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ABSTRACT 

This paper records for the first time the presence of two major 
varieties of glauconite from the Shell Limestone, and the underlying 
Quartzite member of the Tal Formation exposed in the Garhwal and 
Mussoorie synclines of the outer Lesser 1-firnalayan belt_ The gluc-onite 
in the Quartzite member is essentially authigenic, pale green in colour, 
crystallographically disordered and nth-nature with-low potassium and iron 
contents. It occurs mainly as matrix/cemerit and has replaced the oolitic 
textures in the early diagenetic stages. It iS originated by the glauconitI, 
zation of clayey material in normal marine environment Contrary to it, 
the glauconite in the Shell Limestone is geen with spheroidal, ovoidal 
or lobate morphology, crystallograp'nically disordered with more potas-
sium, iron, magnesium, calcium and strontitim indicating its high maturity. 
It Occurs as nucleus of the oolitic textures, compressed between quartz 
grains and also as pellets having secondary coatings indicating their allo-
genic nature. 

This marked difference in the nature and origin of glauconite within 
these two stratigaphic units of the Tal Formation has been used in this ; 
paper to establish the presence of unconfonnity in between these two litho-
units. This finding is also supported by Other field evidences and an 
erosional unconforrnity has been postulated in between these two litho-
units. It is also interpreted that Shell Limestone is not the integral part 
of the Tal Quartzite and represents a marine transgression in Cretaceous 
times. 

INTRODUCTION: 

The Tal Formation is represented by the youngest lithounits of the 
Krol belt sequence of the Lesser Himalayan formations. This formation 
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has been subdivided into Lower and Upper by Auden (1934) and into 
Lower, Middle and Upper by Bhargava (1975). Valdiya (1975) has also 
classified the Tal Formation into Jogira, Masket and Bansi members. 
Singh (1977) separated the Upper Tal Formation (Limestone Member) 
from Quartzite Member based on sedimentological break and designated 
it as Nilkanth Formation. Bhargava (1979), Bhatia (1980) and Singh (1981) 
have reviewed the geological problems related with Tal Formation. How-
ever, the litholoical details of the various litho-units constituting the Tal 
Formation is presented in Table-1 (based on Shanker, 1971). 

Table 1: Lithological details of various units of Tal formation (based on Sharikat, 1971) 

Lower Tal Formation 

Olive Shale, Shell, Marl and Limestone 
Unconformity 	  

(ii) Limestone member (Shellycalcareous) 	15-20 m 
(Grits) 

(i) Quartzite member (As equence of quartzite, 
arkoses, grits to pebbly quartzite and thin 
grey, to green shales, red siltstone, often 
mud cracked 

(iv) Calcareous member ferrugineous, 	 5m 	- 
siliceous or sandy limestone 

(iii) Arenaceous member Massive and 	300-500 m 
banded Silstone/Subgraywakes 

(ii) Argillaceous member 	 150 m 
(c) Silty Shale and Siltstone 
(b) Calcareous splintery, banded 

Shales; buff coloured on weathering 
(a) Black micaceous shale, with 

pyrite, often carbonaceous 
(i) Chen member 
	

150 m 
(b) Phosphate unit 

Phosphate rock with 
thin intercalations of 
shales and chert 

(a) Chen unit 
Bedded black with subordinate 
layers of black shale and thin 
streaks of Phosphate rock. 

Subathu Formation 

Upper Tal Formation 

Krol Formation 

Very recently Tewari (1984 e) has revised the Lesser -Himalayan 
stratigraphy based on the new fossil finds of conodonts, hyolithids etc. 
(Azmi et a/., 1981; Azmi, 1983; Azmi and Pancholi, 1983; Azini and Joshi, 
1983; Bhatt et at, 1983), trace fossils of trilobites, trilobite impressions, 
calcareous algae, archaeocyatha (Singh & Rai, 1983 & 1984 Rai & Singh, 



95 

1983), brachiopods and inicrogastropod body fossils (Kumar et al., 1983) 
and discovery of new stromatolite forms and oncolites (Tewari, 1984 b, c, e). 
These fossils are being reproduced from different parts of Mussoorie and 
Garhwal synclines and show biotic changes from I  te PreCambrian to early 
Palaeozoic. The PreCambrian-Cambrian boundary lies between the upper-
most Krol and the lowermost Tal Formation (Tewari, 1984 b, c, e). The 
younger fossils recorded from the Krol and Tal Formations are either not 
being reproduced or their palaeontolo gical validity is questioned. Therefore, 
a Cambrian age for the Tal Formation (eXcluding Shell Limestone) is 
suggested. The chert member of the Lower Tal Formation has yielded 
Tommotian Shelly microfauna andstromatolites Collumnaefacta vulgaris 
and Aldania mussoorica. The record of Lower Cambrian algae (A.D. 
Ahluwalia personal communication) further supports this age which was 
earlier described as moravarnminids by PatWardan (1978). 

