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T.C. Devaraju, Department of Studies In Geology, Karnatak 
University, Dharwad - 580 003 and T.T. Alapieti and 
R.J. Kaukonen, Institute of Geosclences, University 
of Oulu, P 0 Box 3000, F~nIand reply 

We are thankful to Vidyadharan et a1 for evincrng 
consrderable interest in our above cited publication and 
offering many detailed comments 

We have duly quoted the reference of the previous 
reports on the chromite\beanng ultramaflc lenses of the 
area As one would note ~t that our emphasis is on the 
geochemistry and whatever data w e  obtained on PGE 
distr~butron and occurrence of PGM specially in the layered 
ultl amafic body near Rangapura We have faithfully 
described those f ~ e l d  features which we were able to 
distinguish Having exarn~ned only a part of the large 
complex, ~t is posslbfe that we have missed some of the 
distinctrve features of extrusive phases In association It IS 

true that the sues  of the ultramafic lenses in our map are 
exaggerated 

We have noted that GSI has undertaken an overall 
rnapplng of the ultramafic complex lylng to the southcast 
of Sh~rnoga belt (to whlch they have given the name of 
Antharaghatta belt) and they have several observations 
Indicative of a s soc l a t~on  of lntruslve and extrusrve 
phases constltutlng the complex We look forward to 
therr publlcatlons of the map of the entlre complex 
and also descrrptron and dlscussron of the various 
a d d ~ t i o n a l  da ta lobservat lons  mentloned by t h e m  
We wish the GSI good luck in discovering cornrnerclally 
important PGE mlnerai~zation, ~f any, In this complex 

We might also add here that we have generated a l a~ge  
amount of EPMA data for Fe-Cr oxides occurring at 
varlous locations of the con~plex We are comlng up soon 
w ~ t h  a separate publication based exclus~vely on out 
study of Fe-Cr oxldes In Hanumalapura, Rangapura and 
Nuggihalli ultramafites 
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comments 

I would like to offer the following comments and seek 
clarification from the authors of the above paper 

Structural Discordance Between the Hindoli and 
Ranthambhor Groups 

1 'Structur'al Analysis in the Hindoli Group is based on 
the assumption of cylindrrcal F, folding (Fig 6A) As 

the Stereoplots of F, a x e s 4  l~neatlons d~splay a wide 
scatter, 60" (N 7-67") in the NE quadrant, and 33" (N 
211-244') in the SW quadrant, it IS evtdent that the F, 
folds are non-cyllndncal If so, the a axis shown In 
Fig 6A does not ~ndicate the attitude of F, axis In 
subarea-2 

2 Contrary to the interpretat~on that F, and F, tolds are 
coaxial, the llneationslaxes of these folds do not overlap 

(Fig 
3 The correlation of F, folds In the Hind011 Group wlth 

FV, folds rn the Ranthambhor Group, and the inference 
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of a structural discordance between these two Groups, 
are questionable for the following reasons (1) Whereas 
the F, folds are open to gentle and symmetnc, FV, folds 
are asyrnrnetrlc or overturned (Fig 6A-B) (11) In 
Fig 6B, the great c~rcle through So poles IS not the 
best fit because it does not pass through the middle of 
the maximum and sub-maxlmum contours Further- 
more, it also does not contain most of the poles to FV, 
axlaI planes It is because of these reasons that the b- 
axls does not fall w~thin the rnaln cluster of FV, 
lineat~ons A proper best-fit great clrcle would Imply 
that the b-axes for the Rantharnbhor and Hlndoli 
Groups are almost identical 

4 Even if the great c~xcle in Fig 6B IS plausible, it only 
impl~es an angular relationship between the S,-surfaces 
in the Hlndoli Group and the So-surfaces in the 
Rantharnbhor Group For the existence of an angular 
unconformity, a dlscordance has to be demonstrated 
between-the So-surfaces in the above mentioned two 
Groups 

Thrust and Normal Fault 

1 Data In Flg 5 show sl~ckensxde lineations pitching at 
3 1-33" on the fault/mylonite planes that dlp at 57-82' 
towards var~able dlrectlons In the absence of any 
data on sense of shear, these structures can, at best, 
be inferred as obllque-slip reverse/normal faults, 
rather than thrusts Is the var~ation In dlp direction 
due to fofdlng7 

