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HERMAN LEROY FAIRCHILD, GEOLOGIST

J. E. HOFFMEISTER
The University of Rochester

The name of Herman LeRoy Fairchild is a byword in American geology.
To a geologist it means many things. It means Master of Glacial Geol-
ogy, it means active leader and officer of the Geological Society of Amer-
ica, it means inspiring propagator of geological information, it means
Dean of American geologists.

Professor Fairchild’s influence on geological thought was considerable.
His chief love was the fascinating subject of glacial geology. It is only
natural that his thoughts should have been in this direction.

Whether he knew it or not, young Mr. Fairchild entered a glaciologist’s
paradise when he came to Rochester to be Professor of Geology and Nat-
ural History at the University in 1888. One of his first tasks was to
unravel the local geology. Thanks to the work of James Hall, State
Geologist, and others, some progress had been made on the older bed
rock history of Western New York as early as 1844. The more recent
events, however, those which dealt with the loose, unconsolidated surface
deposits left by the continental ice sheets, were still unexplained.

Fairchild tackled the job energetically and enthusiastically. Any time
which was not devoted to his duties at the University and his tasks as
officer of the American Association for the Advancement of Science, he
spent in the field. He travelled by streetcar, railroad, horse and buggy, on
foot, uphill and down valley, until he knew the Genesee country better than
the Indians before him. The more he discovered, the more fascinating
the search became. He found ancient lake bottoms, shore benches and
beaches made by waves in bodies of water which had long since disap-
peared. He found large boulders miles and miles from their native terri-
tories. He found hills made of masses of rocks of all sizes, which he
knew could only have been produced by the action of tremendous sheets
of ice. He found a buried valley running right past our door. A valley
filled with from 400 to 600 feet of sand and gravel, an unseen valley to
most people. But Fairchild could see it. He traced it for miles to the
south of us and so accurate was his work that years later when surveyors,
with all their modern equipment and all their information gathered from
drill holes, mapped it, their maps were nearly identical with those of the
pioneer.

Then came the task of correlating all the separate pieces of information
which he had obtained from his field studies; the task of putting together
in their proper chronological order the events which produced the present
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surface. This he did and the story as he originally told it has in all
essentials withstood the test of later investigations.

He was not content to limit his work to this region but extended it
over the entire state, down into Pennsylvania, up into Canada, and out to
the middle west. Today, when a man works on the glacial geology of
this broad area, he begins with Fairchild, and frequently ends with Fair-
child.

Fairchild was one who not only collected scientific facts but was able
to see the larger significance of these facts. In other words he has in-
fluenced geological thought. Let me give you a few examples. Geologists
used to have exaggerated ideas of the erosive power of glaciers. They
believed that moving ice could gouge out the solid bed rock and create
large valleys. Some even went so far as to consider the valleys in which
our Finger Lakes are located to have been the result of glacial erosion.
Fairchild showed that the cutting power of moving ice was distinctly lim-
ited, that the valleys were the result of previous stream cutting and that
glaciers did little more than remove the soft weathered deposits from the
surface of the bed rock. This was a new conception and one which had
a profound effect on the interpretation of geologic events.

The Nebular hypothesis of Laplace for the origin of the earth was the
accepted one during the 18th and 19th centuries. At the beginning of
the present century Thomas C. Chamberlin, professor of Geology at the
University of Chicago, and Forest R. Moulton, professor of Astronomy
at the same institution, showed that it failed to meet the requirements of
a scientific hypothesis because it did not explain all the facts. In place
of it they offered an entirely different conception of earth origin, the
Planetesimal hypothesis. This was so different from the Nebular hypoth-
esis that it affected the very foundations of geological thought. Previous
conceptions had to be severely modified in the light of the more plausible
hypothesis. It was a difficult transition. Many were loath to make it.
Fairchild had always been a radical. He never found it difficult to dis-
card old ideas and accept new ones if the new ones were closer to the
facts. The result is that he, possibly more than any other geologist, can
be credited with the successful readjustment of ideas to meet the require-
ments of the Planetesimal hypothesis.

In 1891 a geologist reported the finding of a huge hole in the ground
near Flagstaff, Arizona. The depression was circular and bowl-shaped,
4000 feet in diameter at the top and 600 feet deep. It was known as Coon
Butte and its origin was a mystery. The two most plausible explanations
were that, first, it was the crater of an extinct volcano, and second, it
was made by the fall of a giant meteorite. The latter seemed rather fan-
tastic and many favored the volcanic hypothesis. Professor Fairchild
visited the depression in 1906 and made a careful study of it. His re-
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ports proved conclusively that the crater actually had been produced by
the impact of a meteorite. Today Coon Butte is known as Meteor Crater
and is visited by thousands of tourists each year.

He was always active in the work of scientific organizations, Few men
were more influential in organized science than he. He reorganized the
nearly defunct New York Academy of Science and was its secretary for
several years. He was for many years one of the moving spirits of the
American Association for the Advancement of Science. In 1888 he was
one of the original thirteen geologists who organized the Geological So-
ciety of America. He wrote its constitution and by-laws. He was its
Secretary for 16 years and its President in 1912. With his passing goes
its last surviving charter member.

His name has been closely linked with the Rochester Academy of Sci-
ence for over 50 years. In 1888 the Academy was weak, inactive, and
faced dissolution. Fairchild had just arrived in Rochester and his advice
and aid were solicited. He advised a complete reorganization and was
largely instrumental in framing a new set of rules which the Society
promptly adopted. He became its president in 1889 and the Academy
began a new era of prosperity. He resigned the presidency in 1901 but
continued as editor of the Proceedings until 1935. In 1918 he was elected
a life member and in 1920 was made a patron. In 1932, while Fairchild
was still active and in good health, his portrait bust in bronze was pre-
sented by the Academy to the University of Rochester. This now stands
in the foyer of Dewey Hall on the River Campus.

I believe the people of this area are unusually geologically minded in
spite of the fact that there are relatively few products of economic value
found in the local rocks. People here are interested in the origin of the
Finger Lakes, the Pinnacle Hills, the rocks exposed along the banks of
the Genesee gorge. There is no question about it, this interest can be
almost entirely traced to the influence of Professor Fairchild. He was
a rare teacher whose enthusiasm was always contagious. He was able
to make his rocks live; he gave them a personality. Do you remember
when the memorial boulder, opposite the entrance to the main quadrangle
of the River Campus, was dedicated to Thomas Thackeray Swinburne,
composer of “The Genesee”? Professor Fairchild closed the speaking
exercises with an address entitled “Personality of the Boulder,” He said
among other things:

“The boulder has appropriateness in bearing the name and per-
petuating the memory of Thomas Thackeray Swinburne. We have
a geologic name for these alien boulders, transported far from their
native sites, and often perched in insecure positions. We call them
erratics. Tom Swinburne was an erratic of the human species. He
had travelled far from conventional thought and belief. He did not
pattern his life and purpose after other people. He was individual.
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His poetic imagination had lifted him from the common plane to the
pinnacle of near-genius, always a precarious position. Yet, the world
sadly needs more of that type of unconformity to the level of un-
thinking and superselfish humanity. We honor the memory of Swin-
burne for his moral individualism and courage as well as for his
poetic gifts.

