhgawan and it was therefore referred to as a kimberlite (Pury, 1972).
Nane (1971} reported that Angor is composed of olivine, augite, enstatite with
minor magnetite and ilmenite, Olivine and pyroxene occur in approximately
equal proportions. MaTHUR (1981, 1986) suggests that Angor is not a kim-
berlite but a peridotite — pyroxenite —gabbro complex.

Discussion

The samples examined in this study are altered ultramafic rocks. Olivine, al-
though abundant and coarse grained, does not occur as the two generations
typical of kimberlites and olivine lamproites; namely anhedral macrocrysts and
smaller euhedral phenocrysts are not present. Although the primary nature of
the interstitial areas is not understood, features such as the spinifex-like textures,
are not observed in kimberlites or lamproites. Also abundant enstatite and abun-
dant coarse-grained augite as reported by Nane (1971) do not occur in kimberlites
or lamproites. Angor, therefore, is considered not to be a kimberlite or lam-
proite. It is not possible to classify the rock with the information presented here
but the observed features are more consistent with the suggestion of MaTHUR
(1981, 1986) that Angor is a layered peridotite ~ pyroxenite —gabbro complex.

Banda

Hukku (1971) reports evidence for volcanism about 100km northeast of
Majhgawan, He notes a similarity of “cale-tufa” deposits in the suspected cal-
deras with kimberlites in South Africa and at Majhgawan. None of the in-
formation presented supports the suggestion that these rocks have kimberlitic
or lamproitic affinities,

Jungel

The Jungel bodies occur close to the border of Uttar Pradesh and Madhya
Pradesh in NE India, about 280 km east of Majhgawan (Fig. 1). The occurrence
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of kimberlitic rocks at Jungel was first suspected by Tewart (1971). Jungel has
been referred to as a kimberlite (e.g. CuaTTOPADHYAY & VENKATARAMAN, 1977)
and as a possible lamproite by J. B. Dawson (public communication; Fourth
International Kimberlite Conference, Perth, 1986). Most publications refer to
four oval pipes occurring in a linear E~W arrangement; Jungel 1, Jungel 2
(100 x 200 m), Jungel East (900 x 300m) and Jharkarua (Krisuna Murry,
1980). Some authors refer to a fifth pipe Jharkarua 2 in the west (Cuar-
TOPADHYAY & VENKATARAMAN, 1977). The Jungel bodies occur close to the mar-
gin of the Aravalli craton. BALASUBRAHMANYAN et al. (1978) report on age of
919 £ 21 Ma (Jungel 2}. In 1973 a diamond exploration project was initiated
(BeHAL & SrivasTava, 1980). Two diamonds are reported from plug 2 (Krisena
Murrty, 1980) but none from plug 1 (from which at least a total of 2026 tonnes
was treated; Tyacy, 1980). Possible Mg-ilmenite (CHATTOPADHYAY & VENKA-
TARAMAN, 1977) and garnet, probably spessartine —almandine (CuaTToPADHYAY
& KuMar, 1977) are mentioned.

Petrography

The five samples examined are metamorphosed and altered. They are now
composed predominantly of chlorite, talc, tremolite, carbonate and mica. This
mineralogy was confirmed by X-ray diffraction which also showed that
feldspar and zeolite were present. Rare possible primary olivine pseudomorphs
were observed in only one sample (Jungel 2).

CHarrorapHYAY & KUMAR (1977) report that serpentine (53 modal%), which
occurs as 2 groundmass mineral and in olivine pseudomorphs, and calcite
(17 %} are the dominant minerals, Opaque minerals, tremolite—actinolite,
chlorite, magnetite, ilmenite, fine mica, a few Cr- and red-spinels, trace per-
ovskite, talc, pyrite and glass are also noted, Krisena Murty (1980) reports a
similar mineralogy but also notes the presence of epidote, sphene, almandi-
ne—spessartite garnet and pseudomorphs of clinopyroxene phenocrysts. Sphe-
rulitic, porphyritic, porphyroclastic, glassy and tuffaceous to agglomeratic tex-
tures are described.

Discussion

The rocks examined (four samples from pipes 1, 2 and 5) display no affinities
with kimberlites or lamproites. For example, they lack the macrocrystic tex-
tures, two generations of olivine and finer grained igneous groundmass that are
diagnostic of kimberlites or olivine lamproites. Abundant chlorite and tremo-
lite —actinolite, even of secondary origin, are unusual minerals in kimberlites
or lamproites, If the reported diamonds were derived from such rocks, their
occurrence would be extremely unusual. The rocks are more likely to be meta-
volcanic rocks, Perhaps parts of the Baiwar group, which form the country
rock and contain volcanic rocks, have been misidentified as kimberlite.
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Gondwana Coalfields

Numerous dykes and sills (up to 2m wide) occur in the Permian to lower
Cretaceous Gondwana Coalfields near Bokaro, Jharia and Ranigan;j in the Da-
modar Valley (Bihar and West Bengal; Fig. 1). They have been described by
numerous authors (e.g. Horrano, 1894; Horranp & Saise, 1895; Fox, 1930;
CHATTERJEE, 1937; GHOSE, 1949; BANERJEE, 1953; MUKHERJEE, 1961; SARKAR et
al., 1980; PauL & SARKAR, 1986; GuPTa et al., 1983; MmbLEMOST et al., 1988).
The dykes show considerable variation within individual intrusions, between
intrusions of each province and between the provinces. They are reported to
range from ultrabasic mica-peridotite (olivine, mica, alkali feldspar, apatite)
through lamprophyres (minettes, kersantite, vogesite) to micro-syenite
(leucite, orthoclase, albite, apatite). MuxtEerjEE (1961) reports a single dyke
which 1s zoned from olivine lamprophyre in the centre to feldspathic lam-
prophyre to micro-syenite near the contact, suggesting that the different rock
types are co-eval. They appear to have been emplaced between 121 and 105 Ma
(data for lamprophyric samples only, Sarkar et al., 1980).

