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Sedimentology of a Proterozoic erg: the Venkatpur Sandstone, Pranhita—Godavari

Valley, south India

TAPAN CHAKRABORTY

Geological Studies Unit, Indian Statistical Institute, 203 Barrackpore Trunk Road, Calcutta—700 035, India

ABSTRACT

Reappraisal of the Late Proterozoic Venkatpur Sandstone indicates that the bulk of the sandstone is
aeolian in origin. Aeolian stratification types, namely (i) inverse graded translatent strata, (ii) adhesion
laminae, (iii) grainflow strata and (iv) grainfall strata, are present throughout the outcrop belt. Nine facies
have been identified that represent both aeolian and related aqueous environments within a well-developed
erg. Cosets of large cross-beds at the Bellampalli section in the NW of the study area record dune fields in
the interior of the sand sea. To the SE, at the Godavari River and Ramgundam sections, a progressive
increase in the relative proportion of the flat-bedded to cross-bedded facies and intercalated non-aeolian
facies delineates the transition from the dune-field to sand-sheet environment. An alternating sequence of
aeolian and marine sediments at Laknavaram, in the extreme SE, marks the termination of the sand sea.
Palacocurrent data suggest that the NW-SE trend of the sections represents a transect across the sand sea
in a direction normal to the resultant primary palaeowind direction.

Abundant horizontally stratified units in the Vankatpur Sandstone do not always represent the interdune
sediments. On the basis of the thickness and geometry of the units, nature of bounding surfaces and
associated facies sequence, the facies is variously interpreted to represent interdune, inland sabkha, sand
sheet and coastal sand flat deposits.

INTRODUCTION

Proterozoic sedimentary sequences in several isolated
basins cover an extensive part of Peninsular India
(Fig. 1). The sequences closely resemble the ‘carbon-
ate-orthoquartzite facies’ in terms of lithology, com-
position and extensive sheet-like disposition. The
carbonate and most of the sandstone sequences have
been interpreted as deposits of shallow cratonic seas
(Banerjee, 1974; Chanda & Bhattacharya, 1982;
Chaudhuri & Howard, 1985; Singh, 1985; Nagraja
Raoetal,, 1987).

Development of extensive sheet sandstones through
shallow-marine processes alone, however, is being
increasingly questioned (e.g. Dott ef al., 1986). Study
of modern shelf processes (Swift, Stanley & Currary,
1971) suggests that these areless effective in dispersing
sands over wide areas compared to aeolian and
braided fluvial processes (Dott & Byers, 1981; Fuller,

1988). Non-marine processes might have been even
more important in pre-Silurian times, before the
advent of land vegetation, in spreading sand sheets
(see Folk, 1968).

With this background, a Late Proterozoic sandstone
sequence, the Venkatpur Sandstone of the Pranhita-
Godavari Valley, south India, has been studied.
Preliminary analysis of stratification types indicates
that the sandstone, which is spread over a linear belt
of more than 100km (Fig. 1), formed essentially
through aeolian processes (Chakraborty, 1988). This
paper describes the stratification and facies of this
sandstone and thus recognizes different aeolian sub-
environments similar to those identified in modern
sand seas; it also attempts to characterize the extensive
Proterozoic sand sea, based on the analysis and inter-
pretation of facies assemblages on a regional scale.

301



302

T. Chakraborty

e —
Km
U3 t BHOGPAL PATNAM |
7N RN L MANCHER L SIRONGHAR! 113 *\“’\‘r’l ALPA
R 7
N AR RN\ somanbArLT Y7 mlar
-7 Fault RAM\Gl}ND B OR\ A W \\/
il Ao N oy RN N U \o\/
Altuvium L BRY S A T
\A AN . °o\/\\
Deccan Trap /\\ A N L "
A SRS o o \N
Gondwana Supergroup N :o '\-\. .\\\/
Venkatpur Sst \ $ N /

. v . 1
Sullavai GroUp{Muncheml arzte 7\ MUY Y ALBAKA

Ramgiri Formn b8 A3\ AKNAVARAMOCN '
" [2'] Atbaka Group 3 IN. JIINAE cnercadgl Y
( Somanpalli Group Pik\';,.alk 0 8
QKe.
IE Yellandlapad Group I\
Pakhal Group N
YELLANDLAPADW* />
/] Penganga Group y U /—\—\
[I[D Undifferentiated Proterozoics '/‘/\@/ f— /\\
Y7] Basement Complex KHAMMA\,MT A L/\\
fYALy o/
° /\ — N \/\ \—
17° 473. AN A /

,:Dtlhi
’ .

:7‘

Colcutice

Proterozoic
sedimentary
basins

* " 73

Fig. 1. Geological map of the Pranhita~Godavari Valley. The inset shows the Proterozoic sedimentary basins of Peninsular

India.

THE VENKATPUR SANDSTONE

The Venkatpur Sandstone, the top-most formation of
the Sullavai Group, occurs as an extensive sheet,
exposed in two NW-SE-trending linear outcrop belts
along two flanks of the Pranhita-Godavari Valley
basin (Fig. 1). The formation consists of medium- to
fine-grained, red, subarkosic sandstone and is char-

acterized by the profuse development of large plana
cross-beds. The sandstone occurs in close association
with fluvial quartz arenites and arkoses (see Table !
Chakraborty, 1988). Extensive development of &
salmon-red colour, high textural maturity and presenct
of considerable amounts of well-rounded first-cyclé
sand grains (Chaudhuri, 1970, 1977) characterize the
sandstone throughout the studied area. The sandstont



303

A Proterozoic erg, south India

xapdwos Juswaseq () Uedeydry
rnnrnnnnreenee KJTIIIOJUOOUN JR[NSUY

$3)2I0WOIEU00
Jseo-auoisourt] payroddns
-xewt {Surppaq jussisiod

ury} ‘AUOISPUBS OIUOONE[S  SUOISIUWI
pUE 2[eYs JOUTUI Y114 dUOISOUWI] epuey)
dnoiny
uoneuIwe] uny jusisisiod Jreys e3uluag
AIOA y1Im 3]RYS UMOIQ USIpPaY BIEN 195

coremrrens £}TLIOJUOOUN JRNZUY rrnnnn

(+wgg7)
uoneuwIo.J Udurey
(wr9s)
aNzireny) [RISYDUEA
dnoin
feag(ng
auojspueg Indyeyuo A

rorrereens AJTULIOJUODUN JRINSUY

dnoi3rodng euBMpPUOD)

syorIOpNW
‘spag-s$010 y3nox) ‘spaq papein) ‘sydiowopnasd
1[es PUER SUIRIS papUnOI-[[om juepunge

¢9)1UaIE Z)Jenb pue SU0ISIWI] PAPPaGIAIU]

doy e 1oZLI0Y JJAID[IS ¢SAIjoYRUIONS
JuBpUNqVY "dUOISPUES O1IU0oNE[S pue J[eYS
JO SOSUS] ¢OUWO[OP PUE SUOISIWI] PAPPq-1e[]

aseq a1} 18 $Pag-sSOIO PUE spaq papeis
Ya oyeIowo[3uos 9[qqad 119y ‘asojre A[qqad

SYORIOPNUL

‘sapddix aaem ‘spag-ssoxd ySnon padofpasp

-[1oM ‘suiead papunol-flam ‘ajtuoone|d Juepunge
¢o[ey[s JOUTUI Y)IAM SUOISPUERS JIsOTeqns 0] JISONIY

S[oUUBYD pUER SPAQ-SSOID {[BYS
SNOJIBI[BD ‘QUOISIUII] JIISR[ORIIUT PUR ONILIDIA

Pappag-ss015 y3non

ATySno1oy | 's312I2W0[3U0D PUE S3UCISPURS
Q1803 IE 98IR0O-WINIPI : UoNRULIO | Lidurey

S2INJONIIS UOISIYPR

yuepunqe A[[eos0] {SuLIo] [SUUBYD {SPaq-SSOID

ynon pue reurd asnjoid ‘ouo0IsSpuEs Uy pIJI0s

-[[oM pUE 21BIWO[ZUOD JO SISUI] UIY} 3UO)SpULs
asozyenb £[gqad o) wnipaw : 3)1zyen) [BISYOUBR