“Rock of Ages Geologic! You are to stand here as a noble me-
morial of a departed being of poetic genius. And from this com-
manding position you are assigned to keep watch and ward over the
University of Rochester. You are to note the goings-out and the
comings-in of the future generations of students; and to them you
are to be a reminder of the worth-whileness of ‘things of the spirit.”
And year by year, you will receive, vicariously, the tribute of suc-
cessive groups of University graduates.”

He gave a personality to his rocks.

In 1920, when he was 70 years of age, Professor Fairchild retired from
the University of Rochester as Professor of Geology. When most people
reach their 70th year they look forward to a little rest, some leisurely
travel, and a chance to do things they have always wanted to do but never
had the time to do. But not Fairchild. He remained just about as active
as ever. To me one of the most remarkable things about him is what
he accomplished between the ages of 70 and 90. He published within
these twenty years over 100 scientific papers. And many of these are of
considerable size, including a history of the Geological Society of America.
A man who could do this must have been made of stern stuff.

May we who are his successors be worthy of the rich heritage which
he has left us.
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QUANTITATIVE PETROLOGY OF THE GENESEE
GORGE SEDIMENTS

Harorp L. ALLING
The University of Rochester

ABSTRACT

The Paleozoic rocks of the Genesee Gorge at Rochester, New York,
have been studied by stratigraphers and paleontologists but not by petrog-
raphers. A petrographic study now has been done. The quantitative
mineral composition of these rocks has been determined by using the
Delésse-Rosiwal method of intercepts. Grain size, in terms of nominal
sectional diameters, grain roundness, and grain sphericity in two dimen-
sions (circularity) in thin sections have been measured. These data have
been arranged into the forms of complementary microlithologies and grain
modes and have been plotted beside the stratigraphic column. Mineral
phases, in terms of microphases, have been recognized and established.
These show the details of the sedimentation, its character, its rhythmic
fluctuations, and its relation to shaliness. Studies of fossiliferous rocks
reveal that thé mineralogical composition governs and controls certain
specific megascopic fossils much more than previously realized.

Petrographically the boundaries of the formations are artificial. The
base as well as the top of the Clinton group is decidedly arbitrary.
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I. INTRODUCTION

The Genesee Gorge at Rochester, New York, has long been known as
a superb section of Paleozoic sedimentary rocks. This geologic mecca
has attracted numerous stratigraphers and paleontologists, who have drawn
up many correlation charts and listed the fossils. Still there are many
unsolved problems, because those who have studied these sediments have
been content to accept, in the main, the field descriptions of the rocks as
satisfactory analyses of their composition and have not emphasized the
rock facies.

This study constitutes a petrographic attack on the problems of these
sediments. The rocks studied in thin section range from the top beds
of the Queenston up through the Lockport. From the beginning I was
expectant of new truths: I have not been disappointed.

The purposes of this paper are first, to determine the mineral composi- -
tion of these rocks and, second, to study the various rock facies. Some
aspects of what Payne (1942, p. 1698) calls “the new stratigraphy” was
applied through measurements of grain size and grain roundness in thin
sections cut from precisely located specimens. It is believed that only
with such information can the paleo-environment be satisfactorily deter- -
mined.

It was necessary to readapt techniques already developed for studying
loose grains and fragments of unconsolidated materials based upon three-
dimensional measurements. Thin sections provide only two dimensions
(Alling, 1941, 1943). This required the development of new techniques.

These new data made it possible to appreciate for the first time the
character of the rock facies, the rhythmic nature of their deposition, and
the overlapping of mineral phases that cross formational boundaries.
This information furnishes quantitative data for understanding the paleo-
environment for specific fossils.

ACKNOWLEDGMENTS
The collecting of measured specimens for thin sections began in April,
1922, with the field assistance of Merle K. Alling. Additional specimens
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subsequently were provided by Bernard H. Dollen, Dr. William L. Grc')s's-
man, Dr. Tracy Gillette, Dr. Lois Kremer [Sharpe], and Dr. Virginia
Hoyt [Jones], former students of. geology at the University of Rochester.
To these I am truly thankful. Charles M. Reed and Arthur S. Gale, Jr,,
furnished the results of a plane table survey of the Rochester and Lock-
port formations, forming the banks of the New York State Barge Canal
to the west of Rochester, The stratigraphic column of the Lockport from
the canal was supplied by a chart constructed by Professor George H.
Chadwick and students. To them I acknowledge my thanks.

Supplementary slides from the Niagara Gorge were provided by Dr.
John T. Sanford, for which I am very grateful.

To Dr. Tracy Gillette, whose death in the fall of 1942 removed a lead-
ing authority on the New York Clinton, I am especially indebted for many
discussions. The master’s thesis of Lois Kremer [Sharpe] (1932) on the .
Thorold sandstone in New York, has furnished many suggestions. Some
of her specimens have been thin sectioned and constitute a portion of the
slides used in this investigation. Beginning in 1941, Virginia Hoyt
[Jones] (1942) undertook a thorough study of the heavy minerals in the
Clinton Group of New York State, from the Niagara Gorge east to Clin-
ton. During this investigation I benefited greatly through many discus-
sions.

Petrographic studies by Marguerite Smith [Robertson] (1938) of the
Queenston from Niagara to Rochester has been helpful. The thesis of
Charles M. Reed (1936) on the insoluble residues of the Lockport has
helped me with the composition and subdivision of that formation.

Professor J. Edward Hoffmeister greatly assisted by reading the manu-
script. Appreciation is due to Gordon M. Meade, M.D., and David Jensen
for preparing the manuscript for publication.

II. METHODS EMPLOYED

Mineral Composition:—The mineral composition of these rocks was
determined by the Delésse-Rosiwal method of intercepts, using a Went-
worth stage, and the calculation of the intercepts to a weight percentage.
The number of runs per slide depended upon the size of grain; for coarse
grained rocks five runs were made; for finer grained rocks the number
of runs was three. These seemed to be a sufficient number because a
thin section provides only a small sample. A’ high order of accuracy
was therefore not justified and should not be expected. Tndependent runs
give fairly consistent results. One of the poorest checks is shown in
Fig. 1A. The choice of the specific gravities for calculating these meas-
urements into weight percentage provided some uncertainty. The clay
minerals could not be specifically identified in all cases by the microscope
alone, and hence the specific gravities are not very definite. Very few
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textbooks furnish the value of the specific gravity for collophane, for
example. The exact percentage of MgCOz and FeCOjz in the carbonate
minerals could not be determined by optical means, Staining methods
help but are not quantitative.

Chemical Analyses:—Commercial analyses provide some assistance even
though the exact stratigraphic horizons are not known in most instances.
These analyses supply the ratio of the calcium carbonate to the magnesium
carbonate.

Grain Size:—In contrast to the three-dimensional measurements of
loose grains, thin sections provide areas of random sections of grains.
Measurements on identical material in the two forms are not comparable
(Krumbein, 1935). As the relationship between two- and three-dimen-
sional measurements is not simple and has not as yet been established,
no attempt has been made to modify the thin section measurements to
three-dimensional values. Al sizes in this paper are in terms of the nomi-
nal sectional diameter (Wadell, 1935) in millimeters measured in thin
sections. Size measurements were accomplished by the diaphragm method
previously described (Alling, 1936, pp. 189-204). Measurements of sev-
enty-five to a hundred grains per slide were regarded to be sufficient.
The data were plotted as frequency-distribution curves. The mode or
peak was chosen for plotting on the charts that follow.