The Arenaoous Member shows rich development of trace fossils 
made by trilobites and possibly ranges upto Atdabanian age. The calcareous 
member has yielded definite Atdaba_nian to Botornian? brachiopod fossils 
(Kumar et al., 1983), and Kumar, G. personnel comminication) from 
Garhwal and Mussoorie syncline. The Tal Quartzite on the basis of existing 
fossil records cannot be assigned any age younger than Late Cambrian. 
However, from the Shell Limestone, constituting the topmost unit of the 
Upper Tal Formation (Shanker, 1971) definite body fossils of Maestri-
chtian—Danian age (Mathur, 1977, Saklani et al., 1977; Bhatia, 1980) 
have been recovered. The revised stratigaphic setup of the Tal Formation 
is presented in Table 2 (after Tewaai, 1984 e). 

The contact between the Late Cambrian Upper Tal Quartzite and the 
overlying M_aestric.htian—Danian Shell Limestone has become an enigma in 
the stratipaphic ladder of the Lesser Himalayan formations. This contact 
is still a matter of dispute amongst the geosCientists. The Shell Limes-tone 
was earlier taken as an integral part of the Tal Quartzite and the contact 
between them as conformable. it is very difficult, in fact, to visualise a 
regional unconfonnity in between these two topmost units of the Tal 
Formation. However, there is a sharp change in Ethology and the contact 
seems to he gradational. The Shell LimestOne is a high energy carbonate 
sand bar-shoal complex with reworked oolites, shell fragments and glau-
,conite pellets. Whereas the underlying Tal Quartzite is a manure, medium 
to coarse gained orthoquartzite with large scale cross laminations and 
basically unfossiliferous. Auden (1937) proposed an unconforrnity between 
these two units. Shr--iker (1971) suggested the presence of disconformity 
between the quartzite member and the calcareous member within the Tal 
Formation. Singh (1977, 1979) has also suggested a major unconforrnity/ 
sediinentolocal break between the Shell Limestone (his Nilkanth 
Formation) and the Tal Quartzite member. On the basis of palaeontological 
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and tectono-stratigraphic dispositions Acharyya (1979, 1981) and Valdiya 
(1980) have further suggested the presence of unconformity and have 
stressed the need of separating the Shell Limestone (his S ingtali Formation/ 
Bansi Member) unit from rest of the underlying Tal units. On the contrary, 
Bhatia (1980) does not agree with the view, on the presence of unconformity 
between these two units and suggests a conformable contact. 

TABLE 2. LITHOSTRATIGRAPHIC SET UP OF THE 'IAL FORMATION IN THE 
MUSSOORIE AND GARHWAL HIMALAYA 

(based on the recent works of Aznai and Pancholi, 1983; Azmi, 1983; Singh & Rai, 1983; 
Rai & Singh 1983; Tewari, 1984 b,c,e; Tewari and Qureshy, 1985 

G. Kumar et al., 1983). 

Arnri/Bijrn Crystallines 

 

Tectonic contact (Thrust) 

(Nummulites) 	 Eocene 

Transgression 

 

  

Subathu Formation 

 

 

Unconformity 

  

   

   

Shell Limestone 

 

Cretaceous 

 

Unconformity/Hiatus 	 

z 
Quartzite member 

Calcareous member 

Arenaceous member 

Aigillaceous member 

Chert member 	U 
■If 

Transgression 

Regression 

Atdabanian 

Tommotian 

- -PreCarnbrian 
(Vendian/Yudornian) 

Krol E 

Upper o Formation 	Krol 	- 

This stratigraphic problem of the contact relationship between Shell 
Limestone and the underlying Upper Tal Quartzite initiated the authors to 
search for the direct and indirect evidences to resolve this problem. During 
the course of the geological investigations on this problem the authors 
realised the importance of potential mineral glauconite which has already 
been reported by Kumar & Singh (1978) from the Shell Limestone unit 
exposed near Singtali. The authors were fortunate to record for the first time 
the presence of glauconite from the Tal Quartzite unit also from the Tal 
valley. Thus, the presence of glauconite in both these units served as 
convincing tool to add more reliable data on this problem. The glauconitte 
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has already been used to resolve the problem, of diastein or unconfornity 
in a number of such problematic horizons in other parts of the world 
(Goldman, 1921; Triplehom, 1966). 