$ps8q [RIUOZIIOY pUe SPeq-ss010 yeur|d d3xe|

Jo uoneuIa|y ‘suteid popunol-jja M "duolspues
oIsoyJeqns 2s0zyrenb ‘oug-wnipawl ‘pal-uowes

xo[dwoo JUsWase| () UrarydIy
AjurIojuooun IgMIuy;

(w (g) uonPULIO]

SATdVINAWIJHES D10Z0¥d1L0Ydd

npog Iserejeuof
(8N €5 F0EET dnoidqng
3ep IV-3) nreduween
(ux Opg) UOISIWIY
ejunyipued
ANUWIOJUOISI(] ~
(w 06) dnoin
JeIowo[Suo) reuNed
NN B[WERQ
dnoi3qng Snjny
(w o7 1) ouolspueg
urepundurey
(wger)
auoysowl] welefey
Ayruzojuodun rem3uy:
(BN ¥1F L8 21ep (w £7)
T30 (W 9s) AzPend
uoneuLIoJ Iwey JRISYOUBIA
dnoiny
feAefing
suojspueg IndjejusA

Arrrmnssrssonsssse KITULIOJUOOUN TENSUY
(o1sSBIN[—UBIULIN])
dnoiS1adng BUBMpPUOD)

asrmonns Arewnid pue £Jojoyry Aydei3nens

axmonns Lrewriad pue Aojoyny

Aydeisnens

[eIoyouUB A

wepunFwey

pue L861 ‘AlI0OqEINEBYD 2 LNYPNEYD ‘861 ‘PIEMO 2 UNUpneyDd Ioye) Lo[[EA HMBABPOD

-(eyep paysyqndun ‘unypneyd v

—elrueld 9yl Jo syool olozorajord 24yl jo souonbos orydes3nens I JIQEL




304 T. Chakraborty

has previously been interpreted as a shallow-marine
to beach deposit (Johnson, 1965 ; Chaudhuri, 1970).

EVIDENCE FOR AEOLIAN
DEPOSITION OF THE VENKATPUR
SANDSTONE

In addition to the abundance of well-rounded sand
grains (Chaudhuri, 1970, 1977), two distinctive aeolian
features are clearly recognizable throughout the

outcrop belt: adhesion structures (Hunter, 1973, 1980;
Allen, 1982; Kocurek & Fielder, 1982; Figs 2 & 3)
and wind-ripple strata. Two types of wind-ripple
strata are recognized: (i) thin, inverse-graded transla-
tent strata (Hunter, 1977a,b; Kocurek & Dott, 1981;
Fig. 4) and (ii) interlayered lenticular, discontinuous,
coarse to medium sand layers and associated granule
lag surfaces (Bagnold, 1954; Sharp, 1963; Fryberger,
Ahlbrandt & Andrew, 1979; Kocurek, 1981a).
Though not diagnostic, other common types of acolian

Fig. 2. Climbing adhesion ripple cross-laminae (zone below the scale) in the flat-bedded unit at Bellampalli. The upper part
shows alternate finer-grained deep-red sandstone and clean white sandstone. Scale=>5 cm.

Fig. 3. Plan view of adhesion ripples, Bellampalli quarry. Scale=5 cm.
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features recognized in the Venkatpur Sandstone are
grainflow and grainfall laminations (Hunter, 1977a;
Kocurek & Dott, 1981). Grainflow cross-strata are
typically wedge-shaped, pinch out within wind-ripple
or grainfall strata near the base of the cross-sets (Fig.
5) and have irregular spacing between them (Fig. 6;
Hunter & Kocurek, 1985). Grainfall strata on the
other hand are fine grained, drape pre-existing
topography and thin out in the downwind direction
(Fryberger & Schenk, 1981 ; Anderson, 1988).

FACIES

The Venkatpur Sandstone has been classified into
nine facies mainly on the basis of stratification and
other sedimentary and lithological attributes (see
Table 2).

Facies 1 (F1): large-scale cross-bedded sandstone

Facies 1 consists of fine- to coarse-grained sandstone
with large tabular or wedge-shaped cross-beds. Cross-

Fig. 4. A low-angle section of translatent strata from the Venkatpur Sandstone showing inverse grading and occasional faint

traces of gently dipping foreset laminae. Scale =5 cm.

Fig. 5. Wedges of grainflow strata pinching out within a grainfall deposit in the lower part of a small dune cross-bed at
B"’“ampalli;layers of flat-bedded wind-ripple strata enclose the cross-set. Scale =5 cm.
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Table 2. Summary of facies recognized in the Venkatpur Sandstone.

Facies no.

Brief description

Interpretation

F1

F2

F3

F4

F5

F6

F7

F8

F9

Large planar cross-beds with either (a) steeply dipping (23-30°) foresets
abutting at high angle to the lower bounding surface, having a significant
proportion of grainflow strata or (b) long tangential foresets comprising
finer-grained grainfall strata. Rare, gently convex-up low-angle strata and
cross-strata consisting entirely of fine-grained wind-ripple laminae and
having a radial dip pattern in adjacent sets (Fig. 8)

Very coarse- to fine-grained flat-beds mainly of wind-ripple strata; occasional
sets of low-angle (10-15°) cross-beds comprising bimodal, coarse-grained
wind-ripple strata; rare adhesion or salt-related structures and small
aqueous cross-beds. Generally 0-1-0-7 m thick but can be several metres in
thickness

Medium to muddy fine-grained flat-beds with abundant salt-related
deformational features, adhesion structures, ‘DU’ sequences, close spaced
erosion surfaces with microrelief (Figs 10 & 11) and occasional wave
ripples. Extensive tabular units of average thickness of 0-6-1-0 m but may
be up to 5 m.

Areally restricted, up to 1-5 m thick, thinly laminated mudstone; occurs in
close association with other acolian facies

Massive, poorly sorted, fine- to very coarse-grained sandstone forming FU
lenticular sandbodies with erosional lower contact; 0-35-1-5 m thick (Fig.
12)

10-40-cm-thick trough cross-bedded mudclast conglomerate and feldspathic
sandstone ; occasional large, wavy bedforms with mud-draped, low-angle
accretion surfaces (Fig. 13); sharp base, gradational upper contact with F7

Muddy, fine-grained sandstone with symmetrical megaripples, often
interference type; gradationally overlie F6

Fine to silty sandstone with ripple-drift cross-lamination; few centimetre
thick pseudobeds, well-preserved internal foresets and lack of within-
laminae grading; gradationally/sharply overlie F9

Fine- to medium-grained sandstone with plane beds and well-developed
parting lineation ; extensive tabular bodies

Aeolian dune cross-beds; convex-
up laminae may be transverse
section of a cresentic dune
complex or in-phase cresentic
dunes or dome dunes(?)

Dry interdune or sand sheet with
low-angle zibar cross-beds(?)

Sabkha/coastal sand flats/
periodically wetted interdune or
sand sheet

Shallow pool of quiet water within
the sand sea

Small, isolated channel-fills

Tidal channel deposits

Low-energy coastal environment/
upper part of the tidal channel
sequence

Aqueous ripple-drift cross-
lamination

Upper-flow-regime plane beds

Fig: 6. Fore'set bedding of a large planar cross-bed. Note the irregular spacing and wedge-like shape of the darker, coats®
grained grainflow strata (‘a’) alternating with lighter, finer-grained grainfall strata (‘b’). The view represents about 2 m of the
cross-bedded section.
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5 F

Fig. 7. Scalloped and lenticular shape of the grainflow tongues exposed in the bedding plane section, Bellampalli quarry.
Uniform layers of wind-ripple origin are seen in the bottom and top right corners of the photograph. Scale =5 cm.

beds occur in cosets or in isolated sets, and range in
thickness from 0-3 to 3-0 m, averaging around 1 m.
Two distinct types of cross-bed have been observed:
(i)steeply dipping (23-31°) planar, medium- to coarse-
grained foresets abutting at a high angle to the lower
bounding surface; abundant grainflow strata alternate
with grainfall and wind-ripple strata (Figs 5-7); (ii)
medium- to fine-grained foresets of grainfall strata
thatsweep down asymptotically on the lower bounding
surface for several metres and thin downdip. In plan
view, foresets of the first type are generally straight
but at places show gentle curvature. In a few sections
fine-grained wind-ripple strata define some gently
dipping cross-beds, some of which have foresets with
a slight upward curvature (Fig. 8). The adjacent sets
show divergent dip directions.

