as Zn, Mn, Mi and to some extent Ag may indicate that they have
been transported hydromorphically and precipitated at places
whare the sail pH is high, leaving behind Co and Pb near the
s0UrcE, Qiving a superjacent anomaly becausa of their low mobility
under acid canditions. At this juncture, care should be taken to
digtinguish between the- anomalies related to the effect of pH,
topography and hydromorphic process and those anomalies
genetically related to mineralization, keeping in mind the
stavenging property of secondary Fe- and Mn- oxides.

The correlation matrix of elements in the secondary
anviranment indicates that Ph, Ca, Fe, Mn, Wi, Br, and Zn are the
prominent elements of secondary environment In Malanjkhand
area (Table 2).

Based on the discussion dealing with the distribution of
glements, it can be concluded that Zn, Mn and Ni can be used ag
regianal guides with Ag and Cd as logal guides in this type of
depaosit. The water extractable halegens such as Cl, K and Br
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Takble 1: Mean standard deviation, background, ranges (pprn) and contrast of elements in soil samples
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sscondary environment, it was obssrved that, more ussful
information can be gathered by using the Be/Cl ratio which ghows
a large enhanced anomaleus end and characteristic distribution
pattarn in the secondary environment arcund the ore deposit.
Solovov and Garanin (1871) propossd that the ratios of elements
can increase the zonality contrast around the ore deposft.
Elernental ratio such as Bt/Cl with an anlarged secondary halo has
coverad the antire mineralized aréa with a peointed anemaly
trending from southeast to northwest (Fig.2. 1), This trend of
mineralization in unexplored area has been emphasized by ather
important indicator slaments such as Cu, Co, NI, Cd, Ag and Mn
iri this zone. Therefore, the BrfCl ratio can be used as a regional
guida in this deposit.

Discussion and Geochemical Implications

The secondary dispersion patterns of Cu, Co and Pb in
Malanjkhand follow a similar trend of enrichment in the vicinity of
quartz vein, forming oval halog near the quartz exposure. This may
Indicate their genetic relation to sulphide ore and suggest othar
impartant pathfinder elements whose anomaly spread is wide
enough to be detected at & reasonabla distance. Anomalous
contants of the Indicator elements such as Cu, Co, Cd, Ag, Mn
and Wi are detected in N35W of quartz vein along &th and Tth
possibly the of aulphide
rmineralization in this zone. The higher mobility of elements such

traverses, indicating axtension
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FIG:2.] Geochemical contours showing distribution pattern
of different elements in soil samples of Malanjkhand
INDIA )

above results and indicates the importance of elements such as
Mi, Zn, Mn and emphasizes their preference in search of
mineralization in secondary environments.

The use of cold water soluble CI, Br and | as geachermical
guides in the prospecting of base metal in Malanjkhand seems to
give encouraging results. These elements are more mobile with
larger halog than Cu and other elements in the secondary
environmant. it is beliaved that the hydrothermal fluids which form

Cu ora bodies contain significant concentration of the halogens
particularly Cl which forme chloride complexes with the ore
forming elements and hence facilitates their transportation. In this
case while mineralizing fluids deposited the metal the halogens
might have been trapped in the secondary environment thareby
forming their hales around the cre body. Probably some part of
the halogens remained In the fluld in the gangue &and ore
minerals. In addition to the higher mobility of Cl and Br in the
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these zamples are easily and thoroughly extractable by hot HNOE,
rather than agua regia and combination of Mitric/Perchioric acids.
However, in the case of Mn,agua regla showed better results,
probably due to the presence of HCl which extractd Mn and Fa
more effectively. Hence, one gram of -80 fraction of each soil
zample was treated with Sml cone, HNO3 and beiled for three
hours, cooled ovarnight and diluted with 10ml. of distilled water.
The clear solution was decanted and analyzed by A A 5 (Perkin
Elrmer modal 307) for Cu, Pb, Zn, Cr, Ni, Co, Cd, Ag, Fa, Mn, pH
and halogens. |, Br, ware analyzed using the lon specific electrode
and Cl was estimated by titration method (Hess 1571). Duplicate
analysiz of eame of the samples wera carried out to find out the
varnation in the different batches, homogeneity and reproductivity
of anomalies from a single site. Pracision was given more
emphasis than accuracy to avoid the creation of spurious
anomalies and unrecognized weak anomalles. Twelve reagent
blanks and three international standard samples (GXR- 2, GXB- 5,
GEXR- 6) were repeatedly analyzed along with the different batches
to estimate the precision in each of the extractions. Apart from the
above precautions, care was taken to avoid instrument drift,
systemnatic errors and contamination of samples.