Since the first report of glauconite from the Shell Limestone by Kumar 
& Singh (1978) no systematic efforts were Made to study this mineral 
in detail and to use it to interpret the bathymetric conditions, environmental 
fluctuations, stratigraphic breaks etc. The authors started systematic 
efforts in this direction and detailed sampling of the Shell Limestone and 
the underlying Quartzite member exposed in Mussoorie and .Garhwal 
synclines of the outer Lesser'. Himalayan Krol belt was done. Special 

1- 	• attention was paid to study the nature of contact in the field and to collect 
samples near the contact zone of these units. 

THE NATURE OF CONTACT IN THE FIELD: 

The Tal Quartzite attains a huge thickness in Mussoorie and Garhwal 
synclines. This mature, medium to coarse gained white and grey coloured 
orthoquartzite shows very good preservation Of primary sedimentary struc-
tures (Fig. 1 a) like large scale cross-bedding (formed by the migration of 
mega ripples), parallel bedding, ripple bedding, lenticular and flaser 
bedding, herringbone cross bedding, climbing ripple laminations, ripple 
marks, channels and planes of discordance s suggest a medium to high 
energy subtidal sand bar, sandy intertidal flat and beach-shoal complex as 
the depositional environment The migrating sand bars in shallow sea pro-
duced long shore bars and mega ripples which made the large scale cross 
beddings. These structUres show a complete prog,racling sequence of a re-
gressive sea. The bands of tuffaceous rocks varying in thickness from 25 cm 
to half a meter occur within the Tal Quartzite (Fig. lc). The overlying Shell 
Limestone is grey, oolitic, sandy containing fragmentary bivalves, gastro-
pods, bryozoans along with glauconite. This has been referred as Shell/ 
Limestone/Sandy oolitic limestone/oosparite/calearenitefbioclastic gain-
stone/Singtali Fonnation/Bansi FormatiorAilkanth Formation etc. in the 
earlier geological literature (Singh, 1977; Valdiya, 1980; Bhatia, 1980). 

The contact between Tal Quartzite and overlying Shell Limestone 
looks like gradational in the Tal valley, Singtali and Gopi Chand Ka 
Mahal sections but the transitional passage from Quartzite to limestone is . 
in fact the mixing of the thin regressive terrigeneous elastics with trans-
gressive sandy carbonate sea (the thin sections of quartzite show calca-
reous cement). The Quartzite in contact with Shell Limestone does not 
show development of any sedimentary structure in Gopi Chand Ka Mahal 
sections. In fact the contact shows irregular surface with pinching of beds 
towards the upper part (Fig. 1 b). A very thin zone of weathering 
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Fig. 1. 
(a) Field photograph showing cross-bedding in Upper Tat Quartzite 

unit in Dhaulagiri Section. 
(b) Field photograph showing pinching of beds of Shell Limestone in 

Gopi Chand Ka Mahal Section. ' 
(c) Field photograph showing bands of tuffaceous rocks in Upper Tal 

Quartzite unit in Dhaulagiri SectiOn. 
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(palaeosol)? and minor undulations on the surface of the contact is also 
seen in this area. These evidences directly indicate towards the presence 
of an erosional unconformity. Further the marine transgressions, which 
have produced the Shell Limestone (see discussion), are generally of 
erosional character. Thus, it is visualised that the transgressive carbonate 
sea (Shell Limestone) removed the then exposed surfaces of the regressive 
deposits (Tal Quartzite) and deposited over the erosional surfaces. Such 
events are marked as unconforrnity in the geological literature. Therefore, 
the authors visualise an erosional unconfomiity on the basis of the field 
evidences. The occurrence of arkosic quartzite at the base of the Shell 
Limestone, as reported by Shanlcar (1971), is also suggestive of an uncon-
formity. However, no regional unconformity is visualised in Tal Valley 
but the hiatus is inferred based on detailed study of mineral glauconite in 
the Tal Quartzite and Shell Limestone. 

