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S1H[ORT COMMUN][CATION 

EXTREMELY IRON-RICH OLIVINES FROM FERROSYENITES OF THE PRAKASAM 
DISTRICT, ANDHRA PRADESH WITH PETROGENETIC COMMENTS 

C. LEELANANDAM 

Department of Geology, Osmania UniversIty, Hyderabad - 500 007 

Though fayalite + quartz association is common in a 
variety of rocks, it is extremely rare with orthopyroxene 
and virtually non~existent with orthopyroxene + garnet. 
Hence the fayalite-ferrosilite-ferrohedenbergite­
(almandine-rich)garnet-quartz-bearing ferrosyenites in 
the Prakasam district (A.P.) are deemed as singularly 
exceptional and amazingly unique (Leelanandam, 
1993a). The main purpose of this communication is to 
present electron microprobe analyses of the extremely 
iron-rich olivines (Fa 97. 29 - Fa99•7S) from these unusual 
rocks and to comment on the relevant petrogenetic 
implications. 

Introduction 

In the Prakasam district, ferrosyenites principal1y occur 
(Prasad Rao et al. 1988): at Errakonda and Obachettipalem, 
close to and in between the Chimakurti gabbro-anorthosite 
and Uppalapadu alkaline plutons (Krishna Reddy et al. 
1998); and also, at Gokanakonda near the Boggulakonda 
gabbro and Settupalle alkaline plutons (Srinivasan and 
Natarajan, 1990). Olivine is scarce in many samples and 
they were referred to as "hornblende-orthopyroxene­
syenites", in the early stages of our study of the UppaJapadu 
pluton (Lee1anandam and Krishna Reddy, 1981); a 
generalized description of the field setting of the plutons is 
given in Leelanandam (1989). 

Petrography 

Olivine is commonly rimmed by orthopyroxene, 
clinopyroxene, (secondary) amphibole or symplectic garnet; 
overgrowths of olivine around clinopyroxene, and (altered) 
inclusions of olivine in poikilitic plates of amphibole are 
not uncommon. The mineral is often heavily cracked and 
the fractures are occupied by secondary amphibole, or are 
filled with magnetite; it is rarely pseudomorphed, though 
not completely, by orange-red iddingsite and magnetite, and 
is rimmed or replaced by grunerite. Apatite, a dominant 
accessory, is often euhedral and tends to occur in the vicinity 
of, and as inclusions in, olivine and more commonly in 
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Fe-Ti oxides. In many but not al1 garnet-bearing varieties, 
and also in some orthopyroxene-rich types, olivine is 
practical1y absent. Figures 1-4 portray some of these textural 
features, which were not highlighted in the earlier 
publications (Leelanandam, 1993a, 1993b, 1994). 

Mineral Chemistry 

Representative microprobe analyses of the olivines from 
the ferrosyenites of the Prakasam district are presented in 

Table 1. The striking feature is the extreme Fe-enrichment 
and highly restricted range of compositions (Fa97 29 - Fa99 78) 
of the olivines suggesting an unusually high degree of 
fractionation in the magmas. While the variation in FeO 
(65.94-67.27%) and MgO (1.08-0.09%) contents is minimal, 
variation in MnO (2.02-4.67%) is rather significant in 
the analyzed olivines; CaO is practically nil (0.02-0.05%) 
and there seems to be no need to determine it besides 
Ti0

2
, A1

2
0

3
, Na

2
0 and K

2
0 (see Table 1). 

