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INTRODUCTION

General Statement

Essentially, this work is a petrographical study
of 504 feet of drill core taken from the top of the Potsdam
sandstone at the Mallet well near Sainte-Thérése, Québec.

It is hoped that from this study additional information will
be obtained concerning:

1) The original rock types from which the material
forming this part of the Potsdam sandstone was
derived.

2) The type of weathering undergone by this material
and the conditions under which it was deposited.,

3) The number of cycles of erosion and deposition
represented by the material in the Potsdam

sandstone,

The Mallet well and Sainte-Thérése, 2 miles to
the south, are located approximately 15 miles northwest from
Mount Royal (Map No.2, Laval Map Sheet in Pocket, Clark, 1952),
3% miles northwest from the Riviére des Milles Iles and 10
miles southeast from the border of the Canadian Shield (Map
No.l). Although the Mallet well represents an unsuccessful
attempt to find o0il the information contained in the log of
this well has been of much help in interpreting the strati-
graphy of the area. In drilling, 10 feet of drift, 270 feet
of Chazy limestone, 1060 feet of Beekmantown dolomite and 1696

feet of Potsdam sandstone were passed through, the total depth




of the hole being 3036 feet (Clark, 1952, pp.lhk2-143). At

this point the drill failed and the operations were discon-

tinued.

Sainte-Thérése and the Mallet well are located on
the north side of the St. Lawrence Lowlands. The area is flat
and low lying, the elevation at the Mallet well being approxi-
mately 225 feet above sea level., A low swampy area occurs 1l
mile north of the Mallet well while to the south and south-
west the topography becomes slightly more irregular (Laval

map sheet in pocket, Clark, 1952).

Analyses of Sediments

General:

Numerous methods and techniques have been devel-
oped for the analysis of sediments and sedimentary rocks. As
it would not be feasible to discuss all of them here refer-
ence will be made to some of the better texts on the subject
in which they are described, and only the procedure employed

by the writer will be discussed in detail.,

The different methods of analysis of sediments
may be classified into three main types; chemical, mechanical
and mineralogical. Also, since the close of the nineteenth
century (Krumbein, 1932), much attention has been given to the
statistical representation of the results obtained from analy-
ses in order that the greatest possible information may be

obtained from these results.




Chemical:

The chemical analysis of sediments involves the
use of chemical methods to determine the percentage of the
different elements present in the sample. The results are
usually expressed as the percentage of the oxide of the
element that is present. Much valuable information on the
composition of rocks and rock minerals, including the
results of chemical analyses is contained in a bulletin
published by the United States Geological Survey (Clarke,
F.W., 1924). Mineralographic and microchemical methods are
given an excellent treatment in another bulletin of the same
survey (Short, 1940). Other chemical methods for determin-
ing minerals have been published elsewhere (Krumbein and

Pettijohn, 1938; Twenhofel and Tyler, 1941; Milner, 1952).

Mechanical:

- The mechanical analysis of sediments has been de-
fined by Krumbein and Pettijohn (op cit), as "™the quantita-
tive expression of the size frequency distribution of parti-
cles in granular, fragmental, or powdered material", They
also state that it does not necessarily involve the actual
separation of the substance into grade sizes, nor does it
require unconsolidated material. All three works mentioned
at the end of the'preceding paragraph contain good treatments

on the collecting of samples, their preparation for analysis,




"and the different methods of analysis. The first two works
also give a good description of the different statistical

methods employed to represent the results,

Mineralogieals

In a mineralogical analysis of sediments the
diffefent minerals present are determined as well as their
relative proportions in the sediment. Several different
methods are employed to separate minerals (Krumbein and
Pettijohn, 1938; Twenhofel and Tyler, 1941; Milner, 1952).
The separation of minerals of sediments is most commonly
effected by the use of heavy liquids and this was the method

employed by the writer.

The properties of sedimentary rock minerals are
best treated by Milner (1952). The descriptions of the
minerals are supplemented by drawings and phbtomicrographs
of typical forms. Additional diagrams and photomicrographs
which may be of help are contained in an earlier work in which
Milner collaborated with Raeburn (Raeburn and Milner, 1927).
Tables have also been published which are often of help in
tracking down an unknown mineral (Johannsen, 1922; Cordell,

1949).

A bibliography with abstracts of publications
concerning the mineralogy of sedimentary rocks is included

in a work by Boswell (1933). The United States Department of




Agriculture (1950) has recently published an annotated

bibliography on sedimentation.




METHOD OF STUDY

Megascopic Procedure

Logging of Core:

The top 504 feet of Potsdam sandstone core from
the Mallet well was logged in detail with the aid of a hand
lens and a binocular microscope. The core lengths had been
stamped previously with arrows pointing towards the bottom
of the hole, which made the logging more accurate. In
addition, the footages from the top of the drill hole and
from the bottom of the drill hole (base of the observed
section of Potsdam sandstone), were given for the tops and
bottoms of the sections of core contained in the boxes.
Lengths of missing core had also been noted. In logging the
core such properties as cement, colour, cross-bedding, frost-
ing, grain size, sorting, the presence of shale laminae and
inclusions, minerals, and the reaction with dilute hydro-
chloric acid were noted. The grain sizé was determined with

a transparent celluloid millimeter rule.

Selecti f Thin Section Speci .

Specimens for thin section analysis were selected
to represent the different facies of the Potsdam sandstone
observed in the core. Some specimens were also taken where
the likelihood of heavy minerals being present seemed especi-

ally good. The thin sections were cut along the axis of the




core, almost perpendicular to the bedding.

Heavy Mineral Samples:

Selection. Heavy minerals generally comprise con-
siderably less than one percent of the rock. An attempt
was made therefore, to select samples that would yield as
large an amount of heavy mineral concentrate as possible.
Core lengths of approximately 1 inch were selected for each
separation. Different grain sizes were also selected to
ascertain if there was any direct relationship between the

grain size and the proportion of heavy minerals present.

Crushing. Because much of the core had a sili-
ceous cement and contained quartz grains showing secondary
enlargement, it was not considered worthwhile to attempt a
mechanical analysis of the grains, although such an analysis
could hawve been made of a considerable part of the core.
Therefore each sample for héavy mineral separation was
crushed without attempting to preserve the ofiginal quartz
grains. Different crushing devices were experimented with

until a satisfactory device was found.

In the first method to be tried out, the one inch
length of core was broken up by passing it once through a
laboratory 4 inch jaw crusher. The crushed rock was then
ground down to the desired fineness using an iron bucking

board and muller (Taggart, 1951). Although this method is




quick, a large gquantity of fines were produced even when
much care was taken in grinding on the bucking board. A
large amount of iron filings were also produced, and al-
though these could easily be removed with a small magnet,
the few magnetite and other magnetic mineral grains that
were occasionally present stood a greater chance of being

lost or overlooked in the iron filings.

A second method cbnsisted in the use of a small
electric hand drill fitted with a vibratory attachment with
a small mortar and pestle, the pestle possessing a narrow
neck over which the vibratory attachment on the drill fitted,
Only a minute amount of iron filings were produced by this
method; but it was still difficult to control the amount of

fines that were produced.

The method finally decided upon was the use of a
steel mortar and pestle, the crushing being done by hand with
a heavy geological hammer (Plate I). Although this method was
a little longer and more tedious than the others, iron filings
were rarely produced and the proportion of fines that resulted
from the crushing could be controlled to a higher degree.

The control of the proportion of fines produced was effected

by sifting out the undersize at frequent intervals,

Screening. Screening was carried out by hand on

8-inch Tyler testing sieves. It was desired to select a grade




size small enough for microscopic work, yet large enough to
preserve the original shapes of the heavy mineral, or acces-
sory grains. It was also desired not to release inclusions

in detrital grains by crushing, for if they were released
they might have entered the detrital suite and so lead to
erroneous conclusions as to origin and distance of transport-
ation. (Tyler, 1936). It is beiieved that this happened only
rarely at the most, as practically all the inclusions.observed
were aciéular inclusions in quartz grains. After several
trials the following screening procedure was selected as the

one giving the best results.

A nest of sieves consisting of a 100, 150 and 200
mesh screens with a pan and cover was used, and the specimen
was crushed, using the method decided upon above, until all the
material péssed through the 100 mesh (0.147 mm.) screen. The
material that was retained on the 150 mesh (0.104 mm.) screen
was used for the heavy mineral separation, while the material
that was retained on the 200 mesh (0.074mm.) was kept for re-
ference if necessary. The material that passed through the

200 mesh screen was caught on the pan and discarded as fines.

It was found that the grains of the 100 - 150 mesh
grade size gave high interference colours whenlobéerved through
a miscroscope. This gave a little difficulty until the writer
became accumstomed to the increased birefringence. It was also

occasionally difficult or impossible to obtain interference
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figures from strongly coloured grains. On the other hand

the original shapes were generally preserved and such pro-
perties as cleavage could be observed fully. OSmaller grains
(=150 mesh) were found to be too small generally from which

to obtain interference figures. Also, the heavy mineral grains
were often crushed so that the original shapes of the grains
were destroyed and other properties such as cleavage were

obscured.,

Heavy Mineral Separations. Two methods are used

to effect a separation of minerals with the use of heavy liquids;
the gravity method and the centrifuge method. It has been found
that the centrifuge method effects a cleaner separation than
does the gravity method, although with care the gravity method
can give good results., The results obtained from either of the
methods are equally consistent and hence for any one method,

the results obtained for different saﬁples can be compared con-

fidently (Rittenhouse, and Bertholf, .Jr., 1942).

The gravity method was employed by the writer and
the apparatus that was used is shown in Plate I. The separat-
ory funnel was of a simple design with straight sides which
‘made an angle of approximately 13° with the vertical. Bromo-
form with a specific gravity of 2.87 was used as the heavy
liquid medium and benzene was used to wash the heavy and light

residues,
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Plate I

- Separatory funnel containing bromoform
and sample.

- Funnel with filter paper for catching
heavy residue.

- Funnel with filter paper for catching

light residue.

Bottles for catching used bromoform.

Used bromoform bottle,

Fresh bromoform bottle.

Benzene,

Tyler screens and brush.

Steel mortar and pestle.

Hoo=EHO o o© >

{ IO IO I B AN |

A suitable amount of bromoform was placed in the
separatory funnel. Because the sample mineral grains were
only rarely slightly stained, it was not necessary to treat
them before placing them in the heavy liquid. The grains
were added to the bromoform in such a way that they were

kept away from the sides of the funnel as much as possible.




12

Care was taken also not to place too large an amount of
crushed material in the bromoform, two separations per sample
being done if necessary. The grains were stirred frequently,
care being taken not to send the light grains too close to

the bottom of the funnel and so possibly contaminate the

heavy residue. Approximately % hour was allowed for the

heavy grains to settle to ensure a good separation. The
separatory funnel was kept covered to prevent evaporation and
the formation of convection currents (Milner, 1952). When the
separation was complete the heavy and light residues were drawn
off, filtered, washed with benzene and dried. No attempt was
made to recover the bromoform from the benzene washings, as
the samples were small and only two or three sampleé were
separated at a time. The used bromoform was reused and re-
plenished with fresh bromoform whenever necessary. Cohee
(1937) describes a simplé, inexpensive method for reclaiming
heavy liquids.,

In the present case it was not necessary to sample
the heavy residues as most, if not all, of each residue was
employed in microscopic analysis. Also, as the light residues
were generally composed mainly of quartz it was not considered
necessary to obtain a representative. sample. Errors occur,
however, if only a small part of a residue is taken at random
for quantitative analysis and several good methods have been
put forward to eliminate these errors. One is the microsplit

which is a modified form of the Jones ore sample splitter




(Otto, 1933). Another is the rotary microsplitter, in which
16 small glass vials are rotated in a horizontal plane under a
steady stream of mineral grains. (Wentworth, Wilgus and Koch,
1934)., A third method which takes considerably longer than the
above two methods, but requires only four rectangular pieces

of smooth paper, each twice as long as they are wide has also

been described. (Pettijohn, 1931).

Microscopic Procedure
General:

Microscopic analysés of the thin sections and
heavy residues were carried out to determine the minerals
present, their characteristic physical and optical properties
and the amounts of these minerals present. The results of

these analyses are given in subsequent sections.

The methods that were used to determine the
mineral frequencies, and the physical properties such as grain

size, roundness and sphericity which are due mainly to weather-

13,

ing processes, will now be discussed together with the methods -

used to tabulate the results. Because some of the methods were
used only for one or the other, it is stated whether the method

was used for thin sections, heavy residues, or both.

Grain Counts:

The percentages of the different minerals present
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were determined for each thin section, and for each light

~and heavy residue that was examined, by the areal method. In
this method the percentages are determined by counting the
grains of each mineral present in several microscopic fields,
making allowances for differences in grain size if necessary.
The figures for each miheral are then converted to a percent-
age of the total number of grains counted of all the minerals.
These percentage figures refer only to the relative amounts of
‘heavy minerals that are present in a particular heavy residue
and do not refer to the amounts of these heavy minerals pre-~
sent in the original sample. The percentages may be taken as
corresponding to percentages by volume, which is not strictly
true,for in working with loose grains, the grains tend to lie
on a slide with their largest dimensions in a plane approxi-
mately parallel to the slide. Thus thin platy mineral grains
might appear to occur in larger amounts than a mineral whose
grains are more or less equidimensional, although the reverse
might actually be true. Also, in thin sections, only two
dimensions are seen. Therefore, in making grain counts,
allowances were made for these factors. It has been shown
that the areal method is very nearly as accurate as the lineal
method by Rosiwal, (Thomson, 1930). which is capable of an
accuracy of within 1 - 2 percent. The percentages by volume
may be converted to percentages by weight if so desired, al-

though it was not considered necessary in the present work,




In examining the thin sections several fields
were counted, and as in some cases grain sizes were quite irre-
gular, eircular cross section grids were used as aids in de-
termining the percentages of the different minerals present
(Thomson, 1930). These grids were drawn so that they
appeared to be the same size as the mieroscopic field and were
divided into radial segments. The individual grains were
drawn to scale on the grid and the percentages of the minerals
present were then determined. As there is a possibility of
considerable error in this method, several determinations were

made for each slide for which this method was used.

Several fields were examined, and LOO to 600 grains
were counted for most of the heavy residue samples., Some of
the samples, however, contained fewer than LOO grains and in
these cases all the grains were counted. Not quite one-half

of the light residues were also examined in this manner.

The technique developed by the writer for counting
grains is similar to the method described by Carroll (1941),
the differences being largely matters of personal preference.
It was found more convenient by the writer to begin the exam-
ination of a slide in its northwest corner and then to proceed
in approximately st;aight lines down and up. The examination
of each field was begun on fhe north-south lines of the north-
west quadrant and continued aroﬁnd anticlockwise to the same

position in the northeast quadrant. The mineral grains were
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counted in the following order; opaques (ilmenite, leucoxene,
limonite, magnetite, pyrite), zircon, tourmaline, and the
minor constituents. Reflected light was used for the opaque
grains and also for rutile as the physical properties of
rutile, such as colour and cleavage, are often more clearly
shown in reflected light. Tourmaline also has a charactéristic
appearance when observed with reflected light, which may be

of help in identifying this mineral., Polarized light was

used for the other minerals. When the determination of a
mineral was in doubt, the refractive indices were determined
with the use of refractive index oils. In examining some of
the light residues it was occasionally rather difficult to
distinguish between quartz and feldspar, so that it was necess-
ary to search for interference figures and perhaps to deter-
mine the refractive indices. The use of a staining method,
such as the one suggested by Russell (1935), in which mala-
chite green is used might have been more accurate, less tire-

some, and perhaps just as quick.

Occasionally, there was insufficient grains of
a mineral in a heavy residue to allow the determination of
refractive indices without using the same grains repeatedly.
The writer used gelatinous slides in a few éases; but these
soon became cloudy and it was found to be rather difficult
to move grains around on them as desired. Another method
that was used was to clean off the slide with benzene so that

the grains were céught in a filter paper held in a funnel,




The filter paper was then dried and the grains replaced on
the slide. With care a few grains can be used over again
several times; however, the method is quite slow and some of
the grains are usually lost with each operation. Howard
(1932) describes a simple, ingenious device which is essent-
ially a pair of tweezers which have to be forced open instead

of shut.

Grain Size:

A micrometer eyepiece, calibrated for each object=
ive of the microscope with the aid of a stage micrometer
(Rogers and Kerr, 1942), was used to determine the arithmeti-
cal average of the diameters of the grains in each thin
section. Each thin section was moved across the field of
vision in a direction perpendicular to the bedding, and the
long and short diameters of each grain passing along the centre
line were noted. The arithmetical average obtained was taken
as a measure of the grain size, and the grains wére tﬁen class-
ed in the corresponding division of Wentworth's size classi-
fication, which is reproduced in part in Tablé I, together
with the corresponding symbols that were used in Tables VII
and IX, Grain sizes noted in the log of the core also refer

to Wentworth's size classification.

There are serious objections to the use of the
arithmetical average of the diameters of particles as a
measure of grain size (Krumbein and Pettijohn, 1938). As the

main purpose in using the arithmetical average was to determine

17




qualitatively whether any relationship exists in the pre-
sent case between grain size, roundness and sphericity,

this method was considered to be adequate for the purpose.

Table I - Wentworth's Size Classification

Name of Particles Diameter (mm.,) Symbol Used
Pebble 6l~1,

Granule L=2

Very coarse sand | 2-1

Coarse sand 1-% | a
Medium sand bt b

Fine sand £-1/8 c
Very fine sand 1/8 - 1/16 d

Silt 1/16 - 1/256 e
Abundance of Heavy Residues:

The relative amount of any one mineral that is
found to be present in a sample is the frequency of that
mineral, and is also referred to as the abundance. For
present purposes, however, "abundance" is used to refer to
the amount of heavy residue that is obtained from a certain
sample. In the present work the samples were not weighed;
but a rough estimate was made, of the relative amount of
voiume, of heavy residue that was obtained from each sample.

It is believed that the largest heavy residues that were

18
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obtained were not quite 1 percent by volume of the original
sample. The estimates were made as follows: Assuming the
original core sample was 1 inch in length, 1 percent by
volume of this sample would be represented by a slice of core
of the same diameter 1/100 of an inch thick; which converted

to millimeters is 0.254 mm. As the 100 - 150 mesh grade size,
which was used for microscopic work has a mid-point of 0.124 mm.
(Pettijohn, 1949), this slice of core, if it were composed of
heavy residue minerals would be 2 grains thick. Similar1y~a>
slice one grain thick would be 0.5 percent, half of this

slice would be 0,25 percent, and so on. A circle was drawn
with the same diameter as the core and divided into six radial
sectors. The amount of heavy residue was compared with this
diagram and the percent was estimated. This was not done with
the idea that the value obtained would be even a good approx-
imation to the correct value for it does not account for the
heavy mineral grains in the finer grade sizes; but it does
provide a quick way of comparing the relative amounts of heavy
residues that were obtained from the samples. With this idea
in mind an abundance scale was set up as used in Table V and
is given below in Table II. Letters were used instead of
figures, which are generally employed, in order to avoid

confusion with percentage figures.




Table II - Abundance Scale

Symbol Term Percent
A Rare : 0 - 0.08
B Occasional 0.08 - 0.25
C Common 0.25 = 0450
D Abundant 0,50 -'l.O

Roundness:

Roundness has been defined as the ratio of the
average radius of curvature of the several corners and edges
to the radius of the maximum inscribed circle (Wadell, 1932).
‘As the actual determination of the roﬁndness of the different
mineral grains would have been too lengthy, the different
mineral grains in the thin sections and heavy residues were
compared with a chart given by Pettijohn (l9h9{ p.52)which
shows fiwe principal roundness classes. This chart is a
modification of a more detailed chart prepared by Krumbein
(1941). The values given by Pettijohn to his roundness

classes are reproduced below in Table III,
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Table III - Roundness Grades

Grade Term Class Limits
Angular , 0 - 0.15
Subangular 0.15 - 0.25
Subrounded 0.25 - 0.40
Rounded 0.40 - 0,60
Well Rounded 0.60 - 1,00

Sphericity:

"The relation of the particle intercepts to each
other may be expressed as the sphericity of the particle" _
(Krumbein and Sloss, 1951, p. 78), It was originally defined
by Wadell (1932) as the ratio of the surface area of a
sphere of the same volume as the particle to the actual sur-
face area of the particle,which did not prove to be practical.
It has been shown also that the sphericity is simply the
ratio of the nominal diameter of the particle to the maximum
intercept through the particle (Krumbein and Sloss, 1951,
pe 79).

True sphericity Was not determined; but two
Adimensional sphericity was determined in the thin section
analyses by comparing the grains with a chart (Rittenhouse,
1943 a). The grains were then divided into three spher-

icity classes which are given in Table IV,
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Table IV - Sphericity Grades

_Grade Term Class Limits
Low sphericity 0.45 = 0.65
Moderate sphericity 0.65 - 0,81
High sphericity 0.81 - 0.97

Tabulations of Results:

The results of the analyses are given in tabular
form and graphically. Three tables have been set up, one
each for the heavy residue, light residue and the thin
section analyses. In these tables (Table VII, Table IX,
Table XI), the minerals have been listed vertically together
with the percentages present in each residue and thin section,
whereas the sample number and the horizon at which the samples
were taken are listed horizontally. A fourth table’(Table XII).
was drawn up giving the roundness values of the minerals
examined in the heavy residue analyses. Two small tables have
been drawn up; one (Table X), to show the general relation-
ship of the abundance of heavy residues to the grain size of
the sample, and the other (Table VIII), to show the relation-

ship of roundness and sphericity to grain size.

Several graphs (Graphs I, II, III, IV and V),
have been constructed in which the vertical elevation from
the bottom of the drill hole is plotted as abscissae and per-
centage figures are plotted.as ordinates, These graphs are

based on the information given in the above tables with the
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exception of the one for quartz. In this case the graph was

corrected by examining the drill core in conjunction with the

results of the analyses.

Sources of Error

Selection of Samples:

The results obtained for the relative amounts of
minerals present in heavy residues and the amounts of heavy
residues obtained from the samples would probably have been
more representative if larger lengths of core had been select-
ed for analysis. However, as the determinations of the
abundance of héavy residués obtained was mainly relative and
as certain minerals have a greater tendency to produce fines
- than others,‘the samples were sufficiently large for the de-
sired purpose. In selecting the samples an attempt was made
to choose those that were believed to cohtain the greatest
amounts of heavy minerals. Therefore, the amounts of.thé heavy
residues obtained from them is probablY~higher'than the average

heavy residue content,

Crushing:

A considerable amount of fines was generally pro-
duced in crushing. As certain minerals are more easily crushed
than others, their relative amounts in the fines would be

greater than in the original sample, and their relative amounts
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in the larger grade sizes (100 - 150 mesh) would be less than
in the original sample. Because of this the more resistant
minerals would have their relative proportions increased in
the 100 - 150 mesh grade scale. it is not known to what ex-
tent this latter occurred; but it is doubtful whether the
general picture of any of the analyses was changed to any

extent,

" i 15 . Grain Counts. Grain Size:

The accuracy of these methods has already been
discussed. It should also be mentioned that a few grains of
quartz or feldspar were often present in the heavy residues
and that a few grains of heavy minerals were usually present
in the light residues. The ambunt of these contaminating
grains was never greater than 1 percent and in most cases re-

presented only a trace of all the grains present.
Roundness and Sphericity:

The roundness of pebbles may be determined within
approximately 2 percent by using the method of visual compari-
son (Krumbein, 1941). The same order of error would probably

exist in working with grains of microscopic.size.

Two-dimensional sphericity values may be estimated
by the method of visual comparison to within 0.07 of the values
obtained using Wadell's method (Rittenhouse, 1943a). The

accuracy of sphericity and roundness determinations was lessened
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in some cases by authigenic enlargement of the grains,

M L F -

It ié known generally that the amount of heavy
minerals in sanding stones varies for different grade sizes
and that heavy minerals tend to be concentrated within the
finer-grained portions. The relative amounts of the minerals

present also varies for different grade sizes.

Another factor which must not be forgotten is that
a mineral may be removed from or altered in a sediment after
the deposition of the sediment. This factor tends to be over-

looked or not fully considered in many cases.

Several methods have been suggested to compensate
for these and other difficulties. One suggestion is that two
grade sizes of each sample be examined. One of these should
represent the same limits for all the samples and the second
should represent either the same relative grade size within
the distribution curves of the different samples (Rubey, 1933),
or should occupy a definite position with respect to the size

frequency distribution of the sample (Russel, 1936).

As 2/5 of the samples were either finer-grained or
only slightly coarser-grained than the 100 - 150 mesh grade
size (Table X), the heavy residues from these samples may not
have contained the same proportion of heavy minerals as was

present in the original sample; although all the heavy minerals
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i

were probably represented. A more accurate result for these
samples might have been obtained by following either one of
the methods mentioned above. The remaining 3/5 of the sam-
ples were coarser—grained (medium - very coarse) and the
heavy residues probably contained about the same relative
proportion of heavy minerals as the original sample.

It must be remembered in representing the heavy
minerals as percentages of a heavy residue that an increase
in the percentage of any one mineral does not necessarily
mean a real increase in the quantity of that mineral, Some
idea as. to whether a real increase in the quantity of the
mineral is indicated may be obtained by comparing the abund-
ance values of the heavy residues involved. If the percen-
tage of one mineral increases at the same time as the abund-
ange value of the heavy residue increases a real increase in
the quantity of that mineral is indicated. If the percentages
of all the minerals remain practically the same while the
abundance of heavy residue increases or decreases, then a real
increase or decrease of the quantities of all the minerals
is indicated. This method is made much more accurate by
weighing the grade size or sizes involved before separation
and then weighing the heavy residue obtained from the grade
size. By converting the percentages of the minerals present
in the heavy residue from volume to weight percentages the
amount, by wéight, of each mineral in the grade size involv-

ed may be easily obtained. The ideal would be to examine
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POTSDAM_SANDSTONE

General

Previous Work:

The Potsdam sandétone was named by Emmons in 1838
after its occurrence at Potsdam in New York State. Sir
William Logan applied the same name to the extension of this
formation northward into Canada and also discovered fossil
tracks in the Potsdam at several localities (1849, 1851, 1852a,
1852b, 1854, 1860). Some of these fossils were described in
detail by R. Owen (1851, 1852) and Billings (1856). In 1863
Logan published his Geology of Canada in which he consolidated
his previous works.

Several years later Ells (1895, 1896a, 1896b, 1900,
1901, 1904; Ells and Barlow, 1895), re-surveyed the St.
Lawrence Lowlands. He accepted Logan's boundary lines in the
Montreal area, but modified the boundaries of the Potsdam
sandstone in southeastern Ontario (1904). Ells also accepted
Logan's description of the Potsdam and agreed with him on the
absence of.a break between this formation and the overlying
Calciferous saﬁdrock or Beekmantown doloﬁite (1895). Ami

(1896a, 1896b),described some of the fossils collected by Ells.

During the next few years several reports were pub-
lished which added nothing of importance to the information on

the Potsdam. Those by Ami (1900a, 1900b), Dresser (1897),
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Adams and Le Roy (1904), Valiquet (1912), and Raymond (1913)

are mentioned for completeness.

The properties of different rock types used for
building and ornamental purposes in Quebec and southern Ontario
have been discussed by Parks (1912, 191L4). Good descriptions
of the Potsdam sandstone are given as it occurs at different

localities.

Kindle and Burling (1915) have discussed the struc-
tural relations of the Precambrian and Paleozoic rocks north
of the Ottawa and St. Lawrence river valleys. The use of the
Potsdam sandstone as a road building material was referred to
by Gauthier (1917, 1919)and Picher (1917) who concluded that
it was in general a poor material for such purposes. Several
years later Harding (1931) studied the relations of the
Grenville sediments and the Potsdam sandstone in eastern
Ontario. Parks (1931) stated that the Potsdam sandstone
would be an effective reservoir for gas and oil, the drawback
being that it lies below any oil forming strata. The origin
of the basin in which the Paleozoic sediments were laid down
has been discussed also by Osborne (1938). In part II of the
same report McGerrigle states that the Beauharnois (Beekman=-
town group) formation rests disconformably on the Potsdam
sandstone. Resser (1938) examined the Potsdam in Quebec and
New York State, and in his report discussed briefly the

structural relations of the Potsdam to the Precambrian.
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Logan's interpretations of the positions of the
boundaries separating the different formations remained the
standard for the Montreal area until ﬁlérk;(l9398;119395,

1940, 1941, 1944a, 194L4b, 1952) began a systematic survey of

the area., Clark changed several of the boundary lines and mapped
numerous faults trending east-west to southeast - northwest.
Logan had recognized the possibility of faults existing in this
area although none was mapped by him. Good descriptions of

the Potsdam sandstone have been given by Clark in two of his
reports (1944b, pp 252 - 255, 1952, pp 17 = 25), and in these
reports mention is made of heavy minerals occurring within the
Potsdam. Clark and Usher (1948) published a report on the indi=-
cated direction of movement of the animal responsible for the
fossil tracks occurring within the Potsdam sandstone and known as

Climactichnites.