HE TWO VARIETIES OF GLAUCONITE: 

Besides the direct field evidences on the nature of the contact between 
Shell Limestone and Tal Quartzite the authors studied the mineral vlauco-
nite in detail from both these units. The petro-mineralogical characters 
of the two major varieties of glauconite found in these two litho-units is 
presented in the following paragraphs:- 

ANALYSIS OF GLAUCONITE: 

A large number of thin sections were prepared from the samples of 
both the units for petrographic studies. The individual glauconite grains 
were separated from the Shell Limestone unit by dissolving smaller chips 
of the samples in dilute acitic acid. The insoluble residue thus obtained 
was further processed and the glauconite grains were manually picked up 
under a zoom binocular microscope. The separation of glauconite grains 
from the Quartzite unit was fairly difficult. It was done by careful breakings 
of the samples in smaller pieces treatment with acitic acid, washing and 
seiving and finally using isodynamic seperator and manual picking 

Besides the petrographical studies, the seperated glauconite material 
from both the litho-units were subjected for geochemical analysis, infrared 
studies, differential thermal analysis and )-ray studies to distinguish the 
petro-mineralogical differences*  of the glauconite found in Shell Limestone 
and the Quartzite unit. 

(a) MICROSCOPIC INVESTIGATIONS: 

The loose glauconite grains, separated from the Shell Limestone and 
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Quartzite unit, were studied under the binocular microscope. Not much 
difference was found in the morphological characters of these glauconite 
grains. (Fig. 2) The palegreen g,lauconite occuring in Quartzite unit is mostly 
irregular in shape and has tendency towards rounding (Fig. 2 a, b, c, d & e). 
In case of the green glauconite grains from Shell Limestone larger pellets 
having rounded, spheroidal, ovoidal and lobats morphology has been found 
(Fig. 2 f, g, h, i , j, k, 1, m). In thin section, both the varieties of glauconite 
have random microcrystalline internal structure. 

The glauconite in the Quartzite unit occurs essentially as matrix/ 
cement within the framework of associated detrital mineral grains (Fig. 3 b). 
It is also found authigenically replacing the pre-existing oolitic radial 
textures as well (Fig. 4 a, b, c). Partial replacement of clay pellets by 
glauconite is also observed in the thin sections (Fig. 3 a, c). Glauconite 
is also found as unbroken and irregular pellets (Fig. 3 b). The nature of 
occurrence of glauconite in the Quartzite unit is indicative of their secondary 
nature which has been generated in the marine environment of the basin 
itself. 

In contrast, the glauconite in the Shell Limestone appears to the allo-
genic in nature. It is observed as nucleus of the oolitic textures, with expan-
sion or dessication cracks and infilled with minute crystals which may be of 
diagenetic origin and difficult to identify (Fig. 5 a). The glauconite is 
found replacing the radial textures of the oolites in case of Quartzite unit 
whereas in case of Shell Limestone it has served as nucleus. Thus the 
glauconite is of secondary origin in Quartzite and is of primary origin 
in the Shell Limestone. 

Further more, the glauconite in Shell Limestone is also observed as 
broken pellets (Fig. 5 b), squeezed and deformed between adjacent quartz 
grains (Fig. 6 c). This deformed and squeezed glauconite was probably 
a spheroidal pellet which was squeezed during compaction processes. Many 
of the glauconite grains in Shell Limestone have shiny dark coatings of 
pyritic or phosphatic materials (Fig. 6 a) and also have secondary growths 
on their outlines probably of calcareous minerals (Fig. 5c, 6b). The glauco-
nite in Shell Limestone never occurs as cement or overgrowths. The grains 
are either fragmental or with some degree of rounding. The high percentage 
of such features observed in the glauconite grains found in Shell Limestone 
indicate that they are recycled in their genetic history and are representative 
of allogenic glauconites. 

It is also an interesting observation that the percentage of glauconite 
is less in Quartzite unit as compared with the percentage of glauconite in 
the Shell Limestone. From rest of the litlioUnits of Tal Formation there 
is no report on the presence or absence of glauconite so far. 
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Fig. 2. 

a,b,c,d and e shows the morphological varieties of glauconite in Upper 
Tal Quartzite. 

f,g,h,ij,k,I and rn shows rounded, spheroidal, ovoidal and lobate 
morphology of the glauconite found in Shell Limestone unit, • 
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Fig. 3. 
(a) Photomicrograph show'.ng partial replacement of clay pellets by 

glauconite in Upper Tal Quartzite unit. 
(b) Photomicrograph showi glauconite as cement/matrix in the 

Upper Tal Quartzite unit 
(c) Photornicrowaph showing glauconitization of clayey material in 

