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Abstract: It is noteworthy that Amba Dongar carbonatite complex has both intrusive and extrusive phase 
carbonatjtes. The stratified tuff with componenrs of both carbonatite and nephelinite have been recently 
traced in western part of Amba Dongar complex. In this preliminary report wc present tracc and rare earth 
elements data and C and 0 isotopes of rhese tuffs. The C and 0 isotopes of the least altered tuff falls w~thin the mantle 
box while the rcnlain~ng samples plot in the narrow field of 16-20% in oxygen. These values arc explained using slmplc 
model of water-rock interaction. 
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Introduction and Field Geology 

Although there has been considerable interest in  
extrusive carbonatite, and several have been described, there 
are very few examples of intrusive carbonatite complexes 
that are accompanied by an extrusive phase. The well known 
Amba Dangar carbonatite-alkalic rock complex is such a 
case, and the extrusive port~on has not previously been ): 13 c I >  : :.' ,, , ., 1. documented. It is a sub-volcanic diatreme with a ring dlke k, 300 , , c ~ - -  - 
of sovite collaring the inner rim of carbonatite breccia. The 
ankeritic carbonatite, younger in the carbonatite sequence, 
forms small and large plugs intrusive into siivite. Nephelinite 
plugs form a discontinuous ring around the central ring 
complex at lower altitude, while phonolites occur as small 
and large dikes intrusive into basalt, sandstone and 
nephelinite. The central depression of the ring complex 
is occupied by basalt that post-dates the carbonatite- 
nepbelinite activity (Viladkar, 1996). The extrusive 
phase of carbonatite-nephehite volcanism at Amba Dongar 
was unknown until it was first reported by Viladkar et al. /;, %salt and &Jcrile 

(2001). * L3p ot sandsltne 

The outcrops of stratified tuff with components of both 
carbonatite and nephelinite have been recently traced in 
the vicinity of Mongra village (Fig. 1) situated west of the 
main carbonatite-alkalic ring complex ofAmba Dongar, The - - 

L-1 ~ ~ r ~ ~ l t ~  -ah 
outcrops extend up to 2 km in a slightly arcuate manner, ~im.;tone DJflh Fm 3 km 

s3rnstun. } lcrd=-sI 
- 

being generally aligned in a northwesterly direction, and I 
having a focal point close to the main carbonatite-alkalic Fig.1, Gcoloslca[ map of Amba Dongar (Mongra is  in wcstcrn 
intrusive ring of Amba Dongar. part of map). 
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Fig.2. A and B. Field photograph of bedded ~ u l  l 111 the Western 
part of Amba Dongar at Mongra. 

The tuff formation (Figs.2A and 13) has a gentle to 
moderate southwesterly dip with individual beds from a few 
mm to several centimeters thick. The thicker unit  is 
characterized by graded bedding. 

The aerial extent and stratified nature of this tuffaceous 
formation indicate deposition in an aqueous body of 
considerable size. The development of cross bedding 
suggests periodic fluctuation of water depth. 

The textural and depositional features of these tuff beds 
suggest that they were deposited closer to the vent through 
which the carbonatite-alkalic rock tuffs were ejected and 
deposited in thermal pools associated with carbonatite- 
nephelinite volcanism at Amba Dongar. 

The rock is mainly an extremely fine grained lithic tuff 
interspersed with crystal fragments of carbonates, nepheline, 
altered olivine, pyroxene and melanite garnet; thus, its 
composition is carbonatite-nephelinite. In each of the strata 
the lower portion contains coarser crystal fragments, in 
contrast to the very fine grained to glassy upper part. The 
notable feature of this stratified formation is the occurrence 
of brownish, iron-rich cherty silica layers, which are  

intercalated with the tuffaceous strata. These chert layers 
are mostly a few centimeters in thickness; however, some 
of them are much thicker and are very prominent. 

(;eochemistrg and Discussion 

For compal+ison of tract clemonts, separate spidcs 
cliagrams of tuff; rich in nephclinite fraction and carhoniititc 
I'ractions are shown in Figs.3A and 13 respectively. In 
I;ig. ? A  samples of ncphcliniric tut'f' anci sample of' 

nephelinite from one of' thc pllrgs show practically similar 
~vtterns,  however, their triice elemcnts concentrations 
d~ftkr .  Accordingly. tuf'f' shows high concentration 01' I< h, 
13i1, Th and U over nephclinite whilc concentrritions o f  

Nb, LREE arid Sr are more in neyhelinile. 1 Iigh Kh and 13a 

In tuffs coi~ld he attsibutccl to abundant xcnocryhts o f  
K-feldspar In these rocks. I n  Fig.313. cornp:~red to first phasc 

Kb Th Nh Ce Nd %r 'I% V Cu 

I3a U I,a Sr l ' i  Y Cr Ni %n 

Fig.3. (A) Sprder diagram of nephelrn~tlc ti~fl'und nephel~n~tc o f  
Mongra (Filled tr~anglcs - nephclinrt~c 111 l't', Open c~rclc- 
Ncphclinite from Amha Dongar), ( H )  Spldcr diagrarn 0 1 '  
carhonal~tc-r lch i'ractlon of tu l l '  and carly calc .~t~c.  
carbonat~tcs (Filled c~rcles-carhonar~~lc. tul'i'. Opcn lrlanglc- 
carbonat~tc of Amha Dongar). 
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carbonatlte of the Amba Dongar ring dyke, the carbonatlte- 
rlch fraction of tuff shows hlgher concentrations of all 
trace elements except Sr. 

