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ARSTRACT

Tha Kalava area in Cuddapah basin, located approximately 50
kilometres south of Kurnoal, had baen studied earlier by the Geoio-
gical Survey of India initislly using sclf-potential, vertical intensity
magnetic and electrical rosistivity survey and subsequently by using
duzl frequency EM end fregquency domain | P, surveys. The G35l
had delincated in and around the conductive belt region carbonacecus
chalas with minor sulphide mineralization,

Inuiewe of the scope uifered by the area for lesting the appli-
cability of other geaphysical methods also, an integrated geophysical
curvey experiment has boon conducted across this known anomalous
belt during December, 1981, Magnetic (Total Intensity} Radiometric,
Talluric and multi-lrequency EM survays were cartied out besides
SR and time-domain 1F surveys,

The experiment has revealed that the geclogy has respanded
not only to EM, SPand IF, but also to the other metheds such as

#Papcr presented at the VI |LLP.G. Werkshop, held at Hyderabad
(1 YD1A) during 10th and 11th .lanuary, 1983,
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magnetics, radiemetrics end tellurics, though, in a different, hut
useful way, The total intensily magnetic surveys has helped in
delineating two  important anomalies at the ends of the profiles
ravealing certain struclures controlling the mineralizad conducting
zune, The telluric survey has served asz an excallont reconnaissance
tool in the daelineation of the electrically conducting ‘zones. Tho
radivmetric anomaly peaks on all the profiles align themselves along
the maior axis of the conducting zone delincated by electrcal aned
EM mathads indicating, possibly that the common source for Lhnse
anomul es are perhaps the organic shales The significance of these
ah&ervations in relation to the possible contrals of mineralization (g
discugzed,

INTRODUCTI|ON

' The Gani-Kalava area situated in tha northern part of Cuddapalh
basin has been identified as one of tha important zones for possihle
buse melal {copper) mineralization, thanks 1o the systematic elforns
of the Ceological Survays of India, which conducted several goophy-
sical surveys including electromagnetic, 1P and SP surveys in this
“area and brought 16 light several significant anomal'es. Subsequent
‘test drilling by the G.S.1. has provided some direct msight into the
main causative source for these anomélies wWhich is reported ta be
‘catbanaccous sheles. However, it is also noticed that some of the
zones are associzted with some copper mineralization though not
eufficient enough in tenor to be classad as an economic ore doposit,
It is also noticed that the emplitude and nature of sema of tha |P
“anomalies are not entirely explainable on the Lasis of corboraceuus
shales alone as pointed out by G 51 (Reterence No. 8 GSI Report),
'Be this os it may, it is obvious that the arca offers considerable scope
for a more comprehensiva application of geophysical technology
émpluwng an integrated approach to delineate and docomposa the
complex nature of geophisical anomalies in this impartant mineralized
zona. In Vview of this, 8 preliminary geophysical expafiment invol-
ving b wide spactrum of geophysical methods viz o multi-frequency
alactromagnetic, Tune-domain induced-polarization, sel{-polential,
tellurics, magnetic and gamma-ray spectrometry tochuoiques, o
hean conducted along & few colect profiles in the Kolave wrea,
Flgura 1 shiows the layaut of tha poophysical traverses in the Kalawvg
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araa together with sone of the gealogical details of the area  Tha
main rock units present in the arca ere the Tadipatri shales {Lower
Cuddapahs, meam yuarlzites (Kurnools), dolerite sills and dykss
appuaring as intrusives.  The well-known Kalava “wall” camprising
Panyam quartzite forms the northem boundary of the arca surveyed,
The copper mineralizetion {mainly chalcopyrite) along with races
of covellite, chalcocite, pyrite &nd magnetite, is reported to be
essociated mainly with quartz veins, mostly confined 1o the vicinity
of shale/trap contacts.