(i's=q1-1-7iie 
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Fig. 4. 
(a) and (b) Photomicrograph showing. the authigenic replacement of 

the radial textures of oolites by glauconite in the Upper Tal 
Quartzite unit  

(c) Photomicrograph showing the replacement of the internal texture 
of a oolitic body by giauconite in Upper Tal Quartzite unit 
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Fig. 5. 
(a) Photomicrograph showing presence of glauconite as nucleus of 

the oolitic texture in Shell Limestone Unit. 
(b) Photomicrograph showing broken pellet of glauconite in Shell 

Limestone unit. 
(c) Photomicrograph showing secondary overgrowths of calcareous 

material over the glaueonite pellet in Shell Limestone unit. 
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Fig. 6. 
(a) Photomicroga.ph showing secondary coatings of pyritic/phospha-

tic material over the ,auconite pellet in Shell Limestone unit. 
(b) Photomicrograph showing secondary, overgrowths of well crystal-

lized 	material over the glauconite pellet in Shell Lime- 
stone unit. 

(c) Photomicrograph showing squeezed and deformed glauconite 
pellet between adjacent quartz gains in Shell Limestone unit. 
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(b) X-RAY DIFFRAcnav STUDIES: 

The X-ray differactogrames for the representative glauconiies from 
Quartzite and Shell Limestone are presented in Fig. 7. The presence of 
glauconite is confirmed with the main peaks at 10.05 A, 4,51 A, 3,35 A, 
2.58 A and 2.40 A. One significant difference is the presence of large peak 
of quartz in case of quartzite sample whichmay be due to the unseparated 
quartz grains. 

Fig. 7. 
X-ray diffractogram of glauconite mineral om Upper Tal Quartzite 
and Shell Limestone units. 

(c) INFRARED RV -DIES: 

The infrared spectrum of both the types of glauconite is presented in 
Fig. 8. The peaks present in the 1300-4000 cm -1  range are due to the 
absorbed OH molecules. The chain structure of SiO 4  vibrations are present 
in the 760 — 1050 crrt-1  range and other peaks in lower ranges may be due 
to the various expandable layers present in the glaucortitc„ 

Fig. 8. 

Infrared spectrum of glauconite mineral. from Upper Tat Quartzite and 
Shell Limestone units. 
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(d) DIFFEREPvTL4L THERMAL  

The D.T.A. curves for the glaucor*s from Quartzite and Shell 
limestone are presented in Fig. 9. These D. T. A. patterns are also compared 
with the representative curves given by Grim etal. (1951). The endothermic 
peaks at 180 °C is due to the losses of absorbed water. The exothermic 
Peak of smaller magnitude at 380°C may be due to the oxidation of the 
structural Fel  and the associated loss of water. A complete dehydroxylation 
is reflected at 580°C. The peaks at 980°C are due to recrystalli7ation of 
the different minerals produced on heating. The major difference is noted 
only at 980°C in these two samples which may be related to the percentage 
of Fe3+ in the glauconite lattice and the nature of the end product 

0 
X 

( TEMPERATUR E C° ) 

- 	TAL QUARTZITE 

- SHELL LIME 3 T.-01 ...•E 

34  

Fig. 9. 

D.T.A. curves of 
	

e from Upper Tal uartzite and 
Shell Limestone u 

• (e) GEOCHEMIC 	DTES: 

The results of quantitative ,fitative and serniquantitative analysis for the alkali 
metal elements in both the types of glaticonite are presented in table 3. 
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TABLE 3. ABUNDANCE OF SELECTED ELEMENTS IN THE GLAUCONITES OF 
UPPER TAL QUARTZITE AND SHELL LIMESTONE 

(a) Quantitative Analysis 

Elements 	 Wt wo Oxide 
Quartzite 	 Shell Limestone 

Fe203 	 6.25 	 14.32 

CaO 	 0.5 	 1.28 

MgO 	 - 	 1.75 

Na2O 	 5.24 	 6.44 

K20 	 3.65 	 7.62 

(b) Semi-Quantitative Analysis (by X-ray Flurorescene) 

Element 
	

in ppm 	 in ppm 

Cr 	 4 	 <2 
Ni 	 105 	 <2 
Cu 	 21 	 8 
Zn 	 18 	 6 
Pb 	 64 	 13 
Th 	 3 	 <2 
U 	 19 	 7 
Rb 	 30 	 27 
Sr 	 12 	 156 
Y 	 37 	 28 
Zr 	 219 	 107 

The low iron content in case of glauconite from Quartzite unit probably 
accounts for the paler colour. The higher percentage of sodium oxide in 
both the varieties of glauconite is unexpected with their genetic or dia-
genetic implications. The higher percentage of potassium in case of glau-
conite from the Shell Limestone is indicative of its mature nature. The 
distribution of trace elements in both the varieties of glauconite is not 
consistent. 