Independent parallel runs of grain size measurements of quartz, for
example, are not always strictly reproducible. Nevertheless, such results
are comparable. An illustration of an excellent check is the data of two
slides cut from the same specimen, as shown in Table 1. The number
of grains measured was purposely different. The rock contains only
2.1% of quartz by weight, hence the number of grains in such a rock in
thin section is not numerous. The check is very close. The modes are
the same.

TasLe 1
Grain Size Analysis of Quartz. Two slides
Nominal sectional

diameter, A* B*

Size, mm. No. % No. %
.000 — .005 0 0 0 0
.005 — .010 5 7.1 3 7.3
010 — .015 10 143 5 12.2
.015 — .020 20 28.3 12 29.3
.020 — .025 15 214 9 220
.025 — .030 1 15.7 5 12.2
030 — .035 6 8.6 3 7.3
035 — .040 2 2.8 2 49
.040 — .045 1 14 1 24
.045 — 050 0 0 1 2.4

70 99.6 41 100.0

* Rochester formation, 2.16 ft. above base, Densmore Creek.



Central Library of Rochester and Monroe County - Historic Serials Collection

A QUAN. MICRO. ANALYSES| ‘oo C RED VS GREY GRIMSBY
3
DES
CEMENT —]
10 \‘\I,
1>
L = Py —
05 1.0 15 20 40 60 80
SIZE = NSD - MM. PERC. VOLUME
PERC PERC|
S IQtz, I NO El Q'fz|
A 30—/~
TWIN CURVE DOUBLE
20] ' - I 20— —/- l 3 PEAKS
10 L 1o} —/ 4\
| ]
Ol 02 03 04 05 06 o2 04 06 .08 K K A
SIZE NSD MM. SIZE 'NSD. ‘MM. o %zlzzoansor; ¢
c PERC PERC
Es G| Qtz ’ area| A ] Qfll AReA| Y Iy Qtz l
2 [\ [ Pebbly Bed T/ [\ | Pebbly Bed * -
is|_[\_p_| Pebbly Be ol [ \_|PebblyBe Pebbly Bed
1o/ -\
10— to——
sl
4 & 8 l.g .00l 100 Ol
SIZE NSD MM

ol A I )
SIZE AREA MM2
LOG, SCALE

1 I
SIZE DIA FROM AREA
LOG, SCALE

1]

1 74091 g

01

AINIIDS 40 AWIAVIV YIALSTHDIOA



Central Library of Rochester and Monroe County - Historic Serials C

PETROLOGY OF THE GENESEE GORGE 11

Multiple Peak Frequency-Distribution Curves:—In 1935, while study-
ing the rocks in the Niagara Gorge (Alling, 1936), the technique of grain
size analysis was not completely developed and the cause of multiple peak
frequency-distribution curves was not understood. It was not at all clear
whether there was any fault of the method, or of the technique, or the
method used in plotting the results. Sanford (1939) was doubtful about
the value of the curves. It was believed that an increase in the number
of grains measured, the use of a mechanical stage to eliminate the per-
sonal element in the choice of grains that serve as samples, repeated runs
on the same slide, and standardization of the number of class intervals
in plotting, would remove these multiple peaks. These improvements have
to some extent done so but did not remove all of them. I am now con-
vinced that many peaks exist and represent something real.

In 1936 (Alling, 1936) it was suggested that these peaks pointed to
different sources of the sediment or to a lack of complete sorting during
transportation. Many slides of rocks which show multiple peaks frequent-
ly show two or more types of rocks, sometimes as alternating layers or
as heterogeneous aggregates. It is often possible to actually see the sev-
eral sets of grain sizes. These give added evidence for the reality of
multiple complementary microlithologies. Each microlithology may be
well sorted, but the microlithologies together produce a multiple peak
curve.

There are all gradations in the graphic behavior of these curves.
Some have several separated peaks with no grain sizes in between, and
constitute distinct curves independent of one another when plotted on
the same graph base (see Fig. 1D). Many are joined together (Fig. 1E).

FiGure 1
All measurements made from thin sections

A. Quantitative microscopic analyses, Delésse-Rosiwal method by Wentworth stage,
of one slide. Two independent runs of 3 traverses each, showing poor agree-
ment. Most of the analyses were much better. Thorold 3.4 feet above hase,
Genesee Gorge. Percent by weight.

B. Frequency-distribution curve, percent of number of grains of quartz and nominal
sectional diameter size in mm. Shows true size, full line, and size including
quartz cement, dot-dash line. Top of Thorold, 2.8 feet above base, Glen Edyth.

C. Quantitative microscopic analyses of red and gray portions, top of Grimsby,
Densmore Creek, showing great similarity, except for hematite content in the
red portion, Percent by volume.

D. Frequency-distribution curve of quartz grains in the Furnaceville at Densmore

Creek. The main peak is characteristic of the Reynales, the smaller peak is of

Thorold size, showing overlapping of the two sedimentary types.

Double-peaked curve, quartz in the Maplewood at Densmore Creek. 10.5 feet

above base.

Three-peaked curve, quartz, the Rochester, 52.5 feet above base. Barge Canal.

Quartz curve, pebbly bed. Grimsby, Genesee Gorge, 10 feet above base. Per-

cent of number and nominal sectional diameter. 112 grains.

. Quartz curve, pebbly bed. Grimsby, Genesee Gorge, 10 feet above base. Percent

of area of grains, size in areas, square millimeters. Log. scale, 1103 grains.
Same as H except size is in diameters, calculated from areas, in mm. Log. scale.

=z oam @

—
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Such joined multiples can be treated as separate curves that overlap (Fig.
1F). Most of the curves consist of one main peak with one or more
minor peaks; the composite curve is made of a number of curves of un-
equal size.

The Grimsby contains many layers supplied with pebbles. The usual
field term is pebbly bed. The method of plotting percentage frequency
of the number of grains against the nominal sectional diameter size re-
sults in curves with a number of small peaks tagged on to the end (see
Fig. 1G). Such curves do not give an adequate picture of the rock. What
are seen in the hand specimen are the large grains and pebbles and not
necessarily the small grains of the groundmass in which they are set. It
is the areas of these pebbles, not their relative number, that is impressive.
‘Consequently the percentage by area was chosen as the basis for frequency-
distribution curves for the pebbly beds.

The method used in measuring these pebbly beds was to place a grid,
engraved on a thin sheet of celluloid, directly over the slide. By means
of a camera lucida, the pebbles of each grid square were drawn on paper.
A polar planimeter was used to measure the areas of not only the pebbles
but that of the groundmass as well. The grains constituting the ground-
mass were sampled by measuring 50 to 100 grains of each grid square.
The data of the pebbles and of the groundmass were combined in a single
curve (Fig. 1H). In Fig. 1] the basis of the graph was calculated into
diameters, for better but not absolute comparison. It is quite possible
that areal basis is preferable to frequency by number.

Grain Roundness:—This matter is one of the most illusive concepts in
the field of sedimentary statistics. As Wadell (1935, p. 263) has clearly
shown, roundness and shape are independent variables. Roundness is the
degree to which corners and sharp edges have been ground off. It is not
sphericity or circularity. Many methods have been devised (Krumbein,
1935). Some measure something else besides roundness, however. FEx-
tensive trial of all these schemes demonstrated their impracticability as
applied to thin sections; they prove too time consuming. The only prac-
tical method is one of inspection. Krumbein’s (1941) chart of round-
ness for pebbles was adopted and modified for thin sections. Camera
lucida drawings were made and sorted as to roundness and a number,
0.1, 0.2, to 0.9, assigned to them and drawn on a long strip of tracing
cloth, mounted on rollers, and viewed by a camera lucida. The image
of the standard was matched directly with the image of the investigated
grain.