The cross-beds are preserved remnants of migrating
large dunes, either straight-crested or cresentic. The
angular foresets probably represent smaller dunes

where grainflows frequently reached the bottom of the
lee faces (Kocurek & Dott, 1981), whereas tangential
foresets may represent the lower part of large
transverse bedforms with abundant grainfall strata in
the toe region (Hunter, 1981 ; Kocurek & Dott, 1981;
Ross, 1983).

The convex-up wind-ripple strata may record
migrating dome dunes (Fig. 20 of Fryberger, Al-Sari
& Clisham, 1983) or may represent a transverse section
through a cresentic dune complex. Similar convex-up
lamination may also be produced by in-phase cresentic
dunes (G. Kocurek, 1990, pers. comm.).

Facies 2 (F2): flat-bedded, coarse- to fine-grained
sandstone
This facies is characterized by horizontal to subhori-

zontal, coarse- and fine-grained wind-ripple strata.
Locally adhesion laminae, small lenses of aeolian

Fig. 8. Field sketch of the railway cutting section, Ramgundam area. Moderate and gently dipping cross-beds consist of 1-2-
em-thick translatent strata. Some of the low-angle strata show a gentle upward curvature over a long distance; adjacent sets
have almost a radial dip pattern. Note lateral transition from low-angle to high-angle cross-beds. The sequence may represent
adome dune or a transverse section of barchan dunes or in-phase cresentic dunes. The dashed unit represents a mudstone bed.
Section trend 340-160°.



308 T. Chakraborty

cross-beds or isolated shallow troughs of aqueous
origin comprise a minor part of the facies. Individual
facies units are 0-1-0-7 m thick, but can reach several
metres in thickness. Fairly persistent subhorizontal
planar surfaces marked by the concentration of coarse
sands or small pebbles occur in this facies. Thicker
units of this facies contain low-angle (10-15°) cross-
beds varying in thickness from 25 to 40cm. The
individual foresets of these low-angle sets consist of
bimodal, coarse-grained wind-ripple strata.

The bulk of the facies developed through the
migration of wind ripples on topographically flat, dry
depositional areas of either an interdune or sand sheet.
Small acolian dunes developed locally. Wet conditions
developed in places or for short periods, giving rise to
isolated trough cross-beds, and salt ridge and adhesion
laminae. The low-angle cross-beds are interpreted to
represent zibars, the low-amplitude aeolian bedforms
that lack avalanche slipfaces and generally develop in
the marginal parts of dune fields or in sand sheets
(Nielson & Kocurek, 1986).

Facies 3 (F3): flat bedded, medium- to fine-grained
muddy sandstone

Facies 3 is commonly marked by alternate red and
white bands (Fig. 2) and comprises fine to medium
sand with a subordinate amount of coarse sand. Some
of the red layers are finer grained and muddy. Both

fine- and coarse-grained wind-ripple strata are the
dominant stratification style of this facies, closely
followed by adhesion structures of different types,
wave ripples, mudcracks and profuse soft-sediment
deformation structures. The deformation, such as
irregular, pronounced ridge-like upward flexures (Fig.
9, arrows), collapse structures, water-injection struc-
tures and small-scale reverse faults, result in irregular
and wavy bedding in places (Fig. 9). The common
occurrence of adhesion structures, wave ripples and
pervasive deformation differentiates this facies from
the flat-bedded sands of F2. Intervals of this facies
generally vary from 0-6 to 1-0 m in thickness, but may
be up to several metres. Fairly close-spaced, slightly
irregular, flat erosional surfaces with microrelief of
the order of several centimetres (Figs 10 & 11) occur
within the thicker units of this facies and enclose
laterally extensive thin sedimentation units (Figs9 &
11). The basal parts of such units are dominated by
red and white bands, abundant ridge-like and other
deformational features as well as local occurrences of
wave ripples and mudcracks. This is followed upward
by adhesion structures and finally by wind-ripple
strata and small (<30 cm) aeolian dune cross-beds
(Fig. 11).

The sequences are clearly drying-upward (DU)
sequences (cf. Kocurek, 1981a). Collapse structures
and reverse faults (Fig. 9) appear to be related to the
intrasedimentary growth and dissolution of evaporites

Fig. 9. Close up of the sabkha sequence at Bellampalli. Salt-related deformation has given an irregular and wavy appearanc
to the beds (unit ‘c’). Note pronounced up-arching of beds that represent actual salt-ridge microtopography (arrows). Thin
translatent strata, gently dipping to the right, comprise the interval marked ‘b’. The bed marked ‘2’ comprises essentialy

adhesion cross-laminae. Scale=5 cm.
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Fig, 10, Undulating microtopography of the upper bounding surface of a dune cross-bed, resulting from early cementation and
subsequent differential wind erosion of foresets. The overlying flat-bedded unit is characterized by salt-ridge and related
irregular, wavy beds. Such associations are typical of deflation surfaces close to the water-table (Stoke’s surface). Scale=30cm.

(see also Hunter, 1981; Kocurek, 1981a,b; Fryberger microtopography may be deflation surfaces close to
et al,, 1983, 1984; Fryberger, Schenk & Krystinik, the ground water-table, where smooth deflation is
1988) and the pronounced convex-up laminae are impaired because of the presence of water, salt or
possible salt-ridge structures (cf. Glennie, 1970; earlycalcite cement (McKee, 1979 ; Kocurek, 1981a,b;
Coltinson, 1978; Fryberger et al., 1983, 1984). The Simpson & Loope, 1985; Fryberger et al., 1988). As
subhorizontal erosional surfaces (Figs 10 & 11) with reported from both recent and ancient sequences,

Fig.lll. Field §ketch of stacked DU sequences of F4 at Bellampalli. Salt-ridge structures, deformed strata and adhesion cross-
laminag constitute the lower part and wind-ripple strata the upper part of each sequence. Note low-angle discordances between
each DU sequence and broad undulation of the contact between sequences I11 and IV.
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interdune areas that experience periodic flooding by
rain or seawater or inland sabkhas or coastal sand
flats are potential geomorphological sites for accumu-
lation of this type of sediment (Kocurek, 1981a,b;
Kocurek & Fielder, 1982; Frybergerezral., 1983, 1988;
Hummel & Kocurek, 1984 ; Pulvertaft, 1985; Kocurek
& Nielson, 1986; Porter, 1987 ; Kerr & Dott, 1988).

Facies 4 (F4): mudstone facies

This facies consists of thinly bedded mudstone to fine-
grained muddy sandstone. It occurs closely associated
with the aeolian facies, either laterally interfingering
or sharply overlying the latter (Fig. 8). The maximum
observed thickness of a facies unit is about 1-5 m. The
facies was deposited in a quiet subaqueous environ-
ment such as a shallow pool or lake within the sand
sea.

Facies 5 (F5): lenticular units of apparently massive
sandstone

Facies 5 consists of poor to moderately sorted fine- to
coarse-grained sandstone with mudclasts, organized
in single or superposed multiple lens-shaped bodies
(Fig. 12; Fig. 17 at 22 and 51 m). Individual lenses
vary from 0-35 to 1-5 m in thickness, have erosional
lower bounding surfaces and show a well-defined
fining-upward trend. The size range and roundness of
the sand grains of this facies is the same as the
associated aeolian sediments.

The sandbodies evidently formed as aqueous chan-
nel-fill deposits. The absence of coarse extraforma-
tional gravels distinguishes these channels from
typical wadis, and points to their intradune field
origin. Preserved channel forms suggest that the

channels did not migrate significantly and developed
as ephemeral streams as a result of intense localized
surface runoff (see also Glennie, 1987).