GENESIS OF GLAUCONITE: 

The glauconite, a mineral of complex structure and chemistry, is 
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- formed at .a low temperature and pressure within n a limited range of Eh, pH, 
salinity and other environmental conditions. Authigenic glauconite essen-
tially forms under exclusively marine conditions (Cloud, 1955, McRae, 
1972) arid can be used with confidence as a Significant sedimentary environ-
mental indicator. It provides valuable information to the conditions 
prevailing at the site of its formation. 

In the recent past extensive studies have been made on the physical 
chemical properties of glauconite, its origin and 'conditions of formation. 
It has an extremely wide spectrum of possible source or parent materials 
from which it may originate (Mc Rae, 1972). Glauconite has also been 
considered as an original precipitate (Pratt, 1962, 'Bailey and Atherton,. 
1969). Most commonly it is formed by progressive absorption of potassium 
and iron into a degraded silicate lattice (Bnist, 1958a; 1958b; Hower, .1961). 

The glauconite in the Quartzite unit of the upper Tal Formation is 
generally found as cement and matrix indicating their post-deposition 
origin, but whether early or late is uncertain Their irregolnr outlines, 
tendency towards rounding and the obvious difference from the partly 
glauconitized clay pellets indicate that they are formed in the depositional 
environment prior to burial. The partly glauconitized clay pellets, replace-
ment of the radial fabrics of the oolitic, textures probably reflect post-
depositional and diagenetic glauconitization. Carozzi (1960) and Dapples 
(1967) have pointed out that in most cases the matrbdcement glauconite 
is after a primary clay matrix. 

T'ne pale green colour and low potassium content of the glauconite 
found in the Quartzite unit suggests that this glauconite is immature 
(Mc Rae, 1972). Further the low magnesium, calcium and strontium 
content of this glauconite is suggestive of ',their genesis under Condition of 
salinity less than normal marine (DegenS et al., 1957). It seems that in 
moderate to high energy conditions the bottom sediments were undergoing 
significant bottom transport to disperse Widely the detrital clay which were 
deposited very quickly as clay pellets but in small amount. At the slopes 
of the sediment water interface, both the energy and the sedimentation 
rates reduced greatly and repeated rnicio-fluctuations generated at the 
oxidation-reduction boundary to produce microreducing environment to 
give rise conditions for the glaueonitization of the primary clay matrix 
and pellets in various forms at different stages of diagenesis - (Wermund, 
1964). All these evidences indicate an early diagenetic transformation that 
did not proceeded to completion before burial in many. cases. Further the 
textural homogeneity of the authigenicaliy developed glauconite in the 
radial textures of oolites and in portions of clay pellets with the glauconite 
as matrix/cement, suotest that either similar chemical conditions existed 
during the diagemtic stages -  as prevailed during the development of clay 
pellets or resonably enough the diagnesis accelerated the glauconitization 



110 

during authigenesis. It is hard to believe that similar depositional and 
diagenetic conditions do existed in sediments where existence of organic 
matter is not found at all to generate chemically active solutions after 
deposition as is the case with Quartzite unit. 

On the basis of the above facts and the nature of glauconite occurring 
in the Quartzite unit of the Upper Tal Formation it can be safely concluded 
that they are essentially authigenic formed by the alteration of clayey 
material in early stages of diagenesis. The criteria to recognize such authi-
genic varieties of glauconite have been su ested by Light (1952) and 
Carozzi (1960). 

However, the glauconite found in the overlying Shell Limestone unit 
of the Upper Tal Formation differ notably from the glauconite found in 
the underlying Quartzite unit. The glauconite is much abundant in the 
Shell Limestone in comparison to the Quartzite unit. Thus, the abundance 
of glauconite in the Upper Tal Formation increases upwards in the stratigra-
phic succession. This indicates that either genetic conditions progressively 
became more favourable, or progressively more glauconite was supplied 
from older sedimentary sequences. It is interesting to note that no report 
of occurrence of glauconite is found in the lower units of Tal Formation 
(Chert-Phosphorite, Argillaceous, Arenaceous, and Calcareous units) or 
even in the Blaini-Infrakrol-Krol formations of Krol belt sediments. The 
occurrence of glauconite in these upper most litho-units of Tal Formation 
is of marked significance as it indicates drastically different tectono-
sedimentation realm of deposition in comparison to other lithounits. 