III. MINERALOGY

Carbonates in General:—The microscope readily distinguishes several
forms of calcitic minerals in these sediments: (A) fragments and sections
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of fossils, some of which can be specifically identified, (B) large clear
homogeneous grains, many of which are twinned and which have ex-
perienced recrystallization, and (C) small, dirty, anhedral grains usually
in large clusters with irregular surfaces and without optical orientation.
These have been considered to be largely clastic in origin. Actually the
three types frequently intergrade with one another. The classification of
the calcitic substances in some slides is consequently somewhat arbitrary.
This was especially true of the carbonates of the Rochester and the Lock-
port formations.

Fossil Carbonate:—The fossil forms are the easiest to recognize and
lend themselves well to Delésse-Rosiwal analyses on the Wentworth stage
(see Plates IL, IM, IID, IIJ, IIK, IIL, and IIIM). Cross sections of
brachiopods like Coelospira hemispherica (see Plate 11]) and Pentamerus
oblongus are readily identified. The calcite, apparently very high in cal-
cium carbonate, occurs as clear, clean grains and aggregates which under
cross nicols are brilliantly colored. Bryozoa are perfectly obvious. Other
fossil fragments, not paleontologically identifiable, show spectacular plumes
of bright polarizing calcite. It is clear that much of the calcite of the
fossil fragments has been recrystallized. This type has not, however,
been cataloged with other recrystallized forms for the purpose of com-
positional plotting.

Netted Calcite:—Apparently closely genetically related with the fossil
fragments is “netted calcite.” Moderate to high microscopic objectives
reveal the presence of a three-dimensional network especially in the cen-
ter of grains. The visibility of the network varies greatly depending upon
the degree to which it has been replaced by other minerals, especially
hematite.

The structure of the net is best acquired from the photographs (Plate
II, D through H). It is an interlocking, pale yellow-green tubular net-
work. It is organic in origin and probably zooecial tubes of monticu-
liporoid bryozoa (Hatch, Rastall, and Black, 1938, p. 158). In composi-
tion it seems to be either transparent to translucent chitin or collophane
or allied substances. It is opaque under cross nicols and is microscopically
amorphous. It is easily replaced by yellow-brown collophane, or is easily
changed to that substance. In the Furnaceville, hematite replaces it.
Even a single slide may show all gradations from a “net” composed of
collophane to one composed entirely of earthy hematite. The hematite at-
tacks and replaces the netted calcite both on the margins and at the center
of the grain of netted calcite. The iron solutions probably found their
way into the interior through a few tubes of the network that extend
to the margin of the grains. First the network is replaced, leaving the
calcite in the interstices untouched. Then this calcite is gradually replaced
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until the whole grain of “netted calcite” is composed of solid, earthy
hematite, Pyrite sometimes replaces the netted calcite but never to the
extent nor as completely as hematite. In the center of some grains the
earthy hematite is recrystallized to brilliant red plates of specularite and
sometimes to martite.

Recrystallized Carbonate:—Limestones with a low clay content contain
a good deal of recrystallized carbonate. This is recognized by its optical
homogeneity and freedom from inclusions of clay and dust particles. The
grains range from small (.005 mm.) to several millimeters in diameter,
and are frequently striped with twinning bands (see Plates IE, IIM,
IIIL, IVB). The clay inclusions formerly present have been cleared by
being pushed to the margins where they now constitute part of the cement-
ing materials. A good deal of the recrystallized calcite has been enlarged
by the addition of calcite; margins have been added (Plate IIB and C).
Much of this kind of carbonate deserves the term authigenous calcite and
should be considered in the same class with authigenous feldspar. The
added margins are, commonly, on top of clay frames. Examples of mul-
tiple margins have been noted.

When carried to an extreme, the large clear grains of recrystallized cal-
cite produce a white rock with sparkling luster. These the field geologist
calls “crystalline” limestones. The term is unfortunate because it obscures
the gradation from fine-grained, recrystallized carbonate rocks to those
coarse-grained. The microscope fails to reveal any appreciable amount
of amorphous material. Even the collophane, showing dark under cross
nicols, reveals a definite crystal lattice by X-ray analysis. Perhaps the
field geologist does not desire to imply that other rocks are amorphous;
the term “crystalline” carries this implication, however.

The amount of recrystallization has not been as great nor as extensive
in the dolomitic rocks, such as the Rochester and the Lockport forma-
tions.

No difficulty is experienced in a qualitative identification of the types
of calcite but, in quantitative analyses, where each and every grain in the
line of the intercept must be assigned to one of the various types, personal
opinion enters into the problem. The processes of recrystallization were
evidently spread over a long period of time and are a part of those con-
stituting diagenesis (lithogenesis) and probably continued long afterwards
(Thiel, 1942). So sensitive is calcite to this reorganization that it is rather
surprising that any unrecrystallized calcite occurs today.

The cause of the recrystallization and its irregular distribution is an
intriguing problem. In the same way that water is necessary to affect
recrystallization of schists, water in these sediments is regarded as the
probable medium. The variable permeability of the sediments may have
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controlled the volume of this circulating water. The amounts of clay
are believed to be a factor in making the sediments watertight, even
though the amount of recrystallized calcite does not show any clear rela-
tion to the amount of clay. The available data when plotted gives incon-
clusive scatter-diagrams. However, there is some evidence that a high
content of clay between the grains (Reynales type), in contrast to the
clay included within the calcite (Lockport type), seems to make the rocks
less permeable to water circulation. But the clay within the grains re-
stricts the recrystallized calcite to small sized grains. ‘

There is no satisfactory way to express the extent of the recrystalliza-
tion. Even within a single microscopic field, calcitic grains appear in all
stages of reorganization from small grains with optical heterogeneity,
with many dust inclusions with subround abraded external surfaces, to
large clear grains with twinning bands with euhedral borders (Plate IIM).

Clastic Carbonate:—The term clastic carbonate, as used here, may not
be one towards which criticism cannot be directed. It is employed, never-
theless, to designate the type of calcite of limestones which consist of
small, irregular, subangular grains of calcite and dolomite that are not
fragments of fossils and have not experienced recrystallization (see cen-
ter of Plate IIK). Many of them in all probability are clastic in a true
sense; the debris from wear on previously formed carbonate. Some of
this material, especially the excessively small grains, may be derived from
chemical precipitation, perhaps aided by organisms. Undoubtedly much
of the clastic carbonate has lost its specific identity through recrystalliza-
tion. A few layers of limestone are chiefly composed of clastic carbonate
especially if it is abundantly supplied with clotted clay, and is somewhat
magnesian in composition. Clastic carbonate enters into the composition
of some fine-grained, argillaceous layers with a prominent shaly structure.
The source of the clastic carbonate is not directly indicated. These ob-
servations suggest that the limestones from the Genesee Gorge are, in
part, if not in large part, of clastic origin.

Clay-clotted Carbonate:—Quantitative microscopic analyses of both the
Rochester and of the Lockport formations report less clay than the in-
soluble residues would suggest. High-power objectives reveal that a good
deal of the clay is in exceedingly small units within the grains of the
carbonates, quantitatively unmeasurable by the Wentworth stage. Chemi-
cal analyses suggest that clay-clotted carbonate is magnesian in composi-
tion. Certainly the dolomitization restricts the size of the grains in many
cases. Some of the white rocks of these formations, such as the Eramosa
beds at Lockport, New York, are essentially calcite.

