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Genesis of the Dhuadhar Falls, Bhedaghat, Madhya Pradesh, India

Dhuadhar Falls in Bhedaghat near Jabal-
pur, one of the most sought after tourist
destinations in Madhya Pradesh, India,
attracts thousands of tourists throughout
the year. The mighty River Narmada
drops (Figure 1 @) 30 m down into a deep
gorge of marble rocks, creating one of
the most beautiful natural sites. Although
there is a lot of literature available
describing the surrounding rocks like
marbles and schists of Precambrian
Mahakoshal group, Lamheta Formation
of the Cretaceous and the Deccan Traps' >,
there is hardly any work explaining the
genesis of the Falls itself. The River
Narmada flows almost in a straight line
along the Narmada—Son Lineament
(NSL) marking the boundaries of some
of the important basins of India*. No
Gondwana rocks (between late Paleozoic
to Mesozoic age) are found to the North
of the NSL and no Vindhyan supergroup
rocks (~1700-800 Ma) are found to the
south of the NSL’. This suggests that the
feature has acted as a depositional basin
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boundary since Precambrian and contin-
ued until the deposition of Gondwana.
The Deccan Traps rest directly over the
Vindhyan supergroup in the north with-
out any Gondwana rocks in between,
which records a long hiatus in geological
time. The Gondwana lies over the Arc-
hean basement and no Vindhyan super-
group is found to the south of the NSL.
Hence, this too documents a long time
gap in the geological record but at a dif-
ferent time interval. The NSL can be best
defined as a narrow Archean/Bijawar
strip which is faulted (EW strike), and it
marks the boundary of the Vindhyans to
the south and Gondwana to its north®’.
Here we document a few geomorpho-
logical observations which could throw
some light on the possible mechanism by
which the Dhuadhar Falls came into
existence. One of the most common
explanations amongst geologists is the
presence of ‘cross faults’® across River
Narmada, related to the NSL, creating
‘step’-like flow path of the river orna-

mented with several falls. This could be
true for many other falls like the Ghug-
hra Falls (Figure 1 b; situated 3 km
upstream from Bhedaghat near Lamheta
Ghat), but Dhuadhar certainly compels
us to come up with an alternate explana-
tion.

Figure 1 ¢ shows the channel morphol-
ogy of River Narmada in and around
Bhedaghat. Channel A represents the
current flow path, whereas Channel B
shows the abandoned palaeo flow path of
the river. It can be postulated from Fig-
ure 1c¢ that the Narmada once flowed
through Channel B, but has changed its
course and now flows through Channel
A. We wanted to examine why such a
change would have occurred and it left
us with a possible explanation for the
genesis of the Falls. We would now like
to draw the reader’s attention to the
lineaments mapped (red lines, Figure 2 a)
on the marble rocks in that area. These
linear features are nothing but deep
gorges formed by the weathering and
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a, Dhuadhar Falls in Bhedaghat near Jabalpur, Madhya Pradesh on River Narmada.

b, Ghughra Falls upstream of Dhuadhar falls near Lamheta Ghat. ¢, Satellite image showing the
relative positions of Dhuadhar and Ghughra Falls and flowpath of River Narmada near Bhedag-

hat (Courtesy: Google Maps).
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Figure 2.

a, Satellite image (Courtesy: Google Maps) showing the palaco (Channel B) and

current flowpath (Channel A) of River Narmada near Bhedaghat; red dotted lines represent
gorges formed by weathering and erosion of Proterozoic dykes (Courtesy: Google Maps). b, c,
Weathering of talcose materials that formed due to the metamorphism of older dykes and mor-
phology of a gorge formed by such erosions or human excavation respectively. d, Rose diagram
showing distribution of orientation of such gorges. e, Conceptual diagram explaining the erosion
process of older dykes and corresponding change in the river flowpath. Initial stage: River Nar-
mada flowing through older channel; intermediate stage: weathering and erosion of dykes; cur-
rent stage: River Narmada flowing through the gorge created by the erosion of dykes, and hence
changing its course now flowing through Channel A.

erosion of Proterozoic dykes. Figure 2 b
and ¢ shows examples where such a dyke
is now being eroded forming a potential
linear gorge with a sharp boundary with
the country rocks both along and across

its length. Mafic basaltic dykes have
been metamorphosed to talcose rocks
(schists) which are easy to erode and
have a very high weathering potential.
Talc can form by metamorphic transfor-
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mation of mafic/ultramafic/dolomitic
rocks in the presence of a fluid which is
rich in silica and magnesium at a temper-
ature ~750°C. Talc forms in the presence
of a hydrothermal fluid at the expense
of serpentine, which is a derivative of
olivine and pyroxenes (components of
mafic/ultramafic rocks) through meta-
morphic alteration. It could also form as
a metamorphic product of impure dolo-
mite. Lack of silica in the precursor rock
or in the hydrothermal fluid will limit the
growth of talc. It is often replaced by
other minerals, and forms only when the
pressure, temperature, precursor rock and
enabling fluid composition are optimum.
Otherwise, it might form chlorite, tremo-
lite or phlogopite (Al, Ca or K in the pre-
cursor rock respectively). A basaltic
dyke that has intruded pre-existing mar-
ble rocks forms a perfect precursor to
such talcose rocks which are now present
or have been eroded to form these linear
gorges.

Figure 2 d shows trend distribution of
such gorges. They are mostly oriented
along NW-SE and NNE-SSW forming
conjugate pairs. Most likely, they formed
as shear joints in response to the palaco
stresses, where their acute bisector was
oriented along the maximum horizontal
stress (SHpa) azimuth ~ North South.
Later, mafic lava used these fractures as
conduits for emplacement forming
dykes.

