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Abstract: The polyphase mlgmat~te gnetss exposed In the v~c~nlty of Naregal contams unusual ultramafic enclaves wlth 
the modal composltlon of 50% tremolite, 21 % ol~vrne, 16% phlogop~te, 10% Cr-magnet~te (wlth 5 6 wt% Cr,O,) and 
2% anthophyillte Geochem~cally thc enclaves resemble 'Barberton kornat~ile' in respect of hlgh MgO, NI, Cr and Low 
A1,0, and T10, and one of 'Wajrakarur k~mberl~te' plug locks w~th reference to'h~gl~ K,O, Rb Zr and Ba The find~ng 
suggests the possible extstence of pr~strne crust rn the northern part of the Western Dharwar Craton 
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The paper reports the occurrence of uItramaftc enclaves 
w ~ t h ~ n  the migmatlt~c gnelss exposed near the town of 
Naregal (Lat N1S033 855', Long E75'47 527') In Gadag 
dlstrlct Conslderlng the~r  locat~on In the very northern low- 
grade block of Western Dharwar Craton and the unusually 
well preserved mlneratogy and geochemistry, the enclaves 
have been exarn~ned In detall and the results are reported 
here 

Occurrences of ultlamdfic enclaves xn gi dnitlc gneisses 
have been reported from varrous locations of the Indla shleld 
However, the authors have not come acloss any report of 
u l t r amaf~c  enclaves, comparable in m~nera logy  and 
geochemistry to the one described here, specxally from the 
northern part of Western Dharwar Craton 

F~eld Occurrence 

The uttramafic rock descrrbed here occurs as rounded 
enclaves, each (enclave) rneasurlng tess than about a meter 
in dxameter More than half a dozen-lsolated enclaves of the 
rock are exposed in a cjua;ry located about 2 krn west of 
Naregal town They are found enclosed In about 3-4 m w ~ d e  
and 15 rn long zone In rnigmatltrc gnelss They do not show 
Intrusive or xenol~th-like features Pegmatite vetns are not 
uncommon close to the bordeis of enclaves (Frg I), but 
seldom those permeate the enclaves Some of the enclaves 

are traversed by thln fi actures (2-3 cm) fllled by cross fibers 
of asbestlform amphibole The enclaves show sharp 
contacts wlth the host lock We also do  not see these 
attached and gradlng ~ n t o  the numerous maflc (amphibol~te) 
pods/lenses/patches of the mrgmatrte A rare meta- 
sedlrnentary granulite enclave (around 2 rn x 0 5 m) containing 

46% cl~nopyroxene (salite w ~ t h  13 % MnStO,), 23% quai tz, 
14%garnet (w~th 45% spess and 35% alm) and 7% magnetite, 

occurs In the near vlcrnlty 

Nonzenclnture Our scann~ng of ava~ldble jlterature, 
spec~ally on Dharwar craton, has not revealed the reported 
occunence of an ultrdmafrc enclave wlth a modal mrneral 
composition comparable to that of Naregdl Mlneralog~cally 
rt IS broadly cornpal able to 'hornblende mica perldotite' 
and 'sapel~te' (phlogop~te-hornblende-perldotlte) On the 
basls of modal rnrneral composition, we propose to name 
the Naregdl ultramafic enclave t ock as 'oliv~ne- phlogoplte- 
tremoll tlte' (see also'Wyllxe, 1967, pp I to 3) 

Petrography 

The enclave ultramafite IS rnedlum gralned, dull grey to 
dark green colored wrth coarse pr isms of trernolite dlsplaylng 
luster rnottl~ng In t h ~ n  sectlon, the rock sho& approx~rnate 
mineral llneatlon (Fig 2) The abundant trefnolite forms large 
prisms which may show rnultlple twinnrng and enclose 
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Fig.1. Field photograph showing the rare ultramafic enclaves in the tlatalgeri-Naregal migrnatite gneiss. Note the dismembered occurrence, 
sharp contacts and massive appearance of the enclaves (U) and also the abundant mafic enclaves (grey) and profuse permeations 
of granitic neosomes. Quarry behind Erappajjana temple, about 2 km SW of Naregal town. 

