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INTRODUCTION
The exact stratigraphic delineation of the boundary
between the Manlius and the overlying Coeymans beds of
the Helderberg Mountains region of eastern New York'"
state is one of the unsolved problems of geology.

No

visual break separates the two limestone beds although,
from a distance, the Coeymans, which is more resistant
to weathering, is recognized by the fact that it
overhangs the more easily eroded Manlius.

The two

formations both consist of shaly limestones, and
distinct variations in lithology are apparent only with
detailed laboratory and microscopic analysis.

That the

two beds are in reality separate and distinct is borne
out by the presence in the Manlius of fossils of dif¬
ferent age from those in the Coeymans.

Paleontologic

investigation is, however, of very little help in
pinning down the exact points in time and space where
the Manlius and the Coeymans are in contact.

The Manlius

has been placed in the latest Silurian and the Coeymans
in the earliest Devonian through the use of index fossils.
Thus the rather major time line between the two periods
in eastern New York state is known with only a very minor
degree of accuracy.
Previous work on this problem using fossil evidence
and stratigraphic principles (Rickard 1955* Davis 1953*
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Harris 1904, Ruedemann 1930, Vanuxem 1839, Clarke and
Schuchert 1899) has yielded little in the way of
positive evidence for any kind of boundary, let alone
the exact position of the contact.

On the contrary, a

transition zone extending from 4 to 8 feet vertically
has been postulated as indicating a gradual interfingering of the sediments of the Manlius and Coeymans
S68LB «

The author has decided to attack the problem of
the nature of the transition between the two beds from
the viewpoint of petrographic analysis with the hope of
establishing more conclusive evidence regarding the
questionable contact.

Accordingly, samples were

collected at intervals of one foot each from 3 vertical
columns in John Boyd Thacher Park.

Each of the columns

extended from definite Manlius at the base to definite
Coeymans at the top.

A total of 94 samples was collected,

34 from the first column and 30 from the second and third
columns.

Fifty thin sections and 93 heavy mineral slides

were prepared from the collected samples.
This thesis will concern itself, in the main, with
the treatment and analysis of the samples and the results
derived from these investigations.

The errors, both

analytical and procedural, and consequent methods of
correction incurred during the various phases of the work
will also be discussed.

Conclusions concerning the contact
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between the Manlius and Coeymans will be drawn and
discussed.

A summary of the geologic history and

stratigraphy of the area will also be presented.

-4-

GEOLOGIC HISTORY AND STRATIGRAPHY
The stratigraphic column of the Helderberg Region
(see fig. l) consists of 13 beds which are, from oldest
to youngest:
Middle Devonian

Hamilton beds
Marcellus shale

It

ft

Onondaga limestone

ft

ft

Lower Devonian

Esopus "grit"
Oriskany sandstone

ff

!!

Becraft limestone

It

ff

New Scotland beds

ff

Coeymans limestone
Manlius limestone

n

u

n

Upper Silurian

Rondout waterlime

n

Brayman shale

ff

Indian Ladder beds
Schenectady beds

ti
!!

Ordovician
H

The references to paleogeography in the following
discussion have been taken from Schuchert (1955) unless
otherwise specified.

The Schenectady and Indian Ladder

beds are sandy shale and were laid down in the western
or Chazy trough of the Appalachian geosyncline.

The

Taconic revolution, occurring at the end of the
Ordovician period, folded, uplifted, and eroded these
beds.

This orogeny in effect also filled up and smoothed

over the two troughs of the geosyncline so that the
Silurian deposits extended in most cases eastward to
the Adirondack Mountains.

The earliest Silurian deposit

in this area has been called the Brayman shale and is
thought to be a residual soil formed after the Taconic
uplift and later reworked by the advancing sea
(Ruedemann 1930).

The area was then uplifted briefly

as indicated by an unconformity which is present at the
top of the Brayman shale.

The Rondout waterlime was then

laid down in a rather landlocked sea which extended from
Newfoundland to Virginia.

The Late Silurian Mississippian

embayment in Louisiana, Mississippi, and Alabama was the
source of the Manlius sea which extended from Louisiana
through New York state.

The sediments deposited in this

sea are shaly limestones which in part are very fossiliferous.

The geographic extent of the Coeymans sea was

similar to that of the Manlius as were the deposits laid
down in it.

Whether or not the seas were withdrawn

following the deposition of the Manlius is of course the
question.

A fauna consisting mostly of brachiopods

flourished during Coeymans time.

The New Scotland forma¬

tion, a very shaly limestone, was then deposited conform¬
ably over the Coeymans,

Although the New Scotland sea

was very muddy, an extremely rich and varied assemblage
of fossils is found.

The relatively pure crystalline

r'

-olimestone of the Becraft, the next overlying formation,
is so different from the shales of the New Scotland that
some kind of uplift or shifting of currents or barriers
following the deposition of the New Scotland must be
postulated (Ruedemann 1930).

A minor uplift of the area

forced the Becraft sea to withdraw.

As the seas readvanced

they laid down the Oriskany sandstone, which represents
the shoreline of the transgressing sea.

The Esopus grit

is thought by some to be a later facies of the Oriskany
(Ruedemann 1930) while others do not know exactly how to
classify it (Chadwick 1931).

This silty shale is over-

lain by the Onondaga limestone, which was formed during a
widespread inundation of the entire state of New York by
a quiet warm sea.

Following this period of quiescence,

'Appalachia' began to rise, and subsequent erosion of
this.landmass choked the seas with mud, sand, and silt.
The sediments deposited in these seas are the Marcellus and
Hamilton shales and shaly sandstones.