The current flow path (Channel A) of
the Narmada from Bhedaghat (Figure
2 a), where the river deflects from its
palaco channel to Saraswati Ghat where
the palaeo channel (Channel B) again
meets the main course of the river, takes
several kinks. The flow paths between
two kinks are characterized by deep
gorges and are often straight. Within the
aforementioned interval of 2.5km
length, the river changes its flow direc-
tion from EW to ENE-WSW to NW-SE
to ENE-WSW to NNW-SSE (Figure
2 a). It is clear that these local river paths
are often parallel/sub-parallel to the
gorges mentioned above.

The change in flow path of a river is
mostly attributed to heavy flood events®.
Rivers flowing from their sources to the
sinks (ocean, lake or another river) do
not necessarily take the shortest path’. It
is often guided by the regional and local
slope that develops with evolving topo-
graphy. One of the primary factors that
changes the local topography is preferen-
tial weathering. Often weathering and
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erosion of softer rocks form linear gullies
allowing the river to flow through them.
We argue that the current flow path of
River Narmada, between Bhedaghat and
Saraswati Ghat is largely guided by the
gorges formed due to erosion of Protero-
zoic dykes. The origin of the Dhuadhar
Falls, is therefore, related to the prefe-
rential weathering of talcose material,
which is the metamorphosed product of
mafic Proterozoic dykes over the hard
weathering-resistant marbles and schists.
We summarize the hypothesis as follows:
The Narmada once flowing gently in this
region along its palaco channel, guided
by the basement rooted NSL, changes its
path and falls into the deep gorges
formed by weathering and erosion of
metamorphosed dykes and forms the

Dhuadhar Falls at its current location
(Figure 2 e).
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Uranium mineralization in Kappatralla outlier of Gulcheru quartzite
formation, Mesoproterozoic Cuddapah Supergroup, Kurnool district,

Andhra Pradesh, India

In the eastern Dharwar craton, the cres-
cent-shaped Cuddapah Basin forms a
large intracratonic basin, comprising
Meso—Neoproterozoic sedimentary se-
quence with volcanic rock components.
The sedimentary environment of the
Cuddapah Basin, in general, is compara-
ble with peri-tidal complex with shallow
marine carbonate shelf and beach envi-
ronment. Systematic geological studies
of the Cuddapah Basin are well docu-
mented"?. The litho-units of the basin are
mainly divided into older Cuddapah
Supergroup and a younger Kurnool
Group. The former is present throughout
the basin, while the younger group is
seen in its western and northeastern
parts. The sediments of the basin overlie
the Late Archaean—-Lower Proterozoic
granitoids intruded by basic and ultra-
potassic dykes.

Investigations by the Atomic Minerals
Directorate for Exploration and Research
(AMD) resulted in identifying syngenetic
strata-bound uranium mineralization at
Tummalapalle, Andhra Pradesh (AP) and
epigenetic unconformity proximal as
well as fracture-controlled uranium de-
posits in Lambapur, Chitrial and Pedda-
gattu areas of Telangana, India. The
unconformity contact between the base-
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ment granites and overlying sediments of
Cuddapah/Kurnool Groups is one of the
potential targets for unconformity-type
uranium mineralization along the northern
and western margins of the arcuate Cud-
dapah Basin. Uranium mineralization has
also been recorded in siltstone and qua-
rtzite of Gulcheru Formation associated
with E-W fault near Gandi® and Tippara-
jupalle and Cheruvula Bodu areas of
Cuddapah district* along the southern
margin of Cuddapah Basin.

Here we focus on uranium mineraliza-
tion in the outlier of the Gulcheru
Formation near Kappatralla, Kurnool dis-
trict, AP.

The Geological Survey of India’ re-
ported an isolated outlier of Gulcheru
quartzite with an aerial extent of about
3.5km’ near Kappatralla village
(15°34’35”N; 77°36’19”E, Survey of
India toposheet no. 57 E/10), which is
situated about 35 km west of Veldurthi,
Kurnool district, India.

In the Kappatralla outlier, the Gulcheru
quartzite rests as a cover rock above the
basement crystalline rocks. The base-
ment is composed of granite gneiss, gra-
nodiorite, diorite and intrusive granite
equivalent of Closepet Granite. The
intrusive granites are medium- to coarse-

grained, grey biotite granite with several
pegmatite and aplite veins intruded by
NW-SE and E-W trending dolerite
dykes (Figure 1). The NW-SE trending
fractures in the granitoids are filled by
chlorite, hematite and sericite due to hy-
drothermal alteration along fractures.

The unconformity contact between the
basement granites and overlying Gulcheru
quartzite approximately follows 540 m
RL contour and the highest elevation of
the outlier is 567 m. The thickness of
Gulcheru sediment thus varies from 10 to
25 m. The Formation commences with
lower pebbly feldspathic quartzite at the
base which is successively overlain
by ferruginous quartzite, grey sub-felds-
pathic quartzite, exhibiting current bed-
ding and ripple marks with intercalation
of carbonaceous, purple and greenish-
grey shale, buff-brown quartzite and
pebbly quartzite at the top with pebbles
of quartz. Figure 2 shows the litho-facies
diagram of Gulcheru quartzite in the
study area. The strike of the formation is
45°-50°N with 4°-6° dip due SE. Urani-
ferous sub-feldspathic Gulcheru quartzite
is light grey, composed of moderately
sorted quartz grains with angular
feldspar grains. They also contain bands,
laminae and lenses of carbonaceous

CURRENT SCIENCE, VOL. 116, NO. 8, 25 APRIL 2019




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


