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Table 1. Chemical analysis of Ilmenites (major radicals in wt% and trace elements in ppm) from the Visakhapatnarn-Bhimunipatnam Coastal sand 
deposit, Andhra Pradesh 

Sample Location TiO, SiO, Alto, Total MgO Cr Mn V Co Ni Zn Cu 
Iron 

1. Appugarh(I3) 
2. Rushikonda (B) 
3. Rushikonda (D) 
4. Thimrnapuram(B) 
5 .  Thimmapuram(D) 
6. Thotlakonda (B) 
7 .  Mangamaripet (B) 
8 .  Uppada (B) 
9. Uppada (D) 

10. Uppada (D) 
1 1 .  Bhimunipatnam (8) 

Average 
12. 8411 943-5 
13. 8411946-6 
14. 8411946-17 
15. 8411946-19 
16. 9112536-1 
17. 91/2536-18 
I 8 .  84lKBlB-I 

19. Q 
20. MK 
21. OR 

-- - -- - 

Samples 1-11 Present study (Analyst M.Jagannadha Rao) B-Beach,D-Dune., ND-Not Determined; Sample 12-18 Ratnagiri (Sukumaran and Narnbiar, 
1994); Samples 19-21 Chatrapur (Mukherjee, 1998) 

Polished sections, mounted in araldite medium, were 
studied under Leica DMLP microscope for their ore 
mineralogical aspects. 

Results 

The TiO, content of ilmenite in the beach samples varies 
from 47.36% to 51.09%, whereas that in dune sands it is 
marginally higher (49.66% to 52.30%, Table 1) and the 
average of the deposit (49.7 1 %) is significantly lower than 
the theoretical ilmenite of 52.75% (Deer et al. 1965). 
Possible reason for relatively higher TiO, and lower Fe 
contents in dune samples, compared to that from beach, 
could possibly be due to the continuous wave action on the 
latter, which resulted in the removal of more TiO,. The 
average total iron content of the ilrnenite .of the deposit is 
47.38% with beach samples recording a range of 46.20% 
to 49.95% and dune samples 44.10% to 46.90%. The data, 
thus, demonstrate that the ilmenite of this deposit records 
higher total iron and lower Ti02 contents, as compared to 
the composition of ilmenites from the published data. For 
instance, the Chatrapur ilrnenite has TiO, in the range of 
50.2% to 60.00% and total iron in the range of 35.20% to 
46.90% (Mukherjee, 1998) and that from the Ratnagiri 

coast of Maharashtra has 50% to 56.25% TiO, (Sukumaran 
and Nambiar, 1994) and less total iron than the ilmenites of 
study area. The SiO, content (0.11% to 0.80%) is 
significantly less than that reported from Chatrapur 
(Mukherjee, 1998). Similar observations were made 
regarding the concentration of A1,0, as well. However, the 
MgO%, which is in the range of 0.18% to 0.65%, is 
comparable to that of Chatrapur ilrnenites (Mukherjee,l998). 
The higher abundance of Mn and its positive relationship 
with higher Fe values points out a possible geochemical 
affinity. In general, the Mn concentrations are comparable 
to Ratnagiri (Sukumaran and Nambiar, 1994) and Chatrapur 
(Mukherjee, 1998) ilmenites. The trace elemental 
concentrations of Cr and V are comparable with ilmenites of 
Chatrapur (Mukherjee, 1998). Another striking observation 
is the trace elements of basic affinity such as Cr, Co, Ni and 
V have higher abundances and are comparable to that of 
Ratnagiri, which has an established basaItic parentage 
(Sukumaran and Nambiar, 1994). This feature suggests the 
possible derivation of these ilrnenites from basic lithologies 
like pyroxene granulites and basic charnockites of the 
hinterland. The low Si and A1 values of ilmenite of the present 
study further supports this observation. 
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Ore Mineralogy: Earlier study by Jagannadha Rao 
(1985) on the ore mineralogy of Bhimunipatnam deposit 
indicated that the ilmenite shows high variability in terms 
of grain size, texture, pattern of ex.solurions, composition 
of exsolved minerals etc. In general, the ilmenite is granular 
or perfectly rounded to irregular. Its grain size varies from 
60 to 80 microns and it is abundant in finer sizes. It shows 
lamellae of hematite that is white, greenish white, feebly 
pleochroic and anisotropic. Coarse ilrnenite exhibits 
extensive exsolution features of hematite within ilmenite or 
vice versa. The exsolved phase is mainly hematite and 
depending upon the dominance of a given mineral phase in 
the grain, this can be called either as hemo-ilmenite (hematite 
matrix) or ilmeno-hematite (ilmenite matrix) (Fig.2). The 
presence of notable content of hematite in the ilmenite 
explains the higher total iron content in the analysed ilrnenite. 
The  lamellae of hematite are spindIe shaped, discs of 
different sizes, besides tabular form. Some ilmenite grains 
show very fine needle-shaped (hair like) exsolution and are 
m icrocrystalline in nature. These ore mineralogical aspects 
indicate that the exsolution feature of ilmenite under study 
has resemblance to that from Cox Bazar (Sam Suddin Ahmed 
et al. 1992). Ore microscopic study of ilmenites reveals 
wide variety of exsolution features with the exsolved phases. 
Four different types of intergrowths are distinguished; these 
are: (1) Ilmeno-hematite, (2) hemo-ilmenite, (3) graphitic 
intergrowth of ilmenite and hematite and (4) Ilmeno-rutile. 
The most common of these are exsolutions of ilmeno- 
hematite and hemo-ilmenite. Number of grains showing 
simultaneous crystallization of ilmenite and hematite 
resulting, in graphitic texture were also observed. The 
occurrence of wide variety of  exsolutions in ilmenite 
suggests their derivation from more than one source or more 

than one paragenetic sequence. The finer ilrnenite is in 
general devoid of exsolution. The exsolution features of 
different forms will make up the exsolved phase up to 50- 
55% of some of the grains. The occurrence of extensive 
exsolutions in beach sand and rathkr scanty exsolutions in 
dune sands corroborates high T i02  and low total iron in 
ilmenite of dune sands, as compared to that of beach 
sands. However, further detailed mineralogical work is 
needed for establishing the role of ore mineralogy on the 
chemistry of ilmenites and also the influence of these 
intergrowths on the physical and chemical processing of 
these ilmenites. 

Discussion 

The exsolution of ilmenite has a considerable economic 
implication in processing and ore reserve estimation. This 
is because that the estimated TiO, values and, hence reserves, 
may be higher than the actual ones. This is an important 
aspect to be considered, especially when Ti02 recoveries 
are estimated. Similarly, the higher total iron content may 
result excess iron as tailings in chloride route of synthetic 
rutile preparation. This excess iron is environmentally 
unwanted and consumes more acid in the process, which 
may have economic implications. The geochemical data 
indicate that the ilmenite of the study deposit is suitable for 
pigment manufacturing rather than for synthetic rutile 
preparation. The ore mineralogical work on ilmenite has 
indicated variability in grain morphology within the deposit, 
and two or three genetic affinities. 
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