Discussion 

The olivines exhibit no perceptible compositional 

zonation, but show rare inter-grain variation. XMn is 
always far greater than XMg in all the fayalites with vague 
negative correlation suggesting Mg-Mn substitution. 
The "drastic" variations in MnO contents of the samples 
ST 16 (2.58-4.67%) and CK 33 (2.02-3.47%) do not go 
unnoticed (anal. 9-11, and 5&6 in Table 1), though the 
totals FeO + MnO are substantially the same in both the 
samples (69.71-70.72% in ST 16, and 69.65-69.41 in 
CK 33). In the sample ST 16, it is the significant drop in 
the insignificant MgO (0.18 - 0.09%), which is instrumental 
in shooting up the Fa value tremendously; hence the 
highest Fa value (Fa9978) is encountered in it, though its 
XFe (93.11) is lowest and XMn (6.67) is the highest for 
the entire group. A value of Fa.g958 is earlier reported 
for the same sample ST 16 by Srinivasan and Natarajan 
(1990). The lowest F~7 29 reported here for the Prakasam 
district olivines is higher than the highest FBg639 recorded 
by Ratnakar et al. (1996) for the Sivamalai olivines. As 
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Fig.I. Olivine, fractured and filled with amphiblole. is moulded on very coarse dirty-looki ng cl inopyroxene. Note the amphibole rim 
around ore in feldspar. See also Figs.1 &2 in Leelanandam (1993a), and Fig.6 in Leelanandam (1994). Sample CK 42B, PPL. 
Width of view is 1.0 mm. Fig.2. A large am phibole plate contains altered inclusions of oliv ine. The hig ol ivine crysta l (wi th 
frac tures) contains a thin rim of clear orthopyroxene and an inclusion of apat ite . Note the apatite rods in the vicinity. See also 
FigsA-7 in Leelanandam (1993a), FigsA&S in Leelanandam (1993b). and Fig.S in Leelanandam (1994) . Sample CK 45, PPL. 
Width of view is 0.9 mm. Fig.3. Approximately euhedral olivine (ex tremely pseudomorphed by magnetite) is surrounded by 
coarse subhed ral amphibole crystal s, simulating a 'cumulate' texture. The "wormy" area adjacent to ol ivine contains spongy 
garnet. Sample CK 33, PPL. Width of view is 0.7 mm. Fig.4. Part of ol ivi ne crystal showi ng wide fractures filled with (brown) 
am phibole, whi le (green) amphibole fringes around olivine (towards ri ght) with inte rvening orthopyroxene (lower side). Sample 
CK 43, PPL. Width of view is 0.2 mm. . 

far as the writer is aware, the most Fe-rich olivi ne so far 

reported in a comparable rock suite is F~8.() (Young and 

Cuth bertson. 1994). though pure fayalite (Foo ) is not 

unknown from other rock groups. Hence the Fa va lues of 

olivines from the Prakasam d istrict fe rrosyenites are the 

highest recorded to-date in th is category. 

A s ur vey o f the world l i te ra ture suggests that 

ferrosyenites may principally,but not exclus ively, represent 
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Table 1. Electron mIcroprobe analyses of ohvmes 

Sample No CK45 CK43 CK33* CHK3* S 28 ST 16 --
Anal No 2 3 4 5 6 7 8 9 10 11 

(av3)@ (1/2) (1/3)$ (U5) (I) (1/4) (av7) (av 3) (1/2) (av6) (1/4) 

SIOZ 2980 2895 2933 2963 2912 2994 3029 2997 3016 2948 2971 
TI02 001 001 003 000 001 001 001 000 000 000 000 

AIP3 000 000 004 000 002 000 001 000 013 017 000 

FeO' 6664 6719 6703 6674 6763 6594 6727 6656 6713 6617 6605 
MnO 221 2 18 237 223 202 347 248 366 258 390 467 

