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Platinum-group elements mineralization in the cumulate gabbro of 
Phenai Mata Complex, Deccan Large Igneous Province, India 
 
Platinum-group elements (PGE) are 
strongly siderophile elements, which pro-
vide valuable information on the petro-
genesis of mantle-derived igneous 
rocks1–3. The PGE abundances in the 
continental flood basalts (CFBs) are 
much lower compared to lithophile ele-
ments, usually at parts per billion (ppb) 
or even parts per trillion (ppt) level.  
Nevertheless, they are potential markers  
of the magmatic process and source  
nature of the basalts4–9. Recent search for  
PGE mineralization in the continental  
flood basalts10, especially the Deccan 
Traps5,6,9,11,12, has been fruitful and has 
brought forth wealth of information on 
the PGE concentration of Western and 
Eastern Deccan basalts (lava flows and 
dykes). 
 Shukla et al.13 reported unusually high 
concentration of iridium in alkali basalts 
and alkaline rocks of Anjar and Amba 
Dongar region (Chhota Udaipur Sub-
province). More recently, Crocket et al.5 
studied spinels from Western and Eastern 
Deccan Traps and observed that the 
Western Deccan Trap spinels are rich in 
Ni–Ir–Ru–Pt, whereas Eastern Deccan 
Trap spinels show Pd–Au–Cu enrich-
ment trends. Rao et al.14 studied PGE 
concentration of Behradih and Kodomali 
orangeite intrusions in the Mainpur field, 
Bastar craton, central India, which are 
emplaced synchronously with the Deccan 
flood basalts, and concluded that the 
anomalous iridium enrichment reported 
at the K–Pg boundary sections was not 
sourced from the mantle and likely origi-
nated from an extraterrestrial source. Oc-
currence of anomalous concentration of 
PGE in the basic–ultrabasic rocks of the 
Lower Narmada Valley was also previ-
ously studied15–17. Lamprophyres and 
picrobasalts occurring in the Bakhatgarh–
Phulmal area, which is a part of Chhota 
Udaipur alkaline–carbonatite complex, 
were found to contain good concentra-
tion of PGE, especially platinum17. De-
spite these continuous efforts, no PGE 
mineral was ever recorded from the Dec-
can Volcanic Province. Here we report 
the occurrence of PGE minerals in the 
cumulate gabbros of the Phenai Mata 
area, Deccan Large Igneous Province. 
 The Phenai Mata Igneous Complex 
(PMIC) is a plug-like body whose em-

placement is controlled by the Narmada 
rift (Figure 1). It is a bi-modal complex 
comprising tholeiitic and alkaline mag-
matism represented by plutonic and vol-
canic rocks. About two-thirds of PMIC is 
occupied by tholeiitic basalts and one-
third by tholeiitic and alkaline plutonic 
series comprising gabbros, dykelets of  
intrusive basalts, lamprophyres, micro-
syenite, granite and granophyres18–25. 
Gabbros have been grouped into two 
categories, viz. (1) tholeiitic gabbro and 
(2) alkali gabbro21. The former is inti-
mately associated with tholeiitic basalt 
and acid differentiates, whereas the latter 
is in close association with syenitic rocks 
occurring in the northeastern part of 
Phenai Mata hill. Rhythmic layering is a 
prominent feature in these gabbros. Cu-
mulates of pyroxene and olivine in the 
gabbros strongly impart cumulate texture 
to these rocks18,19,26,27. Tholeiitic gabbro 
shows variations from gabbro (sensu 
stricto) to olivine gabbro, leuco-olivine 
gabbro, mela-olivine gabbro, anorthosite 
and troctolite. The alkali gabbros vary  

