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ABSTRACT

Petrographic data on the insoluble residues and geochemical indices on the Krols presented
in this paper appear to be useful in distinguishing different stratigraphic units of the Krols.
Classifications based on such studies agree fairly well with those made by Auden (1934), primarily
on the lithological aspects of the sequence.

The three divisions of upper Krols into C, D and E members after Auden (1934) are also
suggested by tho present petrographic studies on their insoluble residues. Krol C residues
are dominated by fluorites, those of Krol D by detrital sand and authigenic euhedral feldspar,
while chert and mudstones flood in Krol E. TUpper part of Xrol D sequence, however, resembles
Krol E in its insoluble residue.

Geochemical study of degree of dolomitization based on MgO/CaO ratios suggests that Krol
A is limestone and upper Krol sequence has two distinet groups. Krol C is dolomitized lime-
stone while both Krols D and E are magnesian dolomites. Here again, lowest part of Krol D
sequence resembies Krol C in such ratios. No distinction could, however, be made between
Krols D and E by this method.

Geochemical indices like Trask’s reducing powers, organic ¢arbon contents, porosities, ete.,
have been determined. Results of such studies appeai to be of little interest from the point
of view of petroleum geologists.

A. PETROGRAPHIC STUDIES ON THE INSOLUBLE RESIDUES
of UrpER KROLS

by A. T. R. Rasvu

INTRODUCTION

Auden (1934) mapped the Krol belt from Simla to Nainital during the
years 1934-38. He divided the Krol limestone sequence into Krols A, B, C,
D and E based own lithological aspects. The Krols around Mussoorie were
mapped by the geologists (Talukdar et al. unpublished) of Oil and Natural Gas
Commission and the author collected samples from the sequence at regular
stratigraphic intervals for both petrographic and geochemical studies.

* Published with the kind permission of Director of Geology, O.N.G. Commission.,
VOL. 28, A, No. 5.
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Krols A and B are easily distinguishable based on their lithological aspects.
Unit A consists of alternations of green shales and fine-grained limestones
while unit B is composed of thinly laminated purple and red shales. Xrol
C is a good variety limestone (MgO/CaO = 0-1-0-3) mainly used in calec.
kilns. Krols D and E have the same lithological aspect except that Krol D
is distinguished in the area around Mussoorie by the presence of intervening
shales and vesicular dolomitic limestones. Krol E has a porcellaneous
appearance and is composed of massive dolomitic limestone (MgO/CaO > 0-4).

The present study is undertaken mainly to distinguish the Upper Krol
sequence based on insoluble residue study. The preliminary results are
presented in the paper. '

ExrERMMENTAL (Ireland 1947)

A weighed amount of representative samples at every 100 ft interval
is treated with 10 per cent HCI till all the carbonates are completely dissolved.
The insoluble residue is mounted in temporary liquid mounts and examined.
The results are given in Table L.

TasLe I

Avwerage insoluble residue in Upper Krol samples

Detrital Feldspar

aigg?;’ Sample sand and  authigenic  Chert hé[;lgs(flzne Barite  Fluorite
to Au deIgl number silt and detrital per cent per ceng per cent per cent

per cent per cent

Top of Krol E C 2968

C 2969 - - - 10 -
Krol E C 2974
C 2976
C 2978 - 60 40 — —
C 2981
Upper part of C 20047
Krol D C 2996 - - 60 40 — -
Lower part of C 3000
Krol D to 80-90 10-40 — — — _
C 3025 .
Krol C C 3028
p 3032} 10 - — -5 0-10 . — 75100
Base of Krol C  C 3034 Rounded egg-shaped frosted sand grains predominate
DiscussioN

The base of Krol C appears to be characterized by the presence of frost-
ed sand grains varying in size from 0-05 to 2 mm., The sand grains are
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sub-rounded to rounded and are in most cases oval-shaped. The surface of
the grains is completely frosted and is dull white. It appears probable that
the deposition of Krol C is attended with a shallowing of basin with prevalent
wind action which contributed those frosted sands (Pettijohn 1957).

Krol C member is a dark blue crystalline limestone which is quarried
around Mussoorie. The insoluble residue of Krol C limestones (MgO/CaO =
0-1-0-3) proper is predominantly composed of fluorite and minor amounts of
gilt. The flooding of fluorite in the insoluble residue of Krol C is perhaps due
to hydrothermal activity during or after the deposition of the limestones.
This may partly account for the occurrence of marble pockets and lenses in
these limestones.

The top of Krol C in the area is marked by the presence of a tufaceous
greenish-grey shale bed.

The lower 2,000 ft of Krol D are composed of dolomitic limestones (MgO/
Ca0 > 0-4) and vuggy dolomitic bands which yielded an insoluble residue
consisting of 10 to 40 per cent feldspar and the rest clastic quartz. The
feldspar are mostly authigenic with euhedral form even though detrital
feldspar is not uncommon,

The upper part of Krol D member is composed of alternating dolomitic
limestones and black, red or green shales with a few penecontemporaneous
breccia bands and sand lenses. Krol E member is predominantly composed
of pale cream coloured porcellaneous dolomite, showing pseudo-coralline
~ structures. The insoluble residue obtained from both these members is
essentially the same, composed of chert, mudstone and clay aggregates. The
thin slices of a few samples show needle-like and concentric growth of
dolomite around mud pellets giving the coralline appearance to the rock. The
chert is authigenic and shows pin-head extinction.