Some of these dykes have been suggested to be lamproites (Paur & SaRkaR,
1986; BerGMAN, 1987; MippLEMOST et al., 1988). The occurrence of priderite,
potassium feldspar, titaniferous phlogopite (up to 9.8 wt.% TiO,; Gupra et al.,
1983; MippLEMOST et al., 1988), amphibole (pleochroic from claret red to straw
yellow), leucite and a glassy base (HorLanp, 1894) support the suggestion that
some of these dykes may be lamproites. BEreMAN (1987) notes that the leucite-
bearing dykes, which are more mafic than typical minettes, are similar to lam-
proites but have unusually high T1O,, P,Os and CO,. Features inconsistent
with the classification of the Gondwana lamprophyres as lamproites are the re-
ported occurrence of primary plagioclase (e.g. PauL & Sarkar, 1986), quartz
(GrosE, 1949), carbonate (e.g. Gupra et al., 1983), ilmenite (BANERjEE, 1953)
and rutile (GupTa et al., 1983). These dykes are complex and obviously deserve
re-examination in light of the suggestion that some may be lamproites, Other
lamprophyres occur in India (e.g. PAuL & Sarxar, 1986; Dessar, 1987) but do
not appear to show any particular lamproitic affinities.

Wajrakarur and Lattavaram

Several intrusions, referred to as pipes 1 to 8 (Fig. 6), occur in the vicinity of
Wajrakarur and Lattavaram in Andhra Pradesh on the Dharwar craton (Fig,
1). The first pipe, probably discovered in the late 19th century (Crarpzr, 1880
cited by Murry et al,, 1980; Laxz, 1890; Foorx, 1889) was not classified as kim-
berlite until 1966 by Rao & Praprre, Pipes 2, 3, 4 and 5 were discovered in the
1960’s by the Geological Sutvey of India and more recently pipes 6,7 and 8 were
found (Murty et al., 1980; Gurrasaruma et al., 1986; SusraMaNYAM & Pury, 1986
respectively). A variety of ages have been obtained for these bodies (Table 4)
ranging from 840 to 1505 Ma (Paut et al., 1975; 1979; MEHNERT in Basu & Tar-
suMoTo, 1979). All these bodies are generally referred to as kimberlites but
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Fig. 6. Location of the kimberlites near Wajrakarur and Lattavaram, Andhra Pradesh
(after GupTASHARMA et al., 1986; NAGABHUSHANAM & VENKATANARAYANA, 1985; SUBRAH-
MANYAM & Puri, 1986).

recently it has been suggested that pipes 2 and 5 are lamproites (Reppy, 1987).
Very little information and no samples are available to the author for pipes 7
and 8 and they will not be discussed further,

Apparently all of the bodies are less than 5.5ha in size, except for Pipe 1
which is the largest at 19.4 ha (NacaBHUSHANAM & VENKATANARAYANA, 1985;
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Reppy, 1987; Guprasarma et al., 1986; SusranmanyaM & Puri, 1986). Pipe
1 might comprise four coalesced pipes (Rao & PHADTRE, 1966), Some contra-
dictory data (e.g. pipe sizes) are reported elsewhere (e.g. Murty et al., 1980).
The bodies are mostly composed of hypabyssal-facies rocks but breccias (e.g.
Reppy, 1987) and tuffs (KARUNKARAN et al., 1976) have been described. Rocks
containing up to 60 % xenoliths are reported (MUrTY et al., 1980; KARUNKARAN
et al., 1976). 5

Pipes 1, 3, 4 and 6 appear to be diamondiferous (NacaBHUSHANAM & VENKA-
TANARAYANA, 1985; Reppy, 1987) while pipes 2 and 5 appear to be barren.
Murrty et al. (1980) notes (1) grades for pipes 1 and 6 of up to 2 and 3cts/
100tonnes respectively, (2) that pipe 3 is poorly diamondiferous and (3) that
the material from pipes 2 and 5 was too hard to treat. Diamonds are reported
from pipe 8 (SusranManyaM & Puri, 1986) but there is no information for
pipe 7. Pyrope garnet and chrome diopside occur in all the pipes but garnet is
rare in pipes 2 and 5 (Murry et al., 1980; Reppy, 1987). The garnets from pipes
1 and 6 include G9 and a few G1 varieties (GupTa et al., 1986; classification of
Dawson & StepHENS, 1975; 1976). Ilmenite occurs as rounded macrocrysts
(AxeLLA et al,, 1979).