Geophysical Surveys
1. Magnetics 1 Survey and Interpretation

The magnatic sutvey consisted of measurement of  toial
intensity Lsing MGRI preton pracession magnelometer along 6
travarses acrass the known conductive zone delinezted by the GSL
The traverse lengths varied trom 100 to 300 metres on either sice af
the central line {0 to O in Fig. 1). The sampling was dons at 10m
station interval,  The stacked profiles (Total Intensity) are shown
at Figura 2. The contour map presented in Figure 3 also Biings out
these features wvery clearly. Far instance a close study of these
series of stacked profiles W3200, W400, W500 and WG0D (Fig. 2)
reveuls thet the nerthern end in svery vuse ends up In sharp 1o
pranounced “low” of amplitude about 500 10 600 gammas, followed
by a featureless kroad hump to the svuth, again to be followed by
anwtlict weaker "low” of amplitude about 150 garmmas at 1he south -
and. The narthern “low’” is maintained en the rest of the profiles as
well, hamely W20, 100, 130, 160, 200 and 300 &nd, in fact, on
thess profiles the northern “low” is relatively narrow and deen. 1L lnnks
certain that all these latter profiles would also have picked up the
southern “low” as well if continued, A Contour presentation of the

same results can ba seen at Figure 3 which alse brings out thess
faaturas,

All the profiles are along roughly 20° west of north On
these prafiles. ar the lozation of tha prasent stugy (Kalava) having
emzan mainetic ‘nelination af 16° ta 18° N if we assume the miag-
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GEDLOGICAL MAP OF KALAVA AREA WITH LOCATIONT OF J
GEOPHYSICAL TRAVERSES ¢
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netic picture as arising from sinple induection of & thinithick dyka in’
the present field of earth, the northern sharp low” would call for a
dip (around 90°) and the southsrn, waaker and broader ‘low’ would
damand = fairly low dip (Iess than 45°) to the south, 1t iz also soen
that the northern and southera lows on practically all the profifes show
g further splitting i

The complete magnetic picture. @3 can be judged from the
~tacked profiles and contour map. ssems to arse from two pearly
E-W tranding dyke-like or tabutar bedies, the northern one having
& dip greater than 75° and the southern one having low dip less than
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p i e s
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Fig, 2. Stacked Profiles of [Total Intansity) magnetic (Kalava area.)

45°  Alsn, possibly hoth these tahular hodies sesm lo-be the
comnnsite of finar tabular ele nents which cunfarm to the stike and
dip of the major bady,

Tha narthern lows on practically all the profiles align clesely
with the northern boundary af a known conducting zong and saems
v raflect o steuctural feature which might be associated with minera-
lized zans  The southern, waaker ‘low” appearing on profiles 400,
500 and 800 (Fig. 1) seams 1o fall quits far away {sauth) from the
fnown conducting rane, wers dolerites and gahbros,

These maanelic anomalies have been further analysed quanti-
tativaly to get the paramaters of the causative source. Aszsuming a
thin/thick shaet madel for the source body and employing Parker
fiay (19A3) and Atchuta Rao and Rarm Babu (1981} methods guanti-
tutive ootimates ware made and presented in Table T

It may be seen fram the table that tha dips of the source body
varies around 90 while its dapth is only [ew tens of metres varying
fram A0 to 33 nelres; 17 may be seen rom mast of the susceptibility
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values cotrespond typically to doleritic material, Howaver, the
estimate obtained for profiles W300 and 400 showed relatively higher
valun rather representative of gabbroic material.
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Fig. 3, Magnetic (Total Intensity) contour map. Kalava area,

From tha ahove results it iz sesn that magnetics has been
able to male & vital contribution In gleaning and delineating the
structural controls responsible {or the localization of this mineralized
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balt. Magnetics together with any one electrical mathod {as will
be shown subssquantly in this paper) could have provided sufficient
canformation that the environ shows promise end could merit a

detailed search.