The Middle Devonian

sea withdrew from the area leaving the Hamilton beds as
the youngest Paleozoic sediments in the Helderberg
Mountains.
The Helderberg Mountains as seen today are part of
the Allegheny Guesta (Goldring 1933).

During the early

Paleozoic, the seas which deposited the sediments found in
the Helderberg area lapped up against the Adirondack 'old
land' forming a wide flat coastal plain.

Subsequent erosion

-7of this coastal plain removed much material, forcing
the limit of the cuesta farther and farther hack from
the Adirondacks.

Figure 2 is a sketch of the area

showing the above-mentioned features.
During Manlius time the lands surrounding the area
were all lowlying, and no tectonic movements occurred.
As expected, this low energy environment gave rise to a
limestone which is shaly in part.

In general the Manlius

is dark blue, thinly bedded, and very pure (85-95$
carbonate), although there is present one bed of thin
bedded, very marly waterlime about four feet thick which
contains about 30$ clay and silt.

The waterllme erodes

very easily and thus forms an indentation in the cliff
face which is wide enough in most places to walk upon.
This eroded horizon has been called the 'IJpper Bear Path'.
The writer used the top of the waterlime as the datum plane
for collecting samples.

Many reefs are present in the

Manlius, and some workers believe that these reefs are
indicative of a lagoonal environment and that the Manlius
represents chiefly tidal flat or lagoonal deposition behind
coral reefs (Goldring 1933., Ruedemann 1930).

Thus, it

seems that the environment of the Helderberg Area during
Manlius time was that of a quiet, warm, shallow sea
extending over a flat-lying, temporarily stable land area.
The paleogeography of the Coeymans sea was very
similar to that of the Manlius except that the seas did

8
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not extend as far west.

-

The surrounding lands were

quiet, and there is no indication that any tectonisra took
place.

From a distance the Coeymans can readily be

distinguished from the Manlius by its more massive
character, its resistance to weathering, and its slightly
darker weathered color.

The Coeymans is generally semi¬

crystalline whereas the Manlius is not.

Their main

features of similarity are their dark blue color, their
composition of relatively pure carbonate with minor shale
components, and the fact that they are conformable to
each other in all aspects of structural relationships.
It might seem from the above discussion that a visual field
examination of the two beds is all that is needed to
discern the nature of the transition.

This unfortunately

is not true, for the lithologies are very similar, and in
the vicinity of the contact there are only locally very
slight visible changes in lithology.
Detailed Field Description
The structural relations of the Manlius and Coeymans
are very simple.

The beds are very flat-lying and are

conformable both to each other and to surrounding beds.
The strike of each formation is approximately N 58° ¥, and
they both dip one or two degrees in a southwesterly
direction.

The slope has been estimated as about 100 feet

per mile in the Berne quadrangle (Goldring 1935).

Inasmuch

-9as all of the sampled columns have horizontal displace¬
ments of at least 95 feet, no attempt was made to obtain
an exact measure of each section.

In addition, measuring

a section of the Manlius and reporting thickness would,
in effect, invalidate the whole investigation, one of the
purposes of which is to determine the exact boundaries
of the formations.

The literature reports various

measurements of thickness, and an average figure for the
Manlius in the John Boyd Thacher Park area is 47 feet
including about 14 feet of transition beds above the
Manlius and 50 feet for the Coeymans (Goldring 1933, 1935,
Prosser 1900, 1907, Ruedemann 1930).

A more detailed

description of the lithology of the columns sampled by the
author is presented below.

Unless otherwise specified,

the fresh limestone is blue-gray in color, and the
weathered surface is a dark buff gray.
1-20+

Limestone, thick, massive, blue-gray, crystalline,
weathers buff gray,

1-19+

Limestone, fossiliferous, irregularly bedded.

1-18+
1-17+

Limestone, massive, crystalline.

1-16+
1-15+
1-14+

Limestone, light blue-gray, very fossiliferous,
indistinct bedding.

1-13+
1-12+
1-11+

Limestone, irregular lenses containing abundant
fossils and wavy bedding, crystalline.

1-10+
1-9+

Limestone, stromatoporoids common, no regular bedding.

10
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1-8+

Limestone, some stromatoporoids, fine irregular
bedding.

1-7+

Limestone, stromatoporoids abundant which form a
reef, no bedding.

1-6+
1-5+
1-4+
1-3+

Limestone, blocky, massive, some slumping,
crystalline,

1-2+

Limestone, poor bedding, crystalline.

1-1+
1-11-2-

Waterlime, thinbedded, light gray colored,
extremely weathered, very marly.

1-3- Waterlime, similar to above but much more thinly
bedded, ribbony.
1-4—
1-5-

Limestone, blue-gray, crystalline, massive,
stromatoporoid reef.

1-6-

Not collected.

1-7-

Limestone, massive thick bedding from 2-4 inches
thick, ostracods present.

1-8-

Limestone, medium bedded from 1-2 Inches, thick,
ostracods noted,

1-91-101-11-

Limestone, slumping, massive, possible
stromatoporoid reef.

1-121-131-141-15-

Limestone, light blue-gray, weathers almost white,
thin bedded, the tyoical 'ribbon Manlius'.

Column

II

2-20+
2-19+

Limestone, blue-gray, weathers dark buff gray,
irregular wavy bedding, fossils common, crystalline.

2-3.8+
2-17+

Limestone, massive, bedding indistinct or lacking,
fossils common, crystalline.

11
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2-16+
2-15'
2-l4t-

Limestone, bedding irregular and wavy, slumping
noted, crystalline.