Facies 6 (F6): cross-bedded mudclast conglomerate
and medium- to coarse-grained sandstone

This facies is made up of mudclast conglomerate and
medium- to coarse-grained feldspathic sandstone,
organized mainly in 10-40-cm-thick trough cross-sets.
Few centimetre-long mudclasts generally lie paralle]
to foresets. Locally, large symmetrical wavy bedforms,
about 1-:3 m in wavelength, occur in association with
the trough cross-beds. The bedforms have form-
discordant, mud-draped, low-angle internal lamina-
tion (Fig. 13). The facies units show well-defined
fining-upward (FU) trends in terms of grain siz,
cross-set thickness and clast frequency. They have
sharp bases and grade upward into F7.

Trough cross-bedded mudclast conglomerate and
sandstone, wavy bedforms with form-discordant in-
ternal lamination, mud-drapes on foresets and close
association with F7 are collectively interpreted to
imply a current- and wave-influenced shallow-marine
environment of deposition for F6 rocks.

Facies 7 (F7): wave-rippled, muddy, fine-grzined
sandstone

Fine-grained sandstones of this facies show excellent
development of wave ripples (cf. Raaf et al., 1977)at
various scales and orientation, and are locally super-
posed on one another producing a dimpled patiert
(Fig. 13, foreground). Rippled surfaces are often
veneered by mud. A wave-agitated shallow-marine
environment is interpreted for this facies.

N

Fig. 12. Field sketch showing a view to the west of a lenticular channel-fill body in the road cutting section, Ramgundam. The
channel-fill unit cuts into the underlying dune-interdune sequence.
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Fig. 13 Large wavy bedforms of F6 showing form-discordant internal accretionary surfaces (arrows). Note the F7 wave ripples

inthe foreground. Scale =30 cm.

Facies 8 (F8): fine-grained sandstone with climbing-
ripple cross-lamination

This facies consists of fine-grained sandstone with
subordinate silt and mud and is characterized by
climbing-ripple cross-lamination. The thickness of
the pseudobeds in the range of 2-6 cm, well-preserved
foreset lamination and absence of reverse grading
suggest that the structures formed in a subaqueous
environment. F8 always occurs intimately associated
with the parallel beds of F9.

Facies 9 (F9): parallel-laminated fine- to medium-
grained sandstone

Parallellaminated fine- to medium-grained sand-
stones with well-developed parting lineations occur as
10-50-cm-thick, laterally extensive, tabular units. It
commonly underlies the climbing-ripple-laminated
rocks of F8.

Parting lineation has been reported from some
acolian deposits (Meinster & Tickell, 1976; Porter,
1987), but alternation of parting-lineated sandstone
with climbing ripples of F8 clearly indicates an
aqueous origin for the F9 rocks.

FACIES SEQUENCE

Bellampalli section

Detailsofa quarry section of the Venkatpur Sandstone
near Bellampalli Railway Station (19°03', 79°29') are
shown in Fig. 14. The lowest 4 m consists of dune
cross-beds of F1. The cross-stratified unit is truncated

by a knife-edge erosion surface and is overlain by a 5-
m-thick, laterally extensive, sheet-like unit of F4.
Signatures of evaporite and aqueous deposition
abound in this unit. It consists of a number of stacked
DU sequences (e.g. I-IV in Fig. 11). Each DU
sequence is separated from the other, or the basal DU
sequence from the underlying FI unit, by a subhori-
zontal erosional surface with microtopography (Fig.
10) implying deflation close to the water-table. The
erosional surfaces resemble in all their essential details
the ‘Stoke’s surfaces’ as described from different
modern sand seas (Fryberger et al., 1988). Sheet-like
geometry and the thickness of the flat-bedded unit
(=5 m)exceeding those of the associated cross-bedded
units preclude a dune-confined, i.e. interdune, origin.
Evidence of deposition on the deflation surfaces,
ubiquitous presence of salt and the absence of marine
beds suggest an inland sabkha origin for the flat-beds
(Kinsman, 1969). The sabkha sequence grades into a
sequence of wind-ripple lamination and small cross-
beds of F2 reflecting a comparatively dry, sand-
saturated condition. The 3-m-thick sequence domi-
nated by coarse-grained wind-ripple strata resembles
deposits of aeolian sand sheets (cf. Fryberger et al.,
1979, 1983 ; Kocurek & Nielson, 1986).

The succeeding 8 m is dominated by large (=3 m)
cross-beds (Fig. 14). The cross-beds occur in single
sets alternating with thin units of wind-ripple flat-
beds (F2). The topmost part of the section consists of
large superposed cross-beds. Superposed cross-beds
represent either a compound aeolian bedform (see
Havholm & XKocurek, 1988) or dune complexes,
whereas the wedges or thin sheets of wind-ripple strata
are the interdune deposits. The coset of large cross-
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Fig. 14. Field sketch showing details of the stratification
exposed in the cliffs of Bellampalli quarry.

beds in the basal and uppermost part of the section
represents the net deposit left by the migrating dune
complexes in the Venkatpur sand sea.

Godavari River section

The section measured in the south bank of the
Godavari River, 2 km south of Mancheral (18°52',
79°28', Fig. 1) is about 17 m thick and predominantly
finer grained than the other sections. Dune cross-beds
and interlayered thin flat-beds, between 1:5-6-0m
and 14-17m (Fig. 15), represent migrating dune—
interdune complexes. Subhorizontal wind-ripple

strata dominate the rest of the sequence. Small- to
medium-sized dune cross-beds, aqueous trough cross-
beds, sediment collapse and water-injectionstructures,
rare adhesion laminae and salt-crust layers occur at
different levels in the flat-bedded unit. The sequence
represents sedimentation in wide low-lying sand
sheets, dissected by small channels.

Compared to the Bellampalli section, the dune
cross-beds in this section are much thinner. The mean
thickness of 10 dune cross-beds at Bellampalliis 1-3m,
whereas that at Godavari is only 0-6 m. The presence
of a sand sheet, comprising about 40% of the sequence,
and decreased height of the dune bedforms are
consistent with a setting marginal to the central erg.
The absence of any extra-erg, non-aeolian facies either
enclosing or intercalated with the aeolian unit, on the
other hand, precludes an erg-margin environment,
The sequence should correctly be termed an ‘extra-
dunefield deposit’ as used by Fryberger et al. (19,
Fig. 12, p. 745) and is analogous to the ‘zone of
transportation’ in the Jafurah Sand Sea (Fryberger ef
al., 1983).

Ramgundam section

At Ramgundam (18°45’, 79°26') several kilometres of
road cuttings were examined. The section is marked
by rapid facies variation, both laterally and vertically,
and compared to the Bellampalli or Godavari sections,
the sandstone here is more coarsely grained.
Cross-beds ranging in thickness from 0-3 to 28m
with angular foresets are common throughout the
section and alternate with thin (€40 cm) wind-ripple
strata (Fig. 16). The sequence represents a migrating
dune-interdune complex. The dune-interdune se-
quence is interrupted at different levels by (i) thicker
units of coarse-grained wind-ripple strata and zibat
cross-beds (7-9 m, 11-5-13-5 m, 25-28 m, Fig. 6)that
are interpreted to represent sand sheets; (ii) wavy and
irregular-bedded (F3) sabkha sequences (19, 27 and
30 m)and (iii) apparently massive channel-fill deposits
(0-2-5m, 16-19 m, 38-39 m, Fig. 16). About 2km
ESE of the road section a railway cutting exposes
thin sequence of mudstone (F4) that overlies and
partly interfingers with convex-up wind ripple straté
(Fig. 8). The mudstone sequence suggests development
of shallow ephemeral lakes within the sand sea. The
aggregate thickness of the flat-bedded strata compris
ing 35% of the sequence, frequent interlayers of sand
sheet, sabkha and fluvio-lacustrine deposits and largt
amount of facies variation is thought to reflect th?
organization and architecture of the extra-dune field
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sand-sheet-dominated environment. Fairly large iso-
lated dune cross-sets averaging 1-17 m (cf. Bellampalli
and Godavari River sections) throughout the se-
quence, however, suggest the opposite. The fluvio-
lacustrine deposits are interpreted as part of the erg
system and the absence of extra-erg facies indicates
that Ramgundam does not represent the margin of
the Venkatpur sand sea. It appears that the sand

saturation level at Ramgundam was enough to initiate

the dune-building processes repeatedly in time and
space, but the dunes failed to develop into trains of
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Fig. 15. Sequence of sedimentary structures in the Godavari River section.

compound complex bedforms. Coarse grain size,
frequent development of small sabkhas and fluvio-
lacustrine processes are some of the identifiable factors
that inhibited dune growth and a low-lying sandy
plain with scattered dune complexes resulted instead.