2. Radiometry | Survey end interpretation

The radiometric survey was carried out on 6 profiles W100 -
WEO0 (Fig. 1) using a "SCINTREX GAD-6" Fuur-Channel stabilized
The gamma radiation was counted for

aamma-ray speclrometer.
seconds and the countrates in Tetal, Polassium{K), Uraniam(U)
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lig. #. = flay Intensity profiles over W/ 200, Kalava area,

Thorium (Th) channels were recorded at stations with 10 meiras
intervals, all the six traverses being covered with this station intapval,
One of the tvpical radiometric profiles iz presented in Figure 4.

[tis known that, as compared to graniles and othar aridic

rocks, the sedimentaries and basic rocks liko dolerites and basalis
have low levels of radivactivity.  The prasent area it may be recalled,
has severtal sills, dolerite dykes and other intrusives, with shalas
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mainiy playing the host medivm for these intrusives.  From this,
it may at first appcar that the area does not have any rock
farmation with apprecieble radicactivity excépt shales if they are
organic. But, as can be seen from the profiles presented here, a
few locations oo the profiles show significant radicactivity level,
particularly from the potassium source, Soch features ara gaen on
almost all the profiles obtained, A clpse examination of the locations
of these radicactive “peaks” {marked as 'R™in Fig. 1) poinls oul that
majority of these, appearing an different profiles alion themselves
along the axig of tha major conducting zone delingatad by elactrical-
and alectromagnetic methods. This again indicates the possibility for a
rammen causative soarce for thase anomaligs. 11 may be recalled that
the carbonaceous shales had been reported 10 be the possible sources
of elactrical and electromagnetic anomaligs. It iz 8lso known that
organic shalesfcarbonaceous shales could ast as good radioactiva
enyrcas. From this consideration, dt & first look, itappears that the
carhonaccous shales prasent in tha area might possibly be causing tha
racinactive anomalics 100,

In this connection it may also be pointed out that cases of
high gamma activity associated with base mefal minsralization had
been repaorted occasionally. Ona such ohservation in racent fimes
in India comes from the Sonrai Cu-Pb-Zn belt in Uttar Pradesh where
along with the strong electrical end electromagnetic responses on
ground and from air (latter recorded with NGRI's airborne Pulse
Transignt EM  system) drilling had shown Uranium mineralization
in hard bltumen occuring In fractoras  along preferred bads {Ravl
Frakash et al., 187G).

Howaver, in the present case the guestion tamains &s 10 haow
the shales from suhsurfaﬁe lewvals caonld revesl their signatore on the
surface radioactivity. measuraments.  Alernatively ona could also
think of other soutces such as peomatites and other lale phase
emanations of acidic intrusives to sccount for the enomelies in the
area. Also, it is possible thal sume of lhe silicilied beands in dale-
rites can cause some local “highs® in the radicactivity picture  Cne
_s:rr:h.smfa-':.e evidence for the association of radicactive ancmalies
with the bands was naticed on the southern side (150, Lo 200 m)
from kasze ling) on the W 400 profile,
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While, as already pointad?out, a straightforwerd explanation
of the strong radiometric response volneiding with the high cenducting
sone has not been forthooming, navertheless it appears that In cases
like the abeve radiometry can be depended upan as an added confir-
matory tool in the exploration for basamatal deposits. It is an
estahlished fact of ‘ohservation that radiometric ' minaralization
{Primarily Uranium minerels) is encounterad in elose asgociation with
sulphides of coppet, nickel, coball, According to Bataman {1968}
in such cases the radioactive mineralization has “‘a mognetic source,
mrasumably a granitic intrusive with which the capper iz related™,
[ the present contaxt hinh gamma eclivily appeats 1o have a two -
fold associstion, namaly one  with carhonececus shales which
possibly can account for the lining vp of the serics of radiamatric
*highs’ alang the axes of the conductive zone, and second. where
tha radiometric highs occir close to silicified dolerites in the
wouthern part of the investigation area. It is not clear whether this
is possibly indicative of any active pegmatitite aplitic phasa of an
acidic intrusion in Lhe arca since significantly the potassium channel
shows high praking of gammria activity though uranivm and thorium
alsa dotshow but an a much more subdued scala.