2-13+

2-12+

Limestone, massive, weathers very light gray,
much apparant slumping, crystalline.

2-11+
2-10+

Limestone, no bedding, thick and irregular
appearance, crystalline.

2-94

Limestone, massive, thick and Irregular gnarled
appearance, crystalline.

2-8+
2-7+

2-6+

Limestone, light blue-gray, medium regular bedding,
extremely fine grained, some slumping.

2-5+
2-44

Limestone, massive local stromatoporoid reefs,
slightly crystalline.

2-34

Limestone, massive, crystalline.

2-2+
2-1+
2-1-

Waterlime, very marly, medium-thin bedded, very
flaky in part, light gray, weathers darker gray.

2 2

Waterlime, thick (2-4 inches) bedded.

2-3-

Waterlime,

thin bedded.

2-42-5-

Limestone,

stromatoporoid reef.

-

-

2-6Limestone, medium bedded, regular appearance, dark
gray.

2-7“

2-82 10

-

Limestone, blocky, thick bedding with intervals of
four inches between bedding planes.

2 10

-

Limestone, stromatoporoid reef.

2-9-

-

Column

III

3-20+
3-19+

3-18+

Limestone, blue-gray, weathers dark buff gray,
bedding indistinct and irregular, fossils common,
crystalline.

-12

3-17+
3-15+
3**15+
3-14+
3-13+
3-12+
3-11+
3-10+

Limestone, blue-gray, weathers dark buff gray,
crystalline, massive with some Indistinct wavy
irregular bedding.
Fossils, mainly brachiopods,
common.
Parallel horizontal wavy lines present
which are caused perhaps by slumping of the
depositional interface, extend for hundreds of
feet.

3-9+
3-8+
3-74
3-6+
3-5+

Limestone, bedding slumped and irregular, fossils
common, some local lenses of abundant fossils,
crystalline.

3-4+

Limestone, stromatoporoid reef.

3-3+
3-2+

Limestone, regular thick bedding, slightly
crystalline.

3-1+

Waterlime, light gray, weathers very light gray,
thin bedded, flaky.

3-1- Waterlime, chunky and thick bedded,
3-2- Waterlime, thin bedded.

3-33-4-

Waterlime, thin bedded and flaky, some rain or
ripple marks evident.

3-53-63-7-

Limestone, stromatoporoid reef, dark gray color.

3-8- Limestone, blocky, bedding medium to thick,
3-9- abundant ostracods present.
3-10-

Limestone, massive gnarled appearance, possible
stromatoporoid reef.

OLDLAND, INNER LOWLAND AND CUESTA OF THE
ANCIENT DISSECTED COASTAL PLAIN

from Goldring (1933)

-15PREVIOUS WORK
The nature of the transition of Manlius to
Coeymans has been under constant speculation ever since
the beds were examined and described by Mather (1843)
and Vanuxem (1839).

Prosser (1907) points out this fact

quite distinctly as he says ".,.the line of division was
not very clearly indicated in the original description".
The name Manlius was given to the limestone beds by
Vanuxem (1839)> but this nomenclature was not accepted.
The terms Pentamerous and Tentaculite, also proposed by
Vanuxem, for the Coeymans and Manlius respectively became
widely used.

These names were later changed to Coeymans

and Manlius, and the beds were put in the Lower Devonian
and Upper Silurian in that order by Clarke and Schuchert
(1899).

Prior to this classification, the entire Lower

Helderberg group containing all of the calcareous beds
from the Rondout up to the Orlskany sandstone had been
classed as Silurian by Hall (1874).

Two to five feet of

transition beds, indicative of a gradational change rather
than a sharp break, were postulated early this century
(Harris 1904).

As late as 1924, though, even the

nomenclature of the sub-divisions of the entire ManliusCoeymans was not fully agreed upon.

Smith (1924) describes

the whole Lower Helderberg group and applies the name
Manlius to the entire succession of beds in that group and

makes no mention of the term Coeymans. This terminology
was the exception rather than the rule, however, and in
general the situation stood with the Manlius classified
as Silurian, the Coeymans as Devonian, and the nature
of the contact a moot point. Various local unconformities
have been postulated on the basis of Manlius pebbles
found in the Coeymans, but these theories have never been
fully proven and at best are only very local phenomena
(Ruedemann 1930, Goldring 1933# Chadwick 1927). Ruedemann
also offers the theory that the transition beds were
formed in a lagoonal environment with oscillating seas.
Until 1953 no extensive work concentrating solely
on the problem of the contact between the Manlius and
Coeymans had been attempted, At this time, however,
Davis (1953) approached the problem by a detailed survey
«*■

\ .

'

of the fossiliferous horizons in the two beds. He
described the lithology and fauna of 15 stratigraphic
sections spaced at intervals along the entire breadth of
the outcrop of the Manlius and Coeymans. He found no
distinct break in the fossil assemblage or in the lithology
which could be construed as a definite contact between the
two beds. Accordingly, he concluded that the transition
was in fact gradual and agreed with Ruedemann that oscilla¬
tion of the seas was the main factor contributing to the
formation of the transition beds. A second study of the area

-17utilizing the methods of stratigraphic investigation,
especially those pertaining to environments of deposition,
has been made by Rickard (1955)•
briefly these;

His findings are

l) that the Manlius of central New York

is a facies of the Coeymans of the eastern part of the
state; and

2) that the Manlius of eastern New York thins

rapidly westward and is replaced by the thickening Rondout
dolomite.

