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in the Otago schists of New Zealand (Turner, 
I933); like many similar Alpine schists they also 
contain tschermakitic hornblendes. The Warsak 
tufts could have formed originally, together with 
the meta-igneous rocks, possibly as lavas, in an 
inter-plate tectonic environment; the high A1 con- 
tent of the hornblende, which is typical of many 
amphiboles from the surrounding alpine environ- 
ment in North-West Pakistan, and other minera- 
logical evidence in the region support a high- 
pressure environment for the metamorphism of the 
rocks to just within the amphibolite facies, at 
moderate temperatures of approximately 465 ~ 
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Magnetic chromites from Kondapalti, 
Andhra Pradesh, India 

A. T. RAO 

Department of Geology, Andhra University, Waltair-53ooo3, India 

THE Kondapalli  region (16 ~ 37' N. 80 ~ 32' E.) in the 
Eastern Ghats, Andhra Pradesh, consists of high- 
grade granulite facies rocks: charnockites, hyper- 
sthene granites, and enderbites are plutonic intru- 
sives into khondalites--garnetiferous sillimanite 
granites, garnetiferous granites, siltimanite-garnet 
quartzites, and quartzites. Pyroxene granulites of 
gabbroic and noritic compositions are distinct 
basic intrusive bodies, occurring as sills an d dykes. 

Chromite orthopyroxene nodules are enclosed in 
serpentinite and carbonate rock, formed from 
altered peridotite; they are younger than the 
charnockites and pyroxene granulites and are 
confined to the cores of south-eastern-plunging 
overturned isoclinal anticlines. The chromites are 
massive in coarse-layered pyroxenites and granular 

in fine-layered rocks; those found at Gangineni are 
magnetic and are associated with bronzite 
(En77_85), those from the Binny and Loya mines 
are non-magnetic and associated with enstatite 
(Enss-95). 

Chemical analyses and X-ray powder data are 
given for five specimens, including both types. The 
magnetic susceptibility appears to increase with 
increasing Fe 3+. The unit-cell size is negatively 
correlated with Cr 3+, A13§ and Mg ~§ and posi- 
tively with Fe z + and Fe 3 +. 

Full text in the Miniprint section, pp. M38-9. 
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MASTIC OHROMITES FROM KONDAPALLI, ANDs PRADESH, INDIA 

A. T. Rao 

Department of Geology, Andhra Umive~ity, Waltalr - 550005, Indi~ 

The gond~palli (imt: 16~ and Long: 80o52 ' 50'~) ~gion in the Easte~ 
Ghats of Andhra Pradesh, India is made of high grade granulite facies ~eks - 
~/~ondalitee, char~ockites and pyrozene grarm/ites. The charnockites, 
h~e~thene granites and enderhites, ~ the plutonic int~ive bodies into 
the khondalitos - garnetife~ sillimarite granites, gsrnetife~s granites, 
sillimanite-~rnet q~tzites and quartzites. Pyro~ne g~anulites of ~bb~io 
and ~oritie composition are distinct b~ic int~ive bodies found ~ sills 
and dykes in the khonaalites add charnockites. The regional foliation is 

~d sectionally changed to ~W due to cross fold/rig m~d d/ps e~tward. 

Chromite erthopyroxenite ~dulss of va~ing dime~i~s ~ e  enclosed in 
serpentinlte stud c~bo~te ~ck, foxed from mitered peridotite. They are 
younger than the eharnoekites sad pyroxene granulites ~d ~ confined to 
the cores of southeastern plunging overturned isoclinal ~ticli~s. The 
o~ bodies have atteined the alm/l~ isoclinal st~tltral p~tte~. The 
chromite pyroxenites exhibit ~romin~t primary layering. Slip planes and 
shear zones  in the chromite pyroxemites have promoted resrystallizatlon and 
segregation of orthopyrox~e veins. A fine net work of catboats and quartz 
minerals oc~ in the ultramafic ~cks. Finally, palingenetie granites and 
Sulerites intrude the whole saqu~e of ~ks. 