3. Telluries 1 Survey and Intarpretation:

Though'the telluris rrathod had been introduced long  time
hack (1920%) its application in-India has been limited to last few
vears naly {Sanker Narayar &t sl 1979), 7 1n & aiven area the tellurs
mathod can be  usad "as “aguick tetonnaizszance tool for locating
qualitatively, lateral variation of elactrical ‘resistivity of subsurface
material. For detecting lateral inhomegencties such as those
encountered In mineral exploration, a commonly adopted telluric
fiald mathod is the split-spread technigue  (Yungul, 1977) and this
N1s bsen employad for the present investigations.

Field Data Acquisition

The telluric field data’ acguisition in the Kalava area was
accomplished by conducting a split.spread Survey 'along 12 sclect
profilas [sama* az those shown in Fig 1 for magnetics). For this
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purpose, the telluric field units designed and fabricated al NGRI
were used and the 12 profiles covered under the present programme
have lengths varying from 1 to 1.5 km and are spaced at 100 m.
interval, A dipole length of 100 m. was used for the split-spraad
set up and telluric signals were recorded in 0,02 - 0.05 Hz. range,
All the data were processed to yield the telluric field ratio “En "
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Figurs 5. Telluric figld ratio {Ez) profiles, Kalave area.

using the conventional method of calculating amplitude ratios of
synchronised sigrals (Yungul), 1977). The Ex ratios are computed
with raferance 1o the base dipole loceted at O 10 S 100 on W200
profile (Fig. 5] suppossd to be in the krewn clectrically conducting
zone and Figurs 5 shows & pair of thess telluric field ratio (Ep)
profiles {along W 200 and W 300}.

lnllarpratatfnn

tean be seen \hat the “E.* ratio veriation on both the
profiles shows & wall-defined pattern with a ‘low" In the middlae
accompanied by two “highs on either side of this low  Though
from paological consideratione, the srea Is known 1o bs occupied
nradaminantly by shals it may be sdeed (hat seme inrusive bodies
like sills, dykes are also reporied particularly on the sauthorn side,
In view of this, the relativaly resistive zone indicated as a ‘high" on
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the southern side of the Eg profiles can be attributed to this intrusive-
dominated shalo country,  While part of the ‘high” seen on the
northern side could be due to the well-known Kalava wall consisting
of raelativaly high reslstive quartzites. The ‘low” ragion lying
between the two “highs® represents & highly conductive zone and
spans about 200 min width on both the profiles and roughly coin-
cides with the known anomalous conducting zone delineated frem
earlier EM and [P surveys by G.5.. Rest of the En profilas alza
raflact thesa featuras well and bring out the conducting rone in the
area clearly.

it can thus he seen that tha telluric metlhiod has raproduced
very well in lacating the fesistivity contrasts and, considering
the rapidity of operation and low fiald costs this method certainly
appears 1o etand out 55 an effactive and less expensive geophysical
methed for delinesting conducting regions which can be taken up far
further detailing with other geophysical tools such az EM, [P and SP,
Tne mathad has the additional advantanes that (a) it uses anly
natural enurca signals and (b)) provides large depth of subsurfaco
sampling capability,

4. Seli-Potential Survey

S.P. survey was cerried out an five traverzes owt of the =at
shown an Figure 1 with a station interval of 10m. and traverse
interval of 30 m. The hase was chosen at station N 80 on the
traverss W 200, 5. P, mecasurements on the traverse W 130 has
Brought out an interesting feature, namely a well-defined “negative””
of tha ordar of -100 mv. around station 530, Data on edjecant
traversss also show the same features, but with a slightly reduced
magnitude of the anemaly, The nearly E- W tranding negative S.P.

anomaly Is Dlea!l's-" brought out on the contour map presented in
Figu & 6.