Clay-clotted carbonate is one of the characteristic mineral microphases
recognized, and has been called the Lockport clay microphase.
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Quartz:—Detrital quartz occurs in nearly every slide, ranging from
minute fragments to large grains, to pebbles. Most of it is clear, homo-
geneous with sharp and uniform extinction under crossed nicols. Others
show wavy extinctions, implying internal strain. Gas bubbles are com-
mon. Rutile inclusions are relatively rare (see Plate IVC). Fractured
grains are present. A few quartz grains show lamellae due to deforma-
tion previous to deposition which are similar to those described by Fair-
bairn (1941) (see Plate IB). In addition to quartz grains composed of
single individuals, there are aggregates and pebbles composed of many
separate grains. Many are of quartz; some are composed of detrital chert

and chalcedony.

Chert:—Chert and associated minerals, chalcedony and opal, occur in
the Furnaceville and in the Upper Reynales. It takes various forms and
shapes. Bands of black chert are common in the exposures in the gorge.
Slides cut from these layers show that the chert occurs in small units as
well. It very definitely replaces calcite, more especially the fossils. Un-
der the microscope the chert can be seen in all stages of crystallization
from cryptocrystalline, microcrystalline to secondary quartz (see Plate
IE, F,and G). The distinction of the latter from detrital quartz is usually
possible. The clastic grains usually show some rounding and dust coat-
ing and, less commonly, are optically strained.

So perfect is the replacement of the fossil calcite by chalcedonic quartz
that none of the structure of the fossil has been destroyed, and the fossil,
in favorable sections, can be specifically identified.

There is abundant evidence that the silica was in solution when it re-
placed the calcite. Circulation of this solution was probably possible be-
cause of the permeability of the sediments. The rocks which contain a
low but a definite amount of clay were especially favorable for chert.
Layers of the Reynales which carry a large amount of clay do not con-
tain chert. It would seem that large amounts of clay prohibit the forma-
tion of chert, or the conditions favorable for clay are unfavorable for
chert (see Fig. 6D).

The problem of “primary” and “secondary” chert is a ghost that con-
stantly haunts this investigation. The chert is secondary in the sense that
it replaces the calcite; it is primary in the sense that it is in a part of the
rock as formed. The development of the chert was one of the many
processes collectively called lithogenesis.

Feldspar:—Clastic feldspar is very common: very few slides fail to
contain some variety, Some limestones contain very small amounts, The
large amounts are not, surprisingly enough, in the rocks with a high quartz
content, but rather in those with intermediate amounts, A great flood
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of quartz seems to suppress the amount of feldspar. The amount of
feldspar rises with the quartz to a peak and then falls off.

Orthoclase is rare, but microcline is common (see Plate ID). Perthitic
feldspars, often in considerable amounts, exhibit all kinds; microclinic
microperthite and microclinic antiperthite are dominant over the ortho-
clasic varieties. Plagioclase is the most abundant of all of the feldspars
(see Plate IITID). Many of them are strikingly twinned, some are un-
twinned. The mode of the frequency-distribution data is oligoclase. Al-
bite, andesine, and labradorite grain§ are common. Only several grains
of bytownite were noted in the Grimsby.

Due to the perfect cleavage in two directions, feldspar grains are usually
subangular ; sometimes angular and only occasionally subround. The de-
gree of roundness is also dependent upon size. The small grains are less
round, the large grains more rounded.

The method of measuring roundness of feldspar was based upon the
same principle as that for quartz. Krumbein's (1941) method appears
to have two limitations, however. First, it was for relatively large pieces
of limestone, not individual grains and, second, roundness characteristics
of mineral grains are peculiar to each kind. Instead of using a set of
drawings of quartz, a collection of sketches of feldspar grains were drawn
and used. The relationship between the roundness of quartz and feldspar
has not been investigated; they are not the same. The character of the
cleavage of two minerals is part of the difference.

The grain-size range of the feldspar follows closely that of quartz.
While the number of grains of feldspar per slide is much less than those
of quartz, a sufficient number were found to construct satisfactory fre-
quency-distribution curves that can be set alongside those of quartz.
Commonly the mode size of the feldspar is slightly less than that of the
quartz and it usually consists of one peak, while the curve of the quartz
may show several. Since the grain sizes of quartz and feldspar are so
nearly alike, the latter have not been plotted on the charts to avoid con-
fusion.

The feldspar grains appear to be remarkably fresh and unaltered. Only
occasionally paragonitization appears on the plagioclase blebs in perthite,
Clay derived in situ from the feldspars could not be identified.

The Clay Minerals:—Nearly all of the slides show some form of clay
or closely allied minerals. The clay minerals proper are difficult to study
and many members of the important clay groups cannot always be iden-
tified by optical means in thin section. Nevertheless the kaolinite and
montmorillonite types were recognized. The potash-bearing clays, called
illite, are very common. The term “illite” is used in the sense of Grim:
it “is not the name of a mineral species, but . . . a general term of
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the clay mineral constituents of argillaceous sediments belonging to the
mica group. . . . Thedominant . . . species present is [proba-
bly] bravaisite . . . ” (see Fleischer, 1943). In addition there are
pale green, flaky aggregates that are micaceous in habit which are transi-
tional products due to decomposition of primary minerals to which definite
names may not be appropriate. These are uralitic hornblende, bleached
micas, both muscovite (see Plate IVA) and biotite, as well as a host of
chlorites. Tt is the last that colors the Maplewood bright olive green and
gives the gray-green tint to the Thorold and to the green portions of the
Lower Sodus, and the Lower Irondequoit.

The red colorization of the Queenston, the Grimsby, and the purple
parts of the Lower Sodus are due to hematitic stained clays. The hematite
is in submicroscopic units, adsorbed by the clay.

Three clay microphases are recognized: the Queenston type that con-
tinues up to 38 feet above the base of the Grimsby, the Maplewood type
which extends from this zone of the Grimsby upwards to the base of the
Irondequoit, and the Lockport type of clay as clots within the magnesian
calcite and dolomite, ranging from the base of the Irondequoit up into
the base of the Vernon. These clay microphases are described beyond.

The Queenston especially contains abundant detrital muscovite and
bleached biotite. Some flakes show authigeneous additions.

The orientation of the clay minerals is an interesting problem. The
flakes are too small for satisfactory Federov Universal stage analysis. The
use of the mica plate demonstrates that most of them are optically parallel
to the bedding; there are other flakes at right angles to the bedding.
Measurements are insufficient to indicate in exactly what planes the lat-
ter are chiefly concentrated. Unquestionably their orientation is governed
by the presence of quartz grains.

Among the various chlorites, whose iron content is relatively high, is
the interesting mineral chamosite which is important in the formation
of the odlitic type of Clinton iron ore. In the Rochester region chamosite
is rare and is not entirely confined to the Furnaceville. It has been found
in the Brewer Dock and above the Furnaceville, as spherulites with
polarization crosses. In the Furnaceville a few oélites of chamosite simi-
lar to those at Clinton have been found, but they are not as common nor
as spectacular.

There are other chlorites involved with the hematites that are mnot
chamosite. These occur as a core or nucleus of oélitic masses of hematite
into which blood red specularite has grown. These have royal blue inter-
ference colors under crossed nicols.