between mela-olivine gabbro and plagio-
clase-bearing pyroxenite. A large plug of 
anorthosite is exposed on the southern 
bank of the Heran river. Traversing the 
basaltic country rock, a few dykes of 
dolerite, lamprophyre, basalt and breccia 
are also present21,23,28,29. 
 The cumulate gabbros of Phenai Mata 
have been investigated earlier with a 
view to study possible Au–Cu–Ni–PGE 
mineralization30. The result of this study 
has indicated presence of a suite of min-
erals, including chalcopyrite, pyrite, pyr-
rhotite, galena, sphalerite and notably 
pentalandite and Co–Ni-sulphide phase. 
Presence of latter phases, prompted us to 
look more intensively for PGE minerals 
in this rock. For this, we collected gab-
bro samples from different locations 
(Figure 1). Those samples containing 
sulphides were primarily targeted. The 
thin polished sections were carbon-
coated and studied using CAMECA SX 
100 electron microprobe, at the National 
Centre of Excellence in Geoscience  
Research, Geological Survey of India, 

 
 

Figure 1. Geological map of the Phenai Mata area. 
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Bengaluru. Current intensity was 20 keV 
and 20 nA current was used. Beam diame-
ter was 1 m and signals used were S : Ka, 
Ag : Lb, Fe : Ka, Cu : Ka, Co : Ka, 
Pt : La, Ni : Ka, As : La, Pd : La, 
Ru : La, Rh : La, Sb : La, Te : La, 
Os : Lb, Ir : La, Au : La and Bi : Ma. 
Standardization was done using default 
samples. The following internal stan-
dards were used: S and Fe on pyrite, Ag 
on Ag, Co on Co, Pt on Pt, Ni on Ni, As 
on GaAs, Pd on Pd, Ru on Ru, Rh on Rh, 
Sb on Sb, Te on Te, Os on Os, Ir on Ir, 
Au on Au and Bi on Bi. Three consecu-

tive runs were performed for obtaining a 
better total in daomanite analyses (Table 
1). Intensive search for PGE minerals has 
resulted in the discovery of two grains 
having the following description:  
 
 (1) Grain I: Within an amphibole 
crystal, a small sulphide phase compris-
ing of chalcopyrite–pyrrhotite is hosted. 
A tiny PGE mineral phase of ~1 m  
diameter is included at the corner of this 
sulphide phase (Figure 2 a). The EPMA 
data indicate a composition Pt–Cu–Fe–
As–S, which resembles closely, though 

not completely, with daomanite (CuP-
tAsS2). Daomanite is considered to be a 
sulphide mineral having ideal site for-
mula AmBnXp, with (m + n) : p = 3 : 2 
(refs 31–33). On recalculation assuming 
ideal site occupancy, we obtained the 
following formula for PMIC daomanite:  
 
 [Cu0.48–0.60Fe0.77–1.50Pt0.28–0.48As0.90–1.21] 
  [S1.81–1.94]. 
 
Excess Fe is attributed to the matrix  
effect, which probably masked counts for 
Cu and Pt during analyses.  

Table 1. EPMA point analyses of two mineral phases, daomanite and michenerite. Both minerals 
tend to show some deviation from the ideal composition, such as, daomanite shows higher Fe, 
whereas michenerite shows higher Fe and S. Analyses from all the three runs for daomanite 
  are included. Run-1 and run-2 yielded higher totals (see text for more details) 