Mantle-derived xenoliths are present in pipes 1, 3, 4 and 6 but absent or rare
in pipes 2 and 5. The xenoliths include harzburgite and lherzolite (both
+ garnet and phlogopite), garnet wehrlite, dunite, olivine clinopyroxenite, ec-
logite and richterite-, ilmenite- and/or chromite-bearing rocks (Rao &
PHADTRE, 1966; AxEria et al., 1979; Neuru & Reppy, 1986; Reppy, 1987;
GAaNGULY & BHATTACHARYA, 1987). Most of the nodules have granular textures
but sheared examples are recorded. Geothermometry and geobarometry sug-
gests that they have originated within the diamond stability field (Gancury et
al., 1983 — 125 to 200 km; Nenru & RepDY, 1986 ~ up to 225 km; GaneuLy &
BHATTACHARYA, 1987 — 100 to 185km).

Petrography and mineral chemistry

Pipe 1 or Wajrakarur 01: There are two distinct rock types among the
samples examined. The first is an extensively altered hypabyssal-facies rock. It
has a macrocrystic texture typical of kimberlite (sensu stricto; after CLEMENT &
SKINNER, 1985). Altered olivine occurs as both macrocrysts (up to 6 mm) and
phenocrysts. Discernible primary groundmass minerals are fine grained mica,
perovskite and probably a few spinels. A few altered xenoliths are present.
These samples are classified as altered, mica-bearing bypabyssal-facies kimberlites,

The second rock type encountered is very different from that described
above. It contains abundant country rock fragments, is altered and has a pel-
letal lapilli texture (after CLemEnT & SkINNER, 1985). Two generations of al-
tered olivine are present. The macrocrysts (up to 5 mm) are anhedral and gen-
erally rounded while the phenocrysts (up to 1mm) are euhedral. The
groundmass of the lapilli includes fine grained (up to 0.05mm) abundant
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needles of clinopyroxene and rare phlogopite. The matrix between the lapilli is
composed of serpentine and microlitic clinopyroxene. Minor calcite is present.
Some angular autoliths of previously crystallized kimberlite occur., These
samples are classified as altered, diatreme-facies, pelletal tuffisitic kimberlite brec-
cias. This pipe is the only sizeable pipe in the province (20 ha) and the occur-
rence of diatreme-facies material is therefore not unexpected.

Additional features recorded include plagioclase (Rao & PuaDTRE, 1966), il-
menite, chlorite, talc, glass (INAGABHUSHANAM & VENKATANARAYANA, 1985), il-
menite, groundmass chlorite and glass (REppy, 1987). The reported occurrence
of plagioclase and glass, if primary, is at variance with the results of this inves-
tigation and with the classification of this body as a kimberlite.

Pipe 2 or Wajrakarur 02: Olivine, which is sometimes fresh (Table 3), occurs
in two generations. Some macrocrysts (up to 5mm) may be subhedral and
have serrate margins, The well developed undulose extinction and, in some in-
stances, polycrystalline nature shows that they are xenocrysts. Numerous
smaller (<0.5 mm) phenocrysts are present. The groundmass is composed of
granular monticellite (Fig. 7; up to 0.1mm), spinel (<0.1 mm), euhedral
brown perovskite {<0.05 mm), interstitial cryptocrystalline serpentine, inter-
stitial poikilitic plates (up to 0.7 mm) of very pale orange-brown phlogopite
(Table 3) and apatite. The phlogopite encloses other groundmass minerals. A
lath-like mineral probably representing altered melilite also occurs. Abundant
pseudomorphed groundmass monticellite is clearly discernible in some
samples (T'able 1). Mineral compositions confirm the presence of olivine, phlo-
gopite and probable altered melilite (Table 3). The samples are classified as al-

R S

Fig. 7. Pipe 2 ~ Wajrakarur kimberlite. Sample P2/4. Field of view = 0.4 mm. PPL. A
subhedral, partly altered olivine microphenocryst (o) is set in a groundmass composed
predominantly of granular, fresh monticellite (m). Also present are primary opaque
spinels, fine translucent perovskite, interstitial serpentine and some secondary minerals
which often have high relief.
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tered hypabyssal-facies monticellite kimberlite (Table 1). The mineralogy is
typical of kimberlites but the paucity of macrocrysts (compare pipe 2 with the
more typical kimberlite of pipe 3 in Table 1) and the shapes of the olivines in
these samples are somewhat unusual.

Other features noted in the literature include ilmenite, carbonate, glass (Rao
& PrapTRE, 1966), chlorite, calcite (Kresten & Paul, 1976), ilmenite, calcite,
chlorite, tale, glass (NaGaBrUsHANAM & VENKATANARAYANA, 1985), phe-
nocrysts of sanidine and ilmenite, groundmass sanidine, diopside, richterite, il-
menite, magnetite, carbonates and glass (Reppy, 1987). Sanidine, richterite and
glass were not observed here but are features not found in kimberlites except
for some unusual contaminated Group 2 kimberlites in South Africa.

Pipe 3 or Lattavaram 03: All the samples examined are altered and display dif-
ferent secondary mineralogies. They contain a few xenoliths up to 15mm in
size and have macrocrystic textures, Pseudomorphs after olivine are abundant
(Table 1) and include anhedral macrocrysts (up to 10 mm) and phenocrysts (up
to 2 mm). Primary groundmass minerals include altered probable monticellite
(up to 0.02 mm), apatite (up to 0.1 mm), spinel (up to 0.01 mm), perovskite (up
to 0.05 mm) and serpentine (Table 1). Carbonate which appears to be primary
is also present. Macrocrysts of garnet and picroilmenite occur in heavy mineral
concentrates. Most of the rocks are classified as hypabyssal-facies, monticellite
kimberlite (Table 1), One of the samples contains more abundant phlogopite as
pale coloured laths,