The shaly character of many of the rocks of the gorge are in part de-
pendent upon the amount of the clay, the kind of clay, the place of it
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in respect to the calcite and to the fabric or orientation of the flaky sub-
stances, and to the looseness of the interlocking of the constituent minerals.

The shaliness of the Genesee Gorge rocks is discussed later under the
term, Preferred Compositional Ranges (see Fig. 6F).

Collophane:—Sanford (1936, pp. 799-801) was much interested in the
phosphate nodules that occur in these rocks. He hoped that their pres-
ence marked definite horizons. Perhaps they do, but this was not sub-
stantiated by this study. In the field they are seen as shiny, rounded,
dark brown to black pellets, frequently with pitted surfaces, ranging from
pea to bean in size. The microscope reveals that collophane, the essential
mineral of these nodules, is common, especially in rocks with an appre-
ciable carbonate content. In thin section they are pale brown to straw
in color, and opaque under crossed nicols, justifying the expression amor-
phous ; the modern term should be perhaps pseudo-amorphous, as X-ray
studies have revealed an apatite crystal lattice (see Plate IH and J).
There are usually many inclusions within the masses. Detrital quartz is
common but the universal mineral is a black opaque. The surface of this
is dull as seen by reflected light and appears to be without any pattern.
It is suspected that it is a ferrous sulphide common in sediments, known
as hydrotoilite.

The collophane masses occur in two ways: as obvious pebbles, which
have experienced considerable rounding and attrition ; others are an essen-
tial part of the rock and have replaced fossil fragments. Usually the
process of replacement is complete and none of the original carbonate
remains. A few transitional stages, however, have been found to demon-
strate the process. The source of the phosphate is regarded as organic,
which is consistent with its occurrence in calcite-rich rocks.

Collophane is also recognized as constituting, at least in part, the net-
work in many fossil fragments.

Collophane seems to be especially susceptible to replacement by com-
pounds of iron, both of yellow-brown goethite and by earthy (crypto-
crystalline) hematite.

Hematite:—Naturally hematite plays an important role in the Clinton.
Tt takes many forms and possesses many degrees of crystallization. The
two principal forms are the hematite of the Furnaceville and the adsorbed
stain of the red Queenston and Grimsby. In the Furnaceville there are
several varieties: (A) the powdery or submicrocrystalline, (B) micro-
crystalline, (C) specularite, and (D) martite.

Goethite:—The use of reflected light, such as obtained by the Leitz
Ultrapac, reveals many grains of an opaque, bright yellow mineral in the
slides of the Furnaceville. In spite of many attempts to affect a posi-
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tive identification, there is considerable uncertainty regarding its true
nature (see Plate IL and M). It occurs solely in the Furnaceville and
at the same time white leucoxene is lacking in this member. These yel-
low grains could be iron-stained leucoxene. This seems reasonable, but
what is the yellow stain? In the Furnaceville, iron compounds are avail-
able and hence the stain is probably an oxide or hydroxide of iron. Since
the hematite is ferric iron and oxidation may have been part of the ore-
forming process, the iron stain is likely to be oxidized as well. Goethite
is a good guess. These yellow grains are apparently highly susceptible
to further adsorption and replacement by hematite, resulting in flat discs
with a hematite color which are insoluble in cold hydrochloric acid. Dr.
Hoyt [Jones] (1943) reports these in the heavy mineral suites.

Pyrite-Marcasite:—Pyrite and/or marcasite occur in all of the slides,
Most of them are in small units which occur either as round pellets show-
ing a radial structure and a dull luster or as small cubical grains with a
bright surface (see Plates IK and IVF). Sometimes the two are part
of the same larger unit. Some of the larger grains are long stringers
parallel to the bedding. Many of these have a core with a different color,
This is a bright, metallic, slightly emerald green in color which contrasts
with the brass yellow of pyrite margins. The core is probably marcasite.
If so, the pyrite is later than the marcasite,

There are also megascopic discs of radial pyrite lying flat along the
bedding planes. These have been found as large as a half dollar. Cer-
tainly this is a later development.

Pyrite is not evenly distributed. The Williamson and the Irondequoit
are especially rich. In the Rochester and the Lockport the pyrite is in
very small sizes as pellets and cubical grains,

Iron Sulphides and Carbonaceous Matter.—Closely associated with the
pyrite-marcasite, either as separate masses or as marginal coatings, are
dull black opaque substances. Their composition is not definitely known.
They are believed to be iron sulphides which are known from many sedi-
mentary rocks. Carbonaceous matter is not ruled out, however. Conse-
quently, these black substances are regarded as possible mixtures of fer-
rous sulphides and carbonaceous materials, The latter is not the type
usually referred to as bituminous. As many know, freshly broken pieces
of the Lockport have a bituminous odor. Under the microscope, slides
of the Lockport reveal cracks sometimes parallel to the bedding and styo-
lites filled with a dark brown, oily material, unquestionably some form
of bitumen. The styolites look as though they are the result of subse-
quent solution, the resulting cracks filled by the hydrocarbon.

Sulphates:—The Lockport has loné been known to furnish mineral col-

lectors with many beautiful specimens (Giles, 1920, Jensen, 1942). Many
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of these minerals have been identified as microscopic grains in thin sec-
tions as well. In special slides, prepared without the use of water, little
cubes of halite have been identified. All of these clearly indicate the
increasing salinity of the Lockport sea.

Both anhydrite and gypsum occur in the Lockport. The microscope
shows that the gypsum was derived from the anhydrite by hydration.
There is no way of deciding whether the anhydrite was originally formed
by dehydration of primary gypsum. In any case the present gypsum oc-
cupies more space than the anhydrite and has produced microfaulting and
microfolding in similar fashion to that reported in Vernon-Camillus rocks
of the Salina. The Lockport contains many geodes and solution cavities
which show the corrosive effects of the saline waters.

Leucoxene:—This mineral is very abundant in all the slides. It is
sometimes more abundant than quartz. The argillaceous rocks contain
many, but small, grains. They can best be studied by reflected and trans-
mitted light, first one, then the other, then both together. The Leitz Ultra-
pac equipment is very satisfactory for this purpose.

In color the leucoxene varies from porcelain white through straw, buff,
yellow, yellow-brown to brown. The margins of many are translucent.
The origin of these grains does not appear to be simple. Probably ilmenite
is the main source; many of these grains have been sliced in the making
of the thin section, and reveal that the transformation from the primary
mineral to leucoxene has not always been complete, as many cores of
ilmenite still exist. But the cores are not all ilmenite; some are sphene
and others are rutile. The white material is largely hydrated titania, as
recent analyses show (Coil, 1933, Edwards, 1942). The yellowish leu-
coxene appears to be stained by ferric iron. Slides of the Furnaceville
show yellow opaque masses that are regarded as goethite-stained leucoxene.

Zircon:—One of the most interesting detrital grains of the accessory
or “heavy” mineral group is zircon. It was found in almost every slide.
“Heavies” are usually studied in loose grains from crushing, with care,
a sample from a quarter to a pound of the rock. But it was found that
thin sections show many of these minerals and they can be studied and
measured in this form. Zircons frequently show crystal outlines, even
though the corners have been rounded and a few have been fractured.
In color they have a considerable range, from colorless, pale yellows,
browns, greens, to opaque. Hyacinth is occasionally found. In shape
they are short, stout grains, some with fair terminations to long thin
needles. Dr. Hoyt (1943) reports “sawfish” authigenetic additions on
some zircons. Only two such grains were found in thin sections of the
Thorold. The grains have the appearance of having experienced several
erosional cycles.
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Tourmaline . —Tourmaline, together with zircon, is the most abundant
accessory mineral in these rocks. The ratio of these two varies some-
what, but they are roughly equal in amount.