Mineral  Daomanite  Michenerite  
 

Run  Run-1  Run-1  Run-2  Run-3  Run-3  Run-3  Run-3  
 

Point 1/1 2/1 1/1 1/1 2/1 5/1 6/1 
 

Analyte     Weight (%)  
As  30.01 23.04 28.66 27.5 25.34 1.2 0.83 
Ag 0 0 0 0 0 0.3 0.31 
Bi 0.21 0.2 0.77 0.7 0.15 28.4 29.4 
Fe 14.2 21.78 15.67 16.87 18.72 20.22 17.28 
Cu 11.81 11.9 10.18 10.21 12.31 0 0.04 
Au 0 0 0 0 0 0 0 
Sb 0.04 0 0.07 0.04 0.05 0.13 0.05 
Co 2.45 3.16 1.72 1.71 3.54 0 0.04 
Ni 0.28 0.59 0.29 0.32 0.46 0.75 0.65 
S 19.23 21.13 19.05 20.15 19.38 15.45 12.7 
Pt 29.49 16.42 30.48 28.53 17.75 2.99 2.19 
Pd 0.29 0.19 0.82 0.79 0.2 21.06 24.23 
Ru 0 0 0 0 0 0 0 
Rh 0.94 0.16 0.39 0.41 0.37 0 0 
Os 0 0 0.03 0 0 0 0 
Ir 0 0 0.02 0.1 0.41 0 0 
Te 0.11 0.14 0.52 0.58 0.04 10.21 10.88 
Total 107.43 114.47 108.35 107.91 98.72 100.71 98.6 
 

     Cations calculated assuming ideal site occupancy 
As 0.242 0.181 0.235 0.221 0.206 0.012 0.009 
Ag 0.000 0.000 0.000 0.000 0.000 0.002 0.002 
Bi 0.001 0.001 0.002 0.002 0.000 0.104 0.118 
Fe 0.154 0.230 0.172 0.182 0.204 0.277 0.258 
Cu 0.112 0.110 0.098 0.097 0.118 0.000 0.001 
Au 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Sb 0.000 0.000 0.000 0.000 0.000 0.001 0.000 
Co 0.025 0.032 0.018 0.017 0.037 0.000 0.001 
Ni 0.003 0.006 0.003 0.003 0.005 0.010 0.009 
S 0.363 0.388 0.365 0.379 0.369 0.369 0.331 
Pt 0.092 0.050 0.096 0.088 0.055 0.012 0.009 
Pd 0.002 0.001 0.005 0.004 0.001 0.152 0.190 
Ru 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Rh 0.006 0.001 0.002 0.002 0.002 0.000 0.000 
Os 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ir 0.000 0.000 0.000 0.000 0.001 0.000 0.000 
Te 0.001 0.001 0.003 0.003 0.000 0.061 0.071 
Total 1.000 1.000 1.000 1.000 1.000 1.000 1.000  
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 (2) Grain II: Within the plagioclase 
crystal, a small grain of pyrrhotite is pre-
sent, which hosts a PGE mineral phase of 
about ~2 m diameter (Figure 2 b). The 
EPMA analysis indicates presence of Pd–
Fe–Bi–Te, which resembles, but again, not 
completely matches with michenerite 
(PdBiTe). Michenerite is considered to 
be a member of the cobaltite group of the 
minerals having the formula AmBnXp 
with (m + n) : p = 1 : 2. Ideal formula is 
PdBiTe with common impurities being 
Pt, Ag, Ni and Sb (refs 33–36). After re-
calculating the data assuming ideal site 
occupancy, we obtained the following 
formula 
 
 [Pd0.45–0.57Bi0.31–0.35S0.99–1.10]  
  [Te0.18–0.21Fe0.78–0.83]. 
 
The above formula clearly indicates ex-
cess of Fe and S, which could be due to 
matrix effect, probably shielding Pd, Bi 
and Te, and/or little substitution as well.  
 The two PGE minerals described 
above contain Pt and Pd. However, Ir 
does not seem to be present in significant 
concentration. Therefore, we argue here 
that the Deccan Igneous Province is not 
completely ‘barren’ of PGE minerals has 
been thought earlier5,10. The PGE contri-
bution is not entirely extraterrestrial, but 
at least some of it is sourced from the 
mantle. More intensive search for PGE 
mineralization in the Deccan Igneous 
Province is necessary. 
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Figure 2. a, Grain I showing platinum mineral (Pt–Cu–Fe–As–S) hosted by chalcopyrite–
pyrrhotite within an amphibole crystal. Grain diameter is ~1 m; b, Grain II of palladium min-
eral (Pd–Fe–Bi–Te) is included within pyrrhotite, which is hosted by plagioclase. Grain diameter 
is ~2 m. 