In recent years Wilson (1937, 194la, 1941b, 1946a,
1946b) has re-mapped the Ottawa - St. Lawrence Lowland, "a well-
defined basin within the greater physiographic province of the
St. Lawrence Lowlands." (Wilson, 1946b, "p.,1). .Wilson
(1946b, p. 10) has.defined the Nepean formation to include all.
the sandstone in the Ottawa - St. Lawrence basin formerly known

as Potsdam, and the overlying Theresa formation as well,
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S 0
LEGEND Eg‘:“
Qf
(To Accompany Map No. I)

DEVONIAN OR LATER

Nepheline syenite, essexite, related alkaline rocks

PALAOZOIC
OR LATER

/-DEVONIAN
MIDDLE DEVONIAN

1, 35 Sandstone, shale; 35a, limestone, shale, conglomerate
(may be,in part, Silurian)

LOWER OR MIDDLE DEVONIAN

‘ 34 Granite, syenite

LOWER DEVONIAN

32 Shale, limestone; conglomerate

SILURIAN
MIDDLE SILURIAN

31 Shale, sandstone, limestone, limestone -conglomerate
ORDOVICIAN
UPPER ORDOVICIAN

! QUEENSTON FORMATION: reddish sandy shale
29
and sandstone —

LORRAINE AND RICHMOND: shale ,sandy shale,

28 dolomitic limestone; 28a, LORRAINE AND UTICA:

y shale, impure limestone, ete.; 28b, mainly Lorraine,
but includes some Trenton and probably some
Collingwood and Utica

COLLINGWOOD AND UTICA: impure limestone, shale

PALAEOCZOIC
s M

MIDDLE AND UPPER ORDOVICIAN

26 Slate, quartzite , limestone

MIDDLE ORDOVICIAN

BLACK RIVER AND TRENTON: /imestone; 25b, Black River not
25 known to be present: limestone; 25¢,Trenton; limestone,
shale, limestone -conglomerate; 25d, limestone, shale, etc.
(may include earlier Ordovician)

LOWER AND MIDDLE ORDOVICIAN

Ordovician strata

Wzt‘ Shale, slate; 24a, includes some earlier
Il

LOWER ORDOVICIAN

CHAZY: limestone

BEEKMANTOWN : 21, dolomite, some limestone and shale;

21 21a, imestone, some dolomite, a little shale; 21b, shale,
limestone, limestone-conglomerate; 21c, slate, sandstone,
quartzite, limestone - conglomerate, and, in places,
Yyounger Ordovician strata

CAMBRIAN OR ORDOVICIAN

20 Sandstone

Y i

Ordovician or younger: peridotite, pyroxenite, basalt,etc;
17a, porphyry ,quartz porphyry, diorite, etc. in part
schistose; and sedimentary rocks

Ordovician (?) and, in places, Cambrian(?): slate,
16 calcareous slate, greywacke , sandstone, quartzite,
conglomerate

Ordovician(?) or older: lava, tuff, clastic sedimentary
rocks; 15a, lava, tuff, possibly Precambrian

PALAOZOIC
A

PRECAMBRIAN (?)
AND

Ordovician, Cambrian,and, possibly in part, Precambrian:
slate, sandstone, dolomite, quartzite, sericite schist,
mica schist, chlorite schist, lava

Granite, syenite, granodiorite; granite -gneiss.
a » Sy g g g
May not all be younger than 3

3f, anorthosite, gabbro. May not all be older than 4
nor younger than 2

2b, garnetiferous gneiss, schist, granite, granite-
2 gneiss (sedimentary gneiss pr‘edominatir’rg);
2f, undivided Precambrian rocks

PRECAMBRIAN
AR

GRENVILLE SERIES: crystalline limestone , quartzite,
1 quartz-biotite schist,gneiss; minor granite,
L granite-gneiss, and basic intrusions

Drift-covered area, ,,......:
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)istribubi i Structure:

The exposures of Potsdam sandstone in Ontario and
Quebec have been described by Logan (1852a, 1863, pp.87-96),Ells
(1895, 1901, 1904), Parks (1912, pp.121-139; 1914, pp.1l7 - 123),
Wilson (1946b, pp. 11 - 12), and Clark (1952,pp.18 - 19). It has
been noted that its occurrence is discontinuous, as in some
iocalities younger Paleizoic sediments rest directly upon the
older Precambrian gneisses, with the Potsdam missing. Map No.
I has been prepared, by joining adjacent portions of maps 703A
and 704A of the Geological Survey of Canada, to show the areal
extent of the Potsdam sandstone in Quebec. A narrow band of
Potsdam is also shown in the lower left corner of Map No. II

(Laval map sheet in pocket, Clark, 1952).

Commencing from the east the Potsdam sandstone first
occurs in Quebec approximétely 12 miles north of Three Rivers.,
To the east of this point the Precambrian gneisses are in con-
tact with younger Paleozoic sediments. To the southwest the
Potsdam sandstone occurs as a narrow, irregular band as far as
Papineau, just south of St. Jerome. This band is generally not
more than a mile or so in width. West of Papineau, along the
Ottawa river, the Potsdam sandstone occurs as a few isolated
outcrops as far as Des Chats Lake, approximately 35 miles west
of Ottawa. At Papineau, the band of Potsdam sandstone swings
southward and broadens into an anticlinal fold, the axis of which

known as the Oka anticlinal axis (Clark, 1944b, p. 254), trends




a little east of south. At St. Benoit, where the band again
comes in contact with the Precambrian basement, it is over 12
miles wide. From this point to the southwest tip of the

island of Montreal the structure is more complicated. A band

of sandstone extends westward from Ile Perrot to the provincial
boundary where it extends into Ontario. From Ile Perrot south-
ward the Potsdam sandstone again occurs in a broad anticlinal
fold ﬁhe axis of which, called the Beauharnois axis, extends
north-south and is the extension of the Oka axis to the north,
Logan first mentioned the Beauharnois anticline i n 1851.

"The anticlinal axis can be identified by a change in dip about
two miles west of the Beauharnois canal power house.,* (Clark,
1952, p. 22). At Beauharnois the Potsdam band is approximately
7 miles across. To the south it first narrows and then broadens
rapidly until it is over 25 miles in width at the point where it
crosses the international boundary. Near Montreal the Northern
limit of the area containing expoéures of the Potsdam sandstone
is the Sainte-Anne-de-Bellevue fault along which the north side
has moved down relatively to the south side, thus dropping
Beekmantown dolomite down to the same level as the Potsdam

(Clark, 1952, p. 21).

Wherever the contact between the Potsdam sandstone
and the underlying Precambrian gneisses has béen observed, the
Potsdam fills irregularities in the surfaces of the gneisses.
In these localities, wherever the bedding deviates.from‘the

horizontal, the dip is practically always away from the gneisses

32
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(Clark, 1944b, p. 254). In most of its exposures the Potsdam
sandstone is approximately horizontal. Dips are rarely great-

er than 5° (Ells, 1895; Clark, 1952, p. 21).

"Wherever the Potsdam sandstone is succeeded by
younger strata, these are always the dolomites of the Beekman-
town group" (Clark,1944b, p. 255). It would appear that in
some localities the two formations grade into one another,
whereas in others they are disconformable. Among those who
considered the Potsdam sandstone and Beekmantown dolomite to
be conformable are Logan (1852, 1863), Ells (1895, 1896a),

Ells and Barlow(1895, and Cummings (1915). They considered the
Theresa formation to be thé "passage beds", or the gradation

of the Potsdam sandstone into the Beekmantown dolomite. Wilson
(1946) considers the Nepean sandstone and Beekmantown dolomite

to be conformable. Most of the recent workers in Quebec con-
sider a disconformity to exist bgtween the Potsdam formation and
the Beekmantown gfoup (Parks, 1931, p. 15; McGerrigle, 1938,

p. 43; Clark, 1944b, p. 282; 1952, p. 125). As the present work
involves only the top 504 feet of Potsdam sandstone core from one
drill hole the writer is in no position to express an opinion on
the subject. However, one of the reasons given for the existence
of such a disconformity by'some of its proponents, is the pre-
sence of many wind-blown, rounded, frosted and occasionally
pitted sand grains in the Theresa formation, whereas the Potsdam
formation is made up mainly of angular, bright, waterborne grains.

In the examination of several thin sections from the top 504 feet
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of Potsdam sandstone from the Mallet well drill core, the

writer found good evidence (Plate XII, fig's 1,2). that most

of the sand grains that are now angular owe this angularity

to authigenic (secondary) growth subsequeﬁt to deposition, and
that most of the grains were originally rounded to well rounded.
In such cases the individuai grains have generally been cemented
firmly together by silica. When such a rock is broken, the
break tends to extend right across the grains so that they would
appear bright and angular. Another suggeétion is that a very
thin coating of secondary silica would probably reduce the round-
ness of the grains somewhat and cover up the dull, frosted sur-
face so that the grains would appear bright and shiny. At the
same time, as only a relatively small amount of silica had been
added, the rock would not necessarily be well cemented. Because
of its dolomitic cement the sand grains in the Theresa formation
would have little chance to become enlarged by authigenic
crystallization of silica. The writer does not mean to suggest
that a disconformity does not occur between the Potsdam forma-
tion and the Beekmantown group; bﬁt that the relative rounding
and frosting of the grains as they are now observed may not be

of much use as an indication that one does exist.

D e

Good descriptions of the Potsdam sandstone have
been given by various writers, among which are Logan (1852a,

1863), Parks (1912, 191L4), Clark (1944, 1952), and Wilson (1946b).
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The information given below applies principally to the
Potsdam sandstone in Quebec, and has been taken mainly from
the reports mentioned above,

The Potsdam sandstone is predominantly a white .
sandstone containing over 99 percent of quartz grains. Accord-
ing to the definition given by Krumbein and Sloss (1951, p.130)
the Potsdam may be called a pure quartz sandstone. It is rare-
ly, grey, blue-grey, buff, yellow, brown, pink, reddish or
greenish. The grain size ranges from a conglomerate with
pebbles up to 6 inches in diameter (up to 2 feet in diameter
in eastern Ontario - Ells, 1904), to a fine siliceous ‘shale,
although most of it is a hard, even, fine-to coarse-grained,

pure quartz sandstone.

The rock is commonly bedded with the thickness of
the beds ranging in size from paper-thin laminae to beds 4 feet
thick, although few are greater than a foot thick. The bédding
is shown by changes in colour and grain size. Beds of conglo-
merate commonly occur at the base of the formation and contain
pebbles and boulders of the underlying Predambrian gneisses.
Cross~bedding is nearly always present, although in places the
bedding is remarkably uniform. Ripple marks are common and
mud cracks are present occasionally. Fossils are rare, althoﬁgh
locally Scolithus, presumably a worm burrow, are common. The
quartz grains are commonly rounded and frosted; but the greater

number of them are angular, bright, water-borne grains.
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For the most part the Potsdam is cemented by
silica and is a good orthoquartzite; but in places, particu-
larly near the top, calcite and dolomite act as cementing
agents, while in a few places iron oxide or a white argilla-
ceous material cements the grains together. In places. the
grains are so poorly cemented that the rock crumbles easily

in the fingers.

In addition to quartz, a few feldspar grains are
occasionally pfesent, though rarely in sufficient amounts to
make the rock a feldspathic sandstone (Picher, 1917). Thin
beds of siliceous shale are present,but rare, although minute
black laminae are common. Some layers contain microscopic
grains of heavy residue minerals such as garnet and magnetite.
Pyrite, biotite, kaolin, limonite, and flakes of shale are

common locally.

Thickness:

According to present knowledge the Potsdam sand-
stone in Quebec ranges from O to 1,696 or more feet in thick-
ness, the latter figure being the thickness of Potsdam drilled
through in the Mallet well at Sainte-Thérése without reaching
the base of the formation. Although outcrops are scarce it
has been established that "within several scores of miles of
Montreal, the sandstone 1is rarely more than 200 feet thick,
and nowhare more than 600" (Clark, 1952, p. 22). Throughout

most of the area in Quebec underlain by it, the thickness of the
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'
formation probably ranges from zero to only a few hundred feet,
the greatest measured thickness being at Covey Hill (former-
ly Hemmingford Mt.), along the international boundary 33 miles
south-southwest of Montreal, where it is said to be 540 feet

thick (Logan, 1863, p. 88).

Clark (1952, p.22) concluded that the 1,696 feet
of Potsdam sandstone logged in the Mallet well was a local de~
velopment "over a restricted and specialized topbgraphy". In
explaining the occurrence of this thickness of sandstone
Clark (1952, fig. 2 and p. 24) says that it '"can best be
explained as the result of the filling 6f a channel or gorge
which had been dug in the old *'peneplain®", or of a structural
depression antedating the depoéition of the Potsdam sandstone.
Clark (1952, p. 24). also concluded that there was a relief of
at least 3,000 feet on the old surface, so that at least local=-
ly the old surface possessed a relief comparable to that of the
present Laurentians. The writer is unable to suggest a better
explanation of the abnormal thickness of Potsdam sandstone en-

countered in the Mallet well.

Fossils and Age of Potsdam:

For the most part, the Potsdam sandstone is devoid
of fossils. The few fossils that have been found in the
Potsdam have been described by Logan (1852, 1863), Owen (1851,
1852), Billings (1856), and Clark and Usher (1948). The worm

burrow Scolithus is common in some of the beds, and the giant

~
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trails Climactichnites and Protichnites have been observed

in a few localities. A poorly preserved fragment of a
trilobite was found in the core from the Mallet well (Clark,
1952). Lingulella acuminata is also known to occur, and, on th
the basis of the presence of this fossil and on the existence
of a disconformity between the Potsdam formation and the
Beekmantown group, the Potsdam is generally considered to be

Upper Cambrian, although it may in part be Lower Ordovician.

The age of the Nepean sandstone, which is probably
of the same age as the Potsdam, has been discussed by Wilson
(1946b, pp 16 - 17), who believes that the Nepean sandstone
was probably deposited in earliest Ordovician times. One
reason given for this conclusion is the absence of any ap-
parent break or disconformity between the Nepeah formation
and the Beekmantown group. Also, the evidence from fossils

is considered to be too indefinite for exact correlation.

Uses:

The Potsdam sandstone has been used for building
stone, and the Nepean sandstone, which has better prerequi-
sites, is still used for building. Formerly, the Potsdam
sandstone was used for road material; but it{was found gen-

erally to be unsatisfactory.

At the present time the St., Lawrence Alloys

Company at Melocheville uses Potsdam sandstone in the pro-
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duction of ferro-silicon (Clark, 1952, p. 25). Certain

beds of the Potsdam are pure enough for use as glass sand.

The Mallet Well

General:

The following discussion is based mainly on a
megascopic examination of the top 504 feet of Potsdam drill
core from the Mallet wéll. In some instances, however, in-
formation obtained from microscopic studies has been uéédn

wherever it helps to round out the picture.

Rock Type. As it is observed in the top 504 feet of Potsdam
sandstone core from the Mallet well, the Potsdam is!predpm-
inantly a white, cross-bedded sandstone, with quartz gréins
making up approximately 98 percent of the rock (obtained from
Graph No. 1, p. 37). According to the definition given by

- Krumbein and Sloss (1951, p. 130)the Potsdam may be called a
pure quartz sandstone. Rarely, fihe—grained conglomerate
bands occur, never more than 5 inches thick. Shale bands are
equally rare, and have a maximum thickness of 1 foot 8 inches,
but are usually less than one inch thick. Shaly partings and

smears, or wisps, are uncommon,

Colour., The rock is predominantly white, but in places it is
light-grey or rust-coloured. More rarely it is buff, yellow-

ish, reddish, pale-green to green, greenish-grey or grey.




The rust colour is often distributed in bands or spots and

is probably formed by the weathering of authigenic crystals

of pyrite or of a ferruginous carbohate. The various shades
of green are observed mainly in the shaly bands; but are some-
times obserwed in the matrix of the quartz sandstone where

the green colour is due mainly to the presence of chlorite

and clay minerals. In one or two cases the green colour may
be caused by a stain. The greatest variations in colour
occur toward the base of the 504 foot core section., A de=-
tailed log of this section is given in the appehdix

(pp. i - xxxix).

Grain Size. The grains range in size from

granules up to 4 mm, in diameter, with rarely a few small
pebbles up to 12 mm (% in.) in diameter down to particles
of clay size (0.0017 mm.). Most of the grains, however, are of

fine to medium sand grain size. (Table VII).

Rounding and Frosting. Rounded and frosted
(presumably wind-blown) grains occur pracmically‘throughout

the core (Appendix, pp. xxxviii - xxxix), and make up the
bulk of the rock in 217.5 feet of the core, whereas 250.5
feet of the core contains mainly subrounded to angular
vitreous grains. Much of the angularity and brightness shown
by grains in the latter group appear to be due to authigenic
crystallization of silica, so that probably much more of the

rock than now appear was originally composed of rounded

4O
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frosted grains. In addition to being frosted many of the

grains are pitted.

Bedding and Inclusions. Bedding is practically

always apparent and shows up because of changes‘in colour
and grain size, the individual beds ranging in thickness
from paper-thin laminae to massive beds approximately 3

feet thick. Most of the beds are composed predominantly

of fine-to medium-sized sand grains, these two grain sizes
being commonly interbedded. Cross-bedding is nearly always
present, although a few massive beds are present and some of
the beds of shale possess uniform bedding. Assuming the drill
hole to be vertical, dips range from horizontal to a few
degrees in regular bedding and up td 35 degreses in cross-
bedded parts, although the dip in the latter is generally

- considerably less.

Thin beds of shale occur throughout, but are
particularly abundant in the basal part of the core and
range in thickness from minute laminae to a bed 1 ft. 8 in.
thick at an elevation of 1243,.5 feet above the bottom of
the drill hole. Usually the beds are less than 1 inch thiék.
The shale is commoniy thinly laminated and frequently con-
taines small inclusions of white quartz sandstone, Grains
of quartz ranging from fine grained to granular are also
common in the shale. Many tihy sericite flakes and pyrite
crystals are frequently observed on the face of shale part-

ings much of the shale being somewhat calcareous.. What
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appears to be a lamina of calcite occurs at an elevation of
1452.5 feet above the bottom of the drill hole. In another
place the outline of a minute black lamina resembles a
stylolitic structure which may have been caused by differ-
ential settling of the sand grains priorkto cementation, by
pressure solution along the boundaries of the grains
(Pettijohn, 1949, p. 48l), or it may be the result of the
solution of a lamina of limestone. At 1244 feet, what may be
a band of chert 1 inch thick occurs approximately 2 feet be=-
low lamprophyre intrusions of alnoite (principally biotite,
olivine, pyroxene and/or hornblende, melilite; feldspar

free) and vibetoide (pikincipally hornblende, titanaugite,
titaniferous magnetite, apatite; lacking in olivine, biotite,
melilite)., More probably it is very fine-grained quartz sand-

stone that was recrystallized by the instrusions.

Flakes and nodules of shale up to a maximum of 1
inch across, in some cases calcareous, occur at various hori-
zons. A large number of these inclusions appear to have been
rolled and possess wispy terminations. It is possible that a
thin bed of shaly material was laid down on the sand and then
slightly indurated. Later due to changed conditions, this
shaly band was broken ﬁp and largely destroyed, except for a
few particles which were rolled or transported, a short dis-
tance at the most, before coming to rest in a little hollow,
or some place where they were protected from erosion. These

particles were then covered up by sand grains and hence were
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preserved. Several inclusions of sandstone occur in these
shale flakes and nodules. These may have been picked up by
the rolling shale particles and rolled up into them, although
they may have been present in the shaly band before it was

broken up.

As mentioned on p. 42, the shale laminae and
beds frequehtly contain small inclusions of white quartz
sandstone. The writer believes that these inclusions may
have been broken from a main body of sand grains, which were
at least poorly cemented together, and then deposited in the
'shale during times when wave action was more intense, as for
instance during a storm. These sandstone inclusions are gen-
erally fine~grained which may indicate that they were broken
from a bed of sandstone occurring adjacent to the area where
the shale was being deposited. Probably the shale beds con-
taining the sandstone inclusions are only local lenses which

were deposited in depressions in the sand.

Sorting. Mineralogically, individual layers of Potsdam
sandstone are almost invariably well sorted, the beds con-
taining little else but quartz grains. The beds of shale

are composed mainly of quartz grains and clay mineral grains.
and crystals. In many cases quartz comprises much of the

shale beds (Table IX, H.M. Sep'n Nos. A, B, 47).

The Potsdam sandstone is also generally well

sorted as to grain size, especially in the finer grades.




In the coarser-grained beds, however, two grade sizes or
modes are frequently present, each grade size generally well
sorted in itself. Thus coarse grains occur in a fine-grained

matrix, with only a few medium-sized grains present.

Pettijohn (1949, pp 39 - 45) discussed this
phenomenon of polymodal distribution together with the
various explanations given for it. One explanation is that
the finer grains correspond to the suspension load and the
coarser grains to the traction load. Other explanations are
that it may be due to incomplete mixing by natural agencies;
that it may be produced by entrapment of the fines in the
interstices of the c¢oarser grains; or, that there may be a

dearth of material in the intermediate grade size,

At various horizons throughout the drill core
fine-and coarse-grained bands alternate with very little
gradation. Considering the general evenness of grain sizes,
during the deposition of the coarse-grained bands, the
coarse grains were probably deposited from the traction load,
while the finer grains in the suspension load were carried on
and deposited elsewhere, After a coarse-grained bed had been
built up, a reduction in current velocity occurred; hence |
fine grains were then deposited and carried in the traction
load. Because they were carried in the traction load, fine
grains continued to be supplied to the Mallet well site of
deposition. Immediately preceding the reduction in velocity,

medium-grained material was being carried in suspension with

Li




finer grains. When the reduction in velocity occurred the
medium-and fine-grained material, in suspension above the
site of deposition, was deposited. This accounts for the
medium~-grained material in the gradational areés between the
coarse~and fine-grained bands. The reduction in welocity
must have occurred fairly suddenly in order to prevent much
medium-grained material from being supplied to the Mallet
well site of deposition. Before the reduction in current
velocity occurred the medium-sized grains were carried

past the Maliet well site of deposition and deposited else-
where, and after the reduction in current velocity the
medium-sized grains were deposited before they reached the
Mallet well site of depésition. Thus at any one time fine

grains were being deposited at one locality, medium-sized

L5

grains at another and coarse grains at still another locality.

A second possibility is that because of the grain
sizes of the source rocks, and for other reasons, very little
medium-grained material was being supplied to the area at the
time of deposition of the alternating fine-and coarse-grained

beds, This may also explain the very small number of beds in

the core section that are composed of grains larger than the

coarse-grained size,

Cementation, Most of the core is cemented by
silica which occurs in the interstices and as authigenic

growths on the quartz grains. At many horizons the grains
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are so well cemented that the core breaks across the grains,

Carbonate, mainly dolomite, is also a cement in
many beds. The vertical extent of the beds so cemented 1is
generally small, except at the top of the section just below
the Beekmantown group where the main cement is dolomite.
Dolomite is the principal carbonate cement, although calcise
and siderite also occur. In some thin sections calcite can be
plainly seen to have crystallized in the interstices. At sev-
eral horizons silica and carbonate.are both present as cement-
ing agents, whereas in others, beds cemented with silica alter-
nate with beds cemented by.carbonate. Insufficient evidence
was obtained to determine whether all these cements are
primary or whether one replaces another., In the cases where
carbonate-cemented beds alternate with silica-cemented beds, and
where silica aﬁd carbohate cements occur together, it would
seem that, if one replaces the other, the silica probably re-

places the carbonate. This is indefinite however.

Occasionally white to light—green argillaceous
material, possibly one or more minerals of the Kaolin group,
is the cementing agent. Rarely pyrite and iron oxide appear

to be the principal cementing agents.

The core is generally well cemented, although in a
few places core is-missing probably because it crumbled during
the drilling operation, and in fact in several places the core

can be easily crumbled by hand. The sandstone often has a
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sugary texture where it is poorly cemented. Generally the
well cemented sections correspond to the horizons in which
silica is the cementing agent, whereas the most poorly
cemented sections appear to be those cemented mainly by
argillaceous material. Carbonate and pyrite-iron oxide
cements act as moderately good cementing agents, although in
a few places the carbonate has been largely weathered out so

that the core is easily crumbled.

Porosity. Except for a few horizons in which the
grains are very well cemented by silica, and where all the
pore spaces are filled up by the cementing material, the sand-
stone core examined appeared to be fairly pourous; It was
noticed while wetting the core in order to observe the bedding
better, that in most parts of the core the water readily sank
into the interstices. As the Potsdam sandstone is considered
to be highly porous (Clark, 1952, p. 140), it should be a good
reservoir for artesian water and natural gas and oil for it
rests on and is capped by relatively impervious rock formations.
This observation is not new. Adams and Le Roy (1904, p. 71)
recognized the possibility that the Potsdam sandstone might
possibly contain artesian water, although itdid not seem to be
indicated by the borings for wells, Parks (1931, p. 15)

stated that the lJot;sdaun could be an effective reservoir for

natural gas but that it lay below any oil forming strata.

Minerals. The Potsdam sandstone drill core that




a

DNISSIW
SNT§31

, B S W
i ] il T ! T ] SR R
1 I i "k.“._w.m_.. ] {1 + : & L LS ) o
_ g T g Y 13 1 B g8 __h I T S [ g H
Tk i ) __,__,v_. _ e = i ____ 1....‘ 2 B il 15 T 2
SSARRRAAEW L L] | M HH _*:-.mk ,:__W;_m_“;._f:._“ 11 PR L
1 s __f?;.___t_ BEnst Il RadnNsn EEpARnEgR AN s s u AN Ve PR BERE - - - wd G S
I | VT ””.._._m:m:_ REGREEN EAEsn | :..,m_ gedisaRnn ___,_.,m.:____ Lffq ﬁ.w.ﬁ.*#,IL“
SRR HEE LR gamaned &8 T BEEERESEARNRE W:_:‘}.i;_ R A A
._“ .Hﬁ ___.. ﬁm_u.f_- ,,,.__7 ﬁ_ ,__f_ _m.._. ﬁﬁMd . ~,h_,..“ ,.”»..._._..mw....., .._.w“ ,._ T H
" B L U H U e T R B AEER SN S .m RESEaRE=aRk FUE E AR P MR
1= ) R A A [ I o | { .—__~ .4._, } 3 R T | | T t
_ L] . 0 O [ 1 i i o o et ot | f__fﬁ__n W_WJ,,.»;‘_;L_._.;,“.._}.,_.
' RERR TR L1 FUETE LT | i 5 e S __._;‘2_.“..,..W::w.,__tri,i
ARERANEOAEEdSUARNNER _;;_ FEEELE BT B * FLLETET ___:_____.;.;:t;__" PEE A e
! [ & [ . m . ” [ ] 2 1 5] o I o i
O TR TR TR | S EH TR EEuagaia e fddaln mmasn
! i ::_:_ _;A__:m__ H T gEEsRRRadsiRassddassunauisRpSinasdauuaniuigasiy H
. {11 | | e e 1 i 0 a8 [ ] _ 1 il i ) ) t SEERES NN tlteqoNl - 18 9
.;_d;_f. ErTRET RS - IO Ly P PSS UTHL =1 @ | = ettt
t1 .;r_____%‘__f_:_i: BERE .msmﬁmnj_on%mmps‘_.gwijwﬂ mt;: BYREEY Saggemdnugiu;
A : I __,.m_k .,_,,___ s 1 5 g - | g st : v I T .r | e
I EEEE L L | : | [ Lt | w..,.ww_ FEr T e Pdobs 20y
5 uw” R,___“,,_ W'_A.*‘_ _Lﬁﬁw_m#_q _| u ___% __ .m_f_w .ra—_,_ﬁ...—w_“ '] .w,_ “rq il »_...1;. 1
A I (O o o | | | } | T E e 2 - et o g o kil t I . s 1 - B
! i | .“_h_ 1_ { _._i i _“ _f__‘ﬁ "__1,...m__, & S 111 I
i | 111 [ | | f_%_.n__ 11 __ _“ _A rrdbu CrT L ___h n_...w”_ sz 1 esler | i
..... gas suffatSinsy ;_ :_L__“‘KNL:;TT. 'q q"_i_st&m. e o,wa«.,..___ gglstr [TV T 1 w1 R EmEE GRS EAREE EEEH e
| F 1 Ll (8 { | i | | ) ' 1 i .._. i
RR& | | RS S GUBREREEC I USSNSEN 1T T B 8 ala * Il | | ﬁ : ENE NS EE
. der | 95T/ 9£ €/ i TTi L i cle N ¥ s i P L A HH I “ . ;
LAl z I | umﬂw, , 1| i | {214 _“ “n .,ﬁ__, _“,”_ | _,M X ﬁd. ” __?_m __H .._m_ I
T TSI RREEH Y ARRR | R ARRR S R | g
b _ . _ HIERR : EEEARERERER L] [l bttt bod i
| iE T ] RaAN S I m___ , _ﬁ_AA tLE g B EEQREREn: RSt anS s ¥
A il | | I N RS Sy _ L e _ ] N
. {1 _ ;mﬁ [ | L : _ 1_ Am_ m__.“ i | k j_...** _ _ o o Bl P10 X R i
{4 O I'm Il |4 __‘ | “—m,.l._ + | , - ._ | _.,,._..‘ { il i
‘ Liid ‘“_H % NI E R | NERCIGRASR wi_” _ *“ b _ ,uo__.._l..f. L
| . —_— .k | 1 | | | Yl I g Lidasd ] 3 - § =11 i | oy
o. | bl NW _. { | | _ i =) | { T | 5 S5 S 1t I
Q [ i | i | ) 4o ! & 44t t i OIS
x P _ﬂ ﬁ w | A ERes _ ﬁ_ __ _ B : : :
i | [ { {
m _ _ il A | 4 E ‘ ,,_m & _LW = 1
| 3 B {18 Rk waEs | | H 3
w
N.,
-]

JAIOLIAIAFTLIBNTY

A, i | _ o k 4
| L , ___ Ll ] = |
| L LR H - phil] o |
Il B d L et bttt b e Iy 48 L
Pt ,__, u * | ,_ m 1 W 2 N ¢
! 1 i I i = | A
| i BRE ﬁ . _ | 1] oyt ;
“i L THT i __u e 3 ]
1t 1 ! SR H_An,.r W __ T _ W t i ainE i ==t
1 | i | . ! : : ] ’
1] I 1 | T _ﬁ | i % L " A'_h | St 1 ! I
- ISR 148 Ipqass | RESRRSE P e |
! |11 | | + 1 po : A i R T R IR :
! ' (| | i1 i P 4 ] ey
il .,_, { ,, | _ ﬁ_aL ] 5 =
" I8 [ R h 1] | — EARDE 228
m Hgd = L TTELEL] F4RNE _ j
: it Ll gy . m H NH_“ HrtTrsd
i kRS “ ! RER Lo bl SERSNERYEC TS
1t i | I I SpgsRnn
2L | Rl I LA L :
{ - { | ! : = 1. - 16 | i
v g | e = 52 - — $-3 1 .
,_...W _ m_ jl._TT _‘. _w.,.1 L H i 1.4 ‘v.«t“. 1
& L | B AslAg dlm,muﬁ_.m_m HEE I P M
R TR 40 5 NIne A | tH FE e £ ER
R g ol 1 e T i1 Mttt
| Bl 5 | __ ﬁ [iaigt r.W .A_.,_..._ = | 434 :
o] I _" 1 | { w H 1 ol S O I :
] HEEE _._~ 1 11 | WY B T 1
kqh_ __ .__H_;A,, _—_g i L _,;n. _ _mm_ L _“.__ SPRTRY 8 -.1“.
P ” LT 1] __“ T | .“.Whi”:fi_.ﬁ_f nEnk 1* !
T LT T P _ .___ M_ _# m:flm_: __ W_T_ 1 _ “Mm: u-.‘“
SERYERNERRRONETY SBERREEE it ! SEd : .i:.m;j_u aEHE ks SRR
: T TTIt(] R [ | . ORI i g . . .
, i EVp b ﬁ_ ___, 1.4 .v‘ e A o hA._~ : : _,.. [ .
i i _ “ _w_ﬂ “;@2___.7 TrEpp e et FERERAGANE § WS W
l} ! 1 _.. 2 T | _.Aﬁ__‘,. h_v .mr | t i i
| L T TR R
|.,,r R i ! ,._ _MA ___ r ____ ,“__,__... . »k., _‘_. 2 A Sam B |
i mk,. .__. ”_“ ] _Hmh..h___ _wn”_ g“‘. ,ﬂ_u | ‘s
| L | HHHITHH SR R il
{ Lo D] 1T L SRENBERNEBEAN _.
i bl EEEESET L
*H _W _u*h .
1 ! .Mu




was examined is composed mainly of quartz grains which make
up approximately 98 percent of the core. This figure was
obtained from Graph I which was drawn up in the following

way. The percentage figures determined for quartz (includ-
ing secondary silica) in the thin section analyses (Table VII)
and in the light residue analyses (Table IX) were plotted as
ordinates and the elevations of the thin section and light
residue (heavy mineral) samples above the bottom of the drill
hole were plotted as abscissae. The resulting points were
connected by a curve which was constructed as follows: A com-
parative examination was made of the percentages of quartz in
the thin section and light residue (heavy mineral) samples,
and the core at the horizons from which the thin section and
light residue samples were selected., The entire core section
was then re-examined and the percentages of quartz grains,
occurring in the core between the points at which the above
samples were taken, was estimated. Finally a curve was drawn
on the graph connecting the points mentioned above. Chemical
analyses have been made on samples from other districts (e.g..
Clark, 1952, p. 151). which show that the Potsdam contains 99
percent or more silica. Considering all the possible errors
involved in making Graph I, the figure of 98 percent that was
obtained agrees surprisingly closely with the chemical analyses
mentioned above, Some of the quartz grains appear to be

aggregates of smaller grains cemented together,

In addition to quartz, flakes of clay minerals are

L8




often observed in interstices, nodules, and in beds of shale:
Carbonates, mainly dolomite, but also calcite and siderite,

are seen occasionally crystallized in the interstices. Cal-
cite occurs rarely in tiny veinlets (Plate III; Fig. 2),

and as nodules to 3 inch across. OSometimes carbonates are
present in sufficient quantities to warrant the term calcar-
eous quartz sandstone (Pettijohn, 1949, p. 237, after Grout),
the adjective in@icating the cement. .Euhedral crystals and
irregular masses of fresh to occasionally weathered pyrite

are usually observed. A few feldspar grains ére generally
present and have weathered to a soft white mineral (kaolinite ?)
on the surface. In one or two instances feldspar grains are
present in sufficient numbers for the rock to be called a
feldspathic sandstone (Pettijohn, 1949, p. 227). Rounded pink
garnet grains are but ramly present. Rounded, black,opaque
grains are sometimes present. Most of these believed to be
tourmaline, although some are probably magnetite, ilmenite,

or rutile. In one or two places irqn oxide, mainly limonite,
is present in sufficient amounts to warrant the name quartz;iron
oxide sandstone (Krumbein ahd-SlOSS, 1951, p. 130). Other min-
erals still more rarely observed are serpentine or chlorite,
biotite, and possibly talc. Sericite flakes are common on the
faces of shale partings. A few crystals of gypsum were ob-

served at one locality in a shale lamina.