In other words much of the so called Manlius

is really Coeymans, and the Silurian-Devonian boundary is
at present placed too high in the stratigraphic sequence.
The report by Davis made no such reference to the facies
change mentioned by Rickard.

Thus, owing to this

discrepancy, the present author feels that the methods
of the above writers have not been in themselves conclusive
in determining the nature and location of any sort of
boundary between the Manlius and Coeymans.

A brief survey

of the heavy mineral content of the two beds was incon¬
clusive to the solution of the problem (Nation 1956).

-18PROCEDURE

Following a survey of the area for possible
collecting locations, three sites were chosen.

They are

designated on the accompanying map as I, II, and III.
(fig.

3).

Each of the three places are sections of the

cliff which are easily accessible throughout the entire
stratigraphic .succession of Manlius to Coeymans.

In order

to be thorough, though efficient, samples were collected
at one foot intervals across the contact from known
Manlius through known Coeymans.

The top of the water-

lime was chosen as the datum plane since it was an easily
recognized horizon.

Twenty samples were collected above

this arbitrary line and 10 below it.

In the case of the

first column, 15 samples were taken from below the datum.
Ideally, the line connecting the individual places from
which the samples were collected in each section should
be a straight vertical line.

This, however, was impossible,

but an attempt was made to keep the horizontal displacements
at a minimum.

These total displacements were approximately

150 feet for column I,
feet for column III,

95

feet for column II, and 120

The specimens collected were all

oriented with respect to the bedding plane.

The samples

were numbered according to a plan whereby the first sample
below the datum in column I was designated as 1-1-, the
second below the datum as 1-2-, the one on the datum as 1-1+,

the first above the datum as 1-2+ , and so forth through'*
out the 3 columns.

In this manner 3 suites of rocks,

each representative of the transition from Manlius t©
Ooeysans, were collected for further study and analysis.
Fifty thin sections were made from each of 50
different samples*

The choice of sample© for sectioning

was made on the basis of variations in lithology.

At

every point in the vertical column - where the lithology
changed, a. sample was chosen for sectioning.

For instance,

thin section F-i was taken from sample 1~3~ inasmuch as
the lithology changed at this point from a massive to a
more rlbbcny wateriia©,

fable I Is a list of the thin

©eations and the samples from, which they were taken*

The

thin sections were prepared by Sr. Rudolf von Huene.
The object of the laboratory work clone on the samples
was the separation of a clean and distinct Insoluble •
residue and heavy mineral suite from each of the 94 samples.
The techniques used fey the author in this endeavor are a
combination of those described by Hutton (1930), Heed
(lf24), and Ireland (1951}*

Removal of the carbonate

material was the first step undertaken*

This removal was

accomplished by first crushing the ©ample to roughly -20
mesh (Tyler size grade) with a geologic hammer and then a
porcelain crusher on a porcelain bucking board*

fee

hundred grams ©f the crushed material were then placed in
a 1000 mi, beaker, and about 200 ml, of 6N HOI was added*

20
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Up on cessation of effervescence, concentrated HC1 was
added continually until all of the carbonate material
had been removed.

Various combinations of size and acid

concentration were tried at the start of the work until
a satisfactory method had been worked out.

As the

limestone was, for the most part, fresh and unweathered,
solutions of HC1 below 6N and rock fragments larger than
-20 mesh were found to react too slowly to be efficient.
Although several workers (St. Clair 1935, Tyler 19^1, and
Ireland 1951) warn against the use of strong solutions of
HC1 on the basis that they might etch the various minerals
and dissolve away the apatite, the author found no such
complications in this case.

Apatite was present in the

majority of the mineral slides and was apparently unaffected
by the strong acid except for some possible rounding of
the grains.
Upon examination of the insoluble residue through a
polarizing microscope, it was discovered that over 95$
of the mineral grains were coated with iron oxide.

This

presented a serious problem in that accurate identification
of the minerals was very difficult under such conditions.
This difficulty was overcome by adding stannous chloride to
the residue and heating the mixture with concentrated HC1.
The result of the crushing of the sample and treatment with
HC1 and stannous chloride was an insoluble residue of

21-
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disaggregated light and heavy minerals and clay which
was free of most of the iron oxide coating.
The finer fraction of the samples, particles of
clay and clayey silt, were of no value in this study and,
on the contrary, tended to hinder the microscopic
examination of the larger minerals.
they were removed.

For these reasons

The process of removal made use of

the principles of Stokes* law and the application thereof.
Stokes' law for particles less than .1 mm. in diameter and
assuming perfect sphericity is given by the equation
v= 2/9 (drd2)gr2
-1-

--

-

-

s

n
with

v■=■ settling velocity in cm/sec
d^-density of the particle
d2=density of the fluid medium
g ~ force of gravity in cm/sec

2

r= radius of particle
n ^viscosity of the fluid in centipoises.
2
The law may also be written as v= Cr under standard
conditions.

With water as the medium and a temperature

of 20 degrees Centigrade the C value for quartz has been
calculated as 3.57x10^ cm/sec (Krumbein and Pettijohn
1938, p. 91).

A value of r-.Ol mm. was chosen for quartz,

and thus v - Cr2-3.57xl0^x(.001)2- 3.57xl0~2 cm/sec.

The

maximum vertical distance through which a particle would

22
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have to settle was measured as 13 cm.

A minimum time

of settling for quartz grains of .01 mm, in radius was
calculated by dividing distance by velocity and arriving
-2
at a figure of 13 cm./3.57x10
cm/sec-circa 5.5
minutes.