Results

The geochemical contours are shown in Figures 2 and 2.1.
Az I3 apparent from perusal of Fig.2, the elemental contours of Cu
show & broad parallelism as well as inwardly increasing
concegntration in strike direction with a maximum in the southeast
and above background values in the northwest, The boundary of
background vaiue is slightly wider than 500m. Pb concentration is
mere pronounced on the hanging wall rather than the footwall. In
the mineralized zone, the distribution pattern of Pb in soil closely
follows that of Cu and £n, Pb is well correlated with Fe and such
affiliation of Fb with Fe and Mn iz confirmed frem the conclusians
of Antrapova (1968), Norish [1975), Tidbal {1976), Schintzer and
kernodorff {1981), Dunlop et al (1983), who studied the
partitioning of base metals with Fe- and Mn- oxides and
conciuded that Pb is associated with Fe oxides. Groundwater from
higher lovels in the south to the lower levels in the southeast of the
main quartz vein is congidered to have partly leached Zn from the
raef which was then precipitated in the lower southeastern part of
the area. Therefore, Zn dispersion is controlled by the topography
of the araa while Zn is hydromorphically dispersed in the adjoining
area and an increase in the pH ensured precipitation of the Zn and

minimized dispersion in the sauthern part of deposit. This was

alzo proved by higher background and low standard deviation
which indicatez that, Zn was mobilized and taken out of the
mineralized area (Tahle.1). The distribution pattern of Cr, Ni and
Co shows that the behavior of Cr is a function of the pH and &
reflection of its geochemical similarity with Fe, bounded mostly in

limonite at the surface while Ni in soils of Malanjkhand was
leached aut from mineralized area on eithar side of the gquartz
vein, mobilized, migrated and accurnulated in the southeast and
northwest of the investigated area (Fig. 2). In the present area,
where the limonite cantent is high, it is indisputabla that Fe- and
Mn - oxides along with clay minerais are respansible for the
fixation of Co in =oils. This fact Is reflected In their correlation
gonstant, particuiarly in the mineralized area with a correlation
factor of r=0.9397 (Table 2). Hence, the oval anomaly zone of Co
wag formed near the quartz vein which is inherited from parent
material, Similarly, the distribution pattern of Cd, Cu and their
close coherence reveals the association of Cd with zulphide
minaralization. The accumulation of Ag is mare pronounced along
the topographic slope due to hydromorphic process toward east
and southeast, but the same southeast- norhwest anomalous
trend of mineralization iz clearly discernible [Fig. 2}. The main
reazon for higher concantration of Ag in mineralized area is due to
the genetic relation of Ag with Cu and release of Ag during
weathering and precipitation in alkaline reduction potential and in
a medium enriched in "5" compounds and this could be the
reason for the formation of enlarged halos of &g near the guartz
vein. Ag with a high contrast of 3.8 and standard deviation higher
than the background value reveals its higher mobilization during
the weathering with a peculiar large secondary halo spreading
over 400m area, envaloping the zone of minaralization, A few
isolated anomalous zenes of Ag are noticed in the barren area but
the most pronounced anomalous zone lies in the NW, along the
Eth and Tth traverses which repeatedly indicate the presence of
sulphide mineralization in that region.

In apite of differences in cencentration of Mn in both the
areas mare attention is pald to the distribution patermn and
continuation trend of Mn from the zone of exposed mineralization
to the southwestern part of the investigated area. Four anomaly
aureoles are present with the most pronounced zane, baing in the
immediate viginity of the northwest of the quarz vein {Fig.2.1). In
this case, the most prominent geochemical interferance and
interaction is abserved in the strang affinity of Mn- oxides for Cao,
with correlation factor r=0. 8397 (Tabla 2), and othar slements
such as Ni, Ph and Fe. This affinity is noticed all over the area but
the degree of relation is stronger in the vicinity of quartz vain.
Variation of elements with respect to the quartz vein, confirm the
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FIG. 1 GEOLOGICAL CONTCUR MAP OF MALANJKHAND COPPER
DEPOSIT (M.P) (After HC.L 1986)




GBI 48 yolis Slonlgijn 97 g SOy
&@th;uwoylﬁxﬁsayiﬁ

#ﬁﬁualjmﬁmﬂahaj

CRWL

- -

3 e ity L;J_.fl_ﬁ.g,_,_,- 3 oaald gleatla il eslan o L,:pi/..t_,,..l.-.;-hﬁj@l.._ll.ha, P P A I

A ;_F.,'u{__-l Py ER i 0 PCIL - B ALY R Jp e L N T *-IL"-:'-;_! L TR e L A A
il Mn Fe Ag (Cd iCo NisCr e ZniPh Cu sl Jlatbusns wid € L13 os 3500 Olis gl 1500 YL T
SR e L, o by ',.av:._--..-_;-_i.-_-_;i 3 A%l L2 Celaz Le: :_,,._,@ e sl s Shesdag s pH o CLEr
il S sl a3 2 b U el sy aper c5lblail S GEIL SURT T U 14 EAY - CU S W s
el g ol L e