Additional minerals recorded 1nclude rare enstatite, glass, chlorlte, pla-
gioclase pseudomorphs (Rao & PHADTRE, 1966), vermiculite (Kresten & Paut,
1976), glass (NaGaBHUSHANAM & VENKATANARAYANA, 1985), ilmenite phe-
nocrysts, groundmass ilmenite, chromite, magnetite, glass Renpy (1987), partly
serpentinized olivine (up to 1 mm, Fog), fresh monticellite, pectolite and Ti-
bearing magnetites (AKgELLA et al., 1979 for Lattavaram 1, presumed to be pipe
3),

Pipe 4 or Lattavaram 04: All the samples are relatively fresh and have mac-
rocrystic textures resulting from the presence of abundant anhedral, often
rounded, macrocrysts (up to 4 mm) of olivine (Fig. 8). The macrocrysts display
undulose extinction and include polycrystalline examples. These features in-
dicate that these grains are xenocrysts. Some olivines contain translucent
brown spinels as inclusions. Macrocrysts of garnet, picroilmenite and spinel
occur in heavy mineral concentrates, Altered, euhedral olivine phenocrysts (up
to 1.5 mm) are abundant (Fig. 8). Other coarse grained constituents include a
few small altered xenoliths which appear to have reacted with the host magma
(Figs. 8 and 9). The groundmass minerals have a patchy distribution (Figs. 8
and 9) which precludes meaningful modal analyses. Relatively dark areas of the
groundmass are composed of clinopyroxene (up to 0.1 mm and Table 3), phlo-
gopite (laths up to 0.14 mm), serpentine (Table 3), perovskite (<0.3 mm),
spinel (<0.15 mm), pectolite and carbonate. These samples are classified as by-
pabyssal-facies mica-bearing clinopyroxene kimberlites.

14 N. Jb. Miner. Abh. 161
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Fig, 8. Pipe 4 — Lattavaram kimberlite. Sample P4/5. Field of view = 10 mm. PPL. Two
generations of olivine are present, Several mainly fresh, rounded anhedral macrocrysts
(m) are conspicuous. Numerous smaller, generally altered, euhedral phenocrysts occur
in the matrix. Two small extensively altered xenoliths (x} are present, The dark coloured
contaminated groundmass around these xenoliths contrasts with the lighter coloured,
“cleaner” groundmass (right of centre) away from the xenoliths. Note the alteration in
the bottom left macrocryst adjacent to the xenolithic material.

Tt o

Fig. 9. Pipe 4 ~ Lattavaram kimberlite. Sample P4/8. Field of view = 10 mm. PPL. T'wo
“kimberlitized” or zonally altered xenoliths (x). The dark groundmass around these xe-
noliths has been contaminated.

In some samples the distribution of the clinopyroxene and pectolite is related
to the presence of xenoliths. It is considered that the occurrence of these min-
erals probably results from contamination of the magma by partial or total late
stage digestion of xenolithic material (a process similar to that described by
Scorr SMrrH et al., 1983). Other (lighter) areas of the groundmass contain little
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or no pectolite and clinopyroxene but are composed of very abundant serpen-
tine. The serpentine occurs both as a primary late stage groundmass mineral
and as pseudomorphs after common groundmass monticellite. These areas are
thought to represent uncontaminated kimberlite and are classified as hy-
pabyssal-facies mica-bearing monticellite kimberlite.

Additional reported minerals include chlorite, palygorskite (KRESTEN &
Paur, 1976), glass (NacABHUSHANAM & VENKATANARAYANA, 1985), ilmenite
phenocrysts, groundmass ilmenite, chromite, magnetite and glass (Reppy,
1987). Axeira et al. (1979) note two types of ilmenite present namely; (1) high
Cr,O5 (4wt.%), high MgO (l6wt.%) and (2) low Cr,0; (0.8 wt.%), lower
MgO (10 wt.%) varieties. '

Pipe 5 or Muligiripalle or Lattavaram 05! Olivine is abundant, commonly
fresh (Table 3) and occurs in two generations, The larger_macrocrysts (up to
6 mm) display undulose extinction and a few polycrystalline examples are pre-
sent indicating that they are xenocrysts. They are similar to, but less abundant
than, olivine macrocrysts in typical kimberlites (Table 1). Numerous phe-
nocrysts (mostly <0.5 mm) are present. Constituent groundmass minerals are
phlogopite, perovskite, spinel, clinopyroxene, carbonate, serpentine, pectolite,
apatite and pseudomorphs after probable melilite and monticellite (Fig. 10).

Phlogopite occurs either as abundant, relatively coarse grained (up to 1 mm),
orange-brown poikilitic plates (Fig. 10) or as less abundant smaller (0.2 mm)
interstitial grains (Table 3). Relatively coarse-grained (up to 0.2 mm) euhedral
perovskite and spinel are common in all the samples examined (Fig. 10, Table
3). Perovskite has a purply brown colour and is optically zoned. In some cases
it occurs as necklaces around olivine grains.