A list of minerals, including those mentioned above

and those observed in thin section and light and heavy residue
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analyses, is given in Table V., Whether each mineral occurs
as detrital grains, authigenic growths and crystals, or in
both fofms, is also noted. The minerals examined

microscopically will be discussed in subsequent sections.
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Table V - List of Minerals, With The Occurence,

the Top 504 ft. of Potsdam Sandstone, Mallet Well,
Ste. Thérése, Que.

Actinolite
Aegirine
Albite
Anatase
Andesine
Anhydrite
Anorthoclase
Antigorite
Apatite
Augite
Biotite
Brookite
Calcite
Carbonate
(Undiff.)
Cassiterite =
Chalcopyrlte -
Chert
Chlorite
(Undiff. )
Clay Minerals-
(Undiff.,)
Diopside
Dolomite
Enstatite
Epidote
Feldspar
(Undiff.)
Fluorite -
Garnet -
(Undiff.)
Gypsum -
Hematite -

e OO Dougurogu > UU:Dtj PreUpooouour-oouoo

Note:

D - detrital,

Hornblende
Hypersthene
Ilmenite
Iron Oxide
(Undiff.)
Kaolinite
Kyanite
Lawsonite
Labradorite
Leucoxene
Limonite
Magnetite
& D? ‘Mica
& D? (Undiff.)
Microcline
Monazite
' . Muscovite
& A Oligoclase
& A? Orthoclase
Pigeonite
& D? Plagioclase
(Undiff.)
Pyrite
& D? Pyroxene (Alt'd
Quartz
& A? Rutile
& A Sanidine
Sericite
Siderite
Sphalerite
Sphene
Tourmaline
Zircon

& g
=

[ I R A I I I I B |

wlwlwh g g Jolelwelwk_g

A - authigenicy

CDUUODDUOUYUY gpguourouscoguol» ooy

R &
o >
-

-

®
o
)

& A?

&
>

& A
& D?
& A

D & A - detrital and authigenic with first mentioned
predominating.

? « doubtful.

Undiff. - undifferentiated.
Alt'd - altered,

3

of Each, in
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In Table VI the minerals given in Table V are
listed in the order of their relative frequency of occurr-
ence. The most abundant mineral,quartz, occurs at the top-
of the left hand column and the least abundant at the
bottom of the right hand column. The order of these miner-
als was determined by comparing the relative percentages
obtained for them in the thin section and light and heavy
residue analyses. Some of the minerals, such as plagioclase
feldspars, and also the carbonate minerals, have been grouped
together., By averaging the percentage figﬁres for quartz in
the thin section and light residue analyses an average figure
of 80 percent is obtained for the quartz grains. However, if
the analyses on shale samples are disregarded an average fig-
ure of 88 percent is obtained. This figure is undoubtedly
low as nearly all the samples were taken from horizons which

appeared to contain the greatest amount of heavy minerals and

accordingly the least amount of quartz. The figure of 98 per-

cent obtained from Graph I is probably close to the correct
value. Clay minerals, carbonates, and feldspar make up over
1 percent of the core, so that all other minerals combined
make up less than 1 percent. This third group is composed
almost totally of heavy minerals, exclusive of carbonates.
Zircon, tourmaline, leucoxene and biotite are the most abund-
ant detrital heavy minerals, zircon being nearly 2% tiﬁes as
abundant as tourmaline, and tourmaline twice as abundant as

leucoxene., Zircon and tourmaline comprise over half of the
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detrital heavy minerals by volume. Carbonates and pyrite,
in that order are the most abundant anthigenic minerals.
Chlorite and clay minerals are probably in part detrital

and in part secondary.

Table VI - Minerals Listed in Order of Relative Frequency
' of Occurrence

Quartz Antigorite
Hornblende
Clay Minerals Epidote
Alt'n Products
Carbonate Cassiterite
Aegirine
Microcline Sphalerite
Plagioclase Pigeonite
Orthoclase Pyroxene Alt'd
Zircon Chalcopyrite
Pyrite Augite
Actinolite
Tourmaline Diopside
Leucoxene Iron Oxide
Biotite Hematite
Chlorite Anatase
Limonite Enstatite )
Chert Fluorite )
Apatite Sanidine ) Equal
Sericite Sphene )
Hypersthene
Ilmenite Anhydrite )
Rutile Brookite )
Anorthoclase Gypsum )
Magnetite Kyanite ) Equal
Garnet Lawsonite )
Muscovite Monazite )




Fluroescence. The core from 1279 - 1338 feet (59

ft.) from the bottom of the drill hole was examined by expos-
ing it to ultra-violet rays. Fluorescent and occasionally
phosphorescent areas were observed to occur, apparently as
rare isolated grains. No attempt was made to determine the
mineral, or minerals, possessing the properties of fluores-
cence and phosphorescence., It was noted that no new or dis-
tinct mineral was found in the thin sections, or light and

heavy residues in the vicinity of the above areas.,

Intrusives. Five small igneous dykes or sills in-

trude the Potsdam sandstone at elevations of 1300.5 - 1303.5
feet and 1246 - 1257 feet, the largest one being 3 feet 9
inches thick. As observed in the drill core these intrusives
appear to occur parallel to the bedding of the sandstone and

if such is actually the case, these intrusive bodies are sills.,
It would not seem likely that the contacts of 5 dykes would all
appear to bé conformable locally in the same vertical line,

although this might be the case.

Near the intrusive contacts the Potsdam sandstone
is glassy and recrystallized. Shaly beds are indurated,
possess a slightly baked appearance, and have a larger number
of sericite flakes developed along the parting planes than is
usual. The metamorphic effects extend from L - 5 feet into

the Potsdam sandstone from the contact,

Two types of intrusions are present which probably

ok
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originated from the same magmatic source. In three of the
sills, the rock type is alnoite which ranges from light-
grey to dark greenish-grey, and from fine-to course-grained.
Phenocrysts of calcite and biotite up to 6 millimeters

across are often present.

Two thin sections were examined and in addition to
calcite and biotite, phenocrysts of olivine, augite and
hornblende also occur., Calcite phenocrysts occur as indivi-
dual crystals and as crystal aggregates., The rock was
observed to be holocrystalline, melanocratic, allotrio-
morphic, and to possess a porphyritic texture., The range in
grain size is from 1:500 to 1:1700. Biotite makes up to L5
percent of the rock and occurs as colourless to brown, pleo-
chroic, anhedral to subhedral, shredded, tabular crystals
which have an optic angle of almost O degrees. Olivine is a pro-
minent constituent and occurs as anhedral colourless erystals
which are generally much altered to chlorite (mainly anti-
gorite). and magnetite along the edges and fractureé. The
optic angle is large, nearly 90 degrees,and the sign is posi-
tive in some crystals and negative in others. Therefore, the
olivine is mainly the subspecies chrysolite. Ilmenite, bart-
ly altered to white to yellowish leucoxene, occurs as irregu-
lar opaque masses. Anhydrite is believed to occur in one of
the thin sections (No.19) examined, either as an original min-

eral or as an alteration product. It occurs as colourless,
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anhedral crystals associated with calcite which generally
surrounds the crystals. The crystais are biaxial positive,
have a moderate optic angle, and show high birefringence,

They also have cleavage in three directions at right angles,
the cleavage being perfect in two directions and good in the
third. Extinction positions are parallel to the cleavage
traces., Part of the thin section sample was crushed and the
indices were determined, by using index oils, to be: Nx - 1.570,
Ny - 1.577, Nz - L613. Analcite crystals are present as
colourless, isotropic sheaves, Magnetite, as distinct cry-
stals and anhedral masses, comprises up to 20% of the rock,

and melilite and nepheline are present in quantities up to
10%. Anhedral crystals of yellowish-brown melanite were pre-
sent in one of the thin sections. Other minerals present are:
apatite, mainly as inclusions in biotite, cancrinite, mesolite,
perovskite, pyrite, and rutile,

The second type of intrusive, of which one thin
section was examined, was found to be vibetoide (Eckermann,
1948). It is a dark greenish-grey, fine-to coarse=-grained
rock with a poor porphyritic texture. In thin section (Plate
IT) it was found to be holocrystalline and melanocratic with
and allotriomorphic groundmass containing phenocrysts of
pyroxene, mainly augite, biotite, and olivine. The range in
grain size was estimated to be 1:1050., Approximately 30 per-~
cent of the rock is composed of euhedral crystals of a pale-
brown augite which may be ferroaugite. These crystals often

show excellent zoning (Plate II),
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Plate II

Vibetoide: T.S. No.22,x16, crossed nicols. au - augite,
hb - hornblende, ol - olivine, pl - plagioclase. Tiny
black crystals in groundmass are magnetite. Also in
groundmass are: melilite, nepheline, plagioclase
wollastonite, zeolites (e.g. analcite, natrolite).
Some of the crystals have optic angles as low as 20°; these
may approach the composition of pigeonite. Pale-blue anomo-
lous interference colours are frequently observed around the
periphery of the zoned crystals. Hornblende also makes up to
30 percent of the rock and is present as rather small, euhedral
crystals which are pleochroic from pale yellowish brown to
brown. Some of the crystals have almost parallel extinction

and are believed to be basaltic hornblende. Zeolites, such as

analcite and natrolite, occur in the groundmass as radiating
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and bladed crystals, and crystal agreegates. They com=-
prise 25 percent of the thin section examined. Magnetite,
possibly in part ilmenite, comprises 10 per cent of the
rock. Other minerals occurring in the groundmass are:
apatite, calcite, chlorite, enstatite, melilite,
nepheline, olivine, pyrite and wollastonite. A few long

slender crystals, almost needles, of twinned albite also

occur,

It is obvious from the petrography of these two
similar rock types that they originated either from similar
bodies of magmd, or from the same magmatic body. The latter
is probably correct. These so~called sills are probably of
about the same geological age, although no proof was found

of this., They are correlated with the Monteregian intrusives.
Thin Section Analyses:

The method used in examining thin sections has al-
ready been described (pp.10-17). Twenty-one thin sections
were prepared from specimens of different facies of the
Potsdam in the top 504 feet of sandstone core from the Mallet
well., The results of the microscopic analysés of these
sections are tabulated in detail in Tables VII and VIII.

Those features which were observed only in thin sections

‘will now be discussed.
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TaBLE VII - THIN SECTION ANALYSES
MALLET WELL, STE. THERESE, QUE.
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Plate III

Fig. 1 - Sandstone: T.S. No.l18, x 16, crossed nicols showing
fine bedding. Clay mineral in interstices.

Fig. 2 - Shale,Shaly Sandstone: T.S.No.23, x 16,crossed nicols.
Small movement along joint on right side with a calcite
veinlet formed along the jointing plane. Shale band has
been partially eroded, top centre and left. Visible
grains mainly quartz.

I - Area of lighter colour with pyrite around periphery.
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Bedding and Small Structures. Bedding was observed in

practically all of the thin sections and was shown by
differences in grain and colour (Plate 111). The beds generally
have low dips, are even-grained, and tend to die out within a
short distance horizontally. Several beds of various grain
sizes were observed in some thin sections, although the corres-
ponding hand specimens appe;fed to be of uniform grain size.

In thin section 18 (Plate 111, Fig 1) nine tiny beds, with |
grains ranging from silt size to fine-grained, occur within a
thickness of 13.2 mm. Laminae of shale 0.03 mm. thick were ob-

served in another thin section.

Several beds have a conglomeratic texture (Plate 1V,
Fig 1) with some larger grains, up to 3.8 mm. in diameter in one
case, occurring in a very fine-to coarse-grained matrix. The
grains in the matrix are more poorly rounded than the larger
grains. Generally the beds are even—grained, and have little
or no matrix. In soﬁe cases however, the matrix forms the bulk

of the rock.

In many cases the matrix also acts as the cement; but in
most instances the cement, which is generally quite minor, was
introduced after the deposition of the detrital grains. The
cements observed in thin section are; silica (mostly quart.gz, rare-
ly minor chert), dolomite, calcite, siderite, pyrite, iron oxides,

and clay minerals. Where the cementing material is not S;Iica,
authigenic growths are invariably lacking, and the quarggx;;gain,

predominantly rounded to well rounded.
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Plate 1V

Fig 1 - T.S. 1, x18.5, plane polarized light. Contact with
Beekmantown group. Rounded quartz grains, some of
which are "floating" in a dolomitic cement. Some
larger grains are cloudy and show rows of inclusions.

Fig 2 - T.S. 12, x16, plane polarized light. Rounded quartz
grains "floating™ in calcite cement. Some of quartz
grains show rows of bubble inclusions; others are cloudy.
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In a few sections, quartz grains appear to be "floating"
in dolomite (Plate 1V, Fig. 1), and in calcite (Plate 1V,
Fig. 2). Anderson's explanation as given by Pettijohn (1949,
p. 483) is regarded by the writer as the most plausible ex-
planation of this phenomenon. He suggests that, in such cases,
the rock was originally a mixture of clastic quartz and clastic
carbonate. The clastic carbonate was probably deposited as
shells and other calcareous material which was readily
dissolved and reprecipitated, thereby losing all traces of its

clastic origin.

Three other explanations afe offered by Pettijohn
(1949, pp. 483 - L48L4). The first is, that the quartz grains
only "appear" to be isolated., This is true in some cases,
The second, after Waldschmidt, is that the quartz grains have been
pushed apart by the force of the interstitial cement on the
growing crystals. The third explanation is that the separation
of the quartz grains, in some cases, appears to be due to
corrosion, the smaller grains and borders of the larger grains
being replaced by calcareous cement. In some of the thin sections
examined by the writer (Plate 1V, Fig. 2) quartz grgins appear
to have been slightly corroded; but not enough to effect a
separation of quartz grains. In thin section 1 (Plate 1V,
Fig., 1), the linear alignment of the isolated quartz grains

indicates that these grains may have been deposited in chemically
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precipitated carbqnate during fluctuations in the carrying
power of the currents. In thin sections 1 and 12 (Plate 1V)
the carbonate appears to have been slightlj broken up, and

the particles subsequently recemented together. This, however,
fails to indicate whether the carbonate was first deposited

chemically, or as clastic carbonate.

Lenses and nodules of sandstone, ranging from a fraction
of an inch to several inches ih diameter, and containing a
calcareous cement, occur throughout the length of core. The
lenses grade into areas containing a siliceous cement. It is
not known whether the carbonate cement is authigenic or allo-
genic in these lenses and nodules; but the writer thinks that
these areas, especially the nodules, may indicate the presence
of former shells, and other calcareous material which was

deposited with the sand grains and subsequently recrystallized.

Some thin sections (Plate 111, Fig 1) reveal small
channels which have been eroded in shale laminae, with subsequent
deposition of coarser material in the channels. This indicates
that deposition was discontinuous, and that there were periods
of non-deposition and erosion. The writer believes that these
periods were relatively short compared with the period required

for deposition of the Potsdam sandstone as a whole.,

Within the shale laminae, many small oblong patches occur
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occur which are lighter in colour than the main band of shale
(Plate 111, Fig. 2). Thése areas are usually less than 1 mm.
long, and contain one or more, tiny crystals of pyrite which
occur either near the centre, or around the edges, mainly at

the ends, of the patches., The lighter colour is due to migration
of ions of iron or iron sulphide toward a centre of crystalliza-

tion where pyrite was formed.

Relationship of Grain Size to Roundness and Sphericity.

The values for these ﬁhree properties were determined for
the grains in each thin section and are tébulated in Table V11.
In most cases quartz grains compose the bulk of the rock, there-
fore the values obtained refer mainly to quartz grains. Because
secondary crystallization has, in most cases reduced the round-
ness and sphericity of the quartz grains, the values of these pro-
perties were determined for the.grains prior to authigenic cry-

stallization.

The relationship existing between these three properties is
illustrated in Table V111, which is a rearrangement of the values
given previously in Table V11l. It is observed that both the
roundness and sphericity decrease directly as the grain size
decreases, and that the more rounded grains are also the more
spherical ones. These observations are in accordance with the

conclusions reached by other writers (Pettijohn, 1949, pp. 53 -54;

Krumbein and Sloss, 1951, pp. 81, 84) who have studied mature sands.




65

Table V111 - Relationship of Grain Size to Roundness, Sphericity.

. Roundness Sphericity
Grain No. of 1 11 111 1v V X Y Z
Size Sections

a 3 3 0 0 0 0 2 1 0
b 7 3 3 0 1 o0 2 4 1
c 5 1l 3 1 0 0 0 5 0
d 2 0 0 1 1 0 0 2 0
e L 0 0 1 2 1 0 1 3

Orientation of Grains. Observations of the orientation

of grains were confined mainly to quartz grains. A few observa-
tions were also made of shale minerals, and of a few heavy
minerals, In general elongated grains tend to occur with the
longer of the two observed dimensions parallel or nearly parallel
to the bedding plane. Optical otientation of grains was observed

only rarely in shale laminae and in quartz veins.

Quartz grains and most of the other minerals are generally
elongated in one direction,.and in many of the quartz grains
there is a tendency for this direction to be parallel to the
crystallographic axis. This is in accordance with the observations
made by some writers (Pettijohn, 1949, p. 91). Although the
writer does not know the reason for the.above tendency, he thinks
that it may be a primary characteristic. The elongation of the
quartz grains in most of the thin sections has been accentuated
by authigenic growths, mainly on the ends of the grains and
parallel to the bedding. This is in accordance with Riecke's

¥

principle, and indicates that the greatest forces in operation at
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the time of deposition of the secondary silica were vertical

forces.,

Crystals of shale minerals were found to be generally
elongated parallel to the bedding. In a few thin sections the
crystals also possess a preferred optic orientation, the cry-
stals showing an extinction parallel to the elongation and to
the bedding plane, which in these cases coincided. In two of
the thin sections groups of crystals of shale minerals were found
to possess the same optic orientation. The elongation and optic
orientation of the above crystals of shale minerals (Plate III,
Fig. 2) is believed to have been formed during the period of

lithification of the Potsdam sandstone.

In a few cases a group of carbonate crystals was observed
to possess.the same optic orientation. There appeared to be no
defidite relationship between this optic orientation and the

bedding.

Microscopic analyses were made of 17 of the light residues
obtained from the heavy mineral separations. In addition, micro-
scopic analyses were made of two samples taken from shale laminae
(Table IX, Separation No.A,B). The main purpose of these analyses
was to obtain an idea of the relative amounts of quartz grains

present in the light residues and to determine whether or




Table 1X

Elevation From
Bottom of D,D,H.
In Feet

H.M. Separation No,
Albite

Carbonate

Clay Minersal
Feldspar

Heavy Minerals
Microcline
Oligoclase
Orthoclase
Plagioclase
Pyrite

Quartz

LIGHT RESIDUE ANALYSES

Mallet Well, Ste, Thé}ése, Que,
(Figures are per cent by volume of light residue)
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not good separations of the heavy minerals from the light were
being obtained. As the heavy residues formed one per cent or
less of the original sample, the figures obtained for quartz
in the light residue analyses were taken as the amount pre-
sent in the original sample (Graph 1). The results of these
analyses are tabulated in Table 1X. In many light residues
several grains of heavy residue minerals were observed (higher
specific gravity than bromoform). This contamination could be
reduced greatly by performing an additional separation on the
light residue. Some of the impurities occurred as a result of
the attachment of a grain of high specific gravity to a grain
of low specific gravity, the resultant specific gravity of the

particle being less than the specific gravity of the bromoform.

Heavy Residue Analyses:

Most of the laboratory work for this thesis consisted
of examining the heavy residues microscbpically, and determining
the minerals present, their frequencies, and their physical and
optical properties. At first, due to a lack of previous
experience in examining detrital grains through a microscope,
considerable difficulty was encountered in determining the minerals.
With practice, however, this difficulty was overcome. The results
of the heavy residue analyses.are given in Tables X, X1 and X1l1.
Only those topics related solely to the analyses of heavy residues

will be discussed in this section.
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The method of determining

the abundance of the heavy residue obtained from each sample

has been discussed previously.

These rough estimates were

made in an attempt to ascertain whether any relationship

exists between the grain size of the original sample and the

amount of heavy residue contained in the sample.

In Table X

the grain size of the different samples is compared with the

abundance of the heavy residues obtained from these samples.

Table X ~ Relationship of the Abundance of Heavy Residues to
Grain Size:

Grain Size of Sample BSample Number Total Abundance
Samples A B C D
0S¥ se-Grained 29,33 2 1 1
Coarse-Grained 10,11,19,25,26, 13 5 2 5 1
28,32,34,36,37,
L2, 4,549 '
Medium-Grained 6-8,12,14,15,18, 1L 8 3 2 1
20-23.’ 351‘&84 52
Fine~Grained 1-5,9,13,16,17, 21 510 4 2
2h,27,30731 ’39-41 »
43,45,46,50,51
Very Fine-Grained 38 1 1
Silt L7 1 1
Total 52 18 16 12 6

From an examination of Table X it is observed that the

greatest abundance of heavy residues was obtained from the
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medium-grained samples. It is observed also that there is a
more or less gradual decrease in the amount of heavy residue
obtained as the grains range from the medium both to the coarser
and to the finer-grained sizes. There are several possible
explanations of this. The first is that it was merely by
chance that some of the samples selected (medium-grained)
contained a larger amount of heavy residue minerals than the
others. A few more analyses would be required before this
possibility could be discarded or retained. However, the
writer thinks that additional analyses would emphasize
further the observation made above. The second explanation
is that a larger amount of heavy residue minerals was being
supplied by the source rocks to the site of deposition when
the medium-grained beds were being deposited. This does

not appear to be a logical explanation as it necessitates a
very fine adjustment between the size of the grains deposited
and the erosion of the source rocks. The third explanation
is that, in general, the grain sizes of the different heavy
minerals, together with the various hydraulic conditions in
the area of deposition, were such that a larger amount of
heavy mineral grains were "hydraulic equivalents" to the
medium-grained light minerals than to the other grain sizes
(Rittenhouse, 1943b; Pettijohn, 1949, pp. 426-428). This
would seem to be the best explanation to the writer. A

fourth explanation, however, must also be considered for the
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samples below the medium-grained size range. It is that

a proportionately larger amount of the heavy residue mineral
grains passed through the 150-mesh screen as the grain size

of the sample decreased. This explanation is substantiated
by the fact that the lower limits of the fine-and very fine-
grained sizes are 0.125 and 0.0625 mm. respectively, whereas
the diameter of the openings in the 150-mesh screen is 0.104 mm.
Furthermore, it was observed that the heavy residue mineral
grains are almost invariably of smaller grain size than the
associated light minerals. To what extent this explanation
bears on the results given in Table X is not known; but for
very fine-grained samples below the fine-grained size range

it is undoubtedly considerable. It is believed by the writer
that the results for the fine-grained samples were not greatly
affected, so that it is probably true that the medium-grained
beds contain the greatest abundance of heavy residues. A
fifth explanation may have considerable bearing in accounting
for the smaller amount of heavy residues in the coarser-
grained samples. It is that certain minerals such as apatite
and zircon are of much smaller grain size than are the others
in the parent rock from which they come. (Pettijohn, 1949,
p. 428.)

Mineral Frequencies. The frequencies of the different

minerals in each heavy residue were determined microscopically
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as percentages by volume of each heavy residue, the results
being given in Table XI. The table also gives the abundance
of each heavy residue. Using these results, mineral frequency
graphs (II-V) were drawn up for leucoxene, magnetite-ilmenite,
mica, tourmaline, rutile, and zircon, among the detrital
minerals, and carbonate, and pyrite among the authigenic
minerals.

Upon examining Table XI in conjunction with Graphs II-V
it is evident that, relative to one another, some of the
detrital minerals, such as tourmaline and rutile, show
almost no change in frequency from the top to the bottom of
the core length. Other detrital minerals, such as biotite
and zircon, show a general increase in frequency toward the
top of the core section (increase in mineral frequency with
decreasing age). Still others, such as apatite and leucoxene,
show a general increase in frequency toward the bottom of the
core section, Table XII lists the more important detrital
heavy minerals in the three divisions outlined above. The
numbers refer to the relative order of the mineral frequencies
as determined for heavy minerals. The minerals in each column
are listed in order of their persistence. Their order was
determined by taking into account the abundance of each mineral
and the number of heavy residues in which each mineral occurred.
In general the most abundant minerals also appear to be the
most persistent, or stable. The order given here corresponds

fairly well with those given by other writers (Pettijohn, 1949,
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pp. 86-90, 415, 485-496).

Table XII - Persistence Table of the Principal Detrital
Heavy Minerals

Relatively Constant Increasing Frequency Decreasing Frequency

Frequency With Decreasing Age With Decreasing Age
2-Tourmaline 1l-Zircon 3-Leucoxene ?

1l1-Rutile 5-Biotite 4-Clay Minerals ?
13-Garnet 7-Chlorite ? 6-Limonite ?
15-Antigorite ? 9-Hypersthene 8-Apatite ?
17-Diopside 10-I1lmenite

12-Magnetite

1, -Muscovite

16-Hornblende

Note: ? - Probably Secondary (at least in part)

1 - Order of Abundance

(Relative Order of Abundance)

A relatively constant mineral frequency for a mineral
indicates that a fairly uniform amount of that mineral is
being supplied to the sight of deposition from the source rocks.
This is probably the case with tourmaline, rutile and garnet.
Antigorite, however, is largely secondary and is present mainly
as traces. Diopside is also present mainly as traces and in
at least one instance was present as an inclusion in a quartz
grain. Bramlette (1941, pp. 32-36) and Boswell (1941, pp. lvi-
1xxv) concluded that stable minerals are stable becauée of
their greater resistance to decomposition rather than to

abrasion.




Th

If a mineral has an increasing frequency of occurrence
with decreasing age of the sediment involved, it may indicate
that an increasingly relative amount of that mineral is being
brought to the site of deposition from the source rocks.
Krynine (Pettijohn, 1949, pp. 491-492) considers this to be

s0 in most cases.

Another possibility, which most writers seem to favour,
is that the mineral was originally deposited, but was
subsequently removed from the rock, in part or totally, by
intrastratal solutions. Thus younger sediments appear to
be more complex than older sediments, although this may not
have been the case originally. Bramlette (1941, pp. 32-36)
and Boswell (1941, pp. lvi-lxxv), among others, are proponents
of this viewpoint. Pettijohn (1949, p. 492) concludes that
the truth probably lies somewhere in between these two points
of view, and this is also the point of view of the writer.

A good example in support of this viewpoint is provided by
biotite which becomes increasingly leached toward the bottom

of the core section where it is generally grey to colourless.
Coincidentally, the grains become well rounded and an increasing
proportion of them reveal alterations around the periphery to
concentrically arranged laths of antigorite. A further
indication that intrastratal solutions play a large part lies

in the fact that most of the minerals of this group have

irregular or ragged edges. Zircon, however, occurs nearly
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always as well rounded grains.

Zircon, like biolite, has an increasing relative
frequency toward the top of the core; but because zircon is
one of the most stable minerals present it is probable that
little zircon has been removed by intrastratal solutions.

The writer suggests that the material now found at the top

of the core section underwent more weathering prior to
deposition than did the material at the bottom. Because the
less stable minerals were removed more feadily than the more
stable, the relative amount of the latter, such as zircon,

in the consolidated rock increases toward the top of the core

section.