However, it has already been pointed out that the glauconite in the 
Quartzite unit is authigenic and is found essentially as matrix/cement. But 
in case of Shell Limestone unit the glauconite is never observed as matrix/ 
cement. Notably it shows all evidences of transportation and recycling. It 
occurs as nucleus of the secondary oolitic textures, squeezed between quartz 
grains, broken fragments and having secondary overgrowths of calcareous/ 
phosphatic and pyritic material. These evidences are enough to suggest that 
the glauconite found in Shell Limestone is not authigenic at all. A small 
amount of local transport may not have broken up the lobate grains. 
Carozzi (1960) and Cullen (1967) clearly recognised the tendency for lobate 
grains to breakup with transportation. The spheroidal and ovoidal grains 
present in the Shell Limestone also indicate their recycling prior to 
deposition. 

These evidence left only two alternatives now for the origin of glauco-
nite in the Shell Limestone. It is either perigenic, derived from some 
unrepresented facies of this unit, or is allogenic, derived by erosion from 
the underlying Quartzite unit. The characteristics of the glauconite found 
in Shell Limestone, which has already been described, proves that they are 



111 

not perigenic but are certainly allogenic Which has been supplied to the site 
of deposition along with other such recycled components. If we go into 
the detailed petrography of the Shell Limestone, abundance of recycl ed  
fossil fragments and quartz (angular to subangular in shape) grains having 
secondary overgrowths are found. 

Thus, the presence of these two noiajOr varieties of glauconite within 
the topmost lithounits of Tal Fomiation in the Lesser Himalaya adds signifi-
cant • data to the geolo gical history of the basin. These observations has 
been used in this paper as a strong evidence to suggest the presence of 
hiatusturiconformity between the Shell Limestone and the underlying 
upper Tal Quartzite unit. It can safely be concluded that the glauconite 
of the Tal Quartzite and Shell Limestone belong to two different cycles 
of sedimentation and a hiatus exists between them. 

DISCUSSION 

The •p••esent study proves the presence of authigenic glauconite in the 
Upper Tal Quartzite and allogenic glauconite in the overlying Shell 
Limestone. It seems that the source for this allogenic glauconite is the 
pre-existing Upper Tal Quartzite because glauconite is not found so far 
in any other horizon in this part .  of the Kiol Belt except the Upper Tal 
Qjartzite.The supply of glauconite to the depositional site of the Shell 
Limestone must have resulted due to the uplift and subse,ouent erosion 
of the Upper Tal Quartzite unit. It is postulated that such conditions 
developed due to the uplift of the Upper Tal Quartzite during the 
Cretaceous-Tertiary Himalayan orogeny. It is believed that the transgression 
of the Tethys started southwards during the collision of the Indian and 
Eurasian plates in late Cretaceous-Palaeocene times. The marine conditions 
started regressing from the Tethyn zone of the Himalaya during this marked 
tectonisrn and widespread transgression of the calcium rich marine waters 
took place along some narrow weak zones into the Lesser Himalayan 
platform affecting the then exposed older rocks in many parts of this belt 
The occurrence of Shell Limestone and Subathu (Nummulitics) over 
different lithounits of the 'Lesser Himalaya confirm the tzqn  gessive 

nature of the sea_ 

• This sandy oolitic carbonate sea (marine transgression) is finally 
responsible for the erosion of the Upper Tal Quartzite as it is an established  
fact that marine transgressions are generally of erosional character. This 
eroded material was r ecycled and deposited over the erosional surface and 
Was brought towards the depositional site of the Shell Limestone. Further, 
the glauconite found in Shell Limestone units also suggest the mode and 
nature of erosion and recycling of glaticonite from the Upper Tal Quartzite. 
It is supposed_ that constant reworking in a submarine environment will 
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produce relict type of glaucanite (Bell and Goodell, 1967). Relict type of 
glauconite is also produced in case of submarine erosion from older 
sediments (Cullen, 1967; Ballance and Nelson, 1969). But the glauconite 
found in Shell Limestone does not represent the relict type of glauconites. 
Therefore, it is inferred that the glauconite supply to the calcium rich 
marine waters available at the site of deposition of Shell Limestone was 
done during subaerial recycling. The other detritus were also supplied 
along with glauconite from the Upper Tal Quartzite by the subaerial 
erosion and subsequent recycling. This subaerial condition was developed 
in this part of the Lesser Himalaya during Oregonian/Austrian hiatus 
(--= 100 my.). On the basis of detailed studies on glauconite from Maila 
Johar area (Sinha and Srivastava & Virdi, in this volume) the presence 
of Oregonian/Austrian hiatus has already been established in the Tethyan 
zone of Himalaya. .This hiatus may be represented in the form of 
Unconforinity/Sedinaentological break between Upper Tal Quartzite and 
Shell Limestone in this part of the Lesser Himalayan belt. Thus an erosional 
surface can safely be visualised at the contact of Upper Tal Quartzite 
and Shell Limestone in this part of the Lesser Himalayan belt. This 
erosional surface can be observed between Dhaulagiri and Gopi Chand Ka 
Mahal section in the Mussoorie syncline. Tewari (1985 IGA Workshop) 
has discussed this point in detail. 