MgO 108 093 086 105 064 060 026 016 018 012 009 

CaO 002 004 002 004 004 005 003 002 003 003 004 

NazO 001 002 003 002 001 006 003 002 007 004 004 

KzD 000 000 000 000 000 000 ,000 000 a 00 000 000 

Total 99.77 99.32 99.70 99.70 99.47 100.09 100.38 100.40 100.27 99.93 100.60 

Number of cattOns on the basts of 4 oxygens 

Sl 10028 0986 09929 09993 0991 10064 10146 10075 10117 09977 ] 0001 

Tl 00001 0000 00008 00000 0000 00003 00003 00000 00000 00000 00000 

AI 00000 0000 00015 00000 0001 00000 00004 00000 00051 00069 00000 

Fe 1 8756 1 914 18975 1 8826 1924 1 8534 1 8842 1 8711 1 8834 1 8732 1 8594 

Mn 00630 0063 00679 00637 0058 00988 00702 01042 00732 o 1118 01332 

Mg 00540 0047 00433 00530 0032 00300 00129 00082 00089 00063 00043 

Ca 00007 0001 00007 00014 0001 00020 00012 00006 00011 00012 00015 

Na 00009 0001 00017 00011 0001 00042 00020 00013 00044 00029 00026 

K 00000 0000 00000 00000 0000 00000 00000 00000 00000 00000 00000 

29972 3 013 3 0062 30010 3 009 29952 29857 29929 29877 3 0001 30010 

AtomiC percentages 

Fe(Xrc) 9413 9457 9446 9416 9553 9350 9577 9433 9582 9407 93 II' 

Mn(X
Mn

) 316 311 338 319 288 498 358 525 372 561 667 

Mg(XMg) 271 232 216 265 1 59 1 52 065 042 046 032 022 

Fa# 9720 9761 9776 9726 9836 9840 9933 9956 9952 9966 9976 

Fa 97.29 97.68 97.84 97.35 98.41 98.48 99.35 99.59 99.55 99.68 99.78 

The numbers given m the fourth deCImal place for the catIOn values In the structural formulae have no slgmficance 
* - from Errakonda and rest from Gokanakonda, @ - average of 3 analyses, $ - selected best analYSIS out of 3 
Fa# = Fe / (Fe+Mg), Fa = (Fe+Mn) I (Fe+Mn+Mg) 

either residua] liquids (after the formation of gabbros and In the Prakasam district, ferrosyenites are juxtaposed 
anorthosites) from a mantle denved basaltic melt, or against gabbros, and are intrusive into the border zone 
liquids formed by partial meltmg of lower crust adjacent to gabbro-norite of the Chimakurti pluton and also into the 
hot mafic magmas. SIgmficant negative Eu anomaly and country rocks (Prasad Rao et a1. 1988; Rao, 1993) The 
pronounced Sr depletion in ferrosyenites are often cited as absence or rarity of transitional rocks such as monzogabbro, 
hallmarks for their residua] melt origin. However, it is ferrodiorite, monzodiorite, monzonite and monzosyenite is 

ingeniously argued that the absence of these features in strikingly conspicuous, and the exact gradation between 

some cases (see Scoates et a1. 1996) cannot be taken as the gabbro and ferrosyenite umts (for a continuous 
evidence against direct petrogenetic relationship between differentiation mode)) is nowhere witnessed until now. It is 
ferrysyenites and gabbros/anorthosites (even If they not clearly understood what the intimate spatial association 
exhibit large isotopic discrep'encies). Trace element between the gabbro and ferrosyenite units actually means, 
(including REE) and isotopic eVIdences, by themselves, because a 'cospatial' relationship is often (but not always) 

cannot readily demonstrate or preclude a direct comagmatic construed for a 'coeval', 'cogenetic' and/or 'comagmatic' 

relationship between gabbro a!Id ferrosyenite; for a full relationship It is instructive to note that the Rogaland 
dIScussIon, see Mitchell et a1 (1996) and Vander Auwera (southwest Norway) monzonitic rocks are coeval and 
et a1. (1998), and references therein. intimately related to, but not comagmatic with, anorthosites 
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(Duchesne et al 1989), and that the Jotumte-syemte senes 

of the San Gabnel MountaIns (CalIforma) IS 'cogenetic and 

coeval with the anorthOSite senes, but not comagmattc' 

(Ekstrom et al 1994) 