Jang sl sely wobis Niyg GU@Nasle 520088 ol jole oS on,€ sablis b oy ol b
idair o s 13 ok 3 S il b gl ST Sy e 2 BUCT o, Cd A o el S
'-"-"lﬂer‘,f (8 e oy pdastagiiiey by

sl basiasm e g Lol olee Brog MndFe Co Ni Zn FPh of sl el I e Sl ! a i

In the paragenefic sequence, magnhatite-l comes  first
followed by pyrite-l After the defprmation of first phase, second
chase of mengralization. magnetite-ll, pyrite-ll, sphalernte and
chalcopyrite were deposited. The fast ore minerals ta be deposited
are bormite covellite and chaleogite mainly near the zone of
wadation, According to M. E. 1575 chaicopyrite  shows
aeformation twing. X- rays studies of chalcopyrite shows that thers
is no change in tha call valume with depth.

Sampling and Analytical Technigues

The residuzal soil is maderately well- developed in the area
and soif profiles are preserved except at a few steep hill slopes
and foot hills, [Saha 1982) where the soilz are transponed. Rk iz
difficult to distinguish between transported and “in situ” sail but it

_'I"':'l'-‘n_'r’ -L-\ih.- 4 '1'.)1&.)- :

iz possible to infer the nature of tha sail fram their dissimitarity
with the underlying bed rock and alza from tapography, In this
study, the sail sampling area was divided into two pars, 1) zone
of exposed mineralization, where 2oil samples were collected from
the southern part ot the depasit an either side of the main quarz
feet along traverse [S3SE - MASW) (Fig.2) 2) zone of unexplored
area (without quarz exposura) where zoil zamples ware collacted
in continuation of previous direction with & slight change in
cample dansity. Cwverall, 75 30l samples were coliected from
Elem. depth in both the areas. In addition, 12 samples weare
collected at close intervals rnear guartz reef to sludy the variation
of glements and effect of the main lode on the distnbution of trace
alernents as one approaches the guartz vain, All the sail samplas
ware dried to remove the moisture and homogenized. The
efficiency of different digesting reagents on the extraction of Cu,
Fb, Zn, and Mn frorm scil samples revealed that, the suphides in
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Geochemical Dispersion in Mineralized and Unmineralized Soils near

Malanjkhand Copper Depaosit (M.P.) India.

Dr.Md. Jafar. Md. Zadeh. F *

Abstract

A multi element orentation study including the use of secondary halos and dispersicn trains of trace
alemants and halogens was undertaken on the soils over an Archean ecopper depasit with the view of
evaluating the optimal parameters.The analysis of Cu, Po, Zn,Cr, Ni, Go, Cd, &g, Fe, Mn, |, Br, I and pH in
the ore body was taken up to evaluale their agplicability to this deposit. The results of analys's indicate that.

simpie bulk analysis of metal content in 2oil fail to revezl the presence of important copper ancmalies along

the trend of mineralization. it is abserved that some maobile elerments {(Zn, Mn, Ni) are regional guides, and

others such 2g Ag, Od and the BrCl ratio are more wseful in detecting arnamalies related 12 this Jeposit and

thereby the exiznsion of the mining area.

The cerelation matriz ot elements indicate that Pb, Zn, Ni, o, Fa, Mn, and S are the prominent

alernents of secandary environment in the Malanjkhand area.

Introduction

The Malanjkhand copper deposit in Madhya Pradesh india
iz the largest Frecambrian copper deposit of the world discoverad
to date (Fig 1), The swady of s0il mantie from geochermical paint of
wigw in Malanjkhand s nelgful n identityicg the target zone for
sulphice rmineralization in this region, The farmation of secondary
halzs Dased on the dispersion of elements is significantly larger
than the pormary haiog and often considerably larger than the ore
cepoat itsell ks teit that & detalled soil geochemical sursey can
nelp in geveloping geccnemical guides for prospecting  similar

deposis in that area

Geclcgical setting

Tne geclegica’ Ristary of the area stars win the formation

of granitic cormples which was traversed by later quartz veins and

reets (MEC, 1978 Ermplacement of the reel was foliowesd by
deformation and the first phase af mineralization, resulting in the
deposition of magretfite, pyrite and molybdenite. The existing
mineralization was alse deformed laler by the major suiphide
minerslization i which miner amount of sphalerite and abundant
chalcopyrite were geposited. This phase of mineralization was
subjected to a basic intrusive activity in the form of dyke, The
Archean basement complex is overiain by a younger sedimentary
sequence with & low metamorphic Imgress {represanting the basal
part of the Chilpighat Saries] comprising conglomerate, arkasic
grit, sandstone, quartzite and younger quarz veins [Fig. 1} The
mengralization is mainly confined to quartz reefs and ile offshoote
with some diszemination in the granite. The depasit it considared
to be a porphyry type (Sikka 1283, Md. Jafar 1581) of
nydrothermal ongin, 2.8 km long and with a maximum wdth of
Q.Bxrmo it trends N3SE, dipping 50 east.
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