In the third group of minerals, which have a decreasing
frequency with decreasing age, it is observed that three of
the four minerals listed are, at least in part, secondary.
This indicates that alteration probably began soon after the
sediments were laid down; therefore the greatest amount of
alteration and alteration minerals occur in the older beds.
Occasionally grains of ilmenite and more rarely rutile are
observed to be only partly altered to leucoxene. Other well
rounded grains are composed entirely of leucoxene, The
ragged nature of the clay mineral grains and the presence of
grains which are only partly altered to clay minerals indicate

that these clay minerals are probably secondary. Similarly
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the limonite grains are believe to be a secondary alteration

of ferruginous carbonate and pyrite. The decreasing frequency
of apatite with decreasing age is believed to correspond with
the conclusions that were made for zircon. Apatite, being
less resistant than zircon, was probably eroded from the
younger beds by a reworking of the sediments prior to their

final deposition.

As shown in Table XII, the mineral frequencies for rutile
are fairly constant, whereas those for ilmenite show an increase
toward the top of the section, and those for leucoxene show
a decrease toward the top of the section. In the microscopic
examinations of the heavy residues it was observed that,
particularly toward the base of the core section, many ilmenite
grains show a partial alteration to leucoxene. It is con-
cluded, therefore, that the leucoxene grains have been derived
mainly from ilmenite grains. It is thought that probably the
increased proportion of leucoxene in the lower part of the core
section, together with the small amount of ilmenite, indicates
that here the ilmenite has been largely altered to leucoxene,
whereas less and less alteration has taken place toward the
top of the core (Graph IV). It is not certain whether this
alteration occurred before or after deposition. However,
taking into account the fact that the shape of the ilmenite
and leucoxene grains are very similar (Table XIII), it would

appear that the alteration occurred after the deposition of
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the sediments. A few grains of rutile were observed to be
partly altered to leucoxene, which is considered by some
writers to be an aggregate of rutile or, rarely, anatase

(Winchell, 1951, p. 64).

The results of the heavy residue analyses of the principal
authigenic minerals, pyrite and the carbonates, are given in
Graph V. It is observed that the curve for pyrite has a
series of peaks approximately 50 and 100 feet apart. This
cyclic variation represents a corresponding variation in the
composition of the Potsdam sandstone, the peaks indicating
the horizons at which the largest amount of pyrite forming
material was deposited. There does not appear to be any
relationship between the formation of the pyrite and the
intrusion of the alnoite-vibetoide sills or dykes. It is
believed that most of the pyrite in the core section was not
deposited as such; but that the pyrite was formed after the
deposition of the Potsdam sandstone and is therefore authigenic.
Evidence that at least some of the pyrite was formed after
ﬁhe deposition of the Potsdam sandstone was observed in some
of the thin sections (Plate III, Fig. 2). In some of the
shale laminae small oblong areas occur within which there has
been a migration of material toward a centre of crystallization
to form pyrite. The pyrite occurs mainly as irregular crystal
masses and commonly as well formed cubes, pyritohedrons and

octahedrons. Many striations were observed. In some heavy




78

residues the pyrite was observed to occur largely as tiny
spherulites with a rough surface and greenish~-yellow colour.

It appeared, in some cases, that the spherulites were composed
of minute crystals. There spherulites may have been deposited
with the sediments, and therefore may be primary. Rarely,

an inclusion of pyfite was observed in a detrital quartz

grain, hence in these cases the pyrite was detrital.

The largest development of carbonate, mainly dolomite
and siderite with minor calcite, was observed to occur
approximately in the centre part of the core section and appears
to have no connection with the formation of pyrite or the
intrusion of the alnoite-vibetoide sills or dykes. There is
a slight indication that the greatest amount of carbonate
occurs at horizons which were found to contain the least
amount of pyrite and vice versa. Though the writer is not
certain whether the carbonate was brought in after the
deposition of the Potsdam sandstone, whether it was.chemically
precipitated and later recrystallized, or whether it was
clastic carbonate which was later recrystallized, he leané
toward the last view point. Often the carbonate crystals
are zoned with a small darker—~coloured rhomb in the centre of

a larger, lighter—coloured, crystal.

The chlorite and clay minerals are probably, in large

part, authigenic. In several heavy residues pyroxene and
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amphibole grains were observed to be partly altered to
chlorite. Also, in several light and heavy residues feld-
spar grains were observed to be partly altered to clay
minerals, mainly kaolinite. Whether these alterations
occurred before or after the deposition of the grains is not
known, although the generally irregular to ragged nature of
the grains seems to indicate either authigenisis, or the

presence of intrastratal solutions, or both.

Roundness of Heavy Mineral Grains. Roundness determinations

were made of most of the minerals observed in the heavy
residues. The results are given in Table XIII. The
determinations were made of minerals which were occasionally
to always detrital, hence pyrite and the carbonates, which are
believed to occur practically always as authigenic minerals,
are omitted. Minerals, such as enstatite, which were found
in only a few heavy residues have also been omitted. Roundness
values given for such minerals as antigorite, chlorite, and
clay minerals may have little value as these minerals are
probably in part detrital and in part secondary. The
persistently well rounded nature of zircon, tourmaline,
apatite, and to a lesser extent rutile, is worthy of note.

On the other hand, it is observed that minerals having good
cleavages such as the micas, pyroxenes and amphiboles are

generally quite angular, the angularity undoubtedly being due
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to the ease with which these minerals break along the cleavage
planes. In fact, in a good number of the heavy residues these
minerals appear to have been broken during crushing; however,
in determining the roundness an attempt was made to select
edges that appreared to have been formed by sedimentary processes.
Where this was not possible, the roundness was not determined.
Occasionally grains of apatite, ilmenite, magnetite, rutile,
tourmaline, or zircon were observed to occur as poorly to

well formed crystals. Most of these grains were probably
inclusions in quartz grains which were freed by crushing,
although some of them appear to be authigenic crystals.

More than one or two such grains were rarely present, there-
fore the roundness values were not noticeably affected in

most cases.

Possible Errors in Mineral Identifications. Whenever

there was a slight uncertainty in the identification of a
mineral in a heavy residue a question mark was placed by the
frequency value in Table XII. Some of these identifications
are more uncertain than others. Among these are the identi-

fication of anatase and brookite.

There was some uncertainty in differentiating cassiterite
from rutile, and it is possible that the presence of cassiterite
was overlooked in some of the heavy residues. On the other

hand, it may be that rutile was mistaken for cassiterite in
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some of the heavy residues. The identification of cassiterite
was based largely on the rolled appearance of the grains and

lower birefringence than rutile.

It was found to be quite difficult to differentiate
chalcopyrite from pyrite. A microchemical test was made for
copper in heavy residue 1, and a positive result was obtained.
Chalcopyrite is believed to have been present in heavy residues

2 and 7 and may have been present in other heavy residues.

The presence of fluorite in heavy residues 7 and 24, and
especially of sphalerite in heavy residue 12 is thought to
have been due to contamination from an outside source.
Fluorite could be detrital, but the writer does not think that
sphalerite could be a detrital mineral in the Potsdam sandstone.
If it were an authigenic mineral it would seem probable that
sphalerite would have been observed in other heavy residues.
If contamination occurred, it probably did so during the
crushing and screening of the heavy residue sampiles. There

was little difficulty in identifying the minerals.

Description of Minerals:

ACTINOLITE

General. A few detrital grains of actinolite were

observed in heavy residues 5 and 7. The grains are pale-green
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in colour and are generally faintly pleochroic, the pleochroism
ranging from pale-yellowish-green to pale-green, They occur
as angular, prismatic, elongated, and irregularly shaped
cleavage grains with an extinction angle of 16 to 17 degrees

measured in longitudinal sections.

Special Features. Tiny inclusions were observed in a

few of the grains, and one of the grains contained minute

hexagonal inclusions.
AEGIRINE

General . Detrital grains of aegirine, associated with
titaniferous magnetite were observed in heavy residue 10.
The grains are light greenish-brown, prismatic, and have an
extinction angle of 7 to 11 degrees in longitudinal sections.
The refractive indices were determined to be: Nx - 1.77,

Ny - 1.81, and Nz - 1.82.
ALBITE

General. It is believed that albite was present in
several of the thin sections and light residues, although in
most cases it was not differentiated from the other plagioclase
feldspars. It occurs as angular, unaltered to slightly
altered, colourless, detrital grains possessing albite twinning.
The refractive indices were invariably less than 1.54 and one

grain, properly orientated for the use of the Michel-Lévy method,
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had an extinction angle of 19°,

ALTERATION PRODUCTS

This heading is used as a wastepaper basket term under
which are placed those grains which have been éltered to such
an extent that it is difficult to determine their properties,
and therefore to determine the mineral itself. Some of the
minerals which are believed to occur as altered minerals
or/and alteration products are: chlorite, clay minerals,

epidote, feldspars, iron oxides, micas, and pyroxenes.

ANATASE
General. A grain of anatase was observed in each of
L, heavy residues. In three of these the grains are detrital,

rounded to well rounded, and faint-yellow. In the fourth
an angular, fractured, translucent, indigo-blue grain was
observed. In all cases the grains possess very high dis-

perdon and birefringence.
ANDESINE

General, Detrital andesine grains are believed to have
been present in some of the thin sections and light residues;
but in most cases they were not differentiated from the other
plagioclase feldspars. It is less abundant than albite.

The grains are mainly angular, colourless, show some alteration,
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and are generally optically negative with an extinction angle

of 1k degrees using Michel-L&vy's method.
ANHYDRITE

General. A few tabular cleavage fragments of anhydrite
were observed in heavy residue 23. They show no signs of
weathering; therefore, they are probably authigenic. The
grains possess very high birefringence, cleavage in three
perpendicular directions and are mainly colourless. A few
fragments are very slightly pleochroic from faint-yellow to

bluish-white.

ANORTHOCLASE

General. Angular to rounded detrital grains of
anorthoclase were observed in several thin sections. The
grains, like most detrital feldspar grains, are smaller than
the quartz grains in the same thin sections. They are also
colourless, or light-brown due to alteration (probably to
kaolinite). The optic angle ranges between L5 and 50 degrees
and the extinction angle between the optic plane and (001),
measured in the plane perpendicular to one of the optic axis,
is approximately 5 degrees. Fine lamellar twinning is often

observed.

Special Features. Some grains possess a perthitic struegure,

with thin laminae of anorthoclase alternating with thin laminae
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of what is probably a plagioclase feldspar. This latter
feldspar has a higher refractive'index than anorthoclase and

is usually partly altered to what is believed to be kaolinite.
ANTIGORITE

General. Antigorite grains were observed in several
heavy residues, thin sections and light residues. 1In the
latter two, antigorite was not differentiated from the other
chlorites. The grains are colourless, greyish to faint-
yellowish, and pale-green. They occur as anhedral crystal
aggregates, generally of a fibro-lamellar nature, elongated
grains, and irregular fractured grains, all of which possess
perfect basal cleavage. The optic angle ranges from
moderately low to almost 90 degrees. The fibro-lamellar
aggregates are probably authigenic. Some of the other
grains are probably detrital. In one heavy residue antigorite
apparently occurred as an alteration product of diopside and

hypersthene.

Special Features. Some of the grains contain a few

minute inclusions, and one larger grain appeared to contain

needle-shaped inclusions, also of antigorite.

APATITE
(Plate V)

General. Apatite grains were observed in over half of

the thin secticns and heavy residues that were examined and in
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several of the light residues. The'frequency of occurrence
increases toward the base of the core section. The grains
are detrital except for a few authigenic growths around
detrital muclei of the same mineral. Apatite occurs mainly
as well rounded, spherical to egg-shaped grains, although
tabular or poorly rounded grains are sometimes observed.

The weathered surface is generally minutely pitted (Plate V,
Fig. 1). This is believed to be due to solﬁtion which may
have played a large part in rounding the grains, either before
or after their deposition. The presence of authigenic growths
indicates that rounding by solution may have taken place after
the deposition of the grains. The grains are practically
always colourless, although a few grains have a faint-blue
tinge, and a light-brown grain is rarely observed. One
pale-pink grain was observed. A few grains were observed to
possess a poor basal cleavage or/and a poor cleavage parallel
to the length. In general the indices range between the
limits 1.63 and 1.64, the birefringence being weak. Evidence

of alteration was observed in one or two grains only.

Special Features. Authigenic growths were observed in

a few heavy residues. The growths invariably possess a
hexagonal outline, have formed around well rounded grains of

apatite, and in optical continuity with these nuclei.

A few of the grains, in each heavy residue in which
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apatite was found, were observed to contain one or more of
the following types of inclusions.

(1) Tiny needle-shaped inclusions, colourless to dark
coloured, with high birefringence, and generally orientated
parallel to the length of the apatite grains - possibly rutile.

(2) Minute bubble-like inclusions (gaseous or liquid?),
many of which are arranged in rows.

(3) Minute dust-like inclusions which are white, brown,
or dark to epaque, and many of which are arranged in rows or
parallel rows. Some of the opaque inclusions are white in
reflected light and may be leucoxene.

(4) One inclusion of leucoxene was observed.
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PLATE V

Fig. 1 - H.M. No. 24, X135, plane polarized
light. ap - apatite, leu - leu-
coxene, py - pyrite, qt - quartz,
to - tourmaline, zr - zircon.

Fig. 2 - H.M. No. 36, X60, plane polarized iight.
ap - apatite, leu - leucoxene, py -
pyrite, to - tourmaline, zr - zircon.
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AUGITE
(Plate VIII)

General. Augite was observed in only four of the ,
heavy residues. It occurs as broad, irregular shaped
cleavage fragments of detrital origin which are generally
somewhat altered. The grains are light-green, pale-
yellowish to brownish-green, or green, and are occasionally
faintly pleochroic. The characteristic pyroxene cleavage
almost at right angles is observed in most grains and the

extinction angle is about 45 degrees. The optic angle is

approximately 60 degrees.

Special Features. The following inclusions were

observed in different grains.
(1) Magnetite - ilmenite inclusions.
(2) Tiny tabular inclusions, pleochroic from green to

brownish-green, probably a pyroxene.
BIOTITE

General. Detrital grains of biotite were observed in
most of the heavy residues, and in some of the thin sections
and light residues. Biotite occurs as angular to rounded
platy cleavage flakes, many of which have one or more broken
or jagged edges. Occasionally a grain is elongated. A few

flakes are euhedral, and possess a hexagonal outline. These
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flakes may have been inclusions which were freed by crushing.
In colour the grains are yellowish-light-green, olive-green,
yellowish-green, greenish-brown, reddish-brown, light-brown,

or brown. Colourless, leached grains become more prominent
toward the base of the core section. The following pleochroic
formulae were observedj pale yellowish-green to reddish~brown
or dark—=brown, almost colourless to olive-green, light-green
to dark-blue~green, and light-brown to dark-brown (almost
black). Practically every grain was observed to possess
perfect cleavage in one direction. The extinction direction
is generally parallel, or almost parallel, to the cleavage
traces. A few grains show wavy extinction. The optic

angle ranges from O to approximately 30 degrees. Generally,
the leached grains have a higher optic angle than the unaltered

grains. The birefringence is strong.

Special Features. The following inclusions were

observed in several of the grains.
(1) Leucoxene and ilmenite
(2) Magnetite
(3) Brown coloured inclusions

(4) Acicular, dark-coloured inclusions - probably rutile.

Around the edges of the colourless leached grains, and
arranged concentrically, are generally found small, thin,

tabular crystals of chlorite, probably antigorite. These are
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obviously alteration products of biotite.

BROOKITE

General. One subangular detrial grain of what is
believed to be brookite was observed in heavy residue 25.
The grain was light-brown, and had extremely high refringence
and birefringence. Also, the grain was striated, the

extinction being parallel to these striae and poor.
CALCITE

General. Calcite was observed in some of the light
and heavy residues and thin sections. It occurs mainly as
anhedral crystals or as euhedral cleavage rhombs. A few of
the crystals are euhedral. Most of the calcite is undoubtedly
authigenic, either being recrystallized from the original
carbonate that was deposited, or introduced later (Plate III,
Fig., 2). However, some of it may be primary, an example
being the band of calcite that occurs in the drill core at an
elevation of 1452.5 feet. The crystals are generally
colourless to cloudy; but a few are altered and are yellowish,
brown, or greyish-green. Some crystals are altered to
limonite., The cloudiness is probably due in part to alteration.
Perfect rhombohedral cleavage is generally observed and twinning

is fairly common. In general N, ranges Petween 166 and 167.

Special Features. A few crystals contain inclusions of
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pyrite. Some of the cloudy crystals appear to have
inclusions; but more likely this appearance is caused

by alteration.

CARBONATE
(Graph V)

General. In several cases, due to alteration or to
too few grains in the residue it was difficult to determine
the type, or types, of carbonate present. In these cases
the general term carbonate is used. In most of these cases
"the carbonate is believed to be a ferro-dolomite and to range
in composition from dolomite to siderite. The crystals
generally have a poor crystal shape and the cleavage is
often obscured. The crystals are generally yellow, brown
or grey, the colour of many being spotty due to alteration.
Some of the crystals are slightly pleochroic. The indices

vary considerably.

CASSITERITE

General. A few detrital grains of what are believed to
be cassiterite were observed in heavy residues 13 - 17 and 19.
The grains are usually elongated, rounded to well rounded and
have a rolled appearance. In colour the grains are brownish-

grey, light to dark-brown, or almost black. In many grains
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the colour is blotchy. Very slight pleochroism was observed
in one grain. The extinction angle is parallel to the length
of the grains. The indices are very high, being approximately
the same as those for zircon. The birefringence is extreme;
but is lower than the birefringence of rutile. Interference
colour rings are often observed around the edges of the grains
and are sometimes a bright shade of red, blue or green.

The grains are uniaxial positive., A few grains possess

striations nearly at right angles to one another due to

twinning.
Special Features. A few inclusions were observed in
some of the grains. These are:

(L) Dark-coloured needle-shaped inclusions -
possibly rutile.

(2) Dark-reddish-brown inclusions, occasionally minute,

CHALCOPYRITE

General. Chalcopyrite was observed to be present in
heavy residues 1, 2 and 7, and was probably present in several
more. It occurs as irregular shaped authigenic crystals which
are brass-yellow to dark-brass-yellow with a greenish tinge.
The presence of chalcopyrite in heavy residue 1 was strongly
suggested by a positive reaction obtained in a microchemical

test for copper.




CHERT

General., Chart is present in most of the thin
sections that were examined. It occurs mainly as authigenic
chert filling the interstices in some of the drill core. 1In
these cases the chert occurs as fibro-lamellar aggregates of
tiny fibres having low birefringence and parallel extinction.
The crystals/generally have slightly lower indices than
quartz. Occasionally an angular to rounded grain of chert
is present in a thin section. These grains are believed to
be detrital., Occasionally a grain of chert is observed to
be partly altered to quartz, the contact being gradational

between the two types of silica.

CHLORITE

General. Chlorite grains or crystals were observed
in most of the heavy residues and in some of the light re-
sidues and thin sections. They occur generally as angular:
cleavage fragments and irregular aggregates of tiny tabular
crystals. Most of the chlorite grains are probably authi-
genic, however, a few rounded, massive grains are occasional-
ly observed which may be detrital., Most of the grains are
some shade of green, varying from colourless to pale-green,
dark-green, pistachio-green, blue-green, or almost black.
Brown grains are rarely observed. The grains vary from

nonpleochroic to slightly pleochroic, the colour varyihng

9L
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from one shade of green to another. One grain was observed
to vary from light-green to pale-buff. Good to perfect basal
cleavage is generally observed in the grains. The extinction
angle, measured against the cleavage is generally parallel or
almost so, but in a few grains it is as much as 13 degreses.
Wavy extinction is often observed. The indices, for the most
part, range between 1.57 and 1.66 and the birefringence is
‘weak to moderate. Anomalous red and blue interference colours
are rarely observed. The grains are biaxial negative and
positive, hence different types 6f chlorite are present. In
heavy residue 25 the variety thuringite may be present.
Epidote was found to be associated with chlorite in heavy re-

sidue 5,

Special Features. A few inclusions were observed

in some of the grains. Pyrite crystals were observed in some
chlorite grains which indicates that the chlorite, in this case,
is probably authigenic. The inclusions that were observed are:

(1) Ilmenite and/or leucoxene.

(2) Magnetite and/or ilmenite.

(3) Pyrite.

(4) Dark-coloured inclusions.

CLAY MINERALS

General, Crystals and grains of clay minerals

were observed in most of the light and heavy residues and
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thin sections. No attempt was made to differentiate the
various clay minerals; but from the properties that were
observed kaolinite is believed to be the most abundant. Mont-
morillonite is also believed to be present in a few cases.

The clay minerals occur mainly as tabular crystals and ir-
regular aggregates of tiny crystals., A few large crystals
with pseudo-hexagonal outlines are observed. In some cases
rounded grains of clay minerals are present and these may be
detrital. Practically all of the grains, however, are
authigenic. The clay minerals range in colour from colourless,
cloudy or greyish, faint-yellow, light-to dark-brown and
occasionally green, In some grains the colour is spotted,
probably due to alteration. No pleochroism was observed.,

Some grains have a well developed basal cleavage while others
appear to have no cleavage at all. The extinction angle
measured with the cleavage ranges from O to 20 degrees, but is
generally low. OSome grains appear almost isotropic while
others have no good extinction. The range in the refractive
indices is considerable. The following determinations were

made in various heavy residues:

Nx _ Nz
1.547 1.565
10514)'3 - 10558 10555 - 10565

In addition N = 1,57 {approximately), and N = 1.61 - 1.62.
In general the indices are slightly less than 1.57. The optic

angle, where observed, is low, ranging from O to 25 degrees.




The birefringence iswak to very weak. Most of the clay min-
erals are believed to have been formed from feldspar, as all
gradations from unaltered feldspar to clay minerals (mainly

kaolinite?) are frequently observed.

Special Features, The following inclusions

were observed:

(1) Black-coloured inclusions, some of which are
opaque.,

(2) Minute inclusions and tiny bubble inclusions?
(3) Leucoxene.
(4) Pyrite.
Inclusions of pyrite crystals are fairly common,
and as with chlorite, indicate that the pyrite and clay

minerals in these cases are authigenic.

DIOPSIDE
 (Plate VI)

General, Detrital grains of diopside were ob-
served in some of the heavy residues and occur as angular,
short prismatic, and irregular shaped grains.’ Smaller,
rounded grains are sometimes observed. Euhedral crystals
with pyramidal terminations are rarely observed, and are pro-
bably inclusions released by crushing. One euhedral inclu-
sion of diopside was observed in a quartz grain. The grains
are colourless, pale-green, blue-green, and green, and are

usually faintly pleochroic. OSome of the grains are slightly
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altered to chlorite along cleavage planes and fractures.

Good cleavage in two directions at 87 degrees is generally
present, but in some grains the cleavage is poorly developed
and irregular fractures appear to be more prominent. In
other grains a third cleavage is present. Broad, rather in-
distinct twinning is also present in a few grains. In gen=-
eral the extinction angle ZAc ranges from 37 to 42 degrees,
The indices of refraction were deterdined in heavy residue

29 as Nx - 1,650, Ny - 1,672, and Nz ~ 1.700. The bire-
fringence is moderately strong and the optic angle is approxi-

mately 60 degrees.

Special Features. The following inclusions were

observed in various grains.
(1) Ilmenite and leucoxene inclusions.
(2) Tiny opaque inclusions, dark in reflected light.

(3) Tiny, elongated, parallel inclusions,
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PLATE VI

W ¥ 3

Fige 1, H.Me+ No.29, x7L,.plane polarized light.
di - diopside, do - dolomite, hy - hypersthene,
py - pyrite, qt - quartz, si - siderite,
to - tourmaline, zr = zircon.

Fig. 2, HM. No.29 x74, crossed nicols.

di - diopside, do - dolomite, hy - hypersthene,
py - pyrite, qt - quartz, si - siderite,
to - tourmaline, zr - zircon.
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DOLOMITE

(Plates VI, ViI)

General. Authigenic crystals of dolomite were
observed in several heavy residues and in some of the light
residues and thin sections. Dolomite occurs as euhedral to
subhedral crystals and cleavage rhombs., A few of the cry-
stals have a hexagonal outline. Also, some of them appear
to be rounded and may possibly be detrital, although thié is
doubted. In some thin sections.the carbonate appears to
have been slightly broken up after deposiﬁion and then re-
cemented. The crystals may be colourless, white to light-
grey, and yellowish to brown. A few grains were observed to
be slightly pleochroic from light-brown to brown. The colour
of the crystalsis due to the weatheringof iron contained in
the dolomite., The crystals have perfect rhombohedral
cleavage. The index of refraction Ne was observed to range
from 1.50 to 1,547, the higher values corresponding to a fer-
ruginous dolomite. The indices for the dolomite at the con-
tact of the Potsdam sandstone with the Beekmantown group were
determined to be No = 1,517 and Ne - 1.68. A twinkling effect

is often observed due to the extreme birefringence.
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PLATE VII

H.M. No. 26, x80, plane polarized light.
do - dolomite, si - siderite, zr - zircon.

Special Features, Some crystals show a subse-

quent growth around an earlier authigénic core, both growths
being rhombohedral (Plate VII). The core is invariably
darker in colour than the second growths which are in optical
continuity with the cores.

The'following inclusions were observed in some of
the grains.

(1) Pyrite crystals, often-several tiny ones dis-
seminated in a dolomite crystal.

(2) Rounded, brown inclusions,

(3) Opague inclusions of iron oxide (brown to
black in reflected light.
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optic axis figure. One grain has a pitted appearance.

Special Features. The following inclusions were

observed in a few of the grains?
(1) Chlorite inclusions,
(2) Tiny inclusions with n<1l.72.
(3) Tiny black inclusions.

(L) Magnetite inclusions.

FELDSPAR

In some cases it was difficult and tedious to deter-
mine with any degree of accuracy the mineral frequency of
each type of feldspar present in light residues and thin
sections. This Was.due to alteration and to the necessity
of determining the properties of practically each érain be-
fore the type of feldspar could be determined. In these
cases the different types of feldspar occurring were noted,;
but only the mineral frequency of all the feldspars grouped to-

gether was determined,

FLUORITE

General. One detrital grain of what is believed to
be fluorite was observed in each of heavy residues 7 and 24,
The grain that was observed in heavy residue 7 is elongated
and rounded:at one end, light-brown and isotropic. The grain
that was observed in heavy residue 24 is a fractured, mauve-

coloured, isotropic grain with dark-coloured spots. Possibly,
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these grains were introduced into the samples during the

crushing and grinding (see pp. 63-64).

Special Features. Three minute, angular, white,

anisotropic inclusions were observed in the grain found in

heavy residue 24.

GARNET
(Plate VIII)

General. Garnet grains were observed in approxi-
mately half of the heavy residues and in two of the thin
sections. Little attempt was made to determine the different
types of garnet; but from the various properties it would ap-
pear that almandite, grossularite and spessartite are the
most common. The grains are rounded'to angular, some having
a rough pitted surface while others are smooth. In some grains
the crystal shape ban still be seen, the edges being only
slightly rounded in a few cases. Many dodecahedral and trap-
ezohedral forms are observed. So far as could be determined
the grains are all detrital, although a few are so little
worn that they might be authigenic. These slightly worn
grains may also indicate very little erosion before deposi-
tion or possibly they were inclusions that were freed by
crushing. The grains are usually colourless, white, pale-
pink, or pale-brown, and rarely green, pale-purple, deep-

red, or faint-blue. Most of the grains are unaltered; but
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a few are slightly 'altered, mainly to chlorite. A poor cleav-
age or parting in two directions not quite at right angles is
sometimes obsérved. A poor conchoidal fracture is observed

in a few grains. A few of the grains are also slightly

anisotropic.

Special Features. The following inclusions were

observed in different grains.

(L) Tiny, acicular, slightly bent inclusions =
rutile ?

(2) Tiny, tabular, light-coloured inclusions.
(3). A few white inclusions, N < garnet.

(4) A few brown inclusions.

GYPSUM

General. A few crystals of gypsum were observed
in a shale lamina at an elevation of approximately 1355 feet
in the drill core. The crystals are tabular with arrowhead
terminations and occur in a poor sheaf-like aggregate. They
are definitely authigenic. A small amount of anhydrite may

also be present,

HEMATITE

General. Hematite grains were observed in a few
heavy residues and thin sections. They occur as irregular,
angular to occasionally rounded, opaque grains which are red

in reflected light. The grains are authigenic except for one




grain which occurs as an inclusion in quartz and which could
be authigenic or detrital. In most cases the hematite gralns
occur with limonite grains as an alteration product of carbon-
ate, mainly siderite. In a few cases they also appear to have
been formed by the weathering of pyrite. Quartz - hematite

grains are sometimes observed.
HORNBLENDE

General. Detrital hornblende was observed in
several heavy residues. It occurs mainly as elongated, or
bladed, cleavage grains and angular fractured grains. The
grains range in colour from almost colourless to various
shades of green and black. They.were observed to be pleo-
chroic as follows: colourless to pale-green, yellowish-green
to pale-green or dark greenish-blue, pale-green to dark-green,
and light olive-green to black. A few grains are altered to
.chlorite but one was observed to be partly altered to biotite.
Excellent cleavage is usually present in two directions at 56
degrees to one another. The extinction angle, measured in
longitudinal sections, ranges from 12 to 31 degrees. The bire-
fringence ranges from rather weak to fairly strong and the
optic angle from 55 to 80 degrees. The grains are optically
negative. One grain was observed to be positive with an optic
angle of approximately 60 degrees and an extinction angle of

28 degrees. It may be pargasite, a variety of horhblende.
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Special Features. Inclusions of ilmenite were ob-

served in a few grains,

HYPERSTHENE
(Plate VIII)

General. Detrital grains of hypersthene were
found in nearly half of the heavy residues, and are slightly
more prominent toward the top of the core section. Hypersthene
occurs mainly as elongated, lath-like cleavage prisms, although
some grains are broad and irregular in shape. The grains are
generally some shade of green and, occasionally, are colour-
less, pale~yellow, pale~brown, pinkish, or reddish. Pleoch=
roism is generally present as follows: colourless to pale-
yellowish, reddish, or pale-green; pale-green to green, péle-
green or bluish-green to pale-pink, and pale-green to reddish.
A few grains are altered to chlorite, probably antigorite,
and one grain is partly altered to a reddish-brown material;
Cleavage in two directions, nearly at right angles, is gen-
erally observed; although in a few grains the cleavage ap-
pears to be little better than a parting. The extinction
is parallel to the cleavage in prismatic sections. The
birefringence is rather weak and the'optic angle ranges from

65 to 90 degrees. Twinning on (101) was observed in one grain,




108

PLATE VIII

H.M. No.7, x55, plane polarized light.
au - augite, gar - garnet, hy - hypersthene,
leu - leucoxene, py - pyrite, qt - quartz.