Furthei 	more, the mature type of glauconne in Shell Limestone (having 
more than 7% K20) is suggestive of a period of slow deposition associated 
with the marine transgression. But Singh (1977, 1981) has su ested a 
high energy carbonate sand bar-Shoal complex as the depositional 
environment of the Shell Limestone. These high energy conditions were 
fluctuating and a period of calm and quite conditions does also prevail 
(Rupke, 1974; Srivastava, 1984) during the deposition of the Shell 
Limestone. However, the Upper Tal Quartzite is a product of coastal 
beach-tidal flat environment and represents a prograding sequence of a 
regressive sea. This inference is drawn on the basis of detailed studies 
based on sedimentary structures. These facts reveal that the environment 
of deposition of both these units are more or less similar. This similarity 
of environment of deposition is taken by some workers (Bhatia, 1980) 
as a valid ground to show the absence of unconfonnity or sedimentological 
break but the basic difference of their being representatives of regression 
(Upper Tal Quartzite) and transgression (Shell Limestone) is emphasized 
here to mark the hiatus in between these two litho-units. 

CONCLUSIONS: 

On the basis of the sedirnentological studies and the mode of 
occurrence and origin of glauconite in the Upper Tal Quartzite and over-
lying Shell Limestone following conclusions are drawn: 
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a) The Upper Tal Quartzite is a regressive deposit the basin which was exi s
-ting in Lesser Himalaya since Riphean times, was uplifted and the sea 

finally withdrawn after the deposition, of this unit in Late Cambrian 
times (around 500 my.). 

b) The Upper Tal Quartzite unit was again uplifted during Mid-Cretaceous 
times (Oregonian/Austrian phase) and was subarerially eroded by the 
transgressing sandy carbonate sea to supply detritus along with 
glauconite to the depositional sites of the Shell Limestone. 

c) The glauconite found in Shell Limestone is allogenic and mature 
(more than 7% 1(20) representing their recycling from the underlying 
Tal Quartzite. 

d) The Contact between Upper Tal Quartzite and Shell Limestone is 
represented by an erosional surface. 

e) The erosional surface present in between Upper Tal Quartzite and 
Shell Limestone represents an erosional unconfomfity. 

0 The glauconite found in Upper Tal Quartzite and Shell Limestone 
belong to the different cycles of sedimentation and a hiatus do exists 
between them. 

SUGGESTIONS: 

On the basis of the above studies the authors wish to suggest the 
following: 

a) On the basis of our present study it seems to us that Shell Limestone 
is neither a integral part of the Subathu nor the Tat Quartzite. It 
belongs to a separate marine transgression .  during Cretaceous times. 
Moreover, the Shell Limestone is uncomformably overlain by Subathu 

Formation in the Central part of the Krol Basin and is unconforrnably 
underlain by Tal. Quartzite. Therefore, it is suggested that the Shell 
Limestone should be excluded from the Tal Formation and be 
redefined according to the Indian code of stratigraphic nomenclature. 
The name Nilkanth Formation (Singh,. 1977) or Singtali Formation 
(Valdiya, 1980) may be retained as alternative stratigraphic code for 
Shell Limestone. 

b) From the present study it is clear that the glauconite found in Upper 
Tal Quartzite is authigenic in origin whereas the glauconite found 
in Shell Limestone is allogenic. Therefore, it is su ested to use 
the glauconite found in Upper Tal Quartzite for K/Ar isotopic dates 
or for fission track dating. The allogenic glauconite found in Shell 
Limestone will not give age for the Shell Limestone. 
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