Thus, by letting the solution of residue and

water stand for at least 5.5 minutes all of the minerals
with a density of quartz and heavier would be sure to have
settled.

Once this critical value was determined, the

residue was washed with distilled water in a 1000 ml.
beaker, swirled, and allowed to stand sufficiently long
for the coarse material to settle.

The water was then

decanted, and the process was continued through Wo more
cycles or until most of the clay fraction had been poured
off.

As a safeguard factor, the writer commonly let the

mixtures stand for longer than the required time.
Following the removal of the fines by washing and
decanting, the sample was then dried under a heat lamp and
weighed.

The difference between the original 100 grams of

raw sample and the weight of the residue is the tveight
percent of the carbonate material, clay and iron oxide
contained in the untreated limestone.

These percentages

are listed in table II,
Once the insoluble residue was obtained, the next step
was the separation of the heavy from the light minerals
by centrifuging the insoluble residue in bromoform.

Heavy

23minerals are commonly defined as those minerals with a
specific gravity higher than that of hromoform (2.89).
Thus in theory, when one uses bromoform as the heavy
liquid, the minerals which sink are all of specific
gravities of 2.89 or higher.

In practice, however, the

bromoform commonly is diluted by washing, and its
specific gravity is decreased.

A lower limit of 2.65

for the specific gravity of the bromoform was

insured

by always checking to see whether or not quartz floated
in the liquid.

As a result, heavy minerals are defined

here as those minerals with a gravity value definitely
above 2.65 although the majority of them will have
specific gravities of 3.00 and more.

Of the two most

widely accepted methods of heavy mineral separation, i.e.
the use of separatory funnels and the process of cent¬
rifuging, the former Is less complicated and much neater
to use than the latter, but the results are not as
consistent (Powell 1957, Hutton 1950).

Accordingly the

author decided to centrifuge his samples.

The apparatus

used was an International Clinical Centrifuge model CL
with 50 ml. centrifuge tubes.
The author originally used lucite tubes in a process
whereby the bromoform, after being centrifuged, i^as frozen,
and the tubes were then cut transversely with a razor
blade or sharp knife.

The lower segment containing the

heavy minerals frozen in the bromoform was placed In a

24funnel with filter paper and allowed to melt.

This method

was very messy and time-consuming and wasted a lot of
bromoform.

Also the lucite tubes dissolved when washed

with acetone, and washing with water was not sufficient.
Glass tubes were then tried, and after a few trial runs
with different procedures, a satisfactory method was
devised.

A 50ml. centrifuge tube with a tapered bottom

was filled with the crushed residue up to a maximum of
ml.

15

Bromoform was then added until the tube was about

2/3 full.

Pour tubes were centrifuged at a time.

After

several experiments a centrifuging time of 5 minutes at
just under maximum speed was found to produce the cleanest
separation.

The mixture was then stirred completely with

a glass rod and centrifuged once again.
then repeated a third time.

This process was

Immediately following the

centrifuging, the tubes were carefully removed and placed
on a layer of crushed dry ice with only the lower part
of the tapered ends covered by the ice.

m this manner

only the bromoform containing the heavy fraction was frozen.
The freezing process lasted about 3 minutes, at the end of
which time the unfrozen bromoform containing the light
fraction was poured off onto filter paper and retained
for further use.

The tube was then washed with acetone to

remove completely any light minerals which might be
sticking to the sides.

The frozen heavy fraction was

allowed to melt and was poured onto another filter paper,

“25drained, washed again with acetone and dried.

A Whatman

no.50 filter paper was used, for in many cases the minerals
were
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small that many of them would have been lost on

a coarser grade of paper.

The entire process using the

light fraction was repeated until all of the heavy
minerals had been removed.

The number of repetitions

averaged 3 or more with a minimum of 2 and a maximum of

6.

In order to economize on time, samples 2-10- through

2-20- and all of colum III went through only 2 cycles of
centrifuging.

This reduction did not affect the content

of the resultant heavy fraction to any appreciable degree.
In many cases black, flaky, clayey, carbonaceous material
was noticed which did not settle uniformly and tended to
contaminate the separation.

A solution of 15$ hydrogen

peroxide which was applied to one of these ’dirty* samples
did not diminish appreciably the carbonaceous material.
The heavy fraction was weighed on an automatic
balance.

These weights are measures of the percent by

weight of the heavy fraction of the original untreated
limestone and are shown in table III.

The weights are

reported to 3 places but are accurate to only 2 places.
The heavy mineral slides were prepared according to
suggestions by Twenhofel and Tyler (19^1).

The total

heavy fraction was in most cases too large to be used in
toto for the slides.

So as to Insure securing a represent¬

ative sample for use in the slides, the heavy fraction
had to be split.

This was accomplished by quartering with
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4 rectangular sheets of smooth paper overlapping each
other so that one large square was formed by 1/4 of
each of the 4 sheets.

The heavy minerals of one sample

wex*e then poured out on the middle of the composite
square.

Two sheets on opposite quadrants were removed,

thus halving the sample.

This splitting process was

continued until the desired amount of grains for
mounting was reached.

A discussion of this procedure is

given in Krumbein and Pettijohn (1938* p. 357)-

The

grains were then sprinkled on a glass microslide, a drop
of Canada balsam was added, and the slide was heated on
a hot plate.

During the cooking, a mounted needle was

used to stir the grains and prevent them from aggregating.
Once the balsam had reached the proper consistency, the
slide was removed from the hot plate and placed on a slab
of cold steel.

A cover glass was immediately placed over

the rapidly cooling balsam.

The slide was then reheated

and the cover glass fell slowly into place with a minimum
of air bubbles being formed.