The chromitos ~ e  massive in coarse l~e~d p~xenltes and granular in 
fine la~ered rocks. They are ~bhedral to ~ly euhedral and replied by 
p~l~oxenes. Less often chromites replace pyro~es ~und grain margins and 
also along minor she~ zones. The ~bsence of ~ginal granulati~ in 
chromites and the ~tual repl~ents with ~tectic textures suggest primary 
crystallization. The chromites found ~t Gangineni in the Kond~palli region 

magnetic and ~e in ~soci~tion with b~ite (Eo~. o=). Non-ma~etic 
chromltes ~ ~ :  e c, ~ o n  i n  the Kond~palli region ( B ~ d  Loya mines) 
and ~sociate with e~thtito (Era ). The gra in  size ofchromite~aries 
f~m 0.5 to 5 ~ in granul~ vsr~s. The chromites show shades of grey 
col~ under reflected light. Reflectance measured in green light is 15.5 
pe~est. The chemical an~ X-rs~ and ma~etlc susceptibility dst~ of chroaite 
samples - 5 - from Ko~d~palli ~ given in Tables I and II. Although 
magnetic chromltes are not uncommon (T~er, 1956) the d~t~ p~s~ted on 
ma~etic chromites from Kond~palli z e g i o n  is the fi~t frc~ Ind/a. 

The analysed Konds~alli chromites ~ al%~ini~ (Samples 18 4, 4A) and 
fe~i~ (Samples 48+ 4C) ty~es (Sty, 1944 ) . Althot'.~h Samples 4 ana ~A 

termed al~ini~, Ye centers of 29.7 and 39.9% ~ FaD, two to %/~Tee 
times the Al 0 cont~t, ~k th~ ~ unu~ly rich in Fe. Samples 48 sald 4 C 
are so rich ~nStotal Fe that one may susp~ the p~s~e of fe~itehromit 
and inh~ogenelty. Polished sectio~ reveal ~ e~oluti~, ~sorption or 
zoning. Elect~n-probe sca~ ~ss the chromite gra~ supports the 
homogeneity. The ~tic ~ceptihili%y (K) apparently increases with the 
ma~tite emd~her percentage in the chrcoltes. 

Fig. 1. indi~tes that all the samples lie in a definite ~ a ~ e e l ~  with 
isomozphous suhstithtions. A linear relstionehip has been established 
between the ~i~at pe~tage of A1205 and 0r20~+ Fe20 ~ ~ the unit cell 
~ime~sion in chromites (Clark and Ally, 1952); McGr~6r and Smith, 1965; 
Ch~borty, 1969; 0ha~borty and Mallik, 1971). The unit cell die.on, 

~, of %he Kond~palli chromltes is negatively collated with Cr~ + , ~/ , 
Ng 2+ and positi~ly with Fe 2+ ~d Fe~ + (fig. 2). 

The overall composition of orthopyroxenes and chromites from Gangineni 
resemble the ~s~blages in Critical series of the Bushveld i@meo~ complex 
(Wager and Brow, 1968). The sympathetic compositional v~iations in 
orthopyrozenes and ma~aetie chromites in the ehrcolte pyroxenites reflects 
the differ~ee in mastic conditions d~ing the crystalliz~tion of chromite. 
The h igh  Fe209 content in the bronsites (2 - 3~) and the magnetic chromites 
suggests a h igh  origen partial p~s~e. The h igh  ~tatite content of 
orthop~rroxene wi th  the non-meteoric chr~aites in the pyroxenites suggests 
that the minerals ~ primary ~cc~mal~tes in the ultramafic ma~ma. The 
iron-rich solid solutions of the spinel, ma~etite and c~to series 
present in the Kondapalli Imper~ shr~tes fall in the str~tifo~ type of 
Thayer (1956, 1964). 

from Kondapalli 
T~le I .  Chemical analyses of chromites from ~ond~palli 

1B 4 ~ 43 

Cr205 

AZ205 
TiO 2 

Ye2O 5 
TeO 
~ O  

CaD 

~O 

N1O 

V205 

SiO 2 

Total* 

Ti 
Fe ~" 