In the Prakasam dIstnct, ferrosyemtes are deVOId of 

enclaves of gabbro, and also of the dIstmctive oXlde- and 

apatIte-nch 'honzons' , some ferrosyemtes are unusually nch 

m amphIbole and occur as xenolIths In hornblende syemte 

(see Figs 1 and 2 In Leelanandam and KnshnaReddy, 1981), 

unambIguous dykes of ferrosyemte are not so far observed 

In gabbros, textural charactenstlcs of the cospatIal gabbros 

and ferrosyenttes (With dIsparate mmeralogles) are dlstmctly 

dIsSImIlar Expectedly, a profound chemIcal hIatus perSIsts 

between the correspondmg mInerals from the two umts m 

consonance wIth the remarkably WIde compositIOnal gap 

between them More Importantly, the mIneral assemblages 

and P-T estImates mdicate that the ferrosyemtes (With 

Fe-nch orthopyroxene) were emplaced at lower crustal 

(deeper) levels at hIgher pressures and recrystallIzed under 

granulIte faCIes condItIons (Leelanandam, 1993b), while 

gabbros (WIth ohvme + plagIOclase cumulates) were 

emplaced at mId-crustal (shallower) levels at moderate 

pressures and crystallIzed Without bemg metamorphosed 

Though reasonable, It IS not justIfiable to visuahze a dIrect 

comagmatIc relatIOnshIp between the two umts, especIally 

In the absence of any compellIng IsotOPIC and trace elemental 

data However, such a relatIOnshIp IS eIther expressed or 

Imp1Jed 10 the earher pubhcatIOns of the author [see 

Leelanandam (1994) and references therem] A reSIdual 

melt, rather than crustal melt, ongIn IS favourably preferred 

because the ferrosyemtes (1) contaIn relIcs of Inverted 

plgeomte IndicatIng extremely hIgh mitIal crystallIzatIOn 

temperatures (> 1 aaO°C) consIstent for the mantle den ved 

melts, (2) have composItIons which are no way s1mllar to 

those normally obtamed by crustal meltIng, and, (3) mdicate 

theIr formatIon under strange and strmgent redUCIng 

condItIons uncommon dunng meltmg of crustal material 

CUflOUSJy, no ferrosyemtes are encountered In the 

Vlclmty of, or withm, the Pasupugallu gabbro-anorthosIte 

pluton (Jyothender Reddy, 1989) whICh IS as vast as, and 

close to, the ChlmakurtI pluton (see FIg 1 in Prasad Rao 

et al 1988) 

The alkalIne rocks of Uppalapadu, WhICh were 

recrystallIzed under amphlbollte-granub te faCIes conditIons 

(Czygan and Goldenberg, 1989), exhIbit prominent 

gnelssoslty (Prasad Rao et al 1988) and are co-folded 

along WIth the host quartzItes of the khondahtlc group 

(Rao, ] 993) The presence of non tIC gabbro and gabbro 

dykes WIthIn the UppaJapadu pI uton suggests that 

"nepheline syemte IS older to gabbro" (Prasad Rao et al 

1988) At the western margIn of the Chllnakurtl pluton, a 

septum of metapelItIc country rock (with refractory mmerals 

and fOSSIl osumuhte) separates gabbros from ferrosyemtes 

which are proXImal to, but not comagmatIc WIth, the alkaline 

rocks of Uppalapadu (see FIg 1 In Leelanandam and 

Knshna Reddy, 1981) These observatIOns allow us to 

tentatIvely speculate that the ferrosyemtes and alkalIne 

rocks are older (and probably coeval), and are later mtruded 

by the younger gabbro-anothoslte pluton Impltclt In thIS 

InterpretatIOn IS the assumptlOn that the ferrosyenJtes al e 

crustal or Independent melts, but not reSidual melts If that 

were to be so, then the cospatJal gabbros and felrosyemtes 

are not comagmatlc and not even coeval The absence of 

gabbros (at the present level of exposure) In the VICinIty of 

Sivamalal ferrosyenttes [whIch contain spectacular fOSSIl 

plgeomtes (Babu and Leelanandam, 1993, Leelanandam, 

1993b), which have an affInIty to the "granuhtes of the 

country rocks", and whIch are In close proxImIty to the 

"metamorphosed" alkalme rocks (Czygan and Goldenberg, 

1989)] IS a pomter In thIS dIrectIOn, and suggests that gabbl os 

play no parental role In the geneSIS of ferrosyemtes The 

avaIlable eVidences from the Prakasam dlstnct seem to 

comply wIth thiS new mterpretatlon, but ItS vahddtlOn by 

systematic IsotOPIC and geochronologIcal studIeS 1'\ 

absolutely mandatory UntIl such tIme, the problem whether 

the ferrosyemtes of the Prakasam dlstnct represent reSidual, 

crustal or mdependent melts remams open 
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