Special Features. A few grains have a schiller

structure developed, with the inclusions occurring along the

cleavage planes,

The following inclusions were observed in different

grains:
(1)
(2)
(3)

(4)
(5)
(6)

Ilmenite - leucoxene inclusions.
Magnetite inclusions.

Colourless, needle-shaped inclusions,
arranged parallel to the lenth of the grains.

Quartz inclusions.
Pyrite inclusions.

Tabular inclusions, one with a square outline
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ILMENITE

(Graph IV)

General., Detrital grains of ilmenite were observ-
ed in approximately two thirds of the heavy residues and in
some of the thin sections. The grains are generally sub-
rounded, but range from angular to well rounded, and are
somewhat elongated. Some are irregularly shaped and a few
have minutely pitted surfaces, probably due to solution., A
few euhedral, rhombohedral crystals occur as inclusions in
guartz grains. The grains are believed to be practically all
detrital; but a very few grains containing rutile, ilmenite and
leucoxene indicate that the rutile has been altered to ilmenite
and leucoxene. This alteration may or may not have occurred
prior to the deposition of the grains. The grains are opaque
in transmitted light, and greyish~black, purplish-black, and
black in reflected light. Many ilmenite grains show some ale-
teration to leucoxene, and some have a salt and papper appear-
ance with tiny grains of ilmenite and leucoxene interdissemin-
ated. In other grains, ilmenite and leucoxene are interbanded.
A small amount of pyrite is sometimes present with leucoxene
and ilmenite. No cleavage was observed. The grains range from
nonma gnetic to slightly magnetic and in one or two instances, .
they were observed to range from nonmagnetic to highly magnetic

(magnetite).

Special Features., Inclusions of leucoxene and/or
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pyrite occur in some of the ilmenite grains and are altera-

tion products.

IRON OXIDE

General. In a few of the heavy residues and thin
sections, angular to rounded grains were observed which are
believed to be some form of iron oxide. The grains are opaque
to slightly anisotropic. The grains appear to have been
formed mainly from carbonate and pyrite and in these cases
are authigenic. Some grains occur with rounded quartz grains
and are probably detrital. In reflected light the grains are
black to reddish-brown, or brown. The grains are generally
altered, and in some cases a grain has several different
shades of colour. In these cases it was not possible to de=

termine the type of iron oxide.

KAOLINITE

General. Although the clay minerals were not diff-
erentiated, most of the grains are believed to be authigenic
grains of kaolinite which have been formed by the alteration
of feldspar grains. Most of the grains are irregular or
shredded; although a few are well rounded, indicating the al-
teration of detrital grains, probably after deposition. A few
are elongated, bent, and exhibit accordion-like shapes. A few
others have pseudohexagonal outlines. The crystals and grains
range in colour from colourless, pale-brown, to brown., Cleav-

age is perfect in one direction and the extinction is
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parallel to almost parallél to the cleavage. The indices of
refraction range between the limited 1.55 and 1.57, and the

birefringence is weak. The optic angle ranges from low to high.

Special Features. Pyrite and/or leucoxene inclu-

sions are found in a few of the grains.

KYANITE

General, A few detrital grains believed to be
kyanite were observed in heavy residue 25. They are colour-
less, well rounded, elongated and tabular, They possess a
good cleavage parallel to, and in some cases a poor cleavage,
or parting, perpendicular to the elongation. The extinction
angle is approximately 25 degrees measured from the direction

of elongation. The birefringence is fairly low,
LAWSONITE

General., A few grains, probably of lawsonite, were
observed in heavy residue 28. The grains are mainly angular,
rhombic sections, and are thought to be detrital; although
they may be authigenic. They are also colourless, and many
have a faint bluish tinhge. Good cleavage is generally present
in two directions at right angles, and the extinction is
parallel to the cleavages. The mineral is biaxial positive

and has an optic angle of 80 degrees or more.




LABRADORITE

General. A few detrital grains of labradorite were
observed in thin section 42. The grains are solourless and
the extinction angle,(Michel-Lévy's method )was determined to
be 30 degrees. The indices are siightly greater than those
for quartz. The extinction angle of 30 degrees indicates a

composition of Ab L6 An 54.

LEUCOXENE
(Plate IX, Graph IV)

General. Leucoxene grains were observed in most of
the heavy residues and thin sections, and in a few of the
light residues. Leucoxene becomes increasingly abundant to-
ward the bottom of the core section. The grains range in
shape from rounded to subangular, and from spherical to irre-
gularly shaped. The grains are believed to be mainly detri-
tal; but some may be authigenic. A few grains have ilmenite
and leucoxene interbanded, some have a salt and pepper appear-
-ance with ilmenite and leucoxene interdisseminated, a few have
ilmenite cores, and. occasionally, one is seen with a band of
rutile remaining in the centre. These occurrences indicate
that the leucoxene has formed from ilmenite and to a lesser
extent rutile; but it is not known how much of this alteration,
if any, occurred after the grains were deposited. Many of the
grains are aggregates of tiny, elongated crystals. The grains

are opaque in transmitted light, and generally milky-white to
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grey, or occasionally light-green or brown, in reflected
light. One pale-pink grain was observed in reflected light.
Nearly all of the grains possess a dull, earthy lustre, al-
though a few are subvitreous. The grains are sometimes
associated with chlorite, or clay minerals, and rarely with

altered pyroxene.

Special Features. Inclusions of ilmenite, rutile,

and rarely pyrite have been observed. The ilmenite and
rutile probably occur as unaltered areas and the pyrite as a
secondary mineral. A few tiny specks of a light-orange

coloured mineral occur in some of the grains.
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Plate IX

Fig, 1 = H.M. No. 35, x66, reflected light
ap - apatite, leu - leucoxene, lim - limonite,
py - pyrite, ru - rutile, to-tourmaline,
Zzr - zircon.

Fig, 2 - H.M. No.51, x51, reflected light.

leu - leucoxene, py - pyrite, to - tourmaline,
zr .- .zircon.
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LIMONITE

(Plate X)

General. Authigenic limonite grains were observed
in some of the heavy residues, light residues, and thin
sections. The grains are more abundant toward the bottom of
the core section. They are rounded to angular, and gener-
ally have an irregular shape. A few cubic grains, formerly
pyrite but now altered to limonite, are occasionally observed.
Limonite occurs mainly, however, as an alteration product of
carbonates, (chiefly dolomite and siderite) and pyrite. All
gradations from-the unaltered carbonates and pyrite to
limonite were observed. Rounded quartz = limonite grains
were observed in some cases, and the limonite in these grains
could be detrital. It could, however, be authigenic, and is
probably altered iron oxide or pyrite. Limonite is sometimes
associated with hematite grains which were probably formed
‘from limonite. In thin sections,limonite was found to occur
mainly in shale laminae. The limonite grains are translucent
to opaque and range in colour from yellow to brown, brownish-
black and reddish when viewed with reflected light, and from
yellow to brown, and brownish-black when viewed with trans-

mitted light,




Plate X

%, :
TR .»
|

H.M. No. 31, x65, plane polarized light.
quartz - limonite grains.

MAGNETITE
(Graph IV)

General. Detrital grains of magnetite were
observed in over half of the heavy residues, and in thin
sections 1 and 2., Much of the magnetite occurs as inclu-
sions in quartz grains. Inclusions of magnetite in
chlorite, epidote, muscovite, tourmaline, and zircon have
also been observed. As inclusions, magnetite occurs mainly
as octahedra and poorly developed crystals. Some cubes and

dodecahedrons were observed., As separate grains, magnetite
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occurs as well rounded to angular grains which have the
crystal edges only slightly rounded. The grains are opaque
in transmitted light, and steel-blue-black with a metallic
lustre in reflected light. They are also highly magnetic,

In heavy residue 10 nonmagnetic to highly magnetic grains were
observed. Many of the grains possessing least magnetism show
alteration to leucoxene, hence these grains probably range in
composition from ilmenite to titaniferous magnetite and

magnetite.,

MICA
(Graph II)

General. Except for one flake of muscovite the
micas were not differentiated in the light residue of heavy
min. sep'n 35. Mica is included in heavy minerals in Tahle

IX., Also, in Graph II the micas were grouped together.

MICROCLINE

General., Microcline was observed in over half of
the thin sections and in several of the light residues. The
grains are angulaf to rounded, are generally smaller than the
associated quartz grains, and are mainly detrital. Several
grains have authigenic growths around detrital nuclei. The
growths appear to be mainly orthoclase; but in one case the
twinning was observed to continue on into the secondary growth.

The secondary growths are colourless, as are several of the
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detrital grains. Most of the detrital grains show some
alteration and are a cloudy grey, or more rarely, a light-
brown. Much of the alteration is to a clay mineral, pro-
bably kaolinite. Good cleavage in at least one direction
is generally present. The extinction angle on 010 is 5
degrees with the cleavage. The optic angle was not ob-
served owing to the fine twinning which prevented the for-
mation of interference figures. The birefringence is
weak. Polysynthetic twinning and the resultant cross-
hatched appearance is usually present, and the lamellae

are usually spindle-shaped.

One grain was studied using a universal stage.
It was observed to be negative, the optic angle being
slightly greater than 81 degrees. The extinction angle
in the 00l plane is about 15 degrees from the Ol0 cleavage,
the angle being measured from X to 010, The grain was twinned

on 010.

Special Features. Several grains have authigenic

.growths, mainly orthoclase, arodnd a detrital nucleus. In
some cases the extinctions in both parts of the grains co-
incide, hence in these grains the authigenic growths are in
optical continuity with the nucleus, both parts being micro-
cline. Twinning was observed in only one of these growths.
The authigenic growths tend to form crystal outlines, some

having most of their faces complete., These secondary growths
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appear to have formed earlier than se condary growths on
quartz grains, because where the growths on feldspar occur
adjacent to quartz grains,these growths have grown partly
around the quartz grains, which in these cases, do not possess
secondary growths. The authigenic growths on feldspar are
believed to be of sedimentary origin. The occurrence of
authigenic feldspars has been discussed by several writers
(Berg, 1952, pp.221-223; Gouldich, 1934, pp.89-95; Pettijohn,
1949, pp.500=502; Tester, and Atwater, 1934, pp.23-31).

MONAZITE

General, A few detrital grains which are believed
to be monazite were observed in thin section 2 and in heavy
residue 35. The grains are well rounded and slightly elong-
ated. One angular fractured grain was observed. The grains
range in colour from light-yellow to colourless. Cleavage
parallel to the length was observed in one grain. The ex-
tinction is almost parallel to the length of the grains. The

grains are biaxial positive and have a small optic angle.
MUSCOVITE

General., Detrital grains of muscovite were observed
in some of the heavy residues, and in two of the light residues
and thin sections. It is less common than biotite; but like
biotite, it is more prominent in the upper part of the core

section. The grains occur mainly as well rounded to angular
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platy grains. Some of the grains are irregularly shaped andl
others are thin tabular cleavage grains which are sometimes
bent. The grains are green, olive-green, brown and colourless.
Some of the grains are pleochroic from green to olive-green,
and from brown to reddish-brown. OSome grains are slightly al-
tered to a brown mineral along the edge. The grains possess
perfect basal cleavage and the extinction angle with the
cleavage ranges from O to 2 degrees. OJome grains have undulose
extinction. The birefringence is strong and the optic angle

ranges from 30 to 45 degrees.

Special Features. Inclusions of magnetite, ilmenite,

limonite, and of dark—brown needles occur separately in some

grains.

Rounded, colourless grains of mica become relatively
more prominent toward the bottom of the core section. The optic
angles in these grains range from 10 to 30 degrees. These grains

are probably leachedlbiotite.

OLIGOCLASE

General, Detrital grains of oligoclase were observed
in some of the light residues, and possibly in thin section 35.
The grains are mainly rounded to subangular, and colourless to
light-grey, or light-brown, due to alteration, The grains are
generally somewhat altered to a clay mineral, probably kaolinite,

or more rarely to sericite. The extinction angle, using Michel-
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Lévy's method ranges from Q0 to 10 degrees. Generally Ny is
slightly less than l.54. Polysynthetic twinning is always

present.

Special Features. It was observed that a few grains

contain inclusions of leucoxene.

ORTHOCLASE

General, Detrital grains and authigenic crystals
of orthoclase were observed in almost half of the thin sec-
tions and in some of the light residues. The detrital grains
are angular to well rounded, and grey to light-brown due to
alteration. They are rarely colourless. Some alteration to
a clay mineral, probably kaolinite, is usually present. The
authigenic crystals tend to be euhedral, are not twinned, and
are generally clear and colourless. The detrital grains are
also generally untwinned, probably because most of the detrit-
al grains are only part of a twin lamella. The extinctiom
in 001 is parallel. The birefringence is weak, and the optic
angle is generally about 70 degrees. A poor perthite struct-

ure was observed in a few grains, which were generally altered.

Special Features. Authigenic orthoclase occurs as

individual crystals which formed without the aid of a nucleus,
and as secondary growths around nuclei of detrital microcline.
The latter are more common. As stated when discussing micro-
cline, these authigenic growths appear to have occurred

prior to those on quartz grains. Reference has been made, in
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the discussion on microcline, to several writers who have

discussed authigenic feldspars.

PIGEONITE

General. A few detrital grains of pigeonite were
observed in heavy residue 7. The grains are angular cleav=-
age fragments. They are pale-green, or rarely pale-yellow
and are not pleochroic. Cleavage almost at right angles
and typical of pyroxenes was generally observed. The ex-
tinction angle is 30 degrees with the cleavage. The
birefringence is fairly low and the optic angle is small,

less than 4O degrees.,

Special Features, An inclusion of leucoxene was

observed in one grain.

PLAGIOCLASE

General, In Table VII which gives the results
for thin section analyses, the Plagioclase feldspars have
been grouped together. The same has been done for some of
the plagioclase feldspars observed in light residue analy-
ses, the results of which are tabulated in Table IX. This
was considered to be advisable for in several cases it was
difficult to ascertain the type of plagioclase feldspar,
and in a few cases it was merely determined that the

feldspar was a plagioclase., The difficulty was due to the




alteration of many of the grains, and the presence of only
a very few grains in some cases. Furthermore it was gen-
erally necessary to determine the properties of each grain
before the type of plagioclase was known. For these
reasons only the mineral frequencies of the plagioclase

feldspars as a group were determined.

Special Features. Several detrital plagioclase

grains had secondary growths, probably mostly of orthoclase,
but some may be plagioclase., Alteration of plagioclase

grains is generally to a clay mineral, probably kaolinite,

PYRITE
(Plate XI, Graph V)

General, Pyrite is the second most abundant
heavy mineral found in the core. It was observed in every
heavy residue and thin section, and was present as an im-
purity in most 6f the light residues. In the heavy resi-
dues the mineral frequencies‘range from é trace to 90 per
cent. Pyrite occurs chiefly as authigenic crystals; but
some of the pyrite inclusions in quartz grains may be de-
trital. Pyrite occurs as cubes, octahedrons, pyritohedrons
and irregular masses of tiny crystals commonly associated
with quartz. Many complex combinations are seen, as are
also spherical aggregates of tiny crystals, or spherulites

which may be primary (Pettijohn, 1949, pp. 345-347).
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In some thin sections pyrite occurs mainly in veinlets, and
in most of the thin sections disseminated pyrite crystals
occur mainly in shale laminae, The grains are opaque in
transmitted light and pale-brassy-yellow in reflected
light. Some of the crystals are almost white (marcasite?);
others, especially the spherulites, are greenish-yellow.
Some crystals have a greenish tinge and others have a good
yellow colour, both of which may be due to alteration.
However, a positive reaction wés obtained for a micro-
chemical test for copper made on heavy residue 1, hence
chalcopyrite is probably present in heavy residue 1 and
also in other heavy residues and thin sections. In some

cases pyrite shows some alteration to limonitic material.
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‘PYROXENE ALT'D
(Plate VIII)

General. In a few of the heavy residues altered
pyroxene grains were observed which could not be further
differentiated. The grains are irregular in shape and some-
times have a poor crystal outline, one grain possessing an
almost square cross-section., The grains themselves are de-
trital; but the alteration probably occurred, at least in
part, after the deposition of the grains. In colour the
grains range from grey, yellow, light-to dark-green, or
dark-brown, to almost black., Some grains are faintly
pleochroic. The alteration is mainly to chlorite. Epidote
was observed in a few grains. Cleavage tends to be obscured
by the alteration; but the typical pyroxene cleavage can

sometimes be observed.

Special Features. Inclusions of ilmenite and/or

leucoxene were observed in a few grains. Magnetite was

also observed to occur as inclusions.

WUARTZ
(Plates III, IV, XII; Graph I)

General. Quartz grains make up approximately 98 per
cent of the core. The grains are larger than the associated
mineral grains, are generally well rounded to subrounded and

usually have moderate sphericity. They have a tendency to be
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elongated parallel to the c axis and tend to lie with the
elongation parallel to the bedding. The grains are detrital;
but they generally have authigenic growths developed around
them. The largest growths occur generally in the direction
of original elongation. One or two rounded grains of chert
and quartz were observed in which the chert appeared to be
altering to quartz. If this is so, then this quartz also
would be authigenic. The quartz grains are colourless to
occasionally cloudy, due to slight alteration to, or re=-
placement by, sericite. Recrystallization usually occurs
at the contact of two adjacent quartz grains. A few grains
reveal the effects of solution by the presence of sawtooth
edges. One grain was obsefvéd Lo possess poor cleavages

in two directions at approximately 81 degrees with each
oﬁher. Often the grains are biaxial, have a small optic
angle, and have undulose extinction due to strain. A few
rounded quartz grains possess interlocking sections of diff-
erent optic orientation. Most of these grains are probably
gneissic quartz and possibly vein quartz; but some of them
may be grains from a previous quartzite. Several of the
quartz sections are ringed by what is probably iron oxide,

and more rarely, tiny pyrite orystals.

Special Features. Authigenic growths of quartz on

quartz are quite common. They invariably occur in optical
continuity with the detrital core. The joining surface in

most cases is marked by a thin film of what is probably
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iron oxide. Also tiny pyrite crystals and a clay mineral, in
some cases, indicate the outline of the detrital quartz grains

prior to the formation of the secondary growthse.

Many different types of inclusions were observed in
the quartz grains and are listed below. Needle-shaped in-
clusions appear to be more common than other types.

(1) Rows of tiny bubble inclusions, often in
parallel rows and in streamers.,

(2) Needle-shaped to occasionally hair-like
inclusions. Most of the needle-shaped and hair-like inclu-
sions are probably rutilé and are brown to reddish-brown.
Some needle~shaped inclusions of brown tourmaline occur,
and white to light-coloured needle-shaped inclusions have

been observed.

These needle-shaped inclusions oceur in different_
arrangements: (a) random orientation, (b) parallel to the
long direction of the quartz grains, (c) three sets with the
crystals in the second set making an angle of 59 degrees
with the first and the third set making an angle of 56 de~
grees with the second set, the angles being measured in a
clockwise direction, (d) three sets as above; but the angles
being 90 and 31 degrees respectively, (e) three sets as above;
but the angles being 67 and 53 degrees respectively, (f) three
sets as above; but the angles being 70 and 50 degrees respect-
ively, (g) two sets at 48 degrees to each other, (h) two sets

at 35 degrees to each other.
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The writer is unable to explain the relationships
described above. The arrangements could be the result of
metamorphism before the grains were eroded from the source
rocks, or they might have resulted from differential forces
acting on the Potsdam sandstone. A third possibility is
that the inclusions were formed at the same time as the ori-
ginal quartz crystals were, and that the arrangements of the in-
clusions is controlled by the crystal structure of quartz.
Finally, the different angular relationships may be only appar-
ent because, in many cases, the plane containing the needle-
shaped inclusions was probably not parallel to the microscope
stage so that the true angular relationships were not observed.
It is also possible that the different sets of inclusions do
not all lie in exactly the same plane. It is clear however
that in (b)-(h) above there is an orderly arrangement of

needle~shaped inclusions.

(3) Cubic inclusions or outlines of inclusions
which may have been occupied by halite but are now filled with
Canada balsam,

(4) Tabular tourmaline crystals.

(5) Inclusions of apatite crystals.

(6) Inclusions of zircon.

(7) Inclusions of biotite.

(8) Inclusions of pale green chlorite, probably
secondary.

(9)Minute, irregular, opaque inclusions.,




(10) Inclusions

(11) Inclusions

(12) Inclusions
crystals.,

(13) Inclusions

(14) Inclusions

of
of

of
of
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magnetite.
ilmenite - leucoxene.,

what are possibly garnet

pyrite,

what is possibly a pyroxene.

The crystals are colourless to white, bladed, N > quartz,

and have an extinction angle that ranges from 15 to 41

degrees from the centres towards the edges of the crystals.,
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Plate XII

Fig. 1, T.S. No.6, x60, plane polarized light,
Rounded to well rounded quartz grains cemented
by silica. Opaque stain around detrital edges.
Note needle, tabular and irregular opaque
inclusions,
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Fig. 2, T.S. No. 6, x60, as above,crossed nicols. Note
angularity of grains due to secondary growths in
optical continuity with detrital core,
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RUTILE

(Plate XIII, Graph III)

General. A small number of rutile grains were
observed in most of the heavy residues, in over half of the
thin sections, and as impurities in some of the light re-
sidues. Rutile grains become relatively slightly more
abundant toward the bottom of the core section (Graph III),
The grains are generally elongated and rounded to well
rounded. Some angular fractured grains are present, and
some prismatic grains, with or without bipyramidal termin-
ations, are observed with the crystal edges only slightly
rounded. A few of the prismatic grains are striated par-
allel to the elongation. Needle-shaped grains are rare and
some of these may be inclusions released by crushing. Knee=-
shaped twins were observed in some of the heavy residues,
especially those from the top part of the core section. A
few of these grains have angles of 50 degrees between the
limbs whereas others have limbs approximately at right
angles, A few broad tabular grains are present. The grains
are detrital with one or two exceptions in-which.authigenic
rutile growths occur around detrital cores, which are also of
rutile, The grains are generally brown, reddish-brown or
black and occasionally yellow or yellowish-brown in transmitted
and reflected light. A few grains are somewhat irregular in
colour such as black with brown spots. Some of the grains are

slightly pleochroic with E > O. The rutile grains are
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translucent to opaque in transmitted light and have a
metallic to adamantine lustre. Alteration to leucoxene has
occurred in some of the grains, and a few of the grains
appear to have been partly altered to ilmenite. Some of the
altered grains have a band of rutile in the centre with
leucoxene on either side, whereas others have rutile on one
side and leucoxene on the other. Poor to good prismatic
cleavage was observed in a very few grains. The grains have
very high relief and extreme birefringence. Occasionally a
grain is observed which has a concentric colour zoning which
is parallel to the crystal faces. In some cases this zoning
may be due to twinning. Sixling twinning was observed in one

or two grains.

Special Features. One or two grains were observed

with authigenic growths of rutile around detrital cores, which
are also of rutile. In one case the nucleus was euhedral and
a lighter colour than the growth.
The following inclusions were observed in two

grains:

(1) A tiny black inclusion.

(2) An opaque, steel blue-black inclusion,
possibly ilmenite or magnetite, |

(3) A minute translucent inclusion. (brown?),

possibly rutile.
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PLATE XIII

Fig. 1 - H.M. No.28, x47, plane polarized light.
cbt-carbonate, leu-leucoxene, py-pyrite,
qt-guartz, ru-rutile, to-tourmaline, zi-zircon.

Fig. 2 - H.M. No.34, x48, plane polarized light.
ap-apatite, cbt-carbonate, leu-leucoxene,
py-pyrite, ru-rutile, to-tourmaline,zr-zircon.

Fig. 3 - H.M. No.31, x63,plane polarized light.
py-pyrite, qt-quartz, ru-rutile,
si-siderite, to-tourmaline, zr-zircon.
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SANIDINE

General. A few deirital grains of sanidine were observed
in two thin sections, and as impurities in two heavy residues.
The grains are angular to rounded, and tend to be somewhat
elongated and platy, probably due to cleavage. They are
colourless, and occasionally cloudy or light-grey due to
alteration., One graiﬁ showed alteration ko a thin needle-
shapéd mineral which may be antigorite or kaolinite. Another
- grain appears to be practically pure K A151308. The extinction
angle with the cleavage ranges from O to 5 degrees. The
grains have low relief and weak birefringence. Some grains
appear to be uniaxial negative, whereas others are biaxial
negative and have a very small axial angle. A very few

grains showed carlsbad twinning.

SERICITE
General. A few authigenic sericite crystals were
observed in four thin sections. = The crystals are platy to

thin and tabular. Many occur as thin plates interwoven
among other grains and having a somewhat wavy extinction.
Sericite occurs mainly with clay minerals. The extinction

angle with the cleavage is O to 1 degrees.

SIDERITE
(Plate XIV Graph V)

General. Authigenic siderite crystals were observed in
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several heavy residues, in two thin sections and as impurities
in two lightlresidues. The relative amounts of carbonates in
the heavy residues, in general, increases toward the bottom

of the core séction examined (Graph V), siderite having its
main occurrence in that part of the section between the
elevations 1286¢5 and 1433.5 feet above the bottom of the
drillhole (Table XI). In the thin sections siderite occurs
as secondary angular aggregates of crystals in interstices.

In the heavy residues it occurs mainly as angular cleavage
fragments, many of which have a rhombohedral outline. A

few crystals have a hexagonal to almost spherical outline
(Plate XIV, Fig. 2). In a few heavy residues some of these
latter crystals have a radiating structure dividing them into
six equal segments, although in a few cases a core, or nucleus
is also present. Some crystals possess zoning with a
rhombohedron in the centre having a darker colour than the
rest of the crystal. The crystals are generally yellow to
brown, reddish-brown or dark-brown, and are rarely colourless
to grey. Slight absorption is often visible. Siderite,

in several cases shows varying degrees of alteration to liminote,
and to a lesser extent, hematite. The typical carbonate
cleavage is generally very well developed. In heavy residue
32, Ne for siderite, was determined to be greater than 1.61

and less than 1.62. The birefringence is extreme.
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PLATE XIV

Fig. 1 - HM No.26, X68, plane polarized light.
do-dolomite, si-siderite.

Fig, 2 - HM No.32, X69, plane polarized light.
leu-leucoxene, py-pyrite, si-Siderite,
to-tourmaline.




138

SPHALERITE

General. A few grains of sphalerite were observed in
heavy residue 12. Their presence is thought to be due to
contamination which probably occurred during the drushing and
screening of the sample, although this may not be so. The
grains occur as cleavage fragments exhibiting perfect dodecahedral
cleavage. They are yellow, possess an adamantine to resinous
lustre, are isotropic, and possess an extremely high index of
refraction. The grains broke into bits when slight pressure

was applied to the cover glass.

SPHENE

General. A few détrital grains of sphene were observed
in three heavy residues. The grains are rather irregular in
shape, tending to be rounded and well rounded. They are
yellow and dark reddish-brown in colour, and have a vitreous
lustre, The extinction is poor. The indicés of refraction
are very high (>1.82), and the'birefringence is extreme.

Some grains appear to be uniaxial, whereas others (e.g. HM
No. 52) are biaxial positive, having an axial angle of
approximately 20 degrees. The interference figures observed

in the latter grains were typical for sphene.(Milner, 1952,

pP. 345).




139

TOURMALINE
(Plate XV, Graph II)

General. Tourmaline grains were observed in all but
four of the heavy residues, in all but two of the thin sections,
and in several of the light residues. Next to zircon it is
the most abundant detrital heavy mineral. The grains are
detrital, and nearly all of them are rounded to well rounded.
They are elongated parallel to the crystallographic axis.
Many ellipscidal or egg-shaped grains are seen, and some
almost spherical grains are observed. A few grains possess
striations parallel to the ¢ axis. Euhedral crystals are
observed in a few heavy residues, and may be inclusions that
have been released from quartz grains by crushing. They could
also be authigenic crystals; but none was observed in the
thin sections. The grains are usually some shade of brown;
although some grains are black, a few are yellowish, and some
are green or blue, Grains showing colour zoning were observed
in a very few heavy residues. The grains are pleochroic, the
following pleochroisms being observed: colourless to pale
yellowish-green, pale brownish-green and olive green; colourless
to yellowish-brown, orange-brown and reddish-brown; faint-
yellow to greenish-brown; light-brown to olive-green, brown,
dark-brown and almost black; dark-brown to biack; yellowish-
green to green; pale-green to dark olive-green; pale-pink to

to faint-green, very dark-green and blue; light-grey to
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blue-grey; faint-red to blue; faint-blue to slaty-blue;

blue to black, and pale-mauve to dark-blue. Only a very few
slightly altered grains were observed, the rest being unaltered.
In some cases they show a parting parallel to the c¢ axis, and

in other cases a poor basal parting.

Special Features. The following inclusions were

observed in different grains.

(1) Spherical, colourless inclusions which are generally
tiny, and, in some cases at least, are ppobably bubbles.

(2) Dark coloured needle inclusions, some of which are
probably rutile.

(3) Needle wisps to thin-bladed inclusions, either
colourless (transparent) or the same colour as the enclosing
tourmaline grain.

(4) Euhedral and anhedral inclusions of magnetite.

(5) Leucoxene inclusions.

(6) Inclusions of pyrite.

(7) Inclusions of tourmaline in tourmaline.

(8) Minute, subhedral, green and red inclusions.

(9) An inclusion of zircon, also containing an inclusion.

(10) A few euhedral to anhedral, colourless or white to
dark-coloured crystals; some of which are needle-shaped or
tabular. Some of these have lower indices of refraction than

tourmaline whereas others have higher indices,
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PLATE XV

H.M. No. 35, X74, plame polarized light.
ap-apatite, cbt-carbonate, leu-leucoxene,
lim-limonite, py-pyrite, qt-quartz,
to-tourmaline, zr-zircon.