o byt S

Fig. 10. Pipe 5 — Muligiripalle kimberlite. Sample P'5/1. Field of view = 0.6 mm. PPL.
Part of an olivine pseudomorph (o) is surrounded by phlogopite (p) which poikilitically
encloses laths of probable melilite (indicated by arrows), zoned translucent high relief
perovskite and opaque spinel.
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The other minerals present in these samples have a patchy distribution.
Clinopyroxene occurs as laths (up to 0.5 mm in length) which commonly form
sheaf-like aggregates. This mineral has an unusual and distinctive smoky grey
colour and sometimes occurs in pool-like segregations. Pectolite has an erratic
distribution related to the presence of altered xenolithic material. Its presence
is thetefore considered to reflect contamination of the magma as discussed
above and described by Scorr Smi et al. (1983). In some instances textural
features suggest that some clinopyroxene has a similar origin. Carbonate and
cryptocrystalline serpentine appear to be late-stage primary groundmass min-
erals and sometimes form pool-like segregations. Some serpentine in the
groundmass appears to replace melilite (up to 0.25 mm in size) and monticellite
(up to 0.2 mm in size). The altered melilites occur as tabular grains often with
the so-called peg structure preserved (Fig. 10). Mineral analyses (Table 3) sup-
port the identification as melilite. Monticellite is altered to clear pale green ser-
pentine that can be distinguished from the serpentine replacing the olivine.
The olivine pseudomorphs have a distinctive yellow green core with a pale
green to colourless rim and contain numerous needle-like inclusions that re-
semble millerite.

Texturally these rocks are hypabyssal-facies kimberlite. Mineralogically they
are difficult to classify as the groundmass minerals have a patchy distribution
but monticellite and probable melilite are important primary minerals. Pectolite
and clinopyroxene, although modally abundant, are considered not to represent
true primary minerals.

Other data reported include serpophite, glass (NAGABHUSHANAM & VENKATA-
NARAYANA, 1985), phlogopite containing 2 wt.% TiO,, salite to diopsidic pyrox-
~ ene, potassic richterite with unusually low Na,O values (Gurra et al., 1986),
phenocrysts of sanidine and ilmenite, groundmass sanidine, diopside, rich-
terite, lmenite, magnetite, carbonates and glass (REpDY, 1987). The occurrence
“of sanidine, richterite and glass are features not observed here or in kimber-
lites, except for some unusual contaminated Group 2 kimberlites in South Af-
rica,

Pipe 6 or Wajrakarur 06: The one sample examined is extensively altered by
clay mineralization and carbonatization. Some primary features, however, are
discernible. The sample has a macrocrystic texture resulting from the presence
of numerous olivine pseudomorphs up to 4 mm in size. Rare altered xenoliths
are also present. Pseudomorphs after olivine phenocrysts occur in the matrix.
The groundmass has been completely replaced by carbonate. Small patches of
green chlorite occur in probably represent primary mica. In some cases, how-
ever, chlorite appears to be associated with xenolithic material. None of the
noted features preclude classification of this rock as a kimberlite, It is a clay

mineralized, carbonatized, probable Aypabyssal-facies kimberlite. Na-
GABHUSHANAM & VENKATANARAYANA (1985) report the presence of spinel,

chlorite, talc and glass while ilmenite, chlorite and glass are noted by Reopby
(1987).
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Discussion

The twenty eight samples examined here from six of the eight known bodies
all contain two generations of olivine, The xenocrysts (macrocrysts) are
anhedral grains which are generally rounded while the phenocrysts exhibit
simple euhedral shapes. Such olivines are characteristic of kimberlites (com-
pare Fig. 8 with Fig. 2.1 of Mrrcuert, 1986; Fig, 2 of ScotT SMmiTH et al., 1984;
Fig. 13 a of CLEMENT et al., 1986). The main groundmass constituents are phlo-
gopite, monticellite, spinel, perovskite, serpentine, carbonate, clinopyroxene,
pectolite and probably melilite. Among the many published reports concerned
with the Wajrakarur/Lattavaram kimberlites monticellite is only mentioned
by AkELLA et al. (1979; confirmed by mineral chemistry). In contrast this study
shows that monticellite is an important groundmass mineral (Table 1). It has
been identified optically (compare Fig. 7 with Fig, 1 of SKinnsr & CrEMENT,
1979; Fig. 3.19 of MrrcHeLL, 1986; and Fig. 13 ¢ of CLement et al., 1986) and
from its composition (Table 3). Lath-like pseudomorphs suspected to be mel-
ilite occur in many kimberlites elsewhere, so the occurrence of limited
amounts of melilite in pipes 2 and 5 do not preclude them from being kim-
berlites. The primary mineral assemblage phlogopite, monticellite, oxide min-
erals, perovskite, serpentine and carbonate are characteristic of kimberlite
(Crement et al,, 1984; MrrcHeLL, 1986; compare modal analyses in Table 1
with Table 1 of Skrnner & CremenT, 1979), in particular of Group 1 kim-
berlites (Smrra, 1983; Skinner, 1986). These rocks are therefore classified as
mica-bearing monticellite kimberlites, A second rock type, pelletal tuffisitic kim-
berlite breccia was found in pipe 1. The occurrence of these two rock types and
the irregular shapes of most of the intrusions suggests that these bodies repre-
sent the root zones of diatremes (cf. CLEMENT, 1982). Most other authors (e.g.
AKELLA et al., 1979; MipDLEMOST & PAUL, 1984; NAGABHUSHANAM & VENKATA-
NARAYANA, 1985) also classify pipes 1 to 6 as kimberlites.
 The reported occurrence of primary glass, plagioclase, phenocrystic and
groundmass sanidine, amphibole and probable leucite (not observed here) is at
variance with the classification of these rocks as kimberlites. Some of these
minerals may rather be xenocrysts derived from accidentally included xeno-
lithic material which include granite (+ amphibole), hornblende gneiss, gran-
ulite (plagioclase + potassium feldspar), eclogites and peridotites (ReppY, 1987;
KARUNKARAN et al.,, 1976; Ganeury & BuaTTACHARYA, 1987). Feldspar and
quartz have been described as xenocrysts derived from granite xenoliths (Ka-
RUNKARAN et al., 1976; Murty et al., 198C). Plagioclase may correspond to the
laths interpreted here as melilite.