2 Contrary to the author's clalrn (p 29), Fig 5 shows that, 
barring the exception of two faults, none of the post- 
GBF faults parallel the GBF The relat~ve lack of these 
faults in the Hindoli and V~ndhyan rocks remains 
unexplained 

Correaltlon of the GBF Related Stuctures 

1 The correlation of veln arrays with F,/FV, folding is 
not correct, because these two types of structures 
are developed in two contrasting tectonlc regimes, 
namely, strrke-stlp and thrust, respectively (Fig 10A-B) 

2 It is not clea~ as to how the intermediate and minimum 
pnnclpal stresses are determ~ned from the axial plane 
orlentatlons of F,/FV, folds (Fig 10B) 

3 Belng based only on the orientation, the class~fication 
of joints and normal faults, into four sets each, is not 
sound As the joints are Inferred to be of extensional 
origln, thelr correlation w~th shear surfaces, e g , normal 
faults, is dynamically impossible Slmilarly, the 
correlation of strlke-slip vein arrays with normal 
faults is also dynamically inconsistent 

Duct~le Deformailon 
1 Whereas the text at p 27 mentions that the Vindhyan 

sandstone shows recrystalIisat~on and crude fol~ation, 
the captlons to Figs 8A-B reveals that these textures 
are observed in rocks near Phalod~ and Halonda, both 
of which fall within the HlndoIi Group (Fig 2) It is not 
surprising that the Hlndoli rocks show duc t~ le  
deforrnat~on but such a deformation need not be 
necessarily related to the GBF 

2 The only evidence in favour of ductlle deformatton is 
the occurrence of mylon~te shown in Fig 13 However, 
nelther the location nor the stratigraphic position of 
thrs mylonite is known 

The meanlng of the term 'und~sturbed remnant of 
mylonite' is not clear Flg 13 does not show any breccla 
that contains fragment of mylonite (p 29) The perfect 
rnatchlng of at least, some gralns across the 
discontinuity 1mpIies that the so-called brlttle fault in 
Fig 13 is, in fact, an extension fracture 

Due to lack of preclse locat~ons and strat~graphlc 
positions, it is llkely that the evidences of ductile 
deformation presented in thrs artlcle are from the 
rocks of the Hindoli Group and this deformation could 
as well predate the GBF I agree that there are dlstinct 
evidences, e g , en-echelon vern arrays, indicating a 
brittle-ductlle deformatton along the GBF The 
unambtguous evidence of ductile shearlng and 
mylonitlsatlon along the GBF remains yet to be 
esta bl~shed 

A. Rai Choudhuri and D, B. Guha, Geolog~cal Survey of 
Indla, Kolkata - 700 009 reply 

We frrst of all thank Dr Amit Sahay for hls keen Interest 
on our paper Following IS our polnt wlse reply to the 
comments made by Dr Sahay regard~ng structural 
dlscordance between Hindoli and Ranthambhor groups 

1 In spite of the scatter shown by the F, lineations only 
one pr-circle can be drawn to frt In the PI-pole glrdle, 
which conforms to the major cluster of F, lineations 
towards northeast 

2 It is clearly mentioned in our artlcIe that the rnterference 
between F, and F, folds is coaxial to near coaxlal 

3 (I) Grouping of F3 or FVI folds Into same generation 
(correlation of F, folds to FV,) is based on their style 
and overprinting relations, both of which are studied 
In mesoscopic scale (Turner and Welss, 1963, Williams, 
1985) Fold style 1s also dependent on rock type 
(Rarnsay, 1967) Stereo-projections, which are used to 
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~nterp~et  geometry of large-scale st] uctures, are there- 
fore not sultable for the purpose 