Laknavaram section

A stream section near Lake Laknavaram Cherevu
(18°09", 80°05") exposes a 60-m-thick sequence (Fig.
17). The lowest 18 m consists essentially of a number
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Fig. 16. Columnar section of the Venkatpur Sandstone in the
road cutting, Ramgundam.

of superposed FU sequences (Fig. 17). Each FU
sequence starts with an erosional surface overlain,
successively, by mudclast conglomerate, trough cross-
bedded sandstone facies (F6) and mega-rippled muddy
fine sandstone (F7). The sequence is inferred to record
the deposition from migrating tidal channels (cf.
Moslow & Tye, 1985).

The overlying sequence from 19 to 26 m consists of
alternating units of aeolian and tidal channel facies.
Aeolian facies in this interval consist primarily of
wind-ripple strata with subordinate adhesion struc-
tures, salt-ridge structures intercalated withrare wave/
current ripples and a few small aeolian cross-beds.
The assemblage represents coastal sabkha and coastal
sand-flat deposits (see Kocurek & Fielder, 1982;
Hummel & Kocurek, 1984). The alternation of marine
and aeolian environments resulted through intermit-
tent transgression of the shallow sea upon the
prograding coastal dunes or coastal sabkhas.

From 34 m upwards, the sequence consists essen-

T. Chakraborty

tially of horizontally stratified wind-ripple strata with
a few small dune cross-beds, interspersed with several
thin horizons containing wave ripples, desiccation
cracks, and adhesion- and salt-related structures. A
unit of stacked channel-fill deposits (F5) occurs
between 51 and 54 m (Fig. 17). The topmost 4m
shows the development of comparatively larger
(~1 m) sets of aeolian cross-beds.

The sequence marks the southeastward marine
termination of the Venkatpur erg where a milieu of
sand sheets, coastal sabkhas, small isolated dunes and
ephemeral channels appeared over an extensive sand
flat close to the palaeoshoreline. The transition in the
vertical sequence from shallow-marine to aeolian-
marine intercalation and finally to dominantly aeolian
facies marks the seaward progradation of the aeolian
environments.

Machchupuram section

Several kilometres north of Lake Laknavaram, the
Venkatpur Sandstone crops out in a few low-lying
ridges or is exposed in a few small quarries. The
sections are, on average, about 1 m thick, and each
comprises a 10-30-cm-thick basal unit of paralle:
laminated sandstone with parting lineation (F)
overlain by a 20-60-cm-thick unit of climbing ripples
and small cross-beds of F8.

The sequence probably represents overbank sheet:
flood deposits of an ephemeral fluvial system (cf
McKee et al., 1967; Tunbridge, 1981) and marks the
development of a major non-aeolian sequence within
the aeolian regime. Excellent sorting and high grain
roundness suggest that ephemeral streams had been
reworking the sands of the adjacent dune field or sand
sheets.

THE VENKATPUR ERG

The occurrence of different aeolian facies representing
different aeolian subenvironments through the 10
km outcrop belt indicates that a well-established
aeolian regime, comparable with a well-develop!
modernerg, dominated the Pranhita-Godavari Vallf
during the Late Proterozoic. The sedimentary &
quences display the following changes from NW
SE: (i) increasing dominance of flat-bedded facies, (i
corresponding decrease of the cross-bedded facies #
well as of superposed large cross-bedsand (i) incred*
in non-aeolian facies intercalated with the agolisf
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Fig. 17, Stratigraphic section of the coastal erg-margin sequence at Laknavaram.

sediments. The changes can be explained in terms of
the changing geomorphology from an erg interior to
an erg margin (Fig. 18, see also Breed ef al., 1979;
Ross, 1983; Porter, 1987). The large dune cross-

bedded sequence of the Bellampalli section in the NW
extremity of the study area characterizes the well-
developed dune fields of the comparatively interior
part of the sand sea, whereas the Laknavaram section
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with the intercalated shallow-marine and aeolian
deposits characterizes the coastal erg margin and
delincates the SE limit of the sand sea. The Godavari
River and Ramgundam sections represent extensive
low-lying sand-sheet areas between the interior dune
field and the erg margin. Certain departures from the
expected have been noted in the changing facies
assemblage from NW to SE, and the changes in grain
size or set thickness of dune cross-beds (the latter is
assumed to be a measure of original bedform height)
along the outcrop belt are non-linear. The grain size
of the Godavari section is finer than both the
Bellampalli and Ramgundam areas and some cross-
beds of the Ramgundam section are as large as those
of the Bellampalli section. Apparently the major trend
of facies variation (Fig. 18) reflects the transition from
the erg interior to the erg margin and the departures
noted above might have been influenced by local
topography, sand transport path, local sand supply
sources and a complex lateral arrangement of erg
environments with respect to the NW-SE section line.

The occurrence of different facies sequences in
different parts of the Venkatpur sand sea allows
reconstruction of different major erg environments
such as (i) dune field, (ii) sand sheet, and (iii) coastal
erg margin (Table 3). The facies assemblages are
comparable to those in different geomorphological
terrains in the modern sand seas (Breed ef al., 1983;

Sweet et al., 1988), and different erg environments
recognized in ancient eolianites (Kocurek, 1981b;
Ross, 1983; Dott et al., 1986; Porter, 1987).

Dune field

Dune-field sequences of the Venkatpur Sandstone are
characterized by large (2-4 m thick) aeolian cross-
beds that comprise about 85-909/ of the sequence.
Bedforms were either solitary or formed large super-
posed cross-beds or draas (sensu Havholm & Kocurek,
1988), separated by thin interdune sediments. The
Bellampalli section, where the sequence is well
developed, reveals that water activity was negligible
in the dune-field sequence compared to the immedi-
ately underlying inland sabkha sequence. This reflects
net sedimentation above base level, where influence
of ground water is minimal and there is abundant
sand for the development of large dunes and dune
complexes.

Sand sheet

This facies assemblage dominantly comprises horizon-
tal or low-angle coarse-grained wind-ripple strata in
units 0-7-8-0 m thick and is marked by rapid facies
variation and intercalated sabkha or fluvio-lacustrine
sediments. It represents extensive low-lying sandy

Table 3. Characteristics of different erg environments in the Venkatpur Sandstone.

Erg environments

Distinctive sedimentary features

Occurrence

Dune fields

2-4-m-thick cross-beds constitute 85-90%; of the sequence

Bellampalli section, 12-20 m

Presence of large superposed cross-beds or draas
Sets or cosets of dune cross-beds separated by thin (5-30 cm)
wind-rippled flat-beds (interdune deposits)

Near absence of aqueous activity
Sand sheets

reduced height of the cross-beds

0-7-7-m-thick, laterally extensive unit of flat-beds which are thicker
than or subequal to the thickness of associated cross-beds. Generally

Godavari and Ramgundam
sections

High facies variation resulting in a complex facies mosaic
incorporating different acolian and fluvio-lacustrine environments
Dry sand sheets are dominated by coarse wind-ripple strata with rare

zibars and dome dunes

Wet sand sheets are characterized by adhesion- and salt-related

Bellampalli section, 4-9 m

features along with wind ripples, abundant soft-sediment.
deformations and thin DU sequences separated by deflation

surfaces close to the water-table
Coastal erg margin

Flat-bedded units of different thickness consisting of wind-ripple

Laknavaram section

strata, adhesion structures, salt-ridge structures, etc., along with a
numbser of wave-rippled and mudcracked intervals

Dune cross-beds are rare and when present forms thin units

Acolian units regularly alternate with or laterally and vertically grade

into shallow-marine deposits
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plains with sabkhas, isolated dunes or small dune
complexes traversed by small- to medium-scale
ephemeral streams. Isolated zibars and possible dome
dunes occur in the sequence.