Subtotal 

Fe 2+ 
M~ 

Ni 

Subtotal 

57.57 46.80 57 �9 29 55- 82 54.8O 

11.96 12.45 12.95 9.99 10.88 
0,13 0.26 0.91 1.26 0.80 

5.99 11.55 18.40 20.98 21.50 

15.19 19.50 23.57 26.56 25 .60 

12.9o 8,9o 6.47 4.03 4.93 
<O.Ol <o.01 ~O.Ol ~0.Ol ~0.01 

O.17 0.~2 0.29 0.50 0.29 

0.00 0.OO 0.25 0.11 0.20 

~0.09 ~0.10 ~0.15 40.22 ~o.15 

O.OO o.oo 0,14 0.25 0,35 

99,91 99.58 100.07 99.50 98.75 

~ber of l o ~  on the b~is of 32(0) 

11.71 9.82 7-94 7-92 7,75 
5.65 5.89 4.11 5-50 5.41 
0.05 0.05 0.18 0.27 0.17 
0.77 2.26 3.78 4.42 4.54 

16.14 16.02 19.95 15.91 15.85 

2.84 4.52 9.26 6.2~ 6.01 
4.94 5.52 2.59 1.68 2.06 
0.03 0.08 0.06 0.07 0.07 

0.05 0.02 0.05 

8.19 7.81 7.92 7.96 8.00 

End member pe~entages (formula) of obrom/tes 

Spinel 22.70 24,~ 51.31 20.68 21.5 
~esio- 
ckrom/to 59.06 19.7 1.06 0.58 4-4 
Fe~-ch rom i t e  54.12 41.7 42.94 49.12 45.9 
Mam~etit e 4.12 14.5 24.69 29.88 ~0.4 
* OmO and v o ~ t  tsken into ~e~t. 
Zn =<0 .1 ;  ~ =(O.OS; Pb =<0.01;  0o =~0.01 
Cu =~0.01; Zr =40.02 (in all the samples) 
13 - Non-man.eric chromlte from chromite pyroxenite fr~ Binr~ mine. 
4 - Feebly magnetic chromite from chromite pyTo~nite. 
4A - Feebly maametic chromite fr~ chromite p~Toxenite. 
48 - Magnetic chromite from fine laye~d chromite pyroxenlte. 
4C - 8t~ngly ma~etic chromite from coarse layered chromite pyroxenito. 

The l~t four samples we~ collected 2 feet apart fro~ one ~other from 
c~st to the overturned limb of theGanginemi fold. 
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Fig. I. Graph showing a vim of spinel triar~ prim of composition with 
a zone of is~rphi~ for the Kondapalli chromltes. 



Table II. X-r~V ~d magnetic 
Visual IB 

kkl in~sn- a ~ a J~ 
mty obs. tale. 

111 5 4.76 4.79 
220 2 2.916 2.9~5 
~11 10 2.489 2.50~ 
282 �89 2.590 2,596 
400 6 2,065 2.075 

422 1 1.688 1.694 
511 7 1.592 1.598 
440 8 1.464 1.467 
9~1 J~ 1.4C~ 1.405 
620 { %310 1.515 

53~ 2 1.265 1.266 
682 1 1.247 1.291 
444 1 1.196 1.198 
711 �89 1.159 1.162 
642 42 1.107 1.109 

7S1 4 1.079 1.081 
800 2 1.0~7 1.058 
751 2+ 0.9579 0.9585 
662 1 0,9515 0.9522 
840 2 0.9278 0.9281 

951~ 1 8+ 0.8700 0.8708 

9~ 1 0.8702 - 

844~ 1 4 0.8471 0.8472 

844~ 2 2 o. 8469 - 

102~1 1 

lO2O~ 2 �89 
951~1 2 0.8026 0.8025 

991,42 1 0.8026 - 
~ 8.3Ol +0.OOl 

Masnet ie  
suscep• 
(Z) ~ c.o.8. 
u n i t s  8.~5 X 10 -5 

M39 
susceptibility data of chromites from Kondapalli 

d~4d~ d~4Ad~ d~4Bd~ d~ 4C 

Obs. calc, obs. cale. obs �9 calc. obs. 