The slides were labeled for

future study.
An idealized flow sheet of the entire procedure from
field collecting to slide preparation is presented below.
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Flow Sheet
Field collecting - 95 samples from 3 vertical columns

Crushing of samples to Fifty samples selected for
-20 mesh i thin sections

I
Weighing of 100 grams of
crushed sample

I
Fifty thin sections made

t
Treatment with 6N-concentrated
HC1 and SnCl to remove iron
oxide j
Removal of clay fraction by
settling in distilled water
and decanting

I

Weighing of residue
Centrifuging with bromoform
to separate heavy minerals
Weighing of heavy fraction

I

Preparation of mineral slides

Figure

3

Map of John Boyd Thacher Park and Vicinity
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TABLE
Thin section
number

1

Sample
number

Sample
number

Thin section
number

P-1

1-3-

P-23

2-10-

P-2

1-5-

P-24

2-1 +

P-3

1-7-

P-25

2-2 f

P-4

1-9-

P-26

2-3 t

P-5

1-10-

P-27

2-4 +•

P-6

1-15-

P-28

2-5 f

P-7

*1-1 +

F-29

2-10 +

P-8

1-2 t

P-30

2-12 +

P-9

1-3 t

P-31

2-13 +

P-10

1-4 f

P-32

2-15 +

P-11

1-5 +

P-33

2-18 +

P-12

1-6 +

P-34

2-20 +

P-13

1-7 +

P-35

3-3-

F-l4

1-10 +

F-36

3-5-

P-15

1-13 t

P-37

3-8-

F-l6

1-15 -v

P-38

3-9-

P-17

1-17 +

P-39

3-10-

P-l8

1-20 t

F-40

3-1 +

P-19

2-3-

F-4l

3-2 +

P-20

2-5-

P-42

3-3 t

P-21

2-6-

P-4 3

3-5 t

P-22

2-9-

P-44

3-81

-30TABLE I
(continued)
Thin section
number

Sample
number

Thin section
number

F-45

3-9 +

F-48

3-15 t

F-46

3-10 -h

F-49

3-18 f

F-47

3-12 i

F-50

3-20 t

Sample
number

-31TABLE

II

Weight Percent of Clay* Carbonate* and Iron Oxide
Sample
Number

Weight
Percent

Sample
Number

Weight
Percent

1-1-

74.85

1-14-

86.01

1-2-

71.00

1-15-

90.64

1-3-

71.16

1-1 +

78.13

1-4-

99.37

1-2 -t

not valid

1-5-

99-25

1-3 +

91.10

1-6-

not collected

1-4 +

94.26

1-7-

95.45

1-5 t

98.21

1-8-

97.08

1-6 +

97.13

1-9-

99.07

1-7 +-

98.37

1-10-

98.82

1-8 +-

99.38

1-11-

99.97

1-9 i

95.61

1-12-

89.84

1-10 +

94.95

1-13-

90.43

1-11 +

95.79

(The carbonate content of each of the samples listed
above is estimated at 95$ of the figure given with the
exception of 1-1-., 1-1-., 1-2-, and 1-3- where it is
estimated at 80-85$.)
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TABLE

II

(continued)

Weight
Percent

H
FO

Sample
Number

Sample
Number

Weight
Percent

1-16 +-

93.64

1-13 +

91.40

1-17 +

94.62

l-l4 +

93.70

1-18 +

94.25

1-15 +

not valid

1-19 +

97.06

1-20 f

98.12

+

87.86
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TABLE II
(continued)
Sample
Number

Weight*
Percent

Sample
Number

Weight
Percent

2-1-

69.06

2-6

4

93.06

2-2-

65,35

2-7 f

93.25

2-3-

61,96

2-8 +

98.72

2-4-

98.25

2-9 -v

95.96

2-5-

98.63

2-10 +

97.59

2-6-

96.01

2-11 4-

99.11

2-7-

96,19

2-12 4-

90.77

2-8-

96.07

2-13

4

92.99

2-9-

95.34

2-l4 +

94.12

2-10-

97.00

2-15

93.99

2-1 4

69.50

2-l6 +

96.42

2-2 +

93.58

2-17 +

95.95

2-3 +

95.66

2-18

4

94.61

2-4

4

93.67

2-19 +

95.64

2-5 +

95.05

2-20 f

94.27

m

(The carbonate content of each of the s;amples listed
above is esstimated at 95$ of the given figure with
where it i
exception of 2-1-, 2- 1-, 2-2-, and 2-3'
estimated at 80-85$.)

Ct*

•H* /
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II

(continued)

#

Sample
Number

Weight
Percent

Sample
Number

Weight
Percent

3-1-

75.42

3-6 +

99.51

3-2-

70.46

3-7 +

97.34

3-3-

66.00

3-8 +

96.75

3-4-

59.46

3-9 t

97.39

3-5-

96.00

3-10 +

92.04

3-6-

95.81

3-11 +

90.91

3-7-

98.25

3-12 -+

96.45

3-8-

96,52

3-13 t

91.24

3-9-

97.26

3-14 +

94.27

3-10-

91.93

3-15 +

96.51

3-1+

72.75

3-16 +

98.40

3-2 +

75.62

3-17 -+

94.73

3-3 +

98.98

3-18 +

95.65

3-4t

94.34

3-19 +

96.41

3-5 +

96.54

3-20 +

96.24

-

(The carbonate content of each of the samples listed
above is estimated at 95$ of the given figure with the
exception of 3-2-, 3-1-* 3-1-, 3-2-, 3-3-, and 3-4-,
where it is estimated at 80-85$.)
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III