Pipes 2 and 5 have been noted to be different from the others. For example,
Murry et al. (1980) refer to pipes 2 and 5 as micaceous kimberlites while the
other pipes are termed “basaltic” kimberlites. Pipes 2 and 5, however, were
shown here to contain monticellite and abundant spinel and perovskite (Table
1); minerals that do not occur in the Group 2 or micaceous kimberlites of
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South Africa (SxiNNER, 1986). RepDY (1987) uses the presence of sanidine, rich-
terite, glass and probable leucite as a basis for classifying rocks from pipes 2 and
5 as “macrocrystic kimberlitic olivine lamproites”. If these phases, which were
not observed here, are present then the rocks may be classified as lamproites
with good reason. Reppy (1987) and others, however, note phenocrystal and
groundmass ilmenite in pipes 2 and 5 which is rare in lamproites (e.g. JAQUEs et
al., 1986) but common in kimberlites. Monticellite, melilite, abundant and
coarse-grained perovskite and spinel observed here in pipes 2 and 5 also do not
occur in lamproites. REppy (1987) also uses whole rock compositions of pipes
2 and 5 to show that they are somewhat different and have lamproitic affini-
ties, Compared to his ot other data for lamproites (e.g. BErGMAN, 1987), pipes 2
and 5 are not typical of lamproites and in some cases fall outside the range
given for them (e.g. AL,Os). The higher K,O contents for pipes 2 and 5 (1,9 and
2,2wt.%; Reppy, 1987) are well within K;O ranges documented for kim-
berlites (e.g. BERGMAN, 1987).

In this investigation a few features observed in pipes 2 and 5 are not typical
of kimberlites. The complex olivine shapes, paucity of olivine macrocrysts, the
presence of melilite, together with some of the limited mineral chemistry data
available (such as the high FeO content of the monticellite and the low Mg/
[Mg + Fe] ratio and Al O; content of the phlogopite — Table 3; c.f. MrrcuzLL,
1986) suggest that the rocks from pipes 2 and 5 are more evolved or extreme
varieties of kimberlite.

Chelima

A suite of dykes occurs near Chelima, Andhra Pradesh (Fig. 1; BermaN,
1987; VeMBAN, 1946). BiroMAN & Baker (1984, in preparation) and BERGMAN
(1987) suggest that they may be lamproites. These dykes previously have been
referred to as minette, kimberlite and/or carbonatite (ArpavapHaNULU, 1962;
SN & NarisivHA Rao, 1970, 1971; Sarma, 1983). The dykes are composite,
enechelon bodies, 1-4m wide, up to 7km long (Sarma, 1973; BeroMan &
Baxer, in preparation). Magmatic rocks predominate but some “autolithic
breccias” along dyke margins have been noted (BEreMaN & Baxkzr, in prepara-
tion; SEN & Nawmsimaa Rao, 1970), The Chelima dykes are Proterozoic
(1340 Ma ~ Crawrorp, 1969; 1225 Ma — Crawrorp & CompstoN, 1973). They
intrude the Proterozoic shales in the Cuddapah Basin (Fig. 18 b of Beraman,
1987) of the Dharwar craton (Fig. 1). LEeLananous (1981) shows that Chelima
falls at the western extremity of a carbonatite—alkaline province (age un-
known). Old (ancient?) opencast and underground workings in the dykes,
nearby alluvial diamonds and the tentative identification of a microdiamond
have been taken to suggest that the Chelima dykes carry diamonds (Sen & Na-
RiSIMEA Rao, 1970, 1971). The workings, however, might relate to other min-
erals such as galena (ArravanHANULU, 1962).
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Petrography and Minera! Chemistry

The only sample available to the author (CH-1, BereMaN & BAKER, in prep-
arat1on) is an altered, porphyritic rock. It is extensively carbonatized and cut
by veins (1 mm wide) which are composed predominantly of carbonate, quartz
and chlorite. Abundant phenocrystal laths of phlogopite (+ 40 modal %; up to
3 mm) occur and are commonly distorted. In most cases they contain second-
ary minerals (opaque material, quartz, carbonate, talc) along cleavage partings
and may be simply twinned, The primary colour of the mica is distinctive and
the pleochroism ranges from a pale to deep orange-brown colour (character-
istic of Ti~phlogopites). Thin and ill defined rims with reverse pleochroism
are tetraferriphlogopite (BerGMAN & Baker, in preparation). The laths are
often intergrown and rare rosette-like aggregates occur. The mica appears to
contain inclusions of altered primary groundmass minerals such as apatite,
probable altered perovskite, possible spinel and perhaps clinopyroxene. Other
grains (up to 4 mm) in the rock may be steatized, carbonatized olivines includ-
ing a few anhedral macrocrysts with serrate margins and some smaller possible
phenocrysts (1 mm) with complex shapes. Clinopyroxene may also have been
present. The matrix to the coarse constituents contains a high relief mineral
which is probably altered perovskite. Some apatite is also present. The rest of
the matrix is composed predominantly of secondary carbonate and tale with
some serpentine and quartz. The original nature of these areas cannot be dis-
cerned.