However, regald~ng the pants  made by Dr Sahay 
we would llke to ment~on that younglng drrectlons 
recorded In Ranthambhor Sandstone do not suggest 
any overtulning of limbs Fold* asymmetry 1s not 
d~stingulshed from projection d~agrams alone (Marshak 
and Mltra, 1988) 
It seems Dl Sahay has meant inclined folds, whlch are 
lndlcated by the asyrnmetl IC ~ I I  dlepattern and also by 
the concentration of axla1 plane poles to the 
southeaste~n quadrant of the projection dragram The 
clustel of axlal plane poles suggests that the axla1 plane 
of the large-scale fold steeply d ~ p s  towards northwest 
T h ~ s  fold structure IS actually In conformity wlth our 
descr~ptlon of F, and FV, folds, w h e ~ e  ~t has been 
mentioned that these folds glow rn tightness and 
asymmetry towards the GBF, and close to the GBF the 
folds have become rncl~ned with a steep no] thwestel ly 
d~pplng axla1 plane The Hrndoll Group, constltuted 
of foliated locks, is ~ntensely deformed into short 
wavelength folds, the lncllned nature of the F, folds 
occur near the GBF and they cedse to be incllned away 
from the GBF The lncl~ned nature persrsts f o ~  d longer 
distance in Rantharnbhor Group because ~t 1s 
constltuted of thlck sandstone and shale beds, whlch 
have deformed Into lalge wavelength folds 
(11) The best fit PI-circle d~vldes the PI-pole dlstrl butlon 
of all data points into two neat ly equal and symmetl tcal 
halves so that the dlstrlbutlon of all data polnts a1 e more 
or less equally drstrlbuted on elther slde of the line 
Thls l ~ n e  may not always coincide exactly wrth the 
centre of the maximum (see e g Fig 6 In Ndhd et al 
1969, Fig 5 In S~nha-Roy and Malhotra, 1989, Flg 7(a) 
In Cul tls, 1999) For sub-a1 ea 1 any pr-clrcle drawn to 
pass through the centre of the mdxlmurn would dev~ate 
from the distr~but~on glven by the rest of data polnts 
and would represent only horrzontal to near hor~zontal 
beddrng planes wh~ch are least affected by foldlng 

We can look Into t h ~ s  problem from a different 
angle Ftom t6e data on bedd~ng plane attitudes on the 
synform In Ranthambho~ Group (Sub-area I), the crestal 
surface is estlmated to str~ke N43E Due to the inclined 
nature of the fold, the axlal plane would not colnclde 
wlth the crestal surface but would s t r~ke pardllel to it 
Therefore In a stereogram the axral plane can be plotted 
as a great clrcle dipplng towards NW (as lndrcated in 
the PI-pole dlagram) and str~king N43E The fold axls 
of the northeasterly plunglng synform (northeasterly 
plunge tnd~cated in the PI-pole dlagrarn) must Ile on 

t h ~ s  great clrcle Therefole, the trend of the fold axrs 
must 11e between N and N43E T h ~ s  rs co~~s~s ten t  w~th  
the plojectlon diagram In Flg 6B and ~ t s  ~nterpletat~ons 

4 It has been clearly rnentloned In the altlcle that ~n 
Hlndoli Group So IS parallel to S ,  in most of the alea 

Regal dlng thrusts dnd normal faults we would 11 ke 
to pornt out that the pldnar structures wrth sllckei~s~de 
llneatlons (In Fig 5 )  are obv~ously post-GBF no1 ma1 
faults because sllckenslde llneatlons are chdracterlsttc 
of brittle deforrnatron Contl dry to Dr Sahay's CI Itlclsrn, 
we have not described these faults as thi usts In 
support of oul claim that no1 ma1 faults In both 
mesoscop~c and rnacroscoplc scale have devetoped 
palallel to the GBF we have shown In Fig 12 scveral 
NE-SW strlklng faults, whrch ale all parallel to 
GBF 

All brittle-duct~le/duct~le structures have been 
grouped as st~uctures associated with the 01 lgln of the 
GBF In Flg 10B, we only intended to show that the 
orlgin ot the alrdys of tension gashes and the 12jFV, 
folds is exylalned by a common bulk stress elllpsold 
In Fig lOA, the p ~ l n c ~ p a l  stress directions wele 
determ~ned from the 01 lentatlon of the brlttle-duct~le 
conjugate shear zones and the slip senses recorded on 
them 

Jolnts and faults are post-GBF structules and are 
related to late brittle reactrvatlon of the GBF No 
attempt has been made to physically relate jolnts 
with faults We have only tl led to show that: common 
extensional stress has produced both of these structules 