Percent by Weight of the Heavy Fraction

Sample
Number

Weight
Percent

Weight
Percent

Sample
Number

1-1-

.599

1-3 +

.106

i-2-

.250

1—4 f

.037

1-3-

.393

1-5 +

.031

1—it—

.005

1-6 t

.077

1-5-

.035

1-7 +

.009

1-6-

not collected

1-8 +

.098

1-7-

.027

1-9 +

.035

1-8-

.055

1-10 f

. 066

1-9-

.011

1-11 +

.259

1-10-

.017

1-12 p

.061

1-11-

.001

1-13 +

.427

1-12-

.233

1-14-+

.892

1-13-

.159

1-15

not valid

1-14-

.100

1-16 p

.361

1-15-

.423

1-17 +

.337

1-1

.013

1-18 +■

.204

1-19 +

.023

1-20 p

.273

+

1-2 f

-

not valid

-

-
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TABLE HI
(continued)
Sample
Number

Weight
Percent

Sample
Number

Weight
Percent

2-1-

.718

2-6 +

.102

2-2-

.693

2-7 +

.004

2-8

.015

2-3-

l.

226

+

2-5-

.055

2-10

+

.023

2-6-

.020

2-11 +

.372

2-7-

.128

2-12 +

.047

2-8-

.059

2-13

+

1.313

2-9-

.001

2-l4 +

.503

2-10-

.177

2-15 +

.037

2-1 +

.321

2-16 +

.020

2-2 +

.035

2-17 +

.021

2-3 +

.020

2-18 +

.011

.099

2-19 +

.045

.199

2-20 +

.048

2-5 +

.063

1

2-9 +

CVJ

lost

*

2-4-
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(continued)

TABLE

Weight
Percent

Sample
Number

Weight
Percent

3-1-

.147

3-6 +

.002

3-2-

.141

3-7 +

.029

3-3-

.622

3-8 +

.007

.279

3-9 +

3-5-

.012

3-10 +

.035

3-6-

.080

3-11 +

.039

3-7-

.038

3-12 +

.184

3-8-

.043

3-13 +

.032

3-9-

.013

3-14 +

.015

3-io-

.119

3-15 +

.004

3-1 +

.060

3-16 +

.917

3-2

4

,071

3-17 +

.023

3-3 +

.006

3-18 +

.020

3-4 +

.038

3-19 +

.022

3-5 +

.018

3-20 4

.019

•

3-4-

O
O

S .mple
Number
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DISCUSSION AND RESULTS OF THIN SECTION ANALYSIS

Fifty thin sections were examined through a Leitz
research polarizing microscope.

The petrologic

features chosen for study were:
1. relative quartz content
2. amount of fossil and second
cycle limestone fragments
3. amount of recrystallized calcite
4. amount of matrix.
The pyrite present in the slides was also examined but
proved to be of no use in this study and therefore is
not reported.

The relative quartz content was obtained

by counting the number of quartz grains per 10X field and
averaging the results for each thin section.

The

percentages of the other features studied were all
estimated visually.

The results of the analysis were

plotted on semi-log paper and are presented in Plate 2,
In studying the graphs it must be kept in mind that., although
the curves are continuous, data have been plotted for only
those samples for which thin sections were prepared.

The

graphs of total and heavy residue have data plotted for
all of the samples.

-39DISCUSSION AND RESULTS OP MINERAL SLIDE INVESTIGATION
Ninety two slides were examined.

No sample was

collected at station 1-6-, and no slide was made of
2-4- inasmuch as the heavy portion of the residue was
lost.

Slide 3-16- was not used due to the excessive

amount of iron oxide stain coating the grains which
made accurate mineral identification impossible.
Zircon, tourmaline, barite, apatite and epidotized
plagioclase are the most abundant and consistent minerals
present.

Zircon is present in all of the samples, and

tourmaline In all but 2.

Apatite, barite, and

plagloclase-epidote are found in about 80$ of the slides.
Of the zircon grains, the colorless variety was found
most abundantly, and some hyacinth was observed.

Brown

tourmaline is very common in the slides, while the pink
and blue varieties were only rarely seen.

The grains of

zircon are generally very well rounded, although some
exhibit subhedral prism faces.

Tourmaline is generally

subhedral with much rounding evident.

Apatite is well

rounded in all of the slides, due possibly to the effects
of the treatment with HC1.

Barite is small and well

rounded, as is the majority of the other minerals.

In 3

of the slides, however (1-4-, 2-5-, 3-5-), the barite
crystals are very large, ranging from 4x to lOx the

-40average grain size, which is approximately .02 mm. in
diameter.

Several of the large barite grains in 1-4-

had fretted sawtooth surfaces.

All of the slides contain

from 5-10$ quartz and feldspar which settled in the heavy
liquid due to the adherence of iron oxide and pyrite to
the surfaces of these grains.

The quartz and feldspar

are omitted in the discussion of the results of the
examination of the slides.
Although attempts were made to remove as much of
the iron oxide as possible, a few of the slides contained
grains which were obscured by a coating composed of iron
oxide and carbonaceous material.

This coating, plus the

fact that over 95$ of all the mineral grains were
extremely minute (less than .03 mm. in diameter), made
any attempt at grain counting or size analysis extremely
difficult.

As a result, the abundance of each mineral

in each of the slides was estimated visually, and
determinations of rare, common, and abundant were made.
These results are plotted in Plate 1 in the form of bar
graphs.
The investigation of heavy minerals proved to be
disappointing.