Sen & NarasivHA Rao (1970, 1971) note that the most common dykes are
composed of unevenly distributed olivine pseudomorphs, mica, ilmenite, mag-
netite, apatite, rutile, perovskite, carbonates, leucoxene, serpentine, chlorite
and quartz with the general petrography being similar to that noted in this in-
vestigation. They note that other dykes also associated with the old workings
are composed of quartz, biotite, magnetite, leucoxene after ilmenite, carbonate
and glass. Sen & Narasvaa Rao (1971) note the occurrence of olivine pseudo-
morphs that appear to be better preserved and more abundant than noted dur-
ing this investigation. They suggest that the dykes are similar to kimberlite but
the abundance of carbonate shows that they are transitional to carbonatite.
BERGMAN & BAkER (in press) note that accessory phases include ilmenite and
that glassy rocks occur at several exposures. AppavADHANULU (1962) repotts,
for one dyke, the presence of biotite phenocrysts in a groundmass of car-
bonate, orthociase, quartz, altered opaques and. apat1te and concludes that the
rock is a minette.

BerGMAN (1987) and BereMaN & Baker (in preparation) present data for the
optically and chemically zoned micas. Compared to the rims, the cores have
higher Mg/(Mg + Fe) values (85vs. 65-75) and ALO; (11-8wt.%), TiO,
(5.5~3.5wt.%), Cr;O; and BaO contents. The phlogopites, with high TiO,
and fairly low Al:O; contents, are similar to the mica in some lamproites and
fall outside the main field for kimberlites (cf. Bereman, 1987; Scotr Smite &
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SkINNER, 1984 a). Phlogopites in lamproites, however, do have compositions
which grade into those of phlogopites in other rock types, in particular min-
ettes. Micas from lamproites typically have lower Al O; contents than those in
minettes (013 vs. 9.7 — 18 wt.%; BacHinskr & Simvpson, 1983; Mrrcuerr, 1985
and unpublished data). The Chelima micas unfortunately fall in the area of
overlap hence the phlogopite compositions are not definitive.

Discussion

The sample examined here contains, as discernible primary constituents,
abundant phenocrystal phlogopite, a few probable olivine macrocrysts and
phenocrysts and groundmass perovskite, apatite, probable spinel and possibly
also clinopyroxene. This sample lacks diagnostic features so it is not possible to
classify the rock. The paucity of olivine together with the abundane and nature
of the phenocrystal mica strongly suggest that the sample is not a kimberlite,
The reported quartz, if primary, would preclude classification as lamprophyre,
kimberlite or lamproite but the quartz observed during this investigation is
considered to be secondary. Carbonate in the samples examined here is
probably secondary suggesting that the dykes are not carbonatites. The rock is
probably a lamprophyre and it may be a minette or a lamproite but none of
the observed or reported features can resolve the classification further.

Zangamrajupalle

A rock located in a borehole core near Zangamrajupalle, Andhra Pradesh,
about 80km SSE of Chelima (Fig. 1) is referred as a kimberlite dyke (Rao,
1976). Constituent minerals are reported to be phlogopite, biotite, carbonate
with subordinate apatite, chlorite, quartz, serpentine and leucoxene after il-
menite. Pseudomorphs after olivine are suspected. Again insufficient informa-
tion is availabe to assess this suggestion but the apparent paucity of olivine and
the low whole-rock MgO value suggest that this rock is not kimberlite.

Maddur and Narayanpet

Five bodies occur in the vicinity of Maddur and Narayanpet, Andhra Pra-
desh (Fig. 1; Geological Survey of India, 1985). Only limited information is
given but they report the presence of two generations of olivine and possible il-
menite megacrysts. The similarity of an unreported whole rock analysis to
Pipe 5 of the Wajrakarur province leads them to suggest that at least occurrence
No.1 is an olivine lamproite. Minerals noted in some of the other bodies in-
clude olivine/pyroxene, serpentine, perovskite, calcite, ilmenite, magnetite and
phlogopite. There is obviously insufficient information available to assess
critically the suggestion that one or more of these bodies are lamproites. How-
ever, the occurrence of calcite, primary serpentine, ilmenite and abundant
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groundmass spinel would be more consistent with the rocks being kimberlites
than lamproites.

Warangal

SeTT1 et al. (1978) suggest that “small bands or lenses” (from 3 cm up to 2 m)
within the granite country rock near Warangal (about 150km NE of Hyde-
rabad in Andhra Pradesh; Fig. 1) are enclaves of kimberlite ~ carbonatite. They
are considered not to be intrusive but rather represent xenoliths incorporated
in the host rock. Reported constituent minerals are calcite, chlorite, opaque
minerals, biotite, quartz, possible altered feldspar, apatite, tourmaline and
veins of calcite. They note that some material may be pseudomorphous after
olivine, The reported nature of these rocks is most unusual when compared to
both kimberlites or lamproites. Obviously more detailed information is re-
quired for a more meaningful assessment.

Conclusions

The results of this study are summarized in Table 4. The Majbgawan dia-
mond mine and its satellite Hinota are shown not to be kimberlites, contrary
to common suggestions in the literature. The rocks examined in this study are
classified as olivine lamproite lapilli tuffs (some autolithic breccias may also be
present). These bodies, therefore, form a newly recognized province of
diamondiferous olivine lamproites. Such rocks are rare elsewhere in the world
(Western Australia, ATRINSON et al., 1982; JaQuUEs et al., 1986; Arkansas, ScotT
SMiTH & SKINNER, 1984 4, b, ¢, and Zambia, Scorr SmitH et al., 1989).