The interpretation of 5.P, data, unlike other geophysical data,
has been largely gualitative. It is not generally not possible to
determinz tha shape and 1he size of the causativa hody, thowgh the
dapth to the top surface of the underground target can be estimated
b/ analytically continuing the S.P. data downward, On the basis
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of the +5.P: contour map (Fig. 6) we assume 8’ two - dimensional:
structure (strike ofithe body can be assumed almost along  east-west,
axtending toa great '._rangt'h} and herefore one - can adopt a one-
dimensional scheme for the continuation dowmward (Roy, 18966);
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Figure 5. Seli-potential anomaly map, Kalava area,

Figure 7 shows the downward continucd S.P. walues at faur
differant depths, 2. = b 10, 15 and. 20 m for the soomaly on profile
W30, The groundsurface corresponds o £ = 0 and the upper.
maost portion of this figure shows the S P, profila a smocihed curve:
drawn thraugh the observed points.  When continued. downwerd
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Figure 7. Dawnward continued selt-potential anomaly profiles
Kalava area

to a depth of Gm, the 5.P, values are only stightly enhanced but the
general broad natere of tha anomaly remains unchanged. The profile
at depths of 10 m and 15 m start showing oscillation? in 5.P. values
But preserve the central ‘low’, while the oscillations of S.P, values
at a dapth of 20 m besome violant, A visual sxamination of tha
curvas presented in Figure 7 clearly indicates that the depth 1o the
tap of the causative body is somewhere between 3 end 4 units
(16-20 m). The semilog plot between maximumn negative value and
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depihis of continuation at various units, shown in the inset at the
bottom of Fig. 7 fixes the depth at 3.2 uRlts or 16 m.  Therefore,
accarding to the intrerpretational results of S.P. anomaly tha conduetar
occurs at a depth of ahout 16 m from surface and it may be men-
tioned in this context the borelwles drilled by the G S1 in Kalava
aroa ara raportad to have encounterad catbhonaceous rocks associated
with minor mingeralizations al shallow depth of the order of 10-15m
(10-15 m). '

8. Multi-frequancy Flactenmannetdes @ Multi-Trequeney PR sorvey

For the EM surey, a portable MaxMin 11 system, manulactured
by Apex Paramatrics Limited, Canadg, was used. This iz a8 multi-
f'raquen::‘,r system operaling ot frequencies 222, 444, BEZ, 1777 and
2535 Hz. Itis possible to orient the transmitter coil either in haori-
zontal plans (‘maximum coupled” system) or in a vertical planc
{"minimum coupled’ system), Depending on the expected dip and
likely dapth of the conductor cne can select the configuration  (horl-
zanlal o verlical) of the ansmit-receive coils and Lthe separation
batween them. The maasuraments ara mada in terms of real and
imaginary components which ane shown directly as the peroantage
of the primary fisld sirength on two separate metsrs.  Three difforont
scales 1 4 4% 4+ 20% and = 100% can be selected tor an  accurate
measuramant {raadahility = 0.5%) ot the signal,

Interpretation

Since the objective of the present survey was to delineate
steeply dipping shallow condoctors present if any, the horizental loop
configuration was usad which provides the hest coupling for vertical
conductor. The coil separation used was 50 m and readings wore
taken @l a station interval of 10 m to gst a smooth prodile.  Measure-
ments were takan along the profilas W00, WI1G60,  The starting
station in all cases was MN103 (Figs. 8a & b) whaere the transmitter
coil was placad.  The raceiver was placed at W50 and the anomaly
was plotted midway point N76. Subscquently, both the tansmiller
and the receiver were moved 1o the next statinon,’ Hesults of thesas
measurements - (presented in Fig. Ba &'B) showed that the profiles
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|