Perfection of rounding probably is attained by more tourmaline grains
than any other mineral; not only are they round but many are circular
as well. Certainly the roundness scale or standard for zircon does not
apply to tourmaline, and awaits laboratory data for its construction.

For ranges of color and variety of pleochromism, nothing in these rocks
equals this mineral. Colorless tourmaline is rare but yellows, browns,
greens, and blues are common. Like zircomn, tourmaline is one of the
most stable minerals and very probably has been through many erosional
cycles.

A few grains of tourmaline were found with authigenic additions,
which are colorless or pale pink in color, usually in strong contrast with
the colors of the core mineral.

Glauconite:—Qccasionally small, roundish grains of glauconite are seen
in almost every formation, although not in every slide (see Plate IIIC).
No relation to known stratigraphic breaks is recognized. They appear
to be more abundant, however, at the planes of possible diastems (Gold-
man, 1921).

Other Accessory Minerals:—Occasionally the following detrital min-
erals can be identified in the thin sections: hypersthene, diopside, corun-
dum, anatase, rutile, brookite, -allanite, garnet, magnetite, ilmenite, anda-
lusite, and spinel.

The Absent Minerals:—These rocks are especially interesting in the
minerals that are absent. Garnet is comparatively rare and when found
is usually corroded. Hypersthene and diopside were the only pyroxenes
found, but no amphibole. The feldspathoids and the olivines are conspic-
uous by their absence. Many minerals have been removed from these
rocks since their deposition; many have been added. Sedimentary rocks
are not closed systems. Diagenesis and leachings consist of many proc-
esses that seemingly never cease operating. Sedimentary rocks are com-
plex, worthy of careful study.

IV. MICROLITHOLOGIES

Stratigraphers recognize that rocks intergrade horizontally, shales into
sandy beds, marine sediments into continental rocks, gray sediments into
red beds, etc. These are rock facies. Caster (1934) has crystallized our
thinking by proposing two effective terms: magnafacies for rock types
spanning more than one formation, and as a subdivision, parvafacies,
limited to one formation. The boundaries of facies are not always paral-
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lel to the formational limits nor are they necessarily parallel to the planes
of contemporaneity. Chadwick, in his studies of the Upper Devonian of
New York, has used facies and has made extraordinary progress. He has
done the science of stratigraphy a great service in recognizing that the
Chemung is Portage, for example. But perhaps he did not always dis-
tinguish between formational units and parvafacies.

The term microlithologies (Alling, 1945) was developed and proposed
through the observation that many of the formations in the Gorge are
in reality composed of several distinct types of sediment. The term is
essentially a microscopic one. An illustration of microlithologies is the
Reynales formation. The lower beds are calcareous with a fluctuating
argillaceous content. The latter are relatively thin shaly partings. These
are not composed solely of argillaceous matters, but of carbonates, chiefly
calcite, diluted (the word is used deliberately) with argillaceous sub-
stances. The expression “‘shaly limestone” would be a common one to
use but the term is sterile. The formation is composed of at least two
rock types: a limestone with the various types of calcite, a narrow range
of quartz, feldspars, and accessory minerals, each with a characteristic
modal grain size, and a finer-grained argillaceous rock with clay minerals
and its own limited range of quartz, calcite, and accessories, each with
its own grain size. The siliceous microlithology is a minor constituent.
It is chiefly the relative percentage of the rock microlithologies that makes
the formation. For this it is proposed that it be given formal expres-
sion in the principle of complementary microlithologies.

The microscope clearly shows that the multiple types were often de-
posited together; not a sudden cessation of one at the expense of the
other. It is not the case of either limestone or “‘shale”, but a mixing of
the two in different proportions. The igneous petrographer is familiar
with hybrid rocks. Much of the Reynales is one. The principle furnishes
a clue to the manner in which limestones change into shales; it is the per-
centage of the microlithologies that changes, not necessarily a profound
change in the composition of each microlithology.

Delésse-Rosiwal analyses by the Wentworth stage provide the percentage
mineralogical composition of the rock as a whole. Each specimen can be
further analyzed. The total composition can be subdivided in order to
recognize the composite nature of the sediments. The calculation of the
complementary microlithologies into the basic rock types, calcareous, argil-
laceous, and siliceous, was based upon the following procedure.

Calculation of Microlithologies:—The rocks which are largely composed
of a single microlithology, argillaceous, for example, were selected as the
basis for the computation of this particular microlithology. The composi-
tion of other specimens in the same formational unit were subdivided on
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the basis that the composition of the microlithology was similar even
though other microlithologies are present.

1. All the clay minerals were assigned to the argillaceous microlitholo-
gies.

2. The frequency-distribution curves of quartz were divided into two
parts: the small grains were allocated to the argillaceous, and the large
to the siliceous microlithology. The point along the size scale that bisected
these curves was based upon the size of the quartz of the standard sample.
In the case of many of the formations this was close to .032 mm. The
area of the two parts of the frequency-distribution curves was measured
by a polar planimeter. The ratio of these two areas was used to divide
the percentage of the total quartz. The basis of these frequency-distribu-
tion curves was geometric and not logarithmic in character.

3. The feldspar content was allocated by the same method as the quartz.

4. All of the recrystallized and fossil calcite was assigned to the cal-
careous microlithology.

5. The clastic calcite was divided between argillaceous and calcareous
microlithologies on the basis that argillaceous rocks with a high clay con-
tent rarely contain more than 10% of clastic calcite. Consequently 10%
of the clastic calcite was arbitrarily allocated to the argillaceous and the
rest to the calcareous microlithologies.

6. The bulk of the accessory minerals were allocated to the siliceous
microlithologies; a little (.1 to .3%) to each of the other two.

7. The clay content of the argillaceous microlithology of some rocks,
especially of the Rochester and Lockport formations, was slightly in-
creased over that measured by the Wentworth stage, because chemical
analyses and insoluble residues showed a higher amount. The grain size
of the clay of the Lockport is too small for Delésse-Rosiwal analyses.
The clay content was increased ten per cent by subtracting that amount
from that of the clastic carbonate as determined microscopically.

In some thin sections the reality of these multiple complementary micro-
lithologies is amply substantiated by simple inspection alone; in other
rocks, however, microlithologies become somewhat theoretical or artificial.
These microlithologies are exactly comparable to the “normative minerals”
used in calculating norms of igneous rocks from chemical analyses. The
theoretical nature of some of these microlithologies in no way invalidates
the usefulness of the concept. as the diagrams in this paper will show.

The results of these calculations were plotted alongside the geologic
column, in three columns, one for each of the three microlithologies, argil-
laceous, calcareous, and siliceous. The width of these columns was scaled
to permit the plotting of one hundred per cent of any one microlithology.
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In drflughting these charts each microlithology was plotted along the cen-
tral line (509% by weight) so each plot is bilaterally symmetrical.
The varying thicknesses of the formations and the distribution of avail-

able thin sections made it desirable to vary the vertical scale from chart
to chart.