4.77 4.80 4.77 4.80 4.78 4.81 4.78 
2.920 2.941 2.920 2.941 2.925 2.946 2.931 
2.496 2.508 2~498 2.508 2.497 2.912 2.501 
2.582 2.401 2.390 2,401 2.}99 2.406 2.595 
2.069 2.O8O 2.071 2.080 2.073 2,085 2.073 

%691 1.698 1.694 1.698 1.694 1.701 1.697 
1.596 1.601 1-597 1.601 1.600 1.604 1.601 
%466 1.471 1.468 1.470 1.468 1-473 1.470 
1.402 1.406 1.405 1.406 - - 1.408 
1.312 1.515 1.~12 1.~15 1.}15 1.518 1.516 

1.266 1.269 1o267 1.268 1.269 1.271 1.269 
%252 1.254 1.254 1.254 1.254 1.296 - 
t.198 1.201 1.200 1.201 1.201 1.205 1.200 
1.16~ 1.169 . . . .  
1.112 1.112 1.110 1.112 1.112 1.114 1.110 

1.08~ 1.083 1.083 1.085 1.085 1.085 1.884 
1.0)9 1.040 1.059 1.040 1.041 1.042 1.040 
0.961 0.961 0.961 0.961 0.9624 0.9628 0.9618 
0.955 0.954 - 
0.9~0 0.950 0,9302 0.930(] 0.931 0.932 

0.87220.8721 0.6788 0,8720 0.8754 0.87~5 0.8750 

0.8721 - " 

0.8498 0~491 0.8488 0.8490 0.8507 0.8505 0.8498 

0.8489 - 

0.8155 0.81~7 

0.8159 - 

The ~tao= is taankYal to Dr. Louis E. Yuchs ~d Mr. E. Jensen of the ~go~e 
National I~borato~, foz p~vi~ X-z~ and chemical ~ta on o1~o~%es. d~ 

c&Ic. 
4.81 ~ E S  
2.944 Obak~aborty,(K. L.), 1965. F~on. Geol. 60, 1660. 
2.511 - -  ~d Mallik (A. E.), Jo~. Geoll Soc. India_ 12, 155. 
2.404 Clark (G. ~.) and A/ly (A), 1952. Amer. Mineral. 17, 66. 
8.088 ~cGeegor ( I .  ~.) and 8~/~h (C. E . ) ,  1963. O~aaalan :~neral. 7, 403. 
1.700 S t ~  (R. T. 1944. Amez. Miner&l. 89, 1. 
1.605 Thayer (T. P.), 1956, Ame~. 0hem 8oc. M~no~phs 152, , 14. 
1.472 ...... , 1964. Econ. Geol. 59, 1497. 
1.408 Eager (L E.) and Brown (G. M.), 1968. layered i~eo~ ~cks. 01iver and 
1. 317 Boya Lie. 

1.27O 

1.202 

1.113 

1 .O84 
1 ,o41 
0.9615 

0.8729 

0.8499 

0.8O40 0.8O42 0.8042 0.8041 O.8061 0.8O56 0.8050 0.8050 

O. 8041 - - - 

8.519 _+0.002 8.518~0.005 8.333 -+0.00) 8.587 ~ 0.002 

51.19 X 10 -} 49.43 X 10 -3 6%96 X 10 -5 68.6 X 10 -~ 

4 d 

+ 

0.'3oo 8~o4 8;o, 81,~ 8~,, 8; .... ;~4 8;~8 81~ ~, 
UNIT CELL ( 'A) 

FiE. 2. Ooz'zela%ion of m~i% cell (~) and C~ 5+, A15+ , Ye 5+, Ye 2+, M~ 2+ atoms 
per t~i% oell in %he Kondapslli chromites. 