Regard~ng evldence on ductzle deformation In 
Fig 8a-b, we could not avo~d refer I lng to Halondd and 
Phalodi as these are the only prominent habltats closest 
to our sample po~n t s  Captlons to Flgs 8a-b ale 
lndlcated as near Phalodr and south of Halonda wlilch 
obv~ously do not mean Phalodl and Halonda locat~ons 
P~ec~se ly  speaking the flrst sample was collected f~ om 
V~ndhyan sdndstone nearly 2 km southwest of Phalodt 
where the hunch shaped Vlndhydn outcrop 1s tlansected 
by the GBF The second sample showlng rec~ ystall~sed 
fabrlc (Fig 8b) 1s of Ranthambhor Sandstone present 
adjacent to the GBF, south of Halonda Sandstones w ~ t h  
recl ystall~sed grams or weakly developed fabl lc were 
also observed at different po~nts along the southeastern 
branch of the GBF as well as rn Ran th~mbhor  
Sandstone (e g n e a ~  fault F,-F,, close to the po~nt of 
cross over between road to Jaipur and the fault ti ace 
F,-F, etc ) 

Contrary to Dr Sahdy's comment, mylonlte I S  not 
the only ev~dence for ductrle deformatton Folds 
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themselves cannot develop unless the rocks behave in 
a ductile manner Recrystalllsatlon of gralns and 
development of o r ~ e n t e d  fabrics are mlcroscoplc 
evidence favorlng ductlle deformation Presence of 
mylonlte follatlon indlcdtes zones where ductile 
deformation was concentrated lnto high finite straln It 
has been clearly stated that the sample of mylonite 
shown In Fig I3 was found as a d~sonented  fdbric in 
the brecciated zone dellneatlng the GBF south of 
Halonda Thrs evldence has been grven in the paper to 
support oui vrew that the GBF was subjected to a late 
brittle movement, which has obtitei ated the eal ly ductrle 

f ab r~c  from most pal t along the GBF 
However, mylon~tes In some lnclpient foi m were 

obsei ved In ~ t s  or~ginal  onentatlon In the northeastern 
comer of the mapped area and In some small patches 
along the southeastern blanch of the GBF These 
portions along the GBF have been referred to as the 
'undisturbed remnant of mylonrte' I e mylonites whose 
f ab r~c  IS not obscured by later brlttle deformation 

We are not In agreement wrth Dr Sahay regard~ng 
tens~onal orlgln of the fracture transecting the rnylonlte 
fol~at lon In Fig 13 Frne angular grains fzlllng up the 
fracture clearly indicate that it IS a fault 
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BOOK REVIEW 

PRINCIPLES OF RADIOMETRY IN RkDIOACTIVE METAL EXPLORATION 
by B K Bhaurmk, T Bhattacharya, A A P S R. Acharyulu, D Srinlvas and M K Sandllya 
A.M D Complex, Khasmahal, Jasmshedpur - 831 002, Jharkhand 292p Pnce Rs 600/- 

Thls book is to be viewed in the context of  more than 
I 

50 years of tradltlon in lnstrurnentation fostered dnd 
developed met~culously by the ploneerlng physicists of the 
A t o m ~ c  MlneraIs Divlslon (now the Atomic Minerals 
Directorate for Exploration and Research), a wlng of the 
Department of Atornlc Energy, to aid in the main task of 
ensurlng adequate fuel resources for the nationdl dtomic 
energy program in  keep~ng  with the hlgh tradit~ons of the 
DAE in the  fleld of i n s t rumen ta~ ion ,  the  AMD had 
~ndlgenously deslgned and fabricated the entlle gamut of 
radiornetrlc instt-uments necessary for  exploration for 
radloactlve rn~ne ra l s  from both alrborne and ground 
platforms, bore hole evaluation and ore grade control in their 
exploratory rnlnes The technology was also transferred to 
the  uranlum rnlnes f o r  g r ade  cont ro l  and  p lannlng  
development and to Electronics Corporatron of Indza (ECIL) 

for large-scale rnanufactule of select instruments In fact 
there is no instrumentation used In rad~oact ive mineral 
explorat~on that IS not Jocally fdbricated It 1s hearten~ng 
to recalI that there are field set-ups in several centers 
for the repalr and maintenance of the equipments that 
ensure timely mazntenance of lnstiuments Backed by 
thls tradition, the book under revlew is comprehensive in 

relation to the tasks of exploration for radloactlve mlnerals 
and a welcome dddltlon to t h e  exlstlng mostly foreign 
publ~catlons 

The book is d l v ~ d e d  tnto SIX chaptefs dealing wlth 
physics of radioacrivity, radlatlon detectors, rad~at lon  
sul vey meters, including alr-borne gamma ray spectrometric 

system, radlometrlc assaying, natural gamma ray logging 
and connected lnstrumentation The  chapters are well 
written and well illustrated, though several dlagrarns could 
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