The  chondrlte normalized REE pattcrns of  tuffs 
(nephellnitic and carbonatitlc fractions) are compared wlth 
nephelrnite and calcltlc carbonatlte of Amba Dongar and 
are shown III Figs 4 A and B respect~vely The REE 
distributlon patterns of tuff samples rlch in nephelrn~tlc 
fractron (ruled area) and that of nephelinrte (Frg 4A) are 
very s~mllar though nephelrnite has a hlgher concentrations 
of LREE than tuffs, whde HREE concentrat~ons and 
dlstributlon patterns are almost ldentlcal The Chondr~te 
norrnalrzed REE distributlon patterns of two samples rich 
In carbonatlte components (horizontal l ~ n e d  area) are 

Fig.4. (A) Chondr~te normalized REE patterns of tuffs rich In 

nephel~n~tic fractlon (ruled area- range of KEE In tuff 
samples) compared WI th nephellni te of Amba Dongar 
(B) Chondnte normallzed pattern of tuff nch In carbonat~tlc 
ti-actron (horizontal lined area-1 ange of REE in tuff samples) 
compared wlth early sov~te of A m b a  Dongar 

Table 1. Trace and rare earth elements In tuff samples of Mongra (all data 

In P P ~ )  

Sample CT CT NT NT NT ADNE ADCAR 

CT - Tuff with more carbonatlte component NT - tuff w ~ t h  more 
nephehn~te component, ADNE Nephelln~te of Mongra ADCAR - Early 
phase of calcltlc carbonatlte of Amba Dongar 
The trace elements were deterrnlned on X R F  at Mlneralogtcal 
Petrographisches Institute, Hamburg Untverslty, Germany 
REE s were analysed at the Bhabha Atomlc Research Centre, Trombay, 
Mumbal 

compared with early calcltic carbonatlte from Amba Dongar 
In Flg.4B The carbonatitlc tuff show hlgher concentrat~ons 
LREE and HREE than calcitic carbonat~tes of Amba Dongar 
The tuff also shows prornlnent negative Yb anomaiy 

Stable oxygen (6180 relatlve to the SMOW standard) 
and carbon (St3c reIative to the PDB standard) ratlos of 
seven representative samples were measured using a GEO 
20-20 mass spectrometer with a precision better than 
+O 1 %O (Flg 5 )  One of the samples falls withln the mantle 

Table 2. C and 0 Isotopes In tuff samples of Mongra 

Sample ' 'C l 8 0  

-- - 

CT Tuff wlth more carbonat~te component, 
NT tuff w ~ t h  more nephellnlte component, 
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Fig.5. "b-"~ plot of the tuffs 

box (-4 to -8%0 In cat bon and 8 to lO%o In oxygen ~sotopes 
respectively), posslbly lndicatlng the orlginal 01 least dltered 
  so topic compos~ t~on  of the tuff carbonate The remalnlng 
samples plot ~n a narrow f ~ e l d  of 16 to 20%0 In oxygen wlth 

carbon lsotopes close to -9% U s ~ n g  a srmple model of 
water-lock ~nterac t~on ,  these vdlues can be expla~ned by 
~ntelactlon wrth a magmatrc fluid at 200°C, with the * l u ~ d  
composition gtven by -84c 'ind -t lO%o respect~vely for 
carbon and oxygen isotopes, wtth the moIclt ratlo of carbon 
d ~ o x ~ d e  to water of 0 1 dnd a fluld/~och cdrbon ratio of 5 
Alterndtively, one can explarn the low catbon rsotope 
ratlos by ~nteractlon wlth cal bon d~ox lde  derlved Irom 
vegetdtron, whrch could hdve d ratro as low as -27%~ The 
drssolved calbon dioxrde In open wdter b o d ~ e s  could 
fluctudte w ~ t h  evaporation dnd precip~tdt~on cycle9 dnd a t  
present ~t IS d l f f~cu l t  to d ~ s t ~ n g u ~ ~ h  between the two 
alternat~ves, w ~ t h  the l~ml ted  available datd The stable 
rsotope results are cons~s ten t  w ~ t h  the geologlcdl freld 
ev~dence  d~scussed above 

AcL~~o~?ledge~nent SGV 1s grdteful to PI ofeqsor John 
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text of t h ~ s  paper 
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