Sabkha facies (F4) are an important constituent of
the sand sheets. Sabkhas occur in interior dune-
dominated areas, extra-dune field areas or in the
coastal areas. Sabkhas occurring in the Venkatpur
sand sea are characterized by an abundance of salt-
related deformational features, erosional features
implying deflation close to the water-table, thin DU
sequences and a few muddy beds with aqueous ripples.

Most of the Recent and Phanerozoic sand sheets
are characterized, among other things, by an erg-
margin setting resulting in a typical architecture of
these sandbodies enclosed within or interfingering
with the extra-erg facies (Kocurek & Nielson, 1986;
Porter, 1987; Sweet et al., 1988). This sandbody
architecture is absent in the Vankatpur Sandstone,
indicating development of sand sheets as major erg
facies that extended over large areas between the erg
margin and the well-developed dune fields.

The ‘zone of transportation’ recognized in parts of
the Jafurah sand sea, Saudi Arabia (Fryberger et al.,
1984), provides a possible modern analogue for the
sand-sheet sequence of the Godavari River section.
The zone of transportation in Jafurah fringes the large
dune complexes and is characterized by moderate
wind energy, ‘immature’ sand sheets, isolated dunes
or small dune complexes and small sabkhas. The sand
sheets of the Bellampalli and Ramgundam sections,
on the other hand, were essentially a zone of deflation
with higher wind energy. Dominance of wind ripples
with a coarse, bimodal sand population, common lag
surfaces, occurrence of deflation surfaces close to the
water-table, sabkhas and zibars characterized these
assemblages.

Erg margin

Intercalation of the shallow-marine and aeolian
deposits characterizes the erg-margin sequence
around Laknavaram. The coastal erg sequence con-
tains very few small dunes and is dominated by low-
angle beds consisting of adhesion plane beds, wind
ripples, salt deposits and desiccated, wave-rippled
muddy sandstone. An overall finer grain size, wet
depositional setting and interlayered marine deposits
typify the Venkatpur coastal erg-margin sequence.
The complete scenario of Venkatpur sedimentation
comprises a very wide sandy plain, essentially a

mosaic of small pools, sabkhas, sand sheets inter-
spersed with isolated dunes and small chanrnels. The
plain gradually merged with shallow-marine environ-
ments through a sandy coastal plain towards the SE,
whereas to the NW, it merged with well-developed
dune complexes. This scenario appears to be similar
tothatenvisaged for many ancientsand seas (Kocurek,
1981b; Ross, 1983 ; Dott et al., 1986, Porter, 1987).

SIGNIFICANCE OF THICK FLAT-
BEDDED UNITS

In areas dominated by transverse bedforms in most
modern erg environments, the length of interdune
areas measured perpendicular to the dune crests is
much less than the length of the dunes (Breed & Grow,
1979). Migration of such dunes will produce deposits
consisting of thick dune cross-beds interstratified with
thin interdune horizontal beds. Moreover, the slow
rate of deposition in the interdunes results in thin
sedimentation units, as is displayed in many ancient
dune-field sequences. Flat-bedded units with thick-
nesses comparable to or exceeding those of the
associated dune cross-beds would, on the other hand,
imply sedimentation outside the well-developed dune
fields. Flat-bedded sequences in the Venkatpur Sand-
stone occur both as thin sheets wedged between dune
cross-beds, and as thick extensive units with signatures
of significant water activity and abundant salt depo-
sition. The former represents the interdunes in the
dune fields, whereas the latter has been inferred as the
product of sedimentation in wide low-lying areas like
sand sheets, sabkhas or coastal sand flats.

Horizontally stratified sedimentary units in aeolian
deposits may develop in a number of environments:
for example interdune, dune apron, sabkha, sand
sheet (Fryberger et al., 1983 ; Kocurek, 1986). Deposits
in these environments possess many common attr
butes, and recognition of a specific depositional regime
in the rock record may be problematical. Fla-bedded
units in ancient aeolian sequences, however, have
been generally interpreted to represent interdue
deposits. The study of the Venkatpur Sandstone shovs
that horizontally stratified units can be inferred 0
have been deposited both in sand-sheet and/or sabkh?
environments as well as in interdune areas. Thi
interpretation is based mainly on the association an¢
assemblage of facies as well as stratigraphic consider
ations, rather than on textural features or stratification
styles.
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PALAEOCURRENTS

A limited number of palaeocurrent data collected
from large dune cross-beds indicate a NE palaeowind
direction (Fig. 19). More than 200 palaeocurrent data
collected by earlier workers around Mancheral (18°53,
79°26')and Kistampet (18°51", 79°45") (Johnson, 1965)
give a NE-ENE mean palaeoflow direction. The
mean palaeocurrent direction calculated from 132
measurements from exposures SE of Ramgundam is
toward 68° (Chaudhuri, 1970). The consistent orien-
tation of cross-beds over such widely separated areas
indicates the existence of a stable regional wind
tirculation pattern. Notably, the inferred palaecowind
direction is nearly perpendicular to the present NE—
SE trend of the outcrop belt.

COMPARISON OF THE VENKATPUR
SAND SEA WITH KNOWN
PHANEROZOIC ERG DEPOSITS

Despite basic similarities, the Venkatpur Sandstone
differs from most other documented Proterozoic and
Phanerozoic ergs in several important aspects.

(a)

n=20 n=39

«— Radius of 100% circle

|

Fig. 19, Palacocurrent pattern from the Venkatpur Sandstone
recorded from large-scale cross-beds. (a) Ramgundam area,
{®)Godavari River section and vicinity, (c) Bellampalli area,
(d) tota] Venkatpur Sandstone. Rose diagram construction
after the method by Chenney (1983).

First, the sand sea is marked by the common
development of sabkhas in its marginal as well as
interior parts. Close association of coastal sabkhas
and related evaporite facies with the sand seas has
been reported by different workers (Kinsman, 1969;
Glennie & Evans, 1976; Kocurek, 1981b; Porter,
1987; Fryberger et al., 1988). Marine sabkhas can
form tens of kilometres inland through rare storm
flooding and capillary processes, but are commonly
close to the palaeoshoreline (Chan & Kocurek, 1988).
The > 5-m-thick sabkha sequence at Bellampalli is at
least 100 km from the recorded coastal sequence,
suggesting an inland setting and non-marine sources
for the salt. Periodic surface flooding, high water-
table even in the interior parts, and an overall
deflationary wind regime are some of the factors that
might have favoured frequent sabkha development.

Secondly, even though the aeolian regime covered
an extensive area, the sequences are marked by an
unusual paucity of large compound bedforms. The
cross-beds are mostly in the range of 1-2-5 m, which
is much less than those of many ancient eolianites
(Ross, 1983; Loope, 1984; Porter, 1987; Kerr & Dott,
1988 among many others). The close association and
interbedding of the Venkatpur Sandstone with a
braided fluvial system (Ramgiri Formation and
Mancheral Quartzite, formerly known as Encharani
Quartzite ; Chakraborty, 1988) attest to the presence
of potential source material in the close vicinity.
Extensive development of sabkha, fluvio-lacustrine
and related wet environments probably caused greater
entrapment and/or reworking of sand. This in turn
might have retarded sand transportation in the interior
areasfavouring growth of smalldunes and an extensive
low-lying sandy plain. A similar role of extensive wet
environments has been inferred from the study of
recent dune fields as well as ancient sequences
(Hummel & Kocurek, 1984; Dottet al., 1986; Kocurek
& Nielson, 1986; Chan & Kocurek, 1988; Chan,
1989).