It- c* 

Fig.2. Photornic~,,rap,~ ,f the Naregal ultranIUlite cllbl,.e showing the typic,, I IIIILeral~ amphibole (tremolite forming large prismatic 
plates, displaying typical multiple twinning) olivine (01) (forming typical rounded granular aggregates),phlogopite (phl) (mostly 
enclosed in tremolite), Fe-Cr oxide (black) and anthoph,vllite (ant) (small sporadic patches in tremolite). Crossed Nicols. Photo 
width covers 10 mm of the slide. 
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poikilitically all the other minerals Olzvzne occurs as 
aggregates of subhedral to rounded grains, which show 
very llttle evidence of serpentinization but look clouded 
with fine dusty blackish Iron oxide dissemination L~ght 
brown colored and moderately pleochroic mzca occurs in 
shapeless patches enclosed within tremolite, but, shows no 
obvious replacement relation towards the host mineral 
Euhedral to anhedral Fe-Cr ore grains occur sleving the 
amphibole Very hght purple colored and weakly pleochrolc 
anthophylllte occurs in sporadlc anhedral patches within 
tremolite M~ca  and less commonly amph~boles are affected 
by chloritization specially along the grain boundaries 

Modal analysis has indicated that the rock is composed 
of 50% amphiboles, 2 1 % olivine, 16% phlogoplte, 10% Fe- 
Cr oxidt; and 2% anthophyllite Electron probe microanalysrs 
of the individual minerals (see Table 1 for analytical data) 
obtained at the Institute of Electron Optics, University of 

Oulu, F~nland, using JEOL Superprobe JXA-8200 has 
revealed the following 

Ollvme is fosterit~c (Fo,,) and has significantly high Ni 
(0 4% NIO) Magtzetzte is markedly chromiferrous (Cr,O, 
5 6%) and perceptibly hlgh in Ni (0 6% N10) Mzca is 
phlogoprte wlth high Mg Fe ratio (9 9), Cr,O, (0 35%) and 
N i 0  (0 23%) The abundant anzph~bole IS calcic and 
magnesian correspond~ng to tremolzte w~th 9 I 4 rnol % Mg- 
component and typically low A1 content of 0 08 to 0 25 atoms 
per formula unit As compared to tremolite, anthophyllzte 
in association analyses contrastingly low CaO, much more 
depleted in A1,0, and alkal~es, and consistently h ~ g h  in 
MgO, FeO and MnO 

Geochemistry 

Chemlcal analysls of one of the representatwe samples 
of the ultramafic enclave rock performed at the Inst~tute of 
Electron Optlcs, Un~verslty of Oulu, Finland, uslng Siemens 
XRF (Model SRS-303) IS glven in Table 2 A perusal of the 

Table 1 Microprobe analyses of minerals in the Naregal ultramafic enclave 

1 2 3 4 5 6 7 8 9 10  11  12 1 3  

O l ~ v ~ n e  Cr Mg* Phlogop~te  TI  emolite Anthophyll~te  

s10, 

T10, 

*'2'3 

v203 

Cr203 

Fez03 
FeO 

MgO 
MnO 
N 1 0  

ZnO 
CaO 
N a,O 

K2O 
Total 

9 
T 1 

A l 
v 
C r 
~e~ 
~ e , +  

Mg 
M n  
NI  
Zn 
Ca 
Na 
K 

Mg/Fe 
- - - - - 

Chromifcrrous magnetite 1 Calculated 
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Tahlc 2. Comparison of chcmical :111:1ly\1s 01' Na~cga l  t~llrarn:lllc i ~ v n ~ o  

cncla\lc with 13arbcllon ko i i i a~ l i t c  an11 \Vrrjt,~h~~ 111. Llrnbc~ l~ic  

TiO, 

A l p , -  

Fc,O, 
MnO 

MgO 
CaO 

Na,O 

K 2 0  

P,O 5 

F 

LO1 

CaOlAI,O, 

A120,/Ti02 

M g# 

SI. No I 2 3 

SiO, 43.20 42.1 39.56 

Cr 2591  7737 1 I63 

Nt 2 1 2 6  1535 1651 

Cu 56 4 2  

ZII 128 92 

Ga 6 4 

Kb 7 3  - 7 

Sr 10 15  

Y 8 4 

Zr 4 7  31  

Nb 3 

(3 12 

Ua 1 33 152 

Hf 3 

f'b 3 

' 1  2 3 

\f 6 3  4 8  

L - GD-59: Naregal ultrrtmafic enclave 
2 - Average of 24 peridotite komat~ile samples from Barberton 