UNKNOWNS
The author was unable to determine one or two minerals
in a few of the heavy residues and thin sections. There was
not more than a trace of any one of these minerals present,
and in most cases alteration had made the determination of
optical properties difficult or impossible, In a few cases
only one or two grains were present, and the indiceé of the

unknown could not be determined.
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ZIRCON
(Plate XVI, Graph III)

General. Zircon is the most abundant heavy mineral.
Grains were observed in all but four heavy residues, in all
but one thin section, and as impurities in two of the light
residues. Practically all the grains are rounded to well
rounded, and are generally elongated, the elongation often
being parallel to the ¢ crystallographic axis. A few of the
grains are long and thin and many are slightly curved, others
are ellipsoidal and a few are spherical. Some have a knobby
surface and a few geniculated twins and were probably inclusions
in quartz grains that have been released by crushing. A
few of the larger graiﬁs_also have undergone very little, if
any, weathering. The surface on most of the grains is minutely
pitted and frosted. In some of these grains the pitting has
resulted from the weathering out of inclusions, but in most of
them it has probably resulted from solution. The grains are
generally smaller than most of the other detrital mineral grains.
Practically all of them are detrital, although in a few heavy
residues, euhedral to subhedral grains or crystals are observed
and may be autﬁigenic. Nearly all of the zircon grains are
colourless; but some are white, pale-yellow, pink, mauve,
yellowish-brown and light dusky-brown. They are all non-
pleochroic. A very few of the grains, especially zoned ones,

appear to be slightly altered; although the cloudiness may be
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due to a large number of inclusions, perhaps of dust. A
few small alteration spots were observed which probably
represent the alteration of inclusions. No cleavage was
observed; but one grain has radial fractures. The grains
possess a dark ring around their margins, which is due to

their high indices of refraction.

Special Features. In some heavy residues, a few

euhedral to subhedral grains or crystals are observed and

may be authigenic. These generally have a dusky appearance
and possess zoning in the outside part about a nucleus.

Both parts are in optical continuity. The nuclei are also

of zircon, and range in shape from rounded to euhedral.

The rounding ié thought to be due to erosion, although it is
possible that the more rounded nuclei are anhedral inclusions.
One or two grains possess no nuclei, and the zoning extends
right through the grain. IOne grain possesses zoning in one
end only, there being an irregular but definite sepération line

between the two ends. The zoning in the grains is made up of

straight bands which are alternately white or colourless, and

light-brown or brown. The surfaces of the grains often

possess euhedral forms whose crystal faces appear to have under-
gone little to no weathering. These grains, because of the
above facts, are believed to be authigenic growths. The number
of these.grains is less than one percent of all the zircon

grains observed. These authigenic growths could have been
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formed during a pre#ious cycle of deposition after which they
were surrounded by a protective coating of secondary silica.
The coating would have protected the zircon grains from
erosion during most or all of the last erosion cycle. This
would account for the small amount of weathering undergone

by some of these grains. The unweathered grains may have
been released from their protective silica shells by crushing
in the laboratory. Another possibility is that the authigenic
growths were developed at the present site of deposition.
Grains and crystals representing both types seem to be present.,

The following inclusions were observed in different grains.

(1) Brown and dark-coloured needles of rutile, a few
of which may possibly be cassiterite.

(2) A few white needle-shaped inclusions, possibly
rutile.

(3) Unidentified needle-shaped inclusions, mainly
parallel to the c axis of the zircon grains. Some also
perpendicular to the ¢ axis and others at various angles to
the ¢ axis.

(4) Tiny, white, brown and opaque inclusions of various
shapes.

(5) Colourless, white, grey, and opaque, ellipsoidal,
and spherical inclusions, some of which are bubble inclusions.

(6) A few inclusions of zircon which are usually euhedral.

(7) A few inclusions of tourmaline.
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(8) A few inclusions of leucoxene..

(9) A hexagonal inclusion of apatite.
(10) An inclusion of magnetite.
(11) An opaque acicular inclusion of ilmenite showing

some alteration to leucoxene,

PLATE XVI

'a arized light.
ap=ap. . ;?Lte, pX=pyroxene,

py-pyrite, . to-tourmaline
zr-zircon. < PR

Weathering, Transportation, Site of Depoéition:

Preceding the depositidn of the Potsdam sandstone the
Precambrian rocks of the Canadian Shield had undergone a long
period of subaerial weathering, which is indicated by the
sporadic and rare occurrence of the less resistant minerals

in the crill core. It is also indicated by the persistently



146

high degree of rounding and sphericity possessed by most of

the grains composing the Potsdam sandstone. Quartz grains,
which make up 98 percent of the rock examined, are mainly
rounded to well rounded, have a moderate to high sphericity,
and are generally frosted. Tourmaline and zircon grains
which comprise over half of the heavy residues examined, are
almost always rounded to well rounded. Apatite and rutile
grains are generally rounded to well rounded, and many ilmehite
and leucoxene grains are rounded to the same degree. Although
several other detrital minerals have been identified, most of
them are present only in small amounts and in only a few of

the heavy residues, This predominance of only a few of the
most stable minerals is also an indication of a long period

of weathering, a long period of transportation, or both, before
the grains were finally deposited. That a long period of
weathering preceded the deposition of the Potsdam sandstone,
receives further corroboration in the predominance of
quartzites at the base of the Cambrian sections throughout

most of North America.

Care must be taken in interpreting the roundness and
sphericity of the mineral grains presént in a sediment as well
as the absence of certain minerals. Several factors should
always be kept in mind. These will not be discussed in detail,

but will only be mentioned.
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It should be recognized that the various mineral grains
do not start out with the same shapes, and that the initial
shapes depend on cleavage, parting, fracture, tenacity, and
indirectly the Mohs hardness (Alling, 1950). Although
abrasion and solution modify the shapes of the grains, the
final shape appears to be determined largely by the initial
shape (Pettijohn, 1949, p. 54; Alling, 1950).

Another factor that must be considered is solution.
Many or probably most of the quartz, zircon, tourmaline,
apatite, and other rounded mineral grains are minutely pitted
on the weathered surface. This may be due to solution
rather than wind action. According to various authors
solution plays a larger part in rounding and in destroying
mineral grains than is generally realized (Galloway, 1919;
Russell, 1937; Boswell, 1941). Krynine (1942), however,
considers sediments which are poor in unstable minerals to be
reworked sediments, and that intrastratal solutions exist
only on a limited, local, and erratic scale. The latter
conclusion would seem to be an extreme view to the writer.
If the amount of geologic time‘is considered, it is realized
that solution can be very important indeed, and Russell (1937)
suggests that the persistent detrital minerals appear to be
those that are more resistaﬁt to chemical processes, resistance
to mechanical processes being of minor importance. He also

reached the conclusion, from his investigation of the sediments
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along the Mississippi River, that the importance of abrasion
in eliminating mineral species during transport is probably
overestimated. Because of solution, it is concluded by some
(Galloway, 1919) that rounded or well rounded grains are not
in themselves safe criteria of abrasion or of a long period
of transportation. It is also pointed out that, generally’
mineral grains increase relatively rapidly in roundness and
sphericity when abrasion and solution first act on them; but
that as the processes continue, less and less change is
discernible, until finally, additional abrasion and solution
do not produce any observable increase in the roundness and
sphericity. Pettijohn (1949, p. 418) has pointed out that
grains once rounded by solution become highly irregular in
outline as a result of chemical corrosion. It would appear
that this would depend on the properties of the mineral involved

(e.g. cleavage, internal structure).

Before conclusions can be drawn, a careful examination
must be made of the possible reasons why almost the entire
detrital assemblage in the drill core examined, and indeed
throughout the Potsdam sandstone, is composed of a very few
principal minerals. One possibility is that there was only
a limited number of minerals in the parent rocks., This,
however, is contrary to observations made on the Grenville and
other Precambrian types that were probably the source rocks

(Harding, 1931; Quebec Dept. of Mines, 1944, pp. 52-226).
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The second possibility is that the minerals were present
in the parent rocks, but were disintegrated and as far as
possible decomposed during weathering and transportation before
they were deposited. This would increase the relative amounts
of the more resistant detrital minerals in the sediments, such
as quartz, zircon, and tourmaline. Most of the amphibole,
chlorite, clay, and pyroxene mineral grains are quite irregular
in shape and many appear to be corroded. This condition,
however, could equally well be the result of solution after
deposition. The predominance of quartz grains throughout
the Potsdam sandstone, the exceptionally large proportion of
zircon and tourmaline in the detrital heavy minerals of the
drill core examined, and the predominance of quartzites at
the base of Cambrian sections in North America, indicate that
there is little doubt that Potsdam sandstone is the result of
a long period of weathering and erosion. This produced a vast
mantle or regolith of weathered material which spread over much
of the southeastern part of the Canadian Shield (Clark, 1952,
p. 21).

A possibility which must not be overlooked, however, is that

a greater variety of minerals and a larger amount of perhaps
most of the minerals now present may have been supplied to the
site of deposition. Some of these minerals may have been
subsequently removed, either partially or totally, by solution

and possibly by reworking of the sediments. There is ample
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evidence in the presence of authigenic carbonates and pyrite
and authigenic growths on quartz, feldspar, apatite, and

zircon grains that chemical reactions took place after the
deposition of the Potsdam sandstone. In addition, several

of the feldspar grains are so altered that it appears unlikely
that they were transported in that state. As mentioned
before, many of the amphibole, chlorite, clay, and pyroxene
mineral grains are corroded. In some thin sections the edges
of quartz grains are slightly corroded. In places some of
the carbonate is altered to liminite, and occasionally
hematite. Pyrite crystals are also partly altered to limonite
in places. Other indications of solution, and alteration
after the deposition of the Potsdam sandstone, are the increase
in the relative amount of leucoxene accompanied by a corres-
ponding decrease in ilmenite with depth in the section
examined, a decrease in the amount of mica present with depth
accompanied by an increase in alteration, a decrease in
amphiboles, pyroxenes, and chlorite with depth, and an increase
in clay minerals and limonite (alteration products?) with
depth. Thus, although it is undoubtedly true that a long
period of erosion preceded the deposition of the Potsdam
sandstone, it is also true that solution and alteration after
deposition have also played a prominent part and made it appear
as though the amount of erosion was greater than is probably

the case.
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Cross-bedding occurs throughout the core section that
was examined, and also throughout the Potsdam sandstone, and
varies continually in direction. Thin shale laminae, wisps
and nodules of shaly material, and a few fossils such as

Climactichnites, Protichnites, and Scolithus also occur in

the Potsdam. These occurrences and the clean appearance of
the rock itself all indicate deposition in a standing body
of shallow water with oscillating currents. Clark (1952,
pp. 124 - 125). suggests that in the Upper Cambrian the area
was invaded by the waters of the expanding Appalachian
geosyncline, The waters oscillated back and forth as the
level of the waters gradually rose, and the sands may have
been rolled around on a wide off-shore platform by the
changing tides. The winds are believed to have provided
much of the material for the waves to work on, and the pre-
dominance of rounded to well rounded, generally frosted,

quartz and zircon grains indicates that probably most of the

weathering was subaerial and occurred under desert conditions.

At the close of the Cambrian period it is postulated by
Clark (1952, p. 125) and most other writers on the Potsdam
sandstone, that the sea was drained off, resulting in a local
unconformity at the top of the Potsdam sandstone. This
theory is based on the supposed predominance of angular, bright,
wafer-borne grains in the Potsdam as compared with the rounded,

frosted grains in the Theresa. The writer has shown that
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most of the quartz grains in the Potsdam were originally
rounded to well rounded, and generally frosted, and that they
owe their present angularity to secondary growths. The
writer, therefore, suggests that the sea did not drain off at
the close of Cambrian time. Instead, the so-called "passage-
beds", kndwn as the Theresa formation, represent either a
fairly constant depth of water or a slight increase in the
waters' depth. The Theresa formation, therefore, represents
a transition zone from the Potsdam sandstone deposits to the
Beauharnois formation, which was probably deposited in quieter
and slightly deeper waters than was the Potsdam, which was

deposited on the old Precambrian land surface.

Source of Sediments:

It is quite obvious that the Precambrian rocks in the
area, including those now overlain by the Paleozoic formations,
were the source rocks for the Potsdam sandstone. The rock
types which provided the material and the direction from which

the material was brought will now be discussed. The answer

to the first problem will obviously aid considerably in answering

the second question.

Pettijohn (1949, Table 26, p. 98)., aas drawn up a table
giving detrital mineral suites which are characteristic of
source-rock types. In this table the more common minerals in

each suite are differentiated from the less common. Krumbein
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and Sloss (1951, Table 4-11l, p. 108) have somewhat modified
Pettijohn's table. The minerals identified in the present
investigation, together with their properties, have been
compared with these tables, and the characteristic minerals
have been listed under the corresponding source-rock type
heading in Table XIV. The source-rock types are listed in
thelr order of importance, which was determined by taking
into account relative mineral frequencies, including the
presence or absence of a mineral, abrasion, and the inherent

physical and optical properties of the mineral grains.
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Table XIV - Detrital Mineral Suites Characteristic of
Source Rock Types.

(1) Acid Igneous Rocks

Apatite Muscovite

Biotite Quartz- Igneous variety
Hornblende Sphene- Traces in 3 heavy
Magnetite residues
Microcline Tourmaline- Few small pink

Monazite- Trace in 1 heavy residue grains, l-2 euhedra
Zircon- 0dd euhedra

(2a) Reworked Sediments

Chert- Traces- 2% in 16 thin sections Rutile - Rounded
Leucoxene- Possibly largely secondary Tourmaline - Rounded
Quartz- Possibly few worn overgrowths ercon - Rounded
none identified positively.
Quartzite fragments- Few fragments
observed. May be mostly
high-rank metamorphic

(2b) Basic Igneous Rocks

Anatase- Traces in L heavy residues Leucoxene- Possibly largely

Augite _ secondary
Brookite- Trace in 1 heavy residue Magnetite
Hypersthene Plagioclase- Intermediate
Ilmenite Rutile
Serpentine (Antigorite)
(3a) High Rank Metamorphic Rocks
Biotite

Kyanite- Trace in 1 heavy
residue

Magnetite

Muscovite

Quartz- Only a few metamor-
phic grains

Epidote- Small amount
Feldspar- Only small amount of
acid plagioclase
Garnet
Hornblende- (Green,only 1-2 blue
green grains)

(3b) Low Rank Metamorphic Rocks

Biotite

Chlorite~ Possibly clastic in part

Feldspar- Present, should be gener-
ally absent

Leucoxene~ Possibly largely secondary

(3c) Pegmatites

Albite- A few gralns

Fluorite- Traces in 2 heavy residues
Garnet

Microcline

@Quartz and Quartzite- Only
a few metamorphic
quartz grains and
quartzite grains

Tourmaline- Few pale brown
euhedra

Monazite~- Trace in 1 heavy
- residue
Muscovite
Tourmaline- Few blue grains
(indicolite)




155

Mackie (1899) classified the inclusions found in quartz
grains into four main groups.

R - Regular inclusions of quartz, magnetite, rutile,
apatite, zircon, etc. )

A - Acicular inclusions mainly of rutile and sillimanite.

I - Irregular inclusions of fluid lacunae sometimes
accompanied by gas bubbles; many arranged in streams
or parallel rows.

N - Inclusions absent or so small as to escape notice.

If two or more.groups were present Mackie gave the
acicular types precedence over all the others, and regular-
shaped inclusions precedence over the irregular group. He
concluded that "R" and "N" inclusions are characteristic of
gneisses and younger schistose rocks, and that "A"™ and "IV
types are characteristic of quartz from granite, quartz
diorite, related rocks and quartz veins.

Gilligan (1919) agreed with the conclusions reached by
Mackie, as did Tyler (1936) generally; but Tyler concluded
that the gneisses should be classes with granites rather than
with the metamorphic rocks. He also suggested that the same
minerals now present as inclusions in sedimentary quartz grains
indicate what other minerals were supplied to the sediment by
the igneous source rocks, absent now because they have been
destroyed. Keller and Littlefield (1950) agree in general
with Mackie; but they concluded that regular inclusions are

characteristic of schists, but not of gneisses; thatacicular
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and irregular inclusions are characteristic of igneous rocks,
and that globular inclusions, which Mackie classed with
irregular inclusions, are characteristic of igneous rocks and
gneisses. Krynine (Bokman, 1952, after Krynine, 1940),
however, concluded that the inclusions in metamorphic quartsz

are usually much more acicular than those in igneous quartz.

In the core section examined by the writer, needle or
acicular inclusions appear to be more common than other types.
Bubble inclusions are also quite abundant and many are arranged
in rows. Regular inclusions are common, and a large number of
quartz grains appear to have no inclusions at all. By
comparing these results with those obtained by the workers
mentioned above, the writer concludes that most of the quartz
was derived originally from igneous rocks, mainly acidic
igneous rocks, and that a considerable amount was also derived

from schists and gneisses.

Krynine {(1946) used tourmaline grains to determine the
source of the sediments, and classified tourmaline grains into
five main groups.
(1) Granitic tourmaline.
(2) Pegmatitic tourmaline.
(3) Tourmaline from pegmatized injected metamorphic terranes.
(L) Sedimentary authigenic tourmaline,

(5) Reworked tourmaline from older sediments.
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Each group, according to Krynine, has distinctive optical
and physical properties which are indicative of the source rock

from which the tourmaline grains were derived.

In comparing the results of the present investigation
with Krynine's classification, most of the tourmaline grains
probably belong to groups (1) and (5). From the general shapes
of the grains, group (5) would appear to predominate over
group (1); but this is not necessarily so. A few blue
tourmaline grdns indicate the presence of pegmatitic tourmaline.
No authigenic growths were observed. A few tiny euhedral

crystals were observed and possibly belong in group (3).

Harding (1931) investigated the relations of the Grenville
sediments and the Potsdam (Nepean?) sandstone in eastern Ontario,
and concluded that the latter was derived from the former. He
noted the increased rounding and the smaller number of mineral
species in the latter and that the mineral species common to both
rocks are the more stable ones, such as zircon and tourmaline,
which accordingly have a greater relative mineral frequency in
the Potsdam sandstone. Similsrly, the predominance of rounded
to well rounded grains of zircon and tourmaline in the heavy
residues from the drill core examined may be explained as being
supplied largely by the eroded Grenville sedimentary gneisses

and schists, therefore those grains have generally undergone two

cycles of erosion. Possibly the less stable minerals were
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derived largely from acidic igneous rocks and hence have
generally undergone only one cycle of erosion. It 1s noted
that the less stable mineral grains are generally less well
rounded than the more stable. This may in part be due to the
properties of these minerals; but it may also mean that the
more unstable grains are totally eroded before they can become
well rounded, and that they have undergone only one cycle of
erosion. Several writers (Krynine, 1942; Pettijohn, 1949,
pp. 96 - 97; Krumbein and Sloss, 1951, pp. 107) consider the
absence of less stable species and a relatively large abundance
of the more stable heavy minerals to indicate a derivation

from earlier sediments.

It is finally concluded that the largest single source
for the sedimentary material in the drill core examined was
acid igneous rocks. The second largest source was reworked
sediments, followed closely by basic igneous rocks. High
rank metamorphic rocks were the fourth largest source, and were
followed closely by low rank metamorphic rocks, which in turn
were followed by pegmatites. The following percentages indicate
the proportions involved and are not meant to be quantitative.

L,0% - Acid igneous rocks

LO% - Reworked sediments
Basic igneous rocks

20% - High rank metamorphic rocks
Low rank metamorphic rocks
Pegmatites
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Considerably more field work would be required in order
to determine the direction from which the sediments were
brought to form the Potsdam. It is observed in reviewing
the geological map of Canada (Geol. Surv. Can., Map 820A,
1945) that the Precambrian rocks north and west of Montreal
and Ste. Therése are composed mainly of acid igneous rocks
with patches of sedimentary and derived metamorphic rocks
(Grenville) and basic and ultra basic igneous rocks. This
corresponds with the conclusions made regarding the source
focks. With the exception of the Adirondacks, which are
composed largely of acidic igneous rocks with minor Grenville-
type rocks, nothing is known of the Precambrian rocks south
of Montreal, as they are overlain by younger rock types.
Assuming that the Potsdam sandstone was laid down by waters
overlapping from the west side of the Appalachian geosyncline,
it would seem that the sediments were brought principally

from the north and west.
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SUMMARY AND CONCLUSIONS

Analyses of Samples

The laboratory work was done in the foilowing steps:

(1) The drili core wss logged,

(2) The thin section specimens wereselected.

(3) The heavy mineral samples were selected.

(4) The heavy mineral samples were crushed by hand using
a steel mortar and pestle.

(5) Screening was done by hand, and the 100-150 mesh grade
size was selected for microscopic work,

(6) Heavy mineral separations were carried out using a sin-
gle separatory funnel, bromoform as the heavy liquid, and benzene
as the washing liquid. |

(7) The relative percentage by volume of the minerals pre-
sent in the thin sections, light residues and heavy residues were
determined using the areal method. The results are given in
Tables V11, 1X, X1. Graphs L - V, showing relative mineral fre-
quencies of some of the minerals, were also drawn up. The pro-
perties of the minerals were also determined.

(8) The arithmetical average diameters of the grains in the
thin sections were determined with a calibrated micromster eyve-
piece, the results being given in Teble V11.

(9) A rough estimate of the sbundance of each heavy residue
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was made and the results recorded in Table X1,

(10) The roundness of the mineral grains in the thin
sections and heavy residues was determined by comparing the
grains with a chart prepared by Pettijohn (1949), and the
results recorded in Tebles V11 and Xill.

(11) The two dimensional sphericity of the grains occurr-
ing in the thin sections was determined by comparing the grains
with a chart prepared by Rittenhouse (1943a). The results are
given in Table V11.

(12) Sources of error in the selection of samples, crushing,
heavy mineral separations, and in the determination of grain cdunts,
grain size, roundness, sphericity and mineral frequencies are dis-

cussed,

General Description of the Potsdam

The earliest work was done on the Potsdam sandstone in
Canada by Sir William Logan (1849-1863). Except for the work
done by Ells (1895-1904), nothing of real importance was added
to Logan's work until the present time when Clark (1939a -1952),

began a systematic survey of the area.

The greatest areal developments of the Potsdam in Quebec
occur northwest and southwest of Montreal, Quartz grains

generally make up over 99 per cent of the rock and range in type
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from rounded and frosted (presumably wind-blown), to angular,
bright, water-borne grains. in places.the contact with the
overlying Beekmantown formation appears to be conformable,
and in others 1t appears to be disconformable. The Potsdam
sandstone ranges from O to 1696 feet, or more, in thickness;
but it is rarely more than a few hundred feet thick. Fossils

are rare and consist mainly of the trails Climactichnites,

Protichnites and Scolithus. The Potsdam has generally been

considered to be Upper Cambrian, though Wilson (1946b) and
Clark (1952) incline to a Lower Ordovician age. Its princi-

pal use at present in Quebec is in making ferro~silicon,

The Mellet Well

As it is observed in the top 504 feet of Potsdam sandstone
core of the Mallet well, the Potsdam is the same as it is
throughout its extent in Quebec province. It is predominantly
a hard, white, fine-to medium-grained, cross-bedded, pure quartz
sandstone. Rounded, frosted grains occur practically throughout
the core and make up most of the rock. Laminase, beds; and in-
clusions of shéle are commonly present, The rock is generally
well sorted, and is cemented by silica, Other materials occurr-
ing as cements are: argillaceous materlsl, carbonates (calcite,
dolomite, siderite), pyrite and iron oxide, The core throughout
most of its length is fairly porous. It is composed of approxi-

mately 98 per cent quartz grains, over 1 per cent carbonate,
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clay and feldspar minerals, and less than 1 per cent heavy
minerals including pyrite, but not carbonstes. 2Zircon,
tourmaline, leucoxene and biotite are the most abundant detrital
heavy minerals, zircon being nearly 2% times as abundant as tour-
maline, and tourmaline twice as abundant as leucoxene. Zircon
and tourmaline mske up over half of the detrital heavy minerals
by volume. Carbonatesrand pyrite, in that order, are the most
abundant authigenic minerals, Chlorite and clay minerals are

probably in part secondary.

Five small igneous dykes, or possibly sills, 3 of alnoite
and 2 of vibetoide, intrude the Potsdam sandstone at elevations
from 1300,5 to 1303.5 feet and from 1246 to 1257 feet. The
metamorphic'effects extend 4 to 5 feet into the Potsdam sandstone

from the contacts.

The following observations were made from the microscopic
examination of 21 thin sections.

(1) Bedding was observed in practically all of the thin
sections., The thinnest observed bed was a shale lamina 0,03 mm
thick.

(2) The beds vary from even-grained to occasionally con-
glomeratic.

(3) Quartz grains were observed "floating™ in calcite and
dolomite, one explanation being that the quartz grains were

deposited with clastic carbonate which was later recrystallized.
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(4) As shown in Table V111, the roundness and sphericity
of the grains:decreases directly as the grain size, and the
more rounded grains are also the more spherical ones,

(5) Secondary crystallization has, in general, reduced
the roundness and sphericity of the quartz grains.

(6) Elongated grains tend to occur with the elongation
epproximately parallel to the bedding plane.

(7) In quartz grains this direction often shows a tendency
to be parallel to the ¢ crystallographic axis.

(8) The elongation of quartz grains in most thin sections
has been accentuated by authigenic growths in accordance with
Riecke's principle, which indicetes that vertical forces pre-
dominated at the time of deposition of the secondary silica,

(9) Crystals of shale minerals are generally elongated
parallel to the bedding.

(10) Optic orientation of grains occurs only rarely in
quartz grains and in shale laminae, and in the shale laminae is
believed to have been formed during the period of lithification
of the Potsdam sandstone.

(11) Secondary growths on feldspar grains formed esarlier
than the secondary growths on quartz grains.

(12) The secondary growths on feldspar are mainly of ortho-
clase, about a nucleus of microcline and occasionally plagloclase,

Microcline and plagioclase also occur as overgrowths in one
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or two cases, A few suthigenic orthoclase crystals were
observed which had formed without the aid of a nucleus. The
authigenic feldspar appears to have been formed by sedimentary

processes,

Microscopic analyses were made of 17 light residues and
the following observations were made:

(1) There was considerable contamination by heavy mineral
grains,

(2) The feldspar grains showed various degrees of alteration
to keolinite.

(3) The carbonate was often partly altered to limonite and

occasionally to hematite,

Microscopic examinations were made of 52 heavy residues from
which the following observations and conclusions were made.

(1) The greatest abundances of heavy residues were obtained
from the medium-grained samples (Teble X), with Gontinually
lesser amounts from the coarser-and finer-~grained sizes.

(a) One explanation is that the grain sizes of
the different heavy minerals, together with the various hydraulic
conditions in the area of deposition, were such that a larger
amount of heavy mineral grains were "hydraulic equivalents™ to the
medium-grained light minerals than to the other grain sizes.

(b) In the finer-grained sizes, however, a lar-

ger proportion of the heavy mineral grains undoubtedly passed




166

through the 150 mesh screen. Although this probably d4id not
greatly affect the fine-grained samples, the results from the
very fine-and finer-grained samples were probably considerably
affected,

(2) There appears to be a slight increase in the number
of heavy minerals present towerd the top of the core section.

(3) Several heavy minerals, such as zircon, biotite, and
hypersthene (Table X11), have an increasing relative frequency
toward the top of the core section which may indicate that,

{a) an increasing relative amount of these
minerals were being supplied to the site.of deposition,

{(b) intrastratal solutions have partially
or totally removed the minerals, particularly from the lower
part of the section.

(4) A second group of heavy minerals such as tourmaline,
rutile and garnet maintains a relatively constant frequency,
which indlcates that a fairly uniform smount of those minerels
were being supplied to the site of deposition.

(5) A third group of minerals shows a decreasing relative
frequency toward the top of the core section, Most of the
minerals in this group, such as leucoxene, clay minerals snd
limonite are at least in part secondary, and the decreasing
relative frequency may indicate that,

(a) alteration begen soon after the sediments
were laid down, hence the largest amount of alteration, and

therefore the largest relative amount of these minerals, occurs
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in the older beds.
(b) A second explanetion is needed for
minerals such as apatite. The decreasing frequency here may
be explained by a constant reworking of the-sediments with a
greater destruction of the less stable minerals. This may
also apply to the other minerals in this group.
(c) A third explanation is that relatively

less of these minerals weas being supplied to the younger beds.

(6) The relationships of leucoxene and ilmenite show that
the former was derived largely from the latter,

(7) The two main authigenic minersls are carbonates and
pyfite. A small amount of pyrite occurs as spherulites and
may possibly have been formed when the sediments were deposited.
Most of the carbonate is authigenic; but whether it was originally
deposited as clastic carbonate or as chemically precipitated car-
bonate is not certain. Only a few tiny calcite veinlets have
been lntroduced at a later stage.

(8) Chlorite and clay minerals are probably, in large part,
authigenic.

(9) Roundness determinations were made for most of the heavy
minerals and are given in Teble X1lii. It is noted that the
greatest degree of rounding is obtained by the most stable minerals

such as zircon and tourmaline,.
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Excluding undifferentiated feldspars, csrbonates and
micas, 54 mineral species (Table V) were determined along
with many of their distinctive properties. 41 of these were
observed in the heavy residues. These minerals have been des-
cribed under the headings of general and specilsal features,
Inclusions, authigenic crystals and growths, perthitic structures,

etc., are described under the latter heading.

Care must be teken in interpreting the roundness and
sphericity of mineral grains for the following reasons:

(1) Because of the different properties of individusl
minerals they do not begin with the same shapes.

(2) The part vplayed by solution in the rounding of grains
before deposition is not certain; but may be considerably grester
than is generally realized.

(3) The relationship of roundness and sphericity to abrasion
and solution is not a straight line relationship; but the round-
ness and sphericity increase relatively rapidly at first and then
increase quite slowly until a point is reached where they anpear.

to remain practically constant.

The examination of minersl suites in sedimentary rocks must
be made with care because of the following reasons:
(1) The limited number of minersls in a suite may be ex-

plained by:
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(a) a correspondingly limited number of
minerals in the source rocks,

(b) elimination of mineral species during
weathering and transportation of the sedimentary material by
differential erdsion,

(c) reduction in ﬁhe relative frequencies of
some minerals, or even elimination of mineral species by intras-
tratal solutions,

(2) Care must be taken not to confuse detritsl and authigenic
minerals, and also authigenie crystals and inclusions released

from detrital grains by crushing.

It is concluded that, preceding the deposition of the
Potsdam sandstone, the Precambrian rocks of the Canadian Shield
underwent a long perlod of weatherling and subaerial erosion,
probably under desert conditions. This prolonged condition is
probably the main cause for the predominance of a relatively few
mineral species in the Potsdam sandstone; but the evidence leaves
little doubt that intrastratal solutions subsequently played a

large part.