Fig. 1 gives the data graphically represented. From the graph it may
be observed that three distinet insoluble residue associations are present in
the Upper Krol sequence of Mussoorie. '

They are:

(i) Fluo::iteﬂooding the residue.
" (ii) Detrital sand and authigenic feldspar association.
(iii) Authigenic chert, mudstone and clay aggregates.

The sequence thus appears amenable for classification based on insoluble
residue studies and may aid in correlation of various members of Krol
sequence. Some light is also thrown on conditions of Krol deposition from the
study of insoluble residues. However, it is necessary that systematic and
detailed study of a number of samples at close intervals should be under-
taken for the purpose of correlation.

IIB
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B. GrocHEMICAL STUDIES ON KROLS
by S. N. BHATTACHARYA

INTRODUCTION

Dolomitization studies based on MgO/CaO ratios have been successfully
utilized for finding out formation boundaries and their correlations, differen-
tiating lagoonal and deep-sea facies, prediction of dolomitization on structures,
ete., by a number of workers (Jodry 1955, Chilingar 1956, Waring and Layer
1950). Such studies on Krols have been undertaken mainly to establish
some geochemical indices to demarcate the boundaries. Further, organio
carbon contents, Trask’s reducing powers, porosities, etc., of the samples have
been studied with a view to evaluate oil prospects (Khalifeh and Louis 1958).

Dolomitization studies appear to serve as an index in demarcating boun-
daries of the Krol series near Mussoorie; but studies on the organic carbon
contents, Trask’s reducing powers, etc., show but little promise. Krol C series
have been found to be dolomitized limestones and they are more porous
compared to those carbonate rocks of Krols A (limestone), D and E (magnesian
dolomites). This agrees fairly well with the current idea that dolomitization
generally is attended with increase in secondary porosities and permea-
bilities. Absolute porosity values of Krol C, however, are too small to be of
interest to petroleum geologists (Kuang Lu Cheng ef al. 1952).

EXPERIMENTAL

A weighed quantity of a representative sample at every 100 ft interval of
the traverse has been treated with 10 per cent HCI, till all carbonates are
completely dissolved. Calcium and magnesium contents of aliquots have been
determined by Versenate method (Kuang Lu Cheng ef al. 1952, Shapiro and
Brannock 1955). In a few cases, removal of iron has been found necessary to
get sharp end points in titration using Solochrome Black T as indicator.
Results have been expressed as MgO/CaO ratios. '

Insoluble residues obtained after treatment with 10 per cent HCl have
been studied for (a) organic carbon contents by conventional method and
(b) Trask’s reducing power by Louis method (Khalifeh and Louis 1958).

A representative part of each of the rock has been worked out by liquid
immersion method for finding effective porosity. Knowing the bulk volume,
grain volume has been determined by taking the weight of the piece under
kerosene after filling the pores by the liquid under vacuum. Per cent porosity

is calculated as follows:
bulk volume —grain volume

Per cent porosity = bulk volume X 100.

Data have been presented in Table II.
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Discussion

In the present study MgO/CaO ratio has been taken as the only criterion
in characterizing different carbonate rocks. A rock has been described as
(i) alimestone, (ii) a magnesian dolomite and (iii) a dolomitized limestone when
its ratio is (i) less than 0-1, (ii) greater than 0-714 (theoretical value of a dolo-
mite) and (iii) between 0-1 and 0-714 respectively. Weakness of such a classi-
fication is obvious since no consideration has been given as to the crystalline
structures of the carbonate units composing the rocks.

Data presented in column 3 of Table II show that, except the lowermost
horizons of Krol D, all the samples from Krols D and E are magnesian dolo-
mites and those from Krol C are dolomitized limestones. Lowermost horizons
of Krol D of Auden (1934) are to be grouped along with Krol C according to
this classification. Krol A samples are limestones. No distinction could,
however, be made between D and E samples.

Conventional dilute hydrochloric acid test for dolomite can show evidence
of dolomitization only when MgO/CaO ratio is distinctly higher than (-4 and
all rocks having ratios below 0-4 show typical limestone reactions (Jodry
1955). This explains why Krol C carbonate rocks are classified by earlier
workers as limestones (Auden 1934).

Data in the last column show the per cent ‘effective porosity’ of the
samples. It is well known primary porosities of limestones are in general
low and the process of dolomitization brings about an increase in porosity
and permeability due to the distortion caused at the caleite structure by
the replacement of Ca*t ion by smaller ionic radii Mg'" ions (Dunbar
1957). Porosity data presented here agree fairly well with the above idea
since data of Krol C and lower horizons of Krol D samples (dolomitized lime-
stone) are distinctly higher than those of Krol A limestones. But their absolute
values are too low to be of interest to petroleum geologists. Both Krols D

“and E samples (magnesian dolomites) have low porosities.

Except in two cases, on an average, 0-8 per cent of the total weight of the
samples is insoluble. There is a notable absence of any bituminous substance
in the ingoluble residues (studied on samples C 3017, C 2977, C 3035, C 2975)
which agrees with the almost unfossiliferous nature of the Krol series as well
as very low organic matter contents (vide column 6) which are instrumental in
the dolomitization of many calcareous sediments (Linck 1937).

Preliminary studies made on some of the samples show that the ratios of
Trask’s reducing powers to organic carbon contents (mde column 8) are too
low (< 0'8) to be of interest to petroleum geologists (Khalifeh and Louis
1958). .

Trace elements and differential thermal analysis on the samples have
been proposed which will bring about additional geochemical indices both for
correlation of different units of Krol as well as conditions of sedimentation

12
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Similar studies on samples at close intervals from other areas of Krols
need to be undertaken to establish the geochemical indices reported in the paper.
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