WIG0 and W130 run accross conducting bodies, Detailed analysis
of these snomalies wes done for all frequencies using an infinite
sheat modsl in free space.  The individual results obtained for various
frequancies wore in very aocd agreement withh gach olher.  Fresented
in Tahle 2 balow ara the avarage values of the dip § (in degrees)
the conductance 4/t (in Sm) and the depth to the 1op of the conduc-
tue (in m) for varous profiles ;
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Fig. 8a.  Electro Magnetic response (In-phase component) over
profiles W[100, W]130 and W/[160. Kalava area.
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Fig. 2. [|P anomaly curves over WIT30, Kalava arca,

TABLE 2
Prafils Ma Dip (&) Conductance (1) Gapth
W 180 a0 705 12 m
w130 ans 60 3 12 m
Wloe an 105 T6m

The quantitative analysis thus shows that the profiles W 160 and
Wit indicata the presence of very good conduclors (1 — €5 at
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station S 25) ul a depth of about 12.56 m. The profile W 100 shows
a lot of geologic noise, parlicularly lowards the northern ond of the
profila, This can ba ascribed to (a) surface conduclivity wvariations
and (b) undulating topography. Also this prafile (W 100) does not
reveal the presence of a very good conductar, but the result paoint
out toward the possibility of a moderate conducter (—t 10 Sm)
at station S 55, While drawing the cnndlilr;fm axis a5 shown in the
Fioures 8a and 8b, this paint is also taken into consideration, It
may alzo be pointed out thot the depth 'obtained for the causative
cource of the 5P anomaly closely agrecs with the estimates deter-
mined from E M. data analysis,

G, |.P. Measurements

In addition ta EM & SP messurement along the W 130 profile
g few multipaced time domain, |P measurements were also obiained,
using the Cre” Prospector” [P equipment. The tranemitter with the
equipment has 400 millisec. an time and 300 mietli see, ofltime,
Tirrie domain measurements weree made at 20 m. after switching-off

WO —— PalgriElwiig ] wiag oL

:‘:- " hggorent jn-z.:um TRAVERSE WM i -

"F"' Aazinilinly zy

WG — e Pulerigibitty 3 o E 'u.-'_‘

= o g BPROTEAL nmIoe . -

= & * Razariviny B I

b = -

2 8o - : qoo § £

B 1-’:;;/1_ ; 5o
i - ; W B
= - HE
® 20p / 3 e ¥

I RN T RN o o T e T il e Tl F et O el

== 5o ALy =0 L} 20 ) [={w] A

the current.  These measuremcnts were carried out with Wennar
epacing of 20 and 30 metes, 1P enomaly (Fig 8) corrobeorates
well with EM, SP and Total magnetic ancmaly as also with the
frequency domain 1P anomaly of the GSl.  The cause of the anomaly
seems to be at shallow cepth as it is picked vp at smaller Wenner
spacing. '

7. SUMMARY AMD CONCLUSIONS

It can he seen from the foregeing that the mulifparameter
gaophyzica! field cxperiment employing a number of geophysical
tools as clearly shown that the geolegy responded not aoly o EM,
"IP and 5P but also to the other geophysical methods, such as
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magnetics, tellurics and mdmmmw and that the respanses on the
various paramaters all corroborate each other when examinad in
their entirely. While the magnetics can act as a wery fuick and
affactive tool for delineating the important stuctural controls asso-
ciated with the mineralized belt, the tellurics serves as an excallant
reconnaissance tool to delineale the elsctrically canducting =zongs
which ara the probable locales af mineralisation, 1P and EM methods
help in oktaining details on the parameters of the targets. Radio-
metry obviously can  play an important rale in the identification of
anomaly producing lithology which are presumahly relaled paragene-
tically with probable copper mineralisation in this belt, and also far
{ocating any late -stage products of avidic intrusives such as
pagmatitesiaplites &to |

In summing up, it would appear that with a whaole variety of
gaophysical tools an duty in search of a prospect say of base metal,
cortain mothods offer better lateral discrimination as to detectability,
welwreas certain others give better depth delermination and also
possibly information on atmitude (e, dip}, while yet certain athers
possibly give clues about structural and metallogenstic envirenment
of control ote.
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