Classifying the minerals as rare, common,

and abundant is not accurate enough for determination of
any distinct difference in the vertical succession from
the standpoint of heavy mineral content.

Other methods

of iron stain removal, such as treatment with oxalic acid

-4l-

and aluminum as advocated by Leith (1950), might result
in a cleaner sample and hence improve the identifica¬
tion of the minerals.

The presence of carbonaceous

matter is also a problem.

The treatment of one sample

with 15$ hydrogen peroxide produced a strong effer¬
vescence but only a slight removal of the carbonaceous
material.

The very small size of the grains is another

factor which makes positive identification very difficult.
It is the opinion of the author that the use of heavy
minerals alone as criteria for determining the nature
of the transition of the Manlius to the Coeymans
limestone is not sufficient.
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CONCLUSIONS
The present study has indicated no positive
petrologic evidence for a distinct delineation of the
contact between the Manlius and the Coeyrnans limestones.
The results of the investigation, shown in graphic form
in Plates 1 and 2, are of little use in the determina¬
tion of the nature of the transition between the two
formations.

It was the author's hope that the curves

of the various graphs would show distinct peaks, and
that similar peaks would occur at similar horizons.
If this had happened, the boundary between the Manlius
and Coeyrnans would have been postulated on the basis
that a definite change in the sedimentary properties
would indicate a break in the depositional history of
the sedimentary sequence.

However, the outstanding

peaks are rare and, when present, are only local phenomena
which are not paralleled by the other graphs.

The

possibility that the results are very much in error is
ruled out by the fact that all of the graphs follow the
same general pattern.

If the results were not accurate,

one would expect the curves to be very dissimilar.

Thus

one can not expect future studies of a similar nature to
produce significantly different results.
One horizon provides some evidence for a tentative
hypothesis of an unconformity, and hence of a physical

-43break between the Manlius and Coeymans formations.
Concentrations of barite grains much larger than the
average occur in the mineral slides from sample 1-4-,
2-5-, and 3-5-♦

These 3 samples constitute an

horizon

just below the waterlime beds. The crystals range from

.16 mra. to .60 mm. in diameter as opposed to an average
barite grain diameter of about .02 mm.

It Is the

author's opinion that this horizon is indicative of an
hiatus caused by a short regression of the seas.

During

the interval that the area was exposed, subaerial
weathering removed calcareous material and left a residue
of clay and silt.

As the sea once again advanced over

the area the residual clays and silts were reworked and
later deposited along with carbonate as the waterlime
beds*

The barite, however, with a specific gravity of

4.5* was gradually concentrated along the erosional
interface as the lighter and finer clays and silts were
elutriated by the circulating waters of the oncoming sea.
Barite Is commonly found in ample amounts in residual
clays derived from weathered limestone (Palache et.al.,
1951, p. 44)_, and this fact accounts for the concentration
of barite grains present In the key horizon.

The large

size of the barite crystals is a result of diagenetic
processes.
around

Barium ions present in the advancing sea grew

nuclei composed of the smaller barite grains present

-44-

in the residual clays and silts, and this process
resulted in the large crystals.

The barite in the

horizons immediately overlying this key horizon is
present only in rare amounts or is absent.

The scarcity

of the mineral in these layers might be due to the fact
that much of the supply of barium ions was being used for
the formation of the larger grains of barite rather than
forming new and smaller ones.

Barite readily crystallizes

upon contact of the barium ions with the sulphate radical
(Tarr 1933, p. 271), and according to Twenhofel (1932,
p. 584), barium may be precipitated by oxiding iron
sulfide.

This oxidizing iron sulfide was the pyrite, which

occurs throughout the whole formation, as it was exposed
to the process of weathering.

The above diagenetie theory

is preferred by the author to one of authigenesis in that
barite is extremely insoluble (Tarr 1933, P* 267), and
it does not seem likely that barite, once having been
precipitated and deposited in a lithified sediment, could be
redistributed to form larger crystals.
Thus, in short, a break between the two beds is
tentatively postulated as being about one foot below the
waterlime beds.

If one wishes to classify formations in

a genetic sense, then the above theory would cause the
stratigraphic boundary between the Manlius and Coeymans,
and hence that between the Silurian and Devonian periods,
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to be placed just below the waterlime rather than above
It, where it is generally conceded to be now.

This

lowering of the boundary is in partial agreement with
Rickard (1955)s who recommends that most of the Manlius
in the Helderberg region be classed as Devonian.
One of the avenues of investigation that should be
pursued further in this study is an analysis of the clays
of the waterlime and of the whole section of the Manlius
and Coeymans beds.

X-ray and chemical data on these clays

should shed some penetrating light on the subject in
that knowledge of the composition and structure of the
clays might furnish a clue as to their mode of formation
and depositional history.

A survey of the entire critical

horizon should be undertaken to determine whether or not
the barite concentration is present throughout the entire
outcrop or is just confined to the John Boyd Thacher Park
area.
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SUMMAKY
The thin section and heavy mineral analyses of 9^samples taken across the transition of M nlius to
Coeymans formations lead to no positive conclusions
regarding the nature and location of the contact between
the two formations.

A concentration of large barite

crystals at an horizon one foot below the waterlime
suggests a possible unconformity on the basis that the
abundance of the grains may be due to a concentration
of the barite following weathering of the limestone.
Using this evidence the author has postulated the theory
that the critical horizon is indicative of a regression
of the seas.

This tentative hiatus might represent a

definite physical break in the sedimentary sequence and
hence would be the location of the contact between,the
Manlius and Coeymans limestones.
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