(Glikson, 1983) 
3 - Average chemical analysis of WA-4 Wajsakarur (k~mberljte) 

pipe, Anantapur d~strict, Andhra Pradesh (Rurhanuddin, 1993) 

data presented reveals low A1,0,, TiO,, CaO, Na,O, V, Sr 
and high MgO, K,O, Cr, Ni, Rb, Baand C1 of the rock. While 
its chemistry is comparable to average peridotite ko~~tclriite 
from Barberton (Glikson 1983) (Table 2, no42) with similarly 
high MgO, Ni, Cr and low AI,O, and Ti02,  in respect of 
high K,O. Rb, Zr, Ba and CI, it shows semblance to one of 
the (kitjrbel-lite) pipe rocks reported from Wajrakarur 
(Burhanuddin 1993) (Table 2, no.3). However, CaO/A1,03 
viz. 0.8 of Naregal ultramafite is significantly lower than 
both komatiite and kimberlite. While the primitive mantle 
normalized pattern obtained for several of the LIL elements 
of Naregal ultramafite is comparable to that of average 
peridotitic komatiite from Barberton (Fig. 3), the distinctly 

Fig.3. Cornpat ison ol p r i ~ i ~ ~ t ~ v e  I I I ~ I I I I C  n(ll-rna11zcd paucrns o f  a 
0arhcl.ton komatiitc and Nal-cgal u\tsnmafitc In rcspcct of 
sclcctcd clcrncnts Nolc sign I l'icant cril-1cl1 mcnt 01' K, 
Rb and Ba. In the Narcgal ultl-arnrli~lc. o~hcrwtsc closely 
slrnilar patterns 01' L ~ I C  LWO. 

high K, Rb rind Ba values suzgest approximate semblance 
of the former to kimberlite. Strictly it is ne~ther- the same as 
Barberto11 peudotite komatiite nor Wajrakarur kimberlite. It 
is a type in itself both mineralogicaliy and geochemlcally 
and the authors have not come across any reported 
examples, especially from Karnataka craton, exactly 
matching Naregal ultralnafite. 

1)iscussion and Conclusions 

Mafic-ultt-amafic enclaves are not unusual in the 
migmatite gneisses of southern Peninsular India. Some 
authors have interpreted, specially the ultrilrnafic enclaves 
as representing relics of the oldest recognizable Sargur 
Supracrustal Group (Swami Nath and Ramakrishnan, 1981; 
Radhakrishna and .Vaidyanadhan, 1997; Srikantia and Bose, 
1985). The Naregal ultra~nafic enclave rock described here 
has the following features, which need to be taken into 
account whilst commenting on its petrogenesis. 

I. Location in the northern block of Western Dharwar 
Craton with an overall low-grade metamorphic 
impress. 

2. Occurrence engulfed in a polyphase migmatite gneiss. 
3. Lack of evidence of assimilation despite being 

dismembered and permeated by pegmatite veins along 
the borders. 

4. Massive fabric, preservation of almost fresh Mg-rich 
olivine and absence of pyroxenes. 

5. Occurrence of hydrous minerals, tremolite and 
phlogopi te as major minerals. 

As compared to abundant associated rnafic rock (viz. 
amphibolite), which shows marked stretching, p r e f e d  
orientation involvement in assimilation with the granitic 
neosomes (see Fig. 11, the ultramafic enclave rock with its 
mass ive  and compact  fabric shows only physical 
dismemberinent. Mineral assemblage/compositions and 
whole rock geochemistry are indicative of formation of the 
Naregal enclaves from ulti~amafic magma derived from a 
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rn,in~le $ O L I I C L  Ftoni the , ~ b \ e n c e  01 d i t e ~ t  L \  ldelice of  
ds\~rnll,ltlc>n 01 pulii\\lc c ~ ~ i ~ i , ~ l  lochs dui lng the tlpw.~ld 

p,l\sagc 0 1  u l t ~ ~ ~ r n n t ~ c  rnL\gmcl ~t 1s p l e w m e d  that the  

l~o lass l i~m needed 101 p h l o z o p ~  te tot matlon wlls p~ esent In 
the u l t r ~ i n ~ ~ 1 1 c  nl,igm,i i~ \e l i  Whlle low slllcd ,~cttvtty In the 