Thirdly, in the Venkatpur Sandstone, the trend of
facies transition is not parallel to the resultant
palacowind direction, as has been reported from
several ancient aeolian deposits (see Ross, 1983; Dott
et al., 1986; Porter, 1987) and modern examples such
as the Jafurah Sand Sea (Fryberger et al., 1984).
Azimuths of large dune cross-beds collected during
the study and earlier (Johnson, 1965; Chaudhuri,
1970, Fig. 18) from widely scattered areas suggest a
very persistent palaeotransport direction towards the
NE. The exact relationship between flow direction
and trend of facies variation has not been resolved.
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The relationship is apparently more complex than
that for the Aztec or St Peter Sandstone, and may
simulate many modern sand seas where the resultant
drift direction is oblique to the dune crests (Breed et
al., 1979, p. 324, see Figs 201, 206, 235).

Recognition of the Venkatpur Sandstone as an
extensive aeolian deposit suggests that many of the
mature Proterozoic sheet sandstones that abound in
different Proterozoic basins of India, earlier inter-
preted as shallow-marine deposits (Chaudhuri &
Howard, 1985, Singh, 1985; Nagraja Rao ez al., 1987
among others), could well be aeolian deposits. In the
unvegetated landscape of the Proterozoic traversed
by widely fluctuating sandy braided rivers, combined
fluvial and aeolian processes may have been more
effective in spreading out large sheets of sand than
marine processes.

CONCLUSIONS

The Proterozoic Venkatpur Sandstone of the Pran-
hita—Godavari Valley, interpreted earlier as a shallow-
marine deposit, abounds in diagnostic aeolian features
such as adhesion laminae and inverse-graded transla-
tent strata. The sandstone sequence developed in an
extensive erg that was characterized by a wide sand
sheet (Godavari and Ramgundam sections) compris-
ing flat-bedded wind-ripple strata, zibars, sabkhas,
ephemeral lakes and channels and scattered small
dunes. The sand sheet merged with the cross-bedded
dune-field sequence of the erg interior to the northwest
(Bellampalli section) whereas to the southeast, it
merged with the erg-margin shallow-marine sequence
(Laknavaram section). Palaeocurrent measurements
denote a very consistent northeasterly palacoflow
direction over the erg which is at a high angle to the
present trend of the linear outcrop belt. A shallow
water-table, extensive development of salt crusts,
reworking by ephemeral channels and coarser grain
size are some of the factors that suppressed the
development of the dunes and favoured the growth of
an extensive sand-sheet environment. This in turn
was probably responsible for the small dune cross-
beds, even in the interior dune field areas. Abundance
of flat-beds, as in the Venkatpur sandstone, is
uncommon in many Phanerozoic aeolian deposits;
however, similar sequences have been reported from
some pre-Silurian aeolian sequences (Dott etal., 1986).
Facies assemblages and stratigraphic consideration
help in differentiating different subenvironments such

as interdune, sabkha, sand sheet or coastal sand flats
for the deposition of the flat-bedded units.

ACKNOWLEDGMENTS

This study is a part of the author’s PhD programme
funded by the Indian Statistical Institute. I express
my sincere gratitude to Asru K. Chaudhuri of the
Indian Statistical Institute under whose guidance the
work was carried out. I am indebted to Professor S.
K. Chanda of the Jadavpur University, who intro-
duced me to the aeolian literature and reviewed the
earlier versions of the manuscript. On-field interaction
withP. K. Bose of the Jadavpur University is gratefully
acknowledged. Constructive reviews by Steven Fry-
berger and Gary Kocurek improved the manuscript
considerably. I would also like to thank S. N. Das for
field assistance, A. K. Das for drafting work and D.
K. Saha and S. K. Chakraborty for carefully typing
the manuscript.

REFERENCES

ALLEN, J.R L. (1982) Sedimentary Structures, Vol. 2. Elsevier,
Amsterdam.

ANDERSON, R.S. (1988) Patterns of grainfall deposit on the
lee of an aeolian dune. Sedimentology, 35, 175-188.

BAGNOLD, R.A. (1954) Physics of Blown Sand and Desert
Dunes. Methune and Co., London, 265 pp.

BANERIJEE, 1. (1974) Barrier coastline sedimentation model
and the Vindhyan example. In: Contributions to the Earth
and Planetary Sciences, Golden Jubilee Volume (Ed. by A.
Dey), Q. J. Geol. Min. Met. Soc. India, 101-127.

BREED, C.S., FRYBERGER, S.G., ANDREW, S., MCCAULEY,
C., LENNARTZ, F., GEBEL, D. & Hors™aN, K. (1979)
Regional studies of sand seas using landsat (ERTS)
imagery. In: A Study of Global Sand Seas (Ed. by E. D.
McKee), Prof. Pap. US geol. Surv.,1052,309-397.

BREED, C.S. & GROW, T. (1979) Morphology and distributior
of dunes in sand seas observed by remote sensing. In: 4
Study of Global Sand Seas (Ed. by E. D. McKee), Prof
Pap. US geol. Surv., 1052, 257-302.

CHAKRABORTY, T. (1988) A preliminary study of the
stratigraphy and sedimentation of the late Proterozoit
Sullavai Group in the southwestern belt of Pranhitz-
Godavari Valley (abstract). In: Workshop on Proterozot
rocks of India (IGCP-217), Calcutta, pp. 20-21. Geological
Survey of India. .

CHAN, M.A. (1989) Erg margin of Permian White Rif
Sandstone, SE Utah. Sedimentology, 36,235-251.

CHAN, M.A. & K OCUREK, G. (1988) Complexities in aealian
and marine interactions: processes and eustatic controis



A Proterozoic erg, south India 321

on erg development. In: Late Paleozoic and Mesozoic
Aeolian Deposits of Western Interior of the U.S. (Ed. by G.
Kocurek), Sediment. Geol., 56, 283-300.

CHanpa, S.K. & BHATTACHARYA, A. (1982) Vindhyan
sedimentation and paleogeography: post Auden develop-
ments. In: Geology of the Vindhyachal (Ed. by K. S.
Valdrya, S. B. Bhatia & V. K. Gour), pp.88-101.
Hindustan Publishing Corporation, India.

CuaupHuRl, A K. (1970) Precambrian stratigraphy and
sedimentation around Ramgundam. PhD thesis, University
of Calcutta.

CraupHURI, A.K. (1977) Influence of aeolian processes on
Precambrian sandstones of the Godavari Valley, south
India. Precamb. Res., 4, 339-360.

CHAUDHURI, A K. & CHAKRABORTY, T. (1987) A field guide
for Proterozoic sedimentaries around Ramgundam Rail-
way Station, Pranhita-Godavari Valley, Andhra Pradesh.
Geol. Min. Met. Soc. India, 1-20.

CraupHURI, A.K. & HowaRD, J.D. (1985) Ramgundam
Sandstone: a middle Proterozoic shoal-bar sequence. J.
sedim. Petrol., 85, 392-397.

CHENNEY, R.F. (1983) Statistical Methods in Geology. George
Allen & Unwin, London.

CoLLNsON, J.D. (1978) Deserts. In: Sedimentary Environ-
ments and Facies (Ed. by H. G. Reading), pp. 80-96.
Blackwell Scientific Publications, Oxford.

DERaaF, J.R.M., BOERSMA, J.R. & VAN GELDER, A. (1977)
Wave generated structures and sequences from shallow
marine succession, Lower Carboniferous, County Cork,
Ireland. Sedimentology, 28, 37-48.

Dorr, RH. JR & ByYERS, C.W. (1981) SEPM research
conference on modemn shelf and ancient cratonic sedimen-
tation—the orthoquartzite—carbonate suite revisited. J.
sedim. Petrol., 51, 329-347.

Dort, R.H.JR, BYERS, C.W_, FIELDER, G.W ., STENZEL, S.R.
& WINFREE, K .E. (1986) An aeolian to marine transition
in Cambro-Ordovician cratonic sheet sandstone of north-
ern Mississippi Valley, USA. Sedimentology, 33, 345-367.

FoLk, R.L.(1968) Bimodal supermature sandstones : product
of desert floors. 23rd Int. Geol. Cong. Sect. 8, 9-32.

FRYBERGER, S.G., AHLBRANDT, T.S. & ANDREW, S. (1979)
Origin, sedimentary features and significance of low angle
acolian ‘sand sheet’ deposits, Great Sand Dunes, National
Monument and vicinity, Colorado. J. sedim. Petrol., 49,
733-746.