The Potsdam sandstone is considered to have been deposited
in the shallow oscillating waters of the expanding Appalachian
geosyncline. It is suggested by the writer that the sea did not
drain off at the close of Cambrian times; but that the Theresa

formation represents a change from shallow oscillating waters to
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slightly deeper, quieter waters,

The material composing the Potsdem sandstone in the core
section examined was derived from Precambrisn rocks, possibly
those lying to the north are west. The largest single source
was acid igneous rocks, which supplied approximately 40% of the
sedimentary material. Second, were reworked sediments, followed
closely by a third source which was basic igneous rocks. These
last two sources combined and also believed to have supplied
approximately 40% of the sedimentary material in the Potsdam.
Fourth on the list are high rank metamorphic rocks followed
closely by low rank metamorphic rocks in fifth place and peg-
matites in sixth place. These last three sources combined are
believed to have supplied about half as much material as acid
igneous rocks, or about 20% of the material. The percentages
given above indicate the provortions involved and are not meant

to be quantitative,
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Notes: (1)

Distance

DETAILED GEOLOGICAL LOG
Of The Top 504 Feet of Potsdam Sandstone

Mallet ell, Sainte-Thérése, Quebec

A1l lengths and distances given in the descriptions are
neasured from the top of the individual core section being
described,

T.5. #2, O-1 in. - Sample for #2 thin section taken at
6-1 in. of 6 in. section of core (see column titled
"Thickness',)

H.M. #2, 3-4 in. - Sample for #2 heavy mineral separation

taken at 3-4 in. of 6 in. section of core (see colunn
titled "Thickness",)

Thickness

from bottom

of hole
Feet

1696

Feet - Inches

0 Contact with the Beekmantown formation.
Immediately above the Potsdam formation are
9 inches of dark-grey shale with smell lenses
of a very fine-grained, light-grey calcareous
guartz sandstone. At the contact the
Beekmantown is mainly dolomite with a lesser
amount of calecite,

0 1 Coarse-grained calcareous quartz sandstone,
well rounded, frosted grains, light-grey.
T.S. #1, O - 1 in.

0 2 Medium-grained calcareous quartz sandstone;
rounded, frosted grains, white, few minute
grey snale laminae.

0 6 Fine-grained calcareous cuartz sandstone, few
coarse-grained frosted grains, white, few
rusted spots - pyrite? H.l, i1, 2-3 in.

1 3 ‘edium—-grained calcareous quartz sandstone,
angular to well rounded frosted, white, cross-
bedded at 8 inches, pink garnet grain, few
rusted pyrite crystals, few minute shale
lapdnae,




Distance
from bottom
of hole

Feet

1694

1658

1652

Thickness

Feet - Inches

36 0
0 6
0 1
0 5
0 3
0 7
0 1
0 3
1 e
0 8
0 2
Y L
0 3
Y 3
1 0

ii

Missing, from a log of the core by the G.5.C.,
(Wickenden R.TeDe, Wilson A.H., 1937) it is
white sandstone,

Fine-grained calcareous quartz sandstone, sub-
rounded, inequigranular, white, cross-bedded,

minute shale laminae, few disseminated rusted

grains, .S, #2, O-1 in, H.M, #2, 3 - 4 in.

Fine-grained quartz sandstone, white, as above;
but not calcareous.

As above; but slightly calcareous in places,
white to light-grey.

As above; but not calcareous,

Coarse-grained quartz sandstone, well rounded
and sorted, frosted, white to light-grey cross-
bedded,

Fine-grained quartz sandstone, rest as above,
grades into medium~grained below,

Medium~-grained quartz sandstone, white, rest
as above,

Fine~grained quartz sandstone, white, odd pink
garnet grain, rest as above,

Medium-grained quartz sandstone, white, rest
as above,

Missing,.

Fine-grained quartz sandstone, white to light-
grey, rest as above,

Coarse-grained quartz sandstone, white te light-
grey, rest as above,

Fine-grained quartz sandstone, white to light-
grey, rest as above,

Coarse-~grained quartz sandstone, subangular
fairly well sorted, frosted, white, cross-bedded.




iiji

Distance Thickness
from bottom
of hole

Feet Feet ~ Inches

1 10 Medium-grained quartz sandstone, subangular
well rounded, some frosted grains, white to light
grey, cross—~bedded.

2 8 Fine-grained quartz sandstone, subangular,
occasional grain of dark mineral, rest as
above, H.M, #3; 1 ft. 7 - 8 in,

0 7 Medium-grained quartz sandstone, rounded,frosted,
fairly well sorted, white cross-bedded.

0 5 Fine-grained quartz sandstone, rest as above.

1645 '

0 11 Coarse-grained quartz sandstone, Several rusted
grains from 1 - 2 inches, light-grey, subangular
rest as above,

14- O MiSSing.

1 5 Medium~grained quartz sandstone, rounded, white
to light-gray, rest as above,

3 11 Fine-grained quartz sandstone, subangular to
well rounded, white to light-grey, rest as above,.

0 7 Missing.

0 7 Medium~grained quartz sandstone, rounded, white
to light-grey, rest as above,

0 10 Fine-grained quartz sandstone, rounded, white
to light-grey. H.M. #4, 8~9 in.

2 2 Medium~grained quartz sandstone, rounded, frosted,
well sorted, white to light-grey, cross-bedded.

1 1 Fine-grained quartz sandstone, well rounded,
several rusted grains from 10 - 12 in., white,
rest as above,

1 6 Missing

1628

0 6 Medium-grained quartz sandstone, well rounded and
sorted, frosted white, few minute dark-grey shale
laminae, cross-bedded.

2 8 Fine-grained quartz sandstone, as above,

H.l‘do #5, l ft. l - 2 in.




Distance
from bottom
of hole

Feet

1618

Thickness

Feet. - Inches

Y 5
0 7
0 2
1 5
0 7
3 7
0 1
0 1
0 2
0] 2
6] 10
3 3
0 9
0 2
0 8
0 >

iv

Missing.

Medium-grained quartz sandstone, rounded, well
sorted, white to light-grey, cross-bedded, few
grains of black mineral, few minute shale
laminae,

Fine-grained quartz sandstone, no shale laminae,
rest as above.

Medium—-grained quartz sandstone, white, no shale
laminae, rest as above,

Fine-grained quartz sandstone, white, few minute
shale laminae, rest as above.

Medium-grained quartz sandstone, white, few
minute shale laminae, several from 9 - 13 in.,
rest as above.

Missing.
Fine-grained gquartz sandstone, white, no shale

laminae, rest as above,

Medium-grained quartz sandstene, white, no shale
laminae, rest as above,

Fine-grained quartz sandstone, white, a thin
lamina of black mineral at O in., rest as above.

Medium~-grained quarﬁz sandstene, white, occasienal
thin lamina of black mineral, rest as abeve,
ToS; #3, 1_2 ino HnM. #6, 8"'9 in0

Fine-grained quartz sandstone, white to light-
grey, cross-bedded, several thin black shale
laminae.

Missing.

Medium-grained quartz sandstone, white to light-
grey, as above,

Fine-grained quartz sandstone, white to light-
grey, cross-bedded, a few thin black shale
laminae,

Medium-grained quartz sandstone, light-grey,
rest as above,




Distance Thickness
from bottom
of hole

Feet Feet - Inches

3 2 Fine-grained quartz sandstoene, white tc light-grey,
a few thin black shale laminae and inclusiens,
tendency to break across grain and frosted surfaces
less prominent.

0] L Missing,.

0 5 Medium=-grained quartz sandstone, white, creoss-bedded.

0 6 Fine-grained quartz sandstene, white te light-grey,
cress—bedded frem 4 - 6 in,, odd inclusion of light-
coloured clay or shale.

3 1 Medium—grained quartz sandstone, white to Jight-
grey, cross~bedded, several minute black shale
laminae, slightly calcareous at 2 ft. 3 in,

HUM.#’], 5—6 in. .
1 0 Fine-grained quartz sandstone, white, cross-hedded,
several minute black shale laminae,
1603
: 1 5 Medium=-grained quartz sandstone, well rounded
grains, frosted, white, cross-~bedded at 9 in.,
several minute black laminae, slightly calcareous
at LI» irlo HQI"I. #8’ 1 ft- O - l ino

0 6 Fine-grained quartz sandstone, rounded grains,
frosted, white, cress-bedded.

0 11 Medium=-grained quartz sandstone, well rounded
grains, white, cress-bedded, a few minute black
laminae.

0 3 Fine-grained quartz sandstone, as above,

1 0 Medium-grained quartz sandstone, as above, a few
minute black laminae (mineral grains?), O - 7 in.

0 7 Missing.

0 11 Fine-grained quartz sandstone, as above.

0 6 Medium-grained quartz sandstone, as above.

0 9 Fine-grained quartz sandstene as above, a white

feldspar grain and a dark grain at 4 in. H.M.#9,
14.-5in-

!




Distance Thickness

from bottom

of hole

Feet Feet - Inches
0 6
0 7
0 10
1 2
0 3
1 0
1 7
0 10
0 A
0 5
0 2
0 2
0 2
1 0
0 11
0 1
0 2
1586

0 2

vi

Medium-grained quartz sandstone as above, no black
laminae,

Fine-grained quartz sandstone, no black laminae,
some dark mineral grains at 7 in., rest as above,

Medium~grained quartz sandstone, as above, some
minute black laminae at 9 in.

Fine-grained quartz sandstone, as above, few
minute black laminae. T.S. #4, 9 - 10 in,

Missing.

Medium~-grained quartz sandstone, well-rounded
grains, frosted, white.

Fine-grained quartz sandstone, as above, occasional
grain of dark mineral,

Medium-grained quartz sandstone, rounded grains,
frosted, white,

Fine-grained quartz sandstone, as above,
Medium-grained quartz sandstone, as above.
Fine~grained quartz sandstone, as above,

Medium—~grained quartz sandstone, rounded grains,
frosted white, cross-bedded, minute black laminae,

Cearse-grained quartz sandstone, rounded grains,
many break across grain, siliceeus cement?,
vitreous lustre, white,

Medium~grained quartz sandstone, cross-bedded

at 1 in., calcareous at 2 in., several thin black
laminae, rest as above,

Fine~grained quartz sandstone, rounded grains,
vitreous lustre, white, cross-bedded.

Medium-grained quartz sandstone, rounded, vitreous
lustre, white,

Fine~grained quartz sandstone, as above,

Medium-grained quartz sandstone, as above,




Distance Thickness
from bottom
of hole

Feet Feet « Inches

0 3 Coarse-grained quartz sandstone,
rounded grains, vitreous lustre,
white, cross-bedded, thin black
laminae, H.M. No. 10, 2-3 in.

o) 3 Fine-grained quartz sandstone, as
above
1 5 Medium=grained quartz sandstone, as

above, also some black mineral grains
and calcareous material at 11 in.

Note: p. via continues on from p, vi and p. vii continues
on from p. via.

via




Distance Thickness

from bottom

of hole

Fest Feet -~ Inches
0 6
0 9
0 5
0 4
0 1
0 5
0 9
0 1
0 1
0 2
0 7
0 10
0 3
0 3
0 5
1578

0 7
0 1

Note:

vii

Missing.
Fine-grained quartz sandstone, as above,
Medium-grained quartz sandstone, as above,

Fine-grained quartz sandstone, as above, not
cross-bedded.

Medium-grained quartz sandstone, rounded grains,
vitreous lustre, white,

Fine-grained quartz sandsteone, as above, cross-
bedded,

Medium-grained quartz sandstone, rounded grains,
vitreous lustre, white, cross-bedded, a few minute
black laminae, pink garnet grain at O in., few
black mineral grains.

Fine-grained quartz sandstone, rounded grains,
vitreous lustre, white.

Medium-grained quartz sandstene, as above, cross~
bedded.

Fine-grained gquartz sandstone, rounded grains,
vitreous lustre, white, some dark shale at O in,

Medium-grained quartz sandstone, as above,
cross-bedded, some black mineral at 7 in.

Fine-grained quartz sandstone, as above, cross-
bedded, some black mineral at 1 in., thin laminae
of black shale,

Medium-grained quartz sandstone, rounded grains,
vitreous lustre, white,

Fine-grained quartz sandstone, as abeve,
Missing.

Fine-grained quartz sandstone, well rounded grains,
frosted, white,

Very fine-grained quartz sandstone, white, few
black mineral grains.

p. viia continues from p. vii,




Distance Thickness

from bottom

of hole

Feet Feet -~ Inches
0 3
0 2
0 3
0 1
0 5
0 3
0 3
0 L
0 2
0 2
1575

0 1
0 6
0] 1
3 0
0 11
1 5

viia

Medium-grained quartz sandstone, well rounded
grains, frosted, white, cress-bedded, some thin
black laminae,

Fine-grained quartz sandstone, well rounded and
sorted grains,

HMedium-grained quartz sandstone, as above,
Coarse-grained quartz sandstone, as above.
Medium-grained quartz sandstone, as above,
Fine-grained guartz sandstene, rounded grains,
fairly well sorted, white, cress-bedded, few
thin black mineral grains, few thin black

laminae (some pyrite?).

Very fine-grained quartz sandstoene, subrounded
grains, fairly well sorted, white, cross-bedded.

Fine-grained quartz sandstone, subrounded grains,
fairly well scorted, white, cross-bedded, odd
black mineral grain.

Medium-grained quartz sandstone, well rounded
grains, fairly well serted, white,

Fine-grained quartz sandstone, rounded grains,
fairly well sorted, white, cross-bedded,

Coarse-grained quartz sandstone, well rounded
and serted grains, white., H.M. #11, O - 1 in.

Medium~grained quartz sandstones, as abeve,
Missing.

Fine-grained quartz sandstone, rounded grains,
well te rather poorly sorted, white, cross-bedded,

gsome very thin black laminae,

Medium~grained quartz sandstone, as above, no
black laminae,

Fine~grained quartz sandstone, rather peorly
sorted, white, cross-bedded, minute black laminae,

Note: p. viii continues from p. viia.

v




Distance Thickness
from bottom
of hole
Feet Feet - Inches
0 11
0 1
1 0
1567
0 9
0 7
0 7
0 5
1 9
0 3
0 L
0 4
1562
3 11
0 1
0 2
0 5
L

viii

Medium—-grained quartz sandstone, vitreous lustre,
fairly well sorted, white, cross-bedded some
minute black laminae from 3 - 4 in,

Missing.

Fine-grained quartz sandstene, rather poerly
sorted, vitreous and frested grains, white,
cress-bedded, few minute black laminae, black
mineral grains at 5 in.

Medium~-grained quartz sandstone, white, cross-
bedded, few minute black laminae, ‘

Fine-grained quartz sandstene, rather peorly
serted, white, cross-bedded,

Medium=-grained quartz sahdstene, white, cross—
bedded, few minute black laminze, :

Fine-grained gquartz sandstone, fairly well sorted,
white, cross-bedded,

Medium-grained quartz sandstene, as above.
Fine-grained quartz sandstone, white, cross-bedded.

Medium-grained quartz sandstone, as absve, some
dark mineral grains at 4 in. H.M. #12, @ - 1 in.

Fine-grained quartz sandstone, white.

Medium=grained quartz sandstone, well rounded
and sorted, white to light-grey, cress-bedded,
odd pink garnet grain and few lenses of black
mineral grains, T.S. #6, 3 ft. 6 - 7 in.

Missing.

Fine-grained quartz sandstone, well reunded and
sorted, white, cross-bedded.

Medium-grained quartz sandstene, as abeve, white
te light-grey, some minute black laminae,

Fine-grained quartz sandstone, well rounded and
sorted, white, cross-bedded, minute black laminae,
H.B’I. # 13, 9 - 10 irlo




Distance

Thickness

from bottom

of hole

Feet

1553

Fest - Inches

0

2

10

Coarse-grained quartz sandstone, well rounded
and sorted, white.

Fine-grained quartz sandstone, as above, several
minute black laminae from 4 - 6 ine

Medium-grained quartz sandstone, well reunded
and sorted, white,

Fine-grained quartz sandstone, as above, minute
black laminae.

Coarse-grained quartz sandstone, well rounded
and sorted, white, cross~bedded, T.S. #7, 1 - 2 in.

- Fine-grained quartz sandstene, well rounded and

sorted, white.
Missing,

Fine-grained quartz sandstone, subangular grains,
frosted, well sorted, white, cross-bedded, few
minute black laminae,

Medium~-grained quartz sandstone, well rounded and
sorted grains, white, cross-bedded, some pyrite
at 10 in.

Very -fine-grained quartz sandstones, white,
subangular grains, well sorted, »

Fine-grained quartz sandstone, subreunded grains,
fairly well sorted, white, cross-hedded.

Medium-grained quartz sandsene, well reunded and
sorted grains, white, occasionally cross-bedded,
black mineral at 0,5, and 7 in., pink garnet grain
at 4 in. and 21 in. H.M, #l4, 1 ft. 6 - 7 in.

Fine-grained quartz sandstons, rather poorly
sorted, white,

Medium-grained quartz sandstone, well reunded
and sorted grains, white, cross-bedded from

6"7ino

Fine-grained quartz sandstone, subangular grains,
white, cross-bedded.




Distance Thickness
from bettom
of hole

Fast, Feet - Inches

0 L Medium~grained quartz sandstone, rounded grains,
white, cross-bedded,

0 6 Fine-grained quartz sandstone, subangular grains,
white, cross-bedded, some minute black laminae.

2 8 Medium-grained quartz sandstone, well rounded and
sorted grains, vitreous, white to light-grey,
cross-bedded, few minute black laminae, odd pink
garnet grain, pyrite crystal from 4-6 in,

0 10  Fine-grained quartz sandstone, white, crcss-bedded,
minute black laminae,

0 2 Missing.
1543
0 4 Fine-grained quartz sandstone, subangular grains,
white, crcss-bedded, few minute black laminase.

0 3 Medium~grained quartz sandstone, well reunded
and sorted grains, white, pink garnet grain at
1 ino H.Mo #15, O - l in'

2 7 Fine-grained quartz sandstone, subangular grains,
well sorted, white, cross-bedded, some black
mineral grains at 4 in., seme pyrite at 2 ft. 5 in,.,
TeSe #8 at 2 ft. 5 - 6 in,

0 1 Missing.
3 10 Medium=-grained quartz sandstone, well rounded and
sorted grains, frested, white, cross-bedded, few

minute black laminae,

0 2 Coarse-grained quartz sandstone, well rounded and
serted grains, frosted, white.

0 1 Miesing.

0 9 Fine-grained quartz sandstone, rounded and well
sorted grains, white, pink garnet grain at Q in.

0 5 Medium-grained quartz sandstone, well sorted, white,
cross-bedded, odd minute black laminae, pink garnet
grain at 2 in.




Distance Thickness
from bottom
ef hole

Feet Feet - Inches

0 4 Fine-grained quartz sandstone, white, cross-
bedded, odd minute black laminae,

0 2 Medium-grained quartz sandstene, vitreous lustre,
white,

1534

0 3 Fine~-grained quartz sandstone, white, cress-
bedded, odd thin black lamina,

0 7 Medium~grained quartz sandstone, vitreeus, lustre,
siliceous cement? white.

3 6 Fine-grained quartz sandstene, well rounded grains,
well to poorly sorted, frosted to vitreous lustre,
siliceous cement?, white, cress-bedded, minute
black laminae, pink garnet grain at 1 ft. 8 in.
H.M, #16, 1 ft. 8 - 9 in.

0 2 Medium=-grained quartz sandstone, white,

0 7 Fine-grained quartz sandstone, white, cross-
bedded, minute black laminae, pink garnet grain
at 5 in,

0 6 Medium-grained quartz sandstene, white, cress
bedded, irregular minute black laminae, re-—
semble stylelitic structure, pink garnet grain
at 5 in.

0 5 Missing,.

1528

0 8 Medium—-grained quartz sandstene, well reunded
and sorted grains, subvitreeus frosted, white,
cross-bedded, black mineral grain at 4 in.,
minute black laminae,

0] 5 Coarse-grained quartz sandstene, well reunded
grains, white, cross-bedded, minute black laminae,

2 2 Medium~-grained quartz sandstene, well reunded
grains, white, cress-bedded.

1 3 Fine-grained gquartz sandstone, well rounded grains,

white, cross-bedded, inclusion of grey shale at
1 in., few minute black laminae,




Distance Thickness
frem bottem
of hoele
Feet, Feet - Inches
0 5
0 1
1523
0 3
0 5
0 3
2 2
1 3
0 5
0 10
0] 2
1 0
0 L

Medium-grained guartz sandstone, well rounded
grains, grey.

Missing.

Fine-grained quartz sandstene, well reunded grains,
light-grey, mottled appearance, cross-bedded.

Medium-grained quartz sandstene, well rounded
grains, grey, cross-bedded, nodules and lenses
teo 1 in. leng of dark—celeured mineral.

Fine-grained quartz sandstone, well rounded grains,
light grey, cross-bedded, small ameunt ¢f dark
material. H.M. #17, O - 1 in,

Medium-grained quartz sandstene, well rounded
grains, white te grey, cress-bedded, few nedules
te 1 cm or moere acress ef dark-grey and black
material, calcareeus cement crystallized in
interstices frem 1 ft. 6 in, - 2 ft. 2 in., dark
material above is possibly calcareeus, T.5., #9,
1 ft. 11 in. - 2 ft,.

Coarse-grained quartz sandstene, well reunded
grains, grey, cross-bedded, calcaresus cement

. crystallized in interstices, some black mineral

grains. '
Missing.

Medium-grained quartz sandstone, well reunded and
frosted grains, light-grey, cress-bedded, practically
vertical tiny calcite veinlet from 3 - 10 in.,
calcareeus cement crystallized in interstices frem

0 - 3 in., seme dark mineral grains in tiny lenses
and nodules. .
Coarse-grained quartz sandstene, grey, as abeve,

end of calcite veinlet,

Medium~grained quartz sandstene, light-grey to
grey, as above, H,M., # 18, 11 - 12 in,

Fine-grained quartz sandstone, reunded and frested

grains, light-grey, cross-bedded,
h%




Distance Thickness
frem bettem
of hele
Feat Feet - Inches
1 9
0 5
0 9
1513
0 6
0 5
2 1
0 1
C 3
0 11
0 I
0 5
1508
0 L
1l 7
0 2
1 0
1 3

xiii

Medium-grained quartz sandstene, white te
light-grey, as abeove,

Fine-grained quartz sandstone, white, as abeove,

Medium-grained quartz seandstene, white, as
above, seme black mineral grains at 9 in.

Fine-grained quartz sandstene, white, cross-
bedded, few minute black laminae,

Medium-grained quartz sandstene, as abeve,

Fine-grained quartz sandstene, as above, a pink
garnet grain at 1 in.

~ Medium-grained quartz sandstene, as abeve,

slightly calcaresus,

Fine-grained quartz sandstene, subvitreeus, lustre,
white, cross-~bedded, eccasienally breaks acress
grain (siliceous cement?).

Medium-grained quartz sandstene, as above,
Coarse~-grained quartz sandstene, as abeve,

Missing.

Coarse=-grained quartz sandstene, white, cress—
bedded, pink garnet grain at O in,, calcareeus

at 1 in,, pyrite at 2 in,

Medium-grained quartg sandstone, white,
eccasienally cross-bedded,

Coarse~grained quartz sandstone, as above, H.M,
#19, O b l ino '

Medium~-grained quarﬁz sandstene, as above,
calcareous from O - 1 in.

Fine-grained quartz sandstene, as above, net
calcareeus., '




Distance Thickness
frem bottom
ef hole
Fest Feet - Inches
0 5 Medium-grained quartz sandstene, as abeve,
0 3 Fine-grained quartz sandstene, as abeve,
1503

0 7 Medium~grained quartz sandstene, well rounded
and sorted grains, subvitreous lustire, white.

0 7 Fine-grained quartz sandstene, as above, cress-
bedded, eccasional black mineral grain, pink
garnet grain at 5 in,, few minute black laminae.

0 3 Medium-grained quartz sandstene, well rounded
and serted grains, subvitreeus lustre, grey,
pink garnet grain at 1 in., few black mineral
grains, H.M. # 20, O - 1 in,

0 7 Fine-grained quartz sandstene, well rounded
and sorted grains, subvitreous lustre, white,
cross-bedded, few black mineral grains.

0 L Medium-grained guartz sandstene, as above,

0 7 Fine-grained quartz sandstene, as above, sub-
angular grains,

0 1 Medium=-grained quartz sandstene, as abeve, well
rounded and sorted grains.

1500 ,

0] 1 Coarse-grained guartz sandstene, as abeve,

1 2 Fine-grained quartz sandstene, as abeve,

0 3 Medium-grained quartz sandstene, as abeve, pink
garnet grain at 1 in,

2 8 Fine-grained quartz sandstene, as abeve, pink
garnet grain at 1 ft. 2 in, and at 2 ft.

0 1 Coarse-grained quartz sandstone, well reunded
and sorted grains, subvitreeus lustre, white.

0 2 Medium-grained quartz sandstene, as above, cross-
bedded,

1 7 Fine-grained quartz sandstene, as above, cross-

bedded, eccasionally calcareeus (calcite?), pink
garnet grain at 1 ft, and at 1 ft. 7 in.,, few
black mineral grains.




Distance Thickness
frem battem
of hole
Feet Feet -~ Inches
0 1 Coarse-grained quartz sandstone, well rounded
and sorted grains, subvitreous lustre, white,
cross-bedded, calcareous (calcite?),
0 7 Fine-grained quartz sandstene, as above, calcareous
frem O - 2 in, (Calcite?),
0 1 Missing,.
0 9 Medium-grained quartz sandstene, as abeve,
calcareous from 4 - 6 in. HeMe # 21, 6 = 7 in.
0 10 Fine-grained quartz sandstone, as abeve, not
calcareous,
0 8 Medium-grained quartz sandstene, as abeve, not
calcareeus, some angular grains.
1491
1 6 Fine-grained quartz sandstone, subvitreeus lustre,
white, cross-bedded, occasienal pink garnet grain,
silicecus cement,
0 2 Hedium—grained quartz sandstene, subvitreeus lustre,
white, cross-bedded.
0 6 Fine-grained quartz sandstene, as above, siliceous
cement,
0 1 Medium-grained quartz sandstone, as above,
0 6 Missing.
0 1 Coarse-grained quartz sandstene, reunded grains,
subvitreous lustre, white, cross-bedded.
1 0 Medium-grained quartz sandstene, as above,
pink garnet grain at 5 in.
0 11 Fine-grained quartz sandstene, as above,

10 8 Missing,

2 3 Fine-grained quartz sandstone, as abeve, eccasienal
pink garnet grain,chalcepyrite at 10 in. (seft,
brassy yellew),




Distance Thickness
frem bottom
of hole

Feetl Feet -~ Inches

0 7 Medium~grained quartz sandstene, well rounded
grains, subvitreous lustre, white, cross-~bedded,
pink garnet grain at 3 in.

1 5 Fine-grained quartz sandstene, reunded grains,
subvitreeus lustre, white, cross-bedded frem
11 in,~1 ft 5 in.

2 5 Medium-grained quartz sandstene, rounded to well
rounded grains, well te rather poorly serted,
white, cross-bedded, pink garnet grain at 10 in,,
thin black lamina at 2 ft. 4 in.

0 2 Poor conglemerate, grey, cress-bedded, frested
grains, fine-grained matrix containing grains rang-
ing from medium-grained teo granular in size, a
few grains appear to be aggregates of ting grains
(may be due to weathering aleng fractures?), seme
feldspar grains, black mineral grains, pyrite,

0 5 Peor conglomerate as abeve, white te light grey,
medium~grained matriz which is main part of rock.
H.4, #22, 1 - 2 in,

0 L Cearse~grained quartz sandstene, well reunded
and frosted grains, white, cross-bedded, peorly
cemented.

1468
0 5 Cearse~grained quartz sandstene, well rounded

and sorted grains, frosted, white, cress-bedded,
very peorly cemented.

0 6 Medium-grained quartz sandsteone, as above, few
pink garnet grains.

0 1 Fine-grained quartz sandstene, as above, ne
pink garnet grains,

0 9 Coarse~grained quartz sandstone, as above, light
grey, occasional rustesd grain, peorly cemented,

2 2 Medium~grained quartz sandstone, well rounded grains,
frosted, white to light~grey, cress-bedded, pooerly
te occasienally well cemented, occasienal pink
garnet grain, several ainute black shale laminae
to 1/16 in. thick. H.¥, # 23, 1 ft. 3 - 4 in.




Distancs Thickness
from bottom
of hole
Fset Faet ~ Inches
0 7
0 L
0 2
146
1,63 4
2 8
0 2
0 1
o5
1458
0 7
0 11
0 3
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Fine-grained quartz sandstone, frosted g?ains,
white, cross-bedded, few black snale lam1n§e to
1/8 in, acress, several small lenses contain a
small amount of a pale-zreen cement (probably
argillaceous). -

Coarse~grained quartz sandstene, light—-grey,
cross-bedded, poorly to well cemented.

Fine-grained quartz sandstone, as above.

Cosrse~grained quartz sandstone, well rounded

and sorted grains, frosted, white, cross-bedded,
well cemented, occasionally pale~green cememnt

as above, occasional minute black laminae, pink
garnet grain at 8 in.

Medium~-grained quartz sandstone, well rounded
and sorted grains, frosted, light grey, cross-
bedded, pink garnet grain at 2 in., few thin
laminae of black to grey or pale-green shale to
% in, across,

Coarse-grained quartz sandstone, light—gréy,
cross—bedded, very poorly cemented.

Very coaree-grained quartz sandstone, as above,
pink garnet grain at 1 in.

Fine-grained quartz sandstone, as above.

Coarse-grained quartz sandstone, well rounded
and sorted grains, frosted, light-grey, cross-—
bedded, few minute black laminae, slightly
calcareous at 3 in, poorly cemented.

Medjum-grained quartz sandstone, as above, white
well cemented, calcareous and siliceous cements,
occasional pink garnet grain.

Coarse-grained quartz sandstone, as above,
slightly calcareous.
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Distance Thickness
from bottom
of hole

Feeb Feet - Inches

0 10 Fine-grained quartz sandstone, as above, white
to light-grey, slightly calcareous from O - 2 in.
and at 7 in., some sericite at 7 in. H.M. /24,

5 - 6 ino

1 L Medium-grained quartz sandstone, as above, white,
slightly calcareous from 1 ft. 1 - 4 in.

0] 10 Coarse-grained quartz sandstone, as above, white,
slightly calcareous at 3 in, ‘

0 % Missing.

1 7 Medium~grained quartz sandstone, as above, white
to light-grey occasionally calcareous, small
calcite vein? (lamina?) from 1 ft. 6 - 7 in.,
is dark-grey on the fresh surface and grey-green
on the weathered, T.S. #11, 1 ft. 6 - 7 in,

0 2 Very fine-grained quartz sandstone, white, cross-
bedded, minute black laminae, slightly calcareous.

0 L Coarse-grained quartz sandstone, as above.

0 2 Fine-grained quartz sandstone, as above.