\yqtem f,ivoi11 cd glccel v'ttlon 01 I refh o l ~ v l n e ,  high \+ d t e ~  

ytc3vlIe pos \~b ly  IIlc~lltatcd lor tnL\tlc>n of abunddnt h y d ~  ous  

mint1 '11 phactl\ ot the r o d  (see Evans 1982) We propose 

~~reempldccment  L I  y5tL~l i rzat~on of o l ~ v ~ n e  in  the rndzrn,l 
ch,linbei clnd fol mLitlon of ~ i n p h l b o l e s  and  mica ilpon 
emplacement  01 u l t r amat l c  m'igma to LI i ~ s t d l  level \  
E q u ~ l l b i ~ u r n  a s s o c ~ ~ ~ t ~ o n  of  t ~ e s h  o l l v ~ n e  wlth 'ibund'lnt 

dmphlboleq with no o b v ~ o u s  repldcement  l e l d t l o n \ h ~ p  

Inrgln,It!te g e l s \ )  It 15 dl50 \ L I I  ~n~cec l ,  considel ~ t i g  spec~~zlly 

thc m~neralogv of u l t r ~ n i ~ i f i ~  and n~el~tsedimentdiy encIdve5 
t h ~ t  the N~reg,il block has perhdps expwed deep crustld 
\ectlon Evldence of major faulting plcked up In the ated 

(see Chrrdwlck et a1 2000) probdbly 3150 Suggeqtq lhdl  we 
h'lve ' ~ t  NLiregcil dn uplifted block of deep c t i ~ s t  A\ ,tllcddy 
rnent~oned the noi the] n block of WDC othei wlse typically 

cxpojcs uppc~ cl us4,1l x c t i o n  

AcL~rn~t  lc t lgerl~c~nl~ This publ~cat~on 15 ,I pdrt of Gadag Gon 
I3 W l ~ ~ ~ n s e c l  stirdy iarlled out undcr J DST PAMC \ P O I ~ S ( I I L ~  

I c\ca~cli p~ ojcc t 1- No ESS1\61098/97 ~ I Y J I ~ C L I  to TCD T1 A ,~nd 

betweell the lnlnerdlc lc, c,tljl an enlgmatlc featule Ful lher  11  R J K  have ~ ~ t t l c l ~ ~ l ~ ~  ln lhc when h c l J  i- ' l l l l lah 

Ir r n f e ~  r cd that the ultr,imafic enclave and the  asqocrated Ac~deii3y grants lo1 workrng In pal 15 or K ~ I  nat~kzl Wc cxprc\s 
0111 g1dlc111I tlldnk$ to both thc lund~ng aulhol~L~cs Wc a ~ c  indchlcd 

abundLlnt m ~ t i c  (Ltrnph~bol~te)  dnd ra te  metasedi~nentai y 
io DI N K Kn~~najh,it lor c l ~ t ~ c ~ l l y  rcvlcwlng one of tlic c ~ l ~ l y  

lens'' noted 'Ic of le'lcs ofprlr t lne 'lUgt lhat vrl\lony ol t l~c  pdpcl rl~id ol tering (cvelal helpful suggcsuon3 
eulsted the m o n ~ o g l  anl te- tonal l te  palaeosome Also F I M I  p C I  ~ t~c i l l  rctn'll k< 0 1  on ~ n o n y ~ n o u s  I evlewcl l~dvc 
m ~ g r n ~ i t i t i ~  gnelss waded  bout 3 7 Gn ago (thla 1% thc model ll,,,,,~t,tcd coumeichc~h~ng and tholough I cvision 01 analyllcd 
Sln N d  dge obtalned by uq for the palaeohome nf host d a t ~  o b s e ~ v ~ t ~ o n s  and in~c~prc~,lttons 
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