The Wajrakarur/Lattavaram province consists of 8 known bodies but no in-
formation is available for pipes 7 and 8. This investigation shows that pipes 1
to 6 are kimberlites (sensu stricto). They are mostly mica-bearing monticellite
or Group 1 kimberlites. In some cases they are modified by contamination from
xenoliths to a kimberlite which contains modally abundant clinpyroxene and
pectolite, Texturally they are predominantly hypabyssal-facies kimberlite. Pel-
letal tuffisitic kimberlite breccia, and hence diatreme-facies material, is present
in Pipe 1. The pipes in this province are probably root zones of diatremes
which may have been substantially eroded. Pipes 1, 3, 4 and 6 are typical kim-
berlites and contain some diamond and relatively common mantle-derived xe-
noliths and xenocrysts. Pipes 2 and 5 are thought to be more evolved or ex-
treme varieties of kimberlite. They appear to-be devoid of diamond and
mantle-derived xenoliths while mantle-derived xenocrysts appear to be rare or
absent. No features observed here support the suggestion that pipes 2 and 5 re-
present a separate rock type or are lamproites.

It has been suggested that the lamprophyre dykes both at Chelima and in the
Gondwana Coalfields are, or include, lamproites. The single altered sample
from Chelima examined here is a Ti-phlogopite-bearing lamprophyre and not
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Table 4. Summary.

Locality Name Ages Published Classification this study

Figure 1 Ma. classifications
1 Majhgawan 840~1140 kimberlite ol lamproite lapilli tuff
1630
1 Hinota 1170 kimberlite ol lamproite lapilli tuff
2 Angor kimberlite ~ not kimberlite
peridotite- ?peridotite-gabbro
ol-pyroxenite-
gabbro
3 Jungel 919  kimberlite  not kimberlite
?metavolcanics
4 Gondwana 105-121 lamproites  should be investigated
coalfields lamprophyres may include lamproite
5  Wajrakarur P1 kimberlite  mica-bearing hypabyssl

kimberlite and pelletal
tuffisitic kimbetlite

breccia
5 Wajrakarur P2 84C  lamproite hypabyssal monticellite
1350  kimberlite  kimberlite
5 Lattavaram P3 933 kimberlite  hypabyssal monticellite
956 kimberlite (& phlogopite)
5 Lattavaram P4 962 kimberlite  hypabyssaal mica-bearing
1023 monticellite kimberlite
1505 contaminated to pectolite-
cpx-bearing kimberlite

5 Muligiripalle P5 lamptroite hypabyssal melilite-

. kimberlite ~ and monticellite-bearing
phlogopite kimberlite
contaminated to pectolite-
cpx-bearing kimberlite

5 Wajrakarur P6 kimberlite  altered hypabyssal
kimberlite
6 Chelima 1340 minette minette or lamproite
1225  kimberlite/  requires further study
carbonatite
lamproite
Zangamrajupalle kimberlite  requires further investigation

8 Maddur ol-lamproite  reported data does not support

classification as lamproite,
further study necessary

9 Warangal kimberlite/  reported data unusual for
carbonatite  kimberlite or lamproite

Legend: ol — olivine; cpx ~ clinopyroxene.

a kimberlite, The rock may be a minette or lamproite. Published information
for the dykes in the Gondwana Coalfields suggests that some of them could be
lamproites.
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Angor is not a kimberlite or a lamproite and the data presented here are more
consistent with the suggestion that this body is a peridotite - pyroxenite - gab-
bro complex (MaTHUR, 1981, 1986). Published information for the Bandsz
rocks does not support the suggestion of any kimberlitic or lamproitic affini-
ties, The samples examined here from the reportedly diamondiferous bodies at
Jungel are also not kimberlites or lamproites. They are more likely to be meta-
voleanic rocks. Insufficient information is available for the intrusion at Zan-
gamrajupalle, Maddur and Warangal to be adequately classified but it is doubt-
ful whether they are kimberlites or lamproites,

It is noteworthy that the true lamproites (Majhgawan/Hinota) and kim-
berlites (Wajrakarur/Lattavaram) are all Proterozoic (900~ 1170 Ma) and simi-
lar in age to other lamproites, kimberlites and related rocks worldwide
(SkiNNER et al,, 1985). Majhgawan/Hinota and Wajrakarur/Lattavaram also
constitute the only confirmed primary sources of diamond in India. It is inter-
esting to note that, like many diamondiferous kimberlites elsewhere, the Waj-
rakarur/Lattavaram  province occurs well within the Dharwar craton
(3200 Ma). Although the precise location of the craton boundaries do not seem
to be well understood, it appears that Majhgawan and Hinota occur near the
margin of the Aravalli craton. This setting may be comparable with that of
other diamondiferous lamproites (Beraman, 1987). _

Although there are numerous published papers on the “kimberlitic”” and
“lamproitic” bodies of India, this study shows a great need for new, detailed
petrological studies of many of these localities. It is hoped that this paper will
stimulate further research, Of particular interest is the newly recognized pro-
vince of rare diamondiferous olivine lamproites, Majhgawan is particularly
worthy of further study because of the good exposures that have resulted from
mining operations.
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