1 11 Medium-grained cuartz sandstone, well rounded

grains, frosted, white to light-grey, cross-

bedded, few minute black laminae with few small
1449 mica (sericite?) flakes, matrix occasionally

has slightly calcareous greenish spots, occasional

calcite nodule to % in. across.

0 2 Coarse-grained quartz sandstone, white, cross-
bedded, few thin black laminae, calcareous,
calcite nodules to % in, across, matrix rusted.

0 L Missing.
1 0 Medium-grained quartz sandstone, white, cross-

bedded, well cemented, few minute black laminae,
occasionally slightly calcareous,




Distance

Thickness

from bottom

of hole

Feet

1435

Feet ~ Inches

1

3

Coarse-grained quartz sandstone, as above, well
rounded and sorted grains, frosted, calcite vein
from 2 - 4 in. pyrite at 9 in, H.M. # 25 9 - 10 in.

Medium—-grained quartz sandstone, as above,
laminae contain flakes of white mica (sericite),
few pale-green calcite nodules to % in. across.

Coarse-grained quartz sandstone, as above, light-
grey, calcareous from O - 4 in., calcite
nodules to 3/8 in. across.

Medium~-grained quartz sandstone, as above,
rather poorly sorted, dark-grey crystalline
calcite cement from 2-8 in. T.S. # 12, 7-8"

Missing.

Medium—-grained quartz sandstone, well rounded
grains, frosted, white, cross-bedded.

Coarse-grained quartz sandstone, as above,
calcareous at 1 in. and rusty weathering.

Medium-grained quartz sandstone, white, cross-
bedded, slightly calcareous, occasionally rusted.

Coarse-grained quartz sandstone, well rounded
grains, frosted, white, cross-bedded, occasionally
calcareous and rusted matrix, rather poorly
cemented, H.M. ¥ 26, 1L ft, 2 - 3 in,

Hedium-grained quartz sandstone, white, cross-
bedded, well cemented, matrix, occasionally rusted.

Coarse-grained quartz sandstone, as above.
Missing.

Fine-grained quartz sandstone, as above,
Coarse-grained quartz sandstone, as above from
4 - 6 in, have a conglomerate texture with very

coarse grains to 1 or 2 pebbles in a medium-grained
matrix, small amount of pyrite, calcareous at 8 in.




Distance Thickness
from bottom
of hole
Feet Feet - Inches
2 2 Fine-grained quartz sandstone, white, cross-
bedded, rusted in spots, silica cement cry-
stallized in interstices, calcareous from 1 ft.
11 in, - 2 ft. 2 in., occasional pyrite crystal.
0 L Coarse-grained quartz sandstone as above,
0 5 Iissing.
1425
1 7 Fine-grained quartz sandstone, rounded grains,
frosted, rather poorly sorted, white, cross-
bedded, a few coarse grains appear to be
aggregates of fine grains and therefore to have
been derived from a previous sandstone?, weather-
ed along fractures?, formed while material still
loose?, few rusted spots, slightly calcareous
at 11 in. pyrite at 1 ft., 6 in. H.M. 7 27,
7 - 8 in.
0 3 Coarse-grained quartz sandstone, well rounded
grains, frosted, white.
0] 3 Fine-greined quartz sandstone as above,
0 1l Coarse-grained quartz sandstone as above, rusbed
in spots, slightly calcareocus at 7 in.
1422
0 2 Very-coarse~grained quartz sandstone, as sbove
some of grains appear to be aggregates of fine
grains as above, calcareous at 2 in,
0] 10 Coarse-grained quartz sandstone, well rounded
grains, frosted, white,
0 5 Fine-grained quartz sandstone, white, cross-bedded.
0 3 Coarse-grained quartz sandstone, as above,
0 L Medium-grained quartz sandstone, as above.
1420
0 2 Fine~grained cuartz sandstone, vitreous, white,
well cemented by silica, breaks across the grains,
0] 3 Coarse~grained guartz sandstone, as above, well

rounded grains, some frosted, cross-bedded.




Distance Thickness
from bottom
of hole

Feet Feet - Inches

0 8 Fine-grained quartz sandstone, as above.

0 7 Coarse-grained quartz sandstone, as above, rusted
in spots, few coarse grains of a black mineral
from 5 - 6 in. rather poorly cemented at 5 in.,
slightly calcareous from 5 - 7 in, several rusted
spots, pyrite at 6 in.

0 1 Fine-grained quartz sandstone, as above.

0 1 Very coarse-grained quartz sandstone, rounded
grains, frosted, white, rusted.

0 1 Conglomerate, mainly quartz grains the size of
granules, white, pyrite, slightly calcareous.

2 1 Medium-grained quartz sandstone, rounded grains,
white to light-grey, rusted in spots and veinlets,
cross—-bedded, well cemented, siliceous and minor

1416 calcareous cements, pyrite at 1 ft. 2 in,

0] L Missing.

1 0 Coarse—grained quartz sandstone, white, cross
bedded, some of grains appear to be aggregates
of fine grains as above, slightly calcareous
from 1 - 2 in, few pyrite crystals.

0 2 Fine-grained quartz sandstone, white, cross-bedded,
vitreous and occasionally breaks across the grain,

0 3 Coarse-grained quartz sandstone, as above.

0 6 Medium-grained quartz sandstonec, as above, light-
grey, pyrite at 4 in.

0 7 Coarse-grained quartz sandstone, light-grey
cross-bedded, occasionally rusted in spots.

0 10 Medium-grained quartz sandstone, as above, white,

few grains of a black mineral and one of pink
garnet at 9 in.

2 6 Missing.,




Distance Thickness
from bottom
of hole
Feet Feet = Inches
0 7
2 3
1,07
8
0 5
0 8
0 10
C 2
0 2
0 A
0 1
1 3
1 1
0 11
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Fine-grained quartz sandstone, white, cross-bedded,
rusted in spots.

Coarse-grained cuartz sandstone, as above, poorly
cemented in places., H.M. # 28, 1 ft. 0 - 1 in.,
rusted spots probably dolomite or pyrite.

Fine-grained quartz - iron oxide sandstone,

white to light-grey, cross-bedded, few minute
black shale laminae with sericite flakes, a green
mineral grain at 3 in., pyrite at 8 in., rusted
in spots. T.S. i 13, 5 - 6 in,

Coarse-grained quartz sandstone, white, cross-
bedded, rusted in spots, poorly cemented.

Fine-grained quartz sandstone, white, cross-bedded,
few minute black laminae, rusted spots probably
a carbonate or pyrite.

Coarse—grained quartz sandstone, white, cross-—
bedded, poorly cemented.

Fine-grained cquartz sandstone, white, cross-bedded.

Very coarse-grained quartz sandstone, as above,
poorly cemented H.M, # 29, 1-2 in.

Fine-grained quartz sandstone, whife to light-grey,
cross—-bedded, rusted in spots,

lissing.

Coarse—~grained quartz sandstone, as above, poorly
cemented, in places has a fine-grained matrix, some
of coarse grains appear to be aggregates of fine
grains.

Fine-grained gquartz sandstone, white, cross-bedded,
rusted in spots, few minute black laminae.

HMedium-gfained quartz sandstone, as above, poorly
ceriented from - 0 - 5 in,, few small nodules of
pyrite,




Distance

Thickness

ffom bottom

of hole

Feet

1388,5

Feet - Inches

0

1

cx

11
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Very coarse—grained quartz sandstone, white,
poorly cemented.

Fine-grained quartz sandstone, light-grey
cross-bedded, some minute black laminae, occas-
ionally slightly calcareous, rusted in spots.

Coarse-grained quartz sandstone, white to light-
grey, cross-bedded, rusted in spots, occasionally
poorly cemented, few granules and conglomeratic
texture.

Medium=-grained quartz sandstone, white to light-
grey, cross-bedded, some pyrite, few minute black
laminae, occasionally poorly cemented.,

Coarse—-grained quartz sandstone, white, cross-
bedded, few black mineral grains.

Fine=grained quartz sandstone, well sorted, white,
cross-bedded, few black mineral grains, slightly
calcareous at 1 ft. 10 in. H.M, # 30, at 1 ft. 8 - 9
in. is medium grained.

Medium-grained quartz sandstone, white, cross-
bedded, some pyrite.

Missing,
Coarse-grained quartz sand§tone, as above, few
greenish shale nodules to i; in. across, crystallized

calcite cement from 1 ft. 9 - 11 in.

Medium—grained quartz sandstone, white, cross-
bedded, some pyrite.

Coarse—-grained cquartz sandstone, as above,

fine-grained quartz sandstone, as above, few minute
black laminae.

Coarse-grained quartz sandstone, white, cross-bedded,
rusted in spots, greenish tinge from 9 - 1l in.

Ilissing.
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Distance Thickness
from bottom
of hole

Feet Feet - Inches

0 9 Coarse—-grained quartz sandstone, white, cross-
bedded, rusted and poorly cemented from 7 - 9 in.

1 2 Fine-grained quartz sandstone, white to rusted,
cross-bedded, poorly sorted.

0 3 Medium?grained quartz sandstone, white, cross-
bedded, few thin black laminae, some pyrite,

0 2 Coarse-grained quartz sandstone, white, cross-
bedded, poorly cemented.

0 10 Fine-grained quartz sandstone, white, cross-
bedded, rusted in bands and spots, scme pyrite,
few thin black laminae. H.M. 31, O - 1 in.

2 1 Coarse-grained quartz sandstone, white to light-
grey, cross-bedded, rusted in spots, some pyrite,
few minute black laminae,H.M. # 32, 1 - 2 in,

ToSo# 1}2,0 - l in.

0 2 Missing.

1371.5

0 2 Hedium grained quartz sandstone, white, cross-bedded.

1 0 Coarse-grained quartz sandstone, white, cross-
bedded, some pyrite, tiny calcite veinlet at 5 in.
poorly cemented from 7 in.- 1 ft.

1 8 liedium-grained quartz sandstone, white, cross-—
bedded, rusted in spots, calcareous at 5 in.,
poorly cemented, few minute black laminae, few
nodules to # in. of pale green shale,

2 1 Coarse-grained quartz sandstone, white, cross-
bedded, rusted in spots, poorly cemented, pyrite
from 1 ft, 10 - 11 in.

0 L Missing.

2 2 Medium-grained quartz sandstone, some areas very

coarse-grained as at 8 in., white to light-grey,
cross-bedded, rusted in spots, calcareous at 1l in.,
pyrite laminae from 1 ft. 6 - 8 in. H.M. # 33,

8 - 9 in,, T.S. # 1lh, 1 ft. 7-8 in,




Distance Thickness
from bottom
of hole

Feet Feet ~ Inches

0 5 Very coarse-grained quartz sandstone, as above,
pyrite.

0 7 Coarse~-grained guartz sandstone, as above,
minute black laminae, no pyrite.

o 8 Fine-grained quartz sandstone, white, cross-
bedded, rusted in spots.

0 7 Medium~-grained quartz sandstone, white,

0 1 Lissing,

1 4L Cocarse-grained quartz sandstone, as above, rusted
in spots, poorly cemented, few small pebbles.

0 2 Conglomerate, quartz grains as large as granules
in a fine-grained matrix, white, pyrite at 1 in.

0 8 Hedium-grained quartz sandstone, light-~grey
cross—bedded, poorly cemented, rusted in spots,
pyrite.

0 L Very coarse-grained quartz sandstone, as above,
not rusted.

0 3 Fine-grained quartz sandstone, white, pyrite.

1359

0 6 Missing.

3 2 Coarse—-grained quartz sandstone, white to light-
grey, cross-bedded, poorly to well cemented,
occaslionally breaks across grains, rusted in
spot s, p¥rite, some gypsum or talc and calcite
veinlet i in. wide from 2 fE. 4 - 6 in. H.M.

i 34 1 ft. 3-4 in.

0 11 Medium-grained quartz sandstone, white to brown,
cross-bedded, rusted in spots.

0 2 Very coarse-grained cuartz sandstone, white.

0 1 Fine-grained quartz sandstone, white.

0 1 Coarse-grained quartz sandstone.
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Distance Thickness
from bottom
of hole

Teet Feet -~ Inches

0 9 Coarse—-grained quartz sandstone, white, cross-
bedded, poorly cemented.

0 8 Medium-grained quartz sandstone, white, to buff,
rusted, cross-bedded, few minute black laminae.

0 3 Very coarse-grained quartz sandstone, white to
light-grey, many granules, poorly cemented.

0 5 Fine-grained guartz sandstone, white to light-
grey, cross—bedded.

0 2 Very coarse-grained quartz sandstone, white to
light-grey, cross-bedded, poorly cemented.

1 8 Hedium-grained quartz sandstone, as above, rusted
in spots, slightly calcareous from 8 - 10 in.,
few minute black laminae from 10 &n,- 1 ft. 8 in.

1341 Ho. 7 35, 11 - 12 in.

1 1 Coarse—grained quartz sandstone, white to light-
grey, cross-bedded, poorly to well cemented,
rusted in spots.

0 11 Fine-grained quartz sandstone white to light-
grey, cross-bedded.

0 L Very coarse-grained cuartz sandstone, white to
light-grey, cross~bedded, few minute black
laminae, some pyrite, few granules and pebbles.

0 2 Coarse-grained quartz sandstone, as above, no
pyrite, poorly cemented.

0 10 Fine-grained quartz sandstone, as above, rusted
in spots, light-grey bands to i in. thick.

0 2 Missing.
1337.5
0 5 Coarse—grained quartz sandstone, white to light-
grey, cross—pedded.,

0 10 Medium-grained quartz sandstone, as above, well
cemented, siliceous cement.
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Distance Thickness
from bottom
of hole

feet Feet - Inches

0 1 Very coarse-grained quartz sandstone, white,
cross—bedded.,

0 2 Fine-grained quartz sandstone, as above.

1 5 Coarse-grained quartz sandstone, white, to light-
grey, rusted in spots, cross-bedded, granules
from 4 - 10 in., occasionally well cemented.

T.S. ff[- 15, 5—6 in., Hll'{. [_¥36, 8—9 ino
0 7 Fine-grained quartz sandstone, white, cross-bedded.
1334

0 2 Missing.

3 2 Cparse-grained quartz sandstone, white, rusted
in spots, cross-bedded, few granules, poorly
cemented.,

2 9 Fine-grained quartz sandstone, white to light-
grey, pyrite.

0 6 Coarse-grained quartz sandstone, white, cross-
bedded.

0 1 Missing.

0 7 Fine-grained quartz sandstone, white, cross-bedded,
slightly rusted from O - 2 in., slightly calcareous
from 5 - 6 in,

0 7 Medium—-grained quartz sandstone, as above, slightly
calcareous from 6 - 7 in,

0 3 Coarse-grained quartz sandstone, light-grey,
occasionally rusted, cross-bedded, H.M. # 37,
1l-2in.

3 0 Fine-grained quartz sandstone, vitreous lustre
from 2-3 ft., white, cross-bedded, few minute
black shale laminae with sericite flakes.

0 1 Coarse-grained quartz sandstone, vitreous lustre,

white, cross-bedded, well cemented, siliceous cemént,
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Thickness
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of hole

Feet
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Feet ~ Inches

0 1
0 >
1 2
1 2
3 0
0 5
0 2
0 5
1 8
0 1
0 10
2 1
0 2
0 7

Fine-grained quartz sandstone, as above,
Missing.

Medium~grained quartz sandstone, as above, rusted
to red (hematite?) colour in places, few minute
black shale laminae with sericite flakes.

Fine-grained quartz sandstone, white to grey,
cross-bedded, rusted in few places, slightly
calcareous from 5 - 7 in.

I‘ﬁs Sing °

Fine-grained quartz sandstone, white, cross-—
bedded, band of dark-grey shale % in. across
at 3 in.

Shale, dark-grey, cross-bedded, pyrite.
Missing.

Fine-grained quartz sandstone, rounded grains,
white, cross-bedded, well cemented by silica,
breaks across grains, few minute black laminae,

Missing.

Medium~grained quartz sandstone, subrounded
grains, white, cross-bedded, well cemented
by silica, breaks across grain, 2 thin shale
laminae,

Very fine-grained quartz sandstone, light-grey,
inter-laminated with dark greyish-green shale,
sulphide (pyrite?), rarely calcareous, some
sericite, H.M, +# 38, -9 in., T.S. # 16 (shale),
1l ft., 9 - 10 in.

Shale, dark grey, cross-bedded and thinly
laminated.

Fine-grained quartz sandstone, light-grey, cross-—
bedded, well cemented by silica, breaks across
grain, some dark-grey shale laminae, sulphide.
H.M, # 39, 0 - 1 in.




Flevation  Thickness
from bottom
of hole

Feet Feet - Inches

0 2 Shale, grey, interlaminated with very fine-grained
cross-bedded quartz sandstone.

1 0 Fine-grained quartz sandstone, white, cross-bedded,
pyrite, calcareous from 10 - 12 in,

1 5 Missing.
1308

L 7 Fine-grained quartz sandstone, subrounded grains,
white to grey, well cemented by silica, breaks
across grain, few thin dark-grey to black laminae,
pyrite, tiny calcite veinlet from 7 in. - 2 ft.,
calcareous from 4 fta 1 - 2 in., greatest induration
at contact at 4 ft. 8 in.

0 1 Missing.,

1 1 Alnoite, sill?, contact in the core is parallel
to the bedding, fine to coarse-grained, dark-green
to greenish-grey, calcareous.

0 8 Very fine-grained sandstone and shale, reddish to
grey, cross—bedded, laminated, in places appear
cherty, and breaks across grain, pyrite. In places
has fine grains in a shaly to very fine-grained
matrix, T.S. # 17,0-1 in., T.S. #18,5-6 in.

0 2 Medium~grained quartz sandstone, well cemented by
silica, breaks across grain, pyrite.

0 9 Alnecite, as above, fine-grained, calcite phenocrysts.

1 11  Fine-grained sandstone to quartz sandstone, white
to light-grey and greyish-green, cross-bedded, few
calcareous grey shale laminae from O - 15 in., few
calcareous green shale nodules to 4 in. across from
1ft. 5-11 in. T.S. # 20, 1 ft. 4 - 5 in.,

H.M, # 40, 1 ft. 5 - 6 in.

0 9 Missing.
1298
0 L Fine-grained quartz sandstone, white, cross-bedded,
well cemented, pyrite, calcite crystallized in
interstices.

0 2 Very coarse-grained quartz sandstone, as above,
well rounded and frosted grains.




Elevation  Thickness
from bottom
of hole
Feet Feet -~ Inches
0 L
0 6
0 3
0 5
1 10
0 7
0 5
0 2
1293
0 2
1 5
L 1
1 10
0 2
1 3
0 1
1284
0 2
0 3

Fine~grained quartz sandstone, as above,
Medium~grained quartz sandstone, as above,

Very coarse-grained quartz sandstone, white,
cross-bedded, poorly cemented, pyrite, calcareous

at 1 in,

Fine-grained quartz sandstone, as above, calcite
crystaliized in interstices.

Medium~grained quartz sandstone, white, cross—
bedded, calcareous,

Fine-grained quartz sandstone, as sbove, rusted
in spots, pyrite.

Coarse-~grained quartz sandstone, as above, not
rusted,

I"’J’j.s Sing -

Very coarse-grained quartz sandstone, as above,
Fine-grained quartz sandstone, as above.

Missing.

Fine-grained quartz sandstone, white to light-grey,
cross-bedded, well cemented by silica, breaks
across grain, pyrite, calcareous in places, few

minute black laminae, H.M. i 41, 11 - 12 in,

Coarse-grained quartz sandstone, light-grey,
cross-bedded, slightly calcareous.

Fine-grained quartz sandstone, white, cross-bedded,
some minute black laminae, well cemented by silica,
breaks across grain, calcareous in places, slightly
rusted in places.,

Missing.

Very coarse-grained quartz sandstone, light-grey,
cross bedded.

Medium~grained quartz sandstone, as above.




BElevation Thickness
from bottonm
of hole

Feet Feet - Inches

0 L Coarse-grained feldspathic sandstone, as above,
well rounded grains, frosted, poorly cemented,
calcareous, dark-grey shale lamina, % in. thick
at 4 in. H.M. # 42,

1 7 Medium-grained quartz sandstone, white to light-
grey, cross-bedded, calcareous, tiny calcite veinlet
from 5 - 10 in.

0 2 Coarse-grained guartz sandstone, white, cross-bedded,
slightly calcareous.

2 0 Fine-grained quartz sandstone, white, cross-bedded,
rusted in spots, well cemented by silica, breaks
across grain, tiny calcite veinlet from 4 - 9 in.

0 6 lMissing.
1279

L 10 Fine-grained quartz sandstone, white, cross-bedded,
well cemented by silica, breaks across grain, cal-
careous from 1 ft. - 1 ft. 4 in., 3 ft. O - 3 in.
and 3 ft.7 in., -4ft. 2 in., few minute black
laminae to 3 ft., grey shale laminae from 3 ft.
0 - 3 in., some gypsum and pyrite from 3 ft. O - 3 in.
H.M. # 43, 2 = 3 in,

0 2 Missing.

0 g Medium-grained quartz sandstone, white to grey,
calcareous from 1 - 4 in., well cemented by silica,
breaks across grain,

0 5 Coarse-grained quartz sandstone, white, cross-
bedded, well cemented by silica, breaks across grain,
calcareous from 1 - 2 in., H.M. i 44, 1 - 2 in,

1 1 Fine-grained quartz sandstone, as above, calcareous
from 10 - 12 in,

0 10  Medium~grained quartz sandstone, as above, not
calcareoug,minute black laminae and rusted from
0 - 6 in.
1271
0 7 Missing.
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Elevation Thickness
from bottom
of hole

Feet 'eet — Inches

2 7 Fine-grained quartz sandstone, as above, calcareous
from 2 - 5 in,, some minute black shale laminae,
pyrite in places. H.M. # 45, 1 ft. 9 - 10 in,

1 6 Medium=grained quartz sandstone, white cross-
bedded, well cemented by silica, breaks across
grain, calcareous from 1 ft. 2 - 6 in. pyrite at
1 ft. 6 in,

1 6 Fine-grained quartz sandstone, as above, slightly
calcareous 1n places, tiny calcite veinlet from
9 - 10 in., pyrite from O - 4 in.

6 10 lMissing.
1258
0 6 Fine-grained quartz sanéstone, white to yellow and
reddish cross—bedded, well cemented by silica from
3 - 6 in., pyrite, some minute white clay laminae,
calcareous in places.

0 1 lissing.

3 L Vibetoide, sill?, dark greenish-grey, medium-grained,
calcareous in places, T.S, # 22, 10 - 11 in,

0 7 Very fine-grained sandstone, light-grey to yellowish
and reddish, rock fairly soft and all mixed up,
cross~bedded?, few small shale inclusions, few tiny
quartz - calcite veinlets, some serpentine or chlorite
developed, pyrite. T.S. # 23, 2 - 3 in.

0] 1 Medium—-grained quartz sandstone, sandy colour, well
cemented by silica.

0 L Missing.

1 L Fine-grained quartz sandstone, white, well cemented
by silica, breaks across grain, calcareous in places,
few tiny calcite veinlets, tiny white to grey soft

1252 rounded inclusions of clay mineral (kaolin?) to 1/5
in. across from 10 - 11 in.
Hoal. o 46, 1 £, 3 - 4 in.

2 1 Vibetoide, sill?, dark greyish - green, fine-grained,
calecareous in places.

3 9 ilnoite, sill?, grey, fine~grained, phenocrysts
of calcite and biotite to 6 m.m. diameter.
ToeSe # 24y 2 ft, 2-3 in,




Elevation Thickness
from bottom
of hole
Feet Feet - Inches
Q 9
1 3
¢} 1
0 7
1 8
0 3
0 2
0 7
2 6
0 L
1238
1 6
0 3
5 0
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Fine~grained sandstone, light-greenish, calcarceous
from O -~ 1 in,, pale-buff laminae of shale,
pyrite disseminated and in tiny veinlets,

Shale, grey, small inclusions of white quartz
sandstone, much clay mineral, H.M. # 47, 7 - 8 in.

Very fine-grained quartz sandstone, grey, appears
aphanitic - chert?,

Missing.

Shale, grey to greenish, cross-hedded in places,
inclusions of very fine-grained white quartz
sandstone, pyrite, bilotite flakes, calcareous
in places.

Mediun=-grained sandstone, greenish-grey, very
well cemented by silica, breaks across grain,
pyrite,

Shale, green, sandstone inclusions, slightly
calcareous, siliceous, silt size., T.S. ;} 25,
l1-2in.

Medium-grained quartz sandstone, white, laminae
of green shale, poorly cemented, calcareous
from 3 - 7 in, H.M. i 48, 6 - 7 in.

Fine-grained quartz sandstohe, pale green, cross-
bedded, poorly cemented, white calcite crystall-
ized in interstices at several places, pyrite.

IHssing

Very fine-grained quartz sandstone, white to
pale-green, cross-bedded with minute black
laminae, rusted and calcareous in places, pyrite.

Missing.

Fine-grained quartz sandstone, white to pale-green
or rusted, cross-bedded, few thin black shale
laminae, pink garnet grains at 7 in., few grains
of black mineral, poorly cemented, calcareous in
places, calcite crystallized in interstices at

4 £t. 8 in.
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Elevation Thickness
from bottom
of hole

Feet Feet = Inches

0 2 Coarse=-grained calcareous quartz sandstone,
fine~grained matrix, white cross-bedded, poorly
cemented rusted in places, erIte.

Ho. i 49, 1-2 in,

0 1 Missing.
1231

6 5 Fine-grained quartz sandstone, white to rusted
and occasionally pale-green, cross-bedded, some
minute black laminae and areas of pale-green
clay mineral, poorly cemented, calcareous in
places, pyrite, some sulphide is a deeper yellow-
chalcopyrite?,

0 1 Coarse—~grained quartz sandstone, fine-grained
matrix, pale green, cross—bedded.

0 3 Very fine-grained quartz sandstone, white, cross-
bedded, calcareous, pyrite.

0 1 Shale, grey, finely cross-bedded.

0 5 Fine-grained quartz sandstone, white, cross-
bedded, well cemented by silica, breaks across
grain, pyrite.

0 9 Medium-grained quartz sandstone, white, cross-—
bedded, pyrite.
1223
3 5 Fine-grained cuartz sandstone, white to occasionally
light-grey, cross-bedded, pyrite, sugary texture
in places., H.I. # 50, 6 - 7 in.

0 2 Shale, grey, cross-bedded.
0 1 Ifissing.
3 1 Fine-grained quartz sandstone, white to rusted,

cross-bedded, rather poorly cemented and sorted
in places, pyrite, slightly calcareous at 2 ft,

1 0 Very fine-grained quartz sandstone, white,
occasionally cross=bedded.

0 8 Fine-grained guartz saendstone, as above, pyrite.

0 2 Shale, grey.




Elevation

Thickness

from bottom

of hole

Feet

1205

1203

Feet - Inches

0 b
9 1
0 3
0 1
0 8
0 b
Y 7

1
3 1

Very fine-grained quartz sandstone, as above.

Fine-grained quartz sandstone, white, pale-green
from 2 ft. 0 - 3 in., cross—bedded, locally
medium-coarse~grained, sugary texture, rather
poorly cemented in several places, pyrite, few
feldspar grains weathered white.

HM, # 51, 2 ft. 2 - 3 in,

Medium=-grained quartz sandstone, white to rusted,
few rounded Brains of a black mineral,

Very fine-grained quartz sandstone, light-grey,
cross—bedded, few white feldspar grains.

T.S. # 26, O = 1 in.,

Fine~-grained quartz sandstone, as above.
Coarse-grained quartz sandstone, grey, as above,
Fine-grained quartz sandstone, light-grey, as zbove.
Missing.,

Fine-grained gquartz sandstone, white, cross-bedded,

pyrite, few small nodules of clay (kaolinite?)
mineral from 2 ft., 0 - 2 in,




xoocvi

Coarse—-grained quartz sandstone, white, cross-
bedded, pyrite,

Very coarse-grained quartz sandstone, white to
rusted, pyrite.

ledium-grained cquartz sandstone, white, cross-
bedded, poorly cemented from O - 2 in,
HJM. # 52, 7 - 8 in.

Fine-grained gquartz saendstone, white to light-
grey, cross—bedded.

Very fine-grained quartz sandstone, grey, cross-—
bedded, some coarse grains.

Iissing.

The minute black laminae are mainly black shale.
A few of them appear to be composed of heavy
minerals, others of weathered pyrite and some may
contain hydrocarbons.,

Blevation Thickness
from bottom
of hole
Feet Feet - Inches
0 3
0 2
0 8
0 5
0 3
6 2
1192
Total - 504 ft.
Notes:
(1)
(2)

The black mineral greins zre probably mainly
tourmaline grains with a few magnetite, ilmenite
and rutile grains.
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RESUME O FROSTING OF QUARTZ GRAINS, etc.

Distance Thickness

from bottom
of hole
Feet

1696 - 1694
1694 - 1658
1658 - 1603
1603 - 1578
1578 - 1503
1503 - 1468
1468 - 1435
1435 - 1408
14,08 - 1337.5

1337.5-1308

1308 - 1279

1279 - 1248

FEET

| 2
36
55

25

35

33

705
29,5

31

Grains mainly frosted, generally poor sorting.
Missing.

Grains mainly vitreous due to authigenic
crystallization, generally well sorted.

As above, considerable number of frosted grains.
The vitreous grains are so mainly by authigenic
crystallization; but some have a vitreous to
suovitreous lustre which is believed to be
original,

Grains mainly vitreous due to authigenic cry-
stallization, generally well sorted.

Grains practically all vitreous due to authigenic
crystallization, odd grain still shows frosting,
well sorted,

Grains mainly frosted, generally well sorted, some
grains vitreous to subvitreous due to authigenic
crystallization, '

Grains malnly frosted, conslderable vitreous, rather
poorly sorted and cemented.

As above, only a few areas containing vitreous grains.

Grains mainly vitreous, due to authigenic crystal-
lization, considerable number of frosted grains,
rather poorly sorted, poorly cemented in a few
places.,

Mainly frosted grains in vicinity of alnoite sill?,
the sandstone is vitreous due to authigenic cry-
stallization,

Grains mainly vitreous due to authigenic crystal-
lization, alnoite and vibetoide sills?. present.




xoviii

Distance Thickness
from bottom
of hole
Feet FEET
1248 - 1192 56 Grains mainly frosted, considerable number of
vitreous to subvitreous greins due to authigenic
crystallizaticn,
Total 504 ft.
(1
Mainly Frosted Mainly Vitreous Missing Total
Feet 217.5 250.5 36 504

(1) Due principally to authigenic crystallization.
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