FRYBERGER, S.G., AL-SARI, A.M. & CLisnam, T.J. (1983)
Eolian dune, interdune, sand sheet and siliciclastic sabkha
sediments of an off-shore prograding sand sea, Dhahran
area, Saudi Arabia. Bull. Am. Ass. petrol. Geol., 67, 380—
312,

FRYBERGER, S.G., AL-SARI, A.M., CLisHAM, T.J., Rizvi,
S.AR. & AL-HINAL K.G. (1984) Wind sedimentation in
Jafurah sand sea, Saudi Arabia. Sedimentology, 31, 413—
431. -

FRYBERGER, S.G. & SCHENK, C. (1981) Wind sedimentation
tunnel experiment on the origin of aeolian strata. Sedimen-
tology, 18, 805-821.

FRYBERGER, S.G., SCHENK, C. & KRysTINIK, L.F. (1988)
Stokes surfaces and the effects of near-surface ground
water table on aeolian deposition. Sedimentology, 35, 21—
41,

FuLLer, A.0. (1988) A contribution to the conceptual
modelling of pre-Devonian fluvial systems, Presidential

address, Geocongress 1984. Trans. geol. Soc. S. Afr., 88,
189-194.

GLENNIE, K.W. (1970) Desert Sedimentary Environment.
Elsevier, Amsterdam.

GLENNIE, K.W. (1987) Desert sedimentary environment,
present and past—a summary. Sediment. Geol., 50, 135—
165.

GLENNIE, K.W. & Evans, G. (1976) Reconnaissance of
recent sediments of Ranns of kutch, India. Sedimentology,
23,625-647.

HavHoLM, K. & KOCUREK, G. (1988) A preliminary study of
the dynamics of a modern draa, Algodones, California,
Sedimentology, 35, 649-669.

HUMMEL, G. & KOCUREK, G. (1984) Interdune areas of the
back-island dune field, north Padre Island, Texas. Sedi-
ment. Geol., 39, 1-26.

HUNTER, R.E. (1973) Pseudo cross-lamination formed by
climbing adhesion ripples. J. sedim. Petrol.,43,1125-1127.

HuNTER, R.E. (1977a) Basic types of stratification in small
aeolian dunes. Sedimentology, 24, 361-387.

HUNTER, R.E. (1977b) Terminology of cross-stratified sedi-
mentary layers and climbing-ripple structures. J. sedim.
Petrol., 47, 697-706.

HUNTER, R.E. (1980) Quasi-planar adhesion stratification—
an aeolian structure formed in wet sand. J. sedim. Petrol.,
50, 203-206.

HUNTER, R.E. (1981) Stratification styles in some Pennsyl-
vanian to Jurassic aeolian sandstone of the western interior
U.S.A. In: Recent and Ancient Non-Marine Depositional
Environment (Ed. by F. G. Ethridge & R. M. Flores), Spec.
publs Soc. Econ. Palaeont. Miner., 31, 315-329.

HUNTER, R.E. & KOCUREK, G. (1985) An experimental study
of subaqueous slipface deposition. J. sedim. Petrol., 56,
387-39%4.

JOHNSON, P.R. (1965) Structure and stratigraphy of part of the
upper Pranhita—Godavari Valley with special references to
the Pre-Gondwana. PhD thesis, University of Calcutta.

KEerr, D.R. & Dortt, R.H. Jr (1988) Eolian dune types
preserved in Tensleep Sandstone (Pennsylvanian-Per-
mian), north-central Wyoming. Sediment. Geol., 56, 383~
402.

KiNsMaN, D.J.J. (1969) Modes of formation, sedimentary
association and diagnostic features of shallow water and
supratidal evaporites. Bull. Am. Ass. petrol. Geol., 53, 230~
841.

KoCUREK, G. (1981a) Significance of interdune deposits and
bounding surfaces in aeolian dune sands. Sedimentology,
28, 753-780.

KocUREK, G. (1981b) Erg reconstruction: the Entrada
Sandstone (Jurassic) of Northern Utah, Colorado. Paleo-
geogr. Palaeoclim. Palaeoecol., 36, 125-153.

KocUREK, G. (1986) Origin of low-angle stratification in
aeolian deposits. In: Aeolian Geomorphology (Ed. by N. G.
Nickling), pp. 177-193. Allen and Unwin, Boston.

Kocurek, G. & DotT, R.H. Jr (1981) Distinction and uses
of stratification types in the interpretation of eolian sand.
J. sedim. Petrol., 51, 579-595.

KOCUREK, G. & FIELDER, G. (1982) Adhesion structures. J.
sedim. Petrol., 52, 1229-1241.

Kocurek, G. & NIELSoN, J. (1986) Conditions favourable
for the formation of the warm-climate aeolian sand-sheets.
Sedimentology, 37, 795-816.

Loore, D.B. (1984) Eolian origin of upper Paleozoic



322 T. Chakraborty

sandstone, southeastern Utah. J. sedim. Petrol., 54, 563—
583.

MCcKEE, E.D. (1979) Ancient sandstones considered to be
aeolian in origin. In: A4 Study of Global Sand Seas (Ed. by
E. D. McKee). Prof. Pap. US geol. Surv., 1052, 187-238.

McKEE, E.D., CroOSBY, E.J. & BERRYHILL, H.L. Jr (1967)
Flood deposits, Bijou Creek, Colorado, June 1965. J.
sedim. Petrol., 37, 829-851.

MEINSTER, B. & TICKELL, S.J. (1976) Precambrian aeolian
deposits in the Waterburg Supergroup. Trans. S. Af¢. geol.
Soc., 78, 191-199.

MosLow, T.F. & TYE, R.S. (1985) Recognition and charac-
terisation of holocene tidal inlet sequences. Mar. Geol., 63,
129-151.

NAGRAJA Rao, B.K., RAJURKAR, B.K., RAMATUNGASWAMY,
G. & RavINDRA BaBU, B. (1987) Stratigraphy, structure
and evolution of Cuddapah Basin. In: Purana Basins of
Peninsular India (Ed. by B. P. Radhakrishna), Bull. geol.
Soc. India, 6, 33-86.

NIELSON, J. & KOoCcUREK, G. (1986) Climbing zibars of the
Alogodones. Sediment. Geol., 48, 1-15.

PORTER, M.L. (1987) Sedimentology of an ancient erg
margin: the Lower Jurassic Aztec Sandstone, Southern
Nevada and Southern California. Sedimentology, 34, 661-
680.

PuLverTaFT, T.C.R. (1985) Aeolian dune and wet interdune
sedimentation in the Middle Proterozoic Dala sandstone,
Sweden. Sediment. Geol., 44, 91-111.

Ross, G.M. (1983) Bigbear erg: a Proterozoic intermontane
eolian sand sea in the Hornby Bay Group, Northwest
Territories, Canada. In: Aeolian Sediments and Processes
(Ed. by M. E. Brookfield & T. S. Ahlbrandt), pp. 483-519.
Elsevier, Amsterdam.

SHARP, R.P. (1963) Wind ripples. J. Geol., 71, 617-636.

SiMpsoN, E.L. & LoOPE, D.B. (1985) Amalgamated interdune
deposits, White Sands, New Mexico. J. sedim. Petrol., 55,
361-365.

SINGH, 1.B. (1985) Paleogeography of the Vindhyan Basin
and its relationship with other late Proterozoic basins of
India. J. palaeont. Soc. India, 30, 35-41.

SWEET, M.L., NIELSON, J., HavHOLM, K, & FARRELLEY, J.
(1988) Algodones dune field of southwestern California;
case history of a migrating modern dune field. Sedimento-
ogy, 35, 939-952.

SwWIFT, D.J.P., STANLEY, D.J. & CURRARY, J.R. (1971) Relict
sediments on continental shelves: a reconsideration. J.
Geol., 79, 322-346.

TUNBRIDGE, I.P. (1981) Sandy high energy flood sedimenta-
tion—some criteria for recognition with examples from
Devonian of southeast England. Sediment. Geol., 28, 79-
96.

{ Manuscript received 15 February 1990 ; revision received 6 November 1990)