V. MICROPHASES

The listing of the names of minerals present in these rocks does not
express at all what there is to see. There were various fabric, textural,
and structural relationships that are characteristic of certain formations.
This is not simply composition alone for it involves size, shape, round-
ness, and orientation, etc. of many minerals. Since minerals by them-
selves are not rocks they do not constitute rock microlithologies but rather
mineral microphases. This distinction is patterned after Shand (1942).
He applied this principle to a study of the igneous Cortlandt series on
the Hudson. He used the term “species” in the same sense as “litholo-
gies” is used here. This change in nomenclature does no violence to
Shand’s principle, however. The application of this method of attack has
resulted in recognizing a number of characteristic microphases.

Maplewood Clay Microphase:—This type consists of clay minerals as
fine, feathery shreds with a preferred orientation, some of which, how-
ever, lie in planes at right angles to that of the bedding. In oriented
thin sections the latter are seen on edge up against the detrital quartz
grains, “framing” them (see Plate IVA and C). This gives the illu-
sion that the roundish grains are angular. It gives them the appearance
of being rectangular and square cornered.

The Maplewood clay microphase was found in the Neahga of Niagara,
in the Thorold of many localities. In the Genesee Gorge it was found
at the top of the Grimsby, in the Thorold, in the shaly partings of the
Reynales, in the Lower Sodus, and in the Williamson. It is, of course,
the dominant microphase of the Maplewood. In the other formations it
is significant even though it does not necessarily bulk large. Its pres-
ence shows that the conditions and processes that were responsible for
it began in the top of the Grimsby and continued with diminishing quan-
tity up to the base of the Irondequoit.

Other microphases were recognized: (A) the Queenston type of clay,
(B) the Reynales type of calcite, and (C) the Lockport type of magnesian
carbonate. Descriptions of these are given in the appropriate places.

VI. NOMENCLATURE OF SEDIMENTS

The common field terms—sandstone, limestone, and shale—are utterly
inadequate for today’s needs. This is not a new thought, however, for
Grabau in 1917 (p. 743) stated that: “if we stratigraphers insisted on a
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more refined classification of our sediments, instead of being satisfied
with conglomerates, sandstones, shales, limestones, and some minor types,
we would make more rapid progress.” A satisfactory classification of
sediments presupposes a thorough knowledge of them. However, para-
doxically, a classification of rocks is not a classification of rocks but a
classification of ideas about rocks. Ideas about rocks change. We need
ideas before we can have a classification. Instead of reviewing a host
of terms and proposing new ones, as Grabau did, a simple way out of the
difficulties has been adopted: to refer to the carbonate, the argillaceous,
and to the siliceous rocks when composition and composition alone is in-
tended.

Shaly beds, usually referred to as “shales”, are abundant throughout
the geologic column investigated ; some of them, like the Maplewood, are
entirely of this character. Many of the others consist in part of thin
beds of stratified rocks, usually referred to as “shale partings.” The
ability of a shale to split parallel to the bedding is not necessarily the
direct result of its mineralogical composition. The relationship is not that
simple. To be explicit, the word ‘“shale” is not used in this paper but
instead the adjective form “shaly”, as advocated by Wentworth (1922),
is employed. Etymologically “shale” is not a compositional term. The
amount of the clay minerals, as well as the kind, is a factor, but these
are not the only, or even the essential, characteristics of shaly rocks. The
fundamental cause is the orientation or fabric of the minerals which pos-
sess basal or flaky cleavages and the lack of effective interlocking of these
layers. It takes only a small amount of the oriented flaky substances to
produce a shaly rock.

Not all minerals which produce such a structure are clays even in a broad
sense. Uralitic hornblende, the chlorites, and even leucoxene are impor-
tant in producing foliated rocks. The orientation was apparently due to
primary deposition and to subsequent compaction.

VII. THE FORMATIONS

The Queenston:—Of the 900 feet or so of the Queenston in the Roch-
ester meridian, only the upper 26 feet have been sampled. The usual
field description, “red shale”, means very little. Some, however, have
recognized the minor beds within the Queenston by referring to cherry
red and green shales, and green to gray sandstone (Wilmarth, 1938), or
red sandstone and shales, thin gray and green shales. Other expressions
are red sandy shales and red arenaceous shales. The Queenston is a com-
posite rock with heavy-bedded argillaceous siltstone layers with thin-
bedded to fissile, fine-grained siliceous, argillaceous seams, and “shale part-
ings”, purple-red in color, There are also thin, massive to heavy-bedded,
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gray-green siltstones, not unlike, in a superficial way, the Thorold, and
thin, bright green shaly beds.

On the outcrop much of the Queenston appears red in color but in thin
section there are narrow streams that are not red at all. I cannot escape
the growing impression that some of the red is either due to weathering
or to added red stain from wash from indigenously colored members on
exposure to the atmosphere. Here field observations have given a false
impression which the thin sections clarify. The color is due to hematite
and probably not due to ferric hydrate (Raymond, 1942). It is in sub-
microscopic units and is essentially a red stain on the surface of the
micaceous minerals, there by adsorption. As it is very difficult to meas-
ure the amount of hematite present by the Wentworth stage, a few chemi-
cal analyses were made. The amount of ferric oxide in the red beds
ranges from 2.67 to 5.13%. In the green types the ferrous iron is only
slightly less. Oxidation of ferrous to ferric iron would account for the
change of color from green to red. But there is more to this problem.
The hematite is on the margins of the quartz grains, usually beneath the
quartz content, as well as between the enlarged grains, and especially
on the flakes of the clay minerals. In spite of the masking of many de-
tails of the characteristics of the clay by the hematite stain, the red
Queenston seems to lack in large degree the chlorite possessed by the
green and gray members. Was the iron of the hematite derived from the
decomposition of ferrous iron-bearing chlorites, such as leptochlorite or
penninite, and oxidized to the ferric condition? An affirmative answer
seems reasonable on the basis of the present information. But why is the
chlorite decomposed in some layers and not in others? Or was the iron
introduced from the outside? .

In the Niagara Gorge, Grabau (1901, p. 88) reported that “the shale
is seamed by whitish or greenish bands, both parallel with or at

angles to the stratification plane . . . often extending to an inch on
either side . . . due to percolating air or water, the latter probably
carrying organic acids in solution . . . along lines of greater perme-
ability.”

The implications are that the rock was originally red and the organic
acids have reduced the ferric iron to the bivalent condition. This can be
carried a step further. This is based upon the observation that the green
shaly layers carry the Maplewood clay microphase which is characterized
by thin parallel strings of clays, not the bunched illitic types prevalent
in the red argillaceous siltstones or greywackes. The microscope suggests
that the green types were more permeable between the leaves of clay.
Grabau reports slickensided surfaces on joint faces which show discolora-
tion. The movement along these planes provided a channelway for the
acid solutions.
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In addition to these green bands, there are the perplexing gray-green
spots. This phenomenon is not confined to the Queenston. They occur
in many red beds. The Grimsby, the Vernon, and the Catskill of New
York contain them as well. The position and arrangement of these does
not seem to fit any pattern. Perhaps they represent spots due to leach-
ings or, on the other hand, they are spaces not yet stained by hematite.

Quantitative analyses and grain-size measurements, etc., reveal no es-
sential differences between the red and green areas except for the pres-
ence of red hematite. The presence or absence of carbonaceous matter,
which has been often suggested for non-oxidation and oxidation, respec-
tively, has not been established for these rocks.

Petrographically the Queenston is a red bed (see Plate III, A through
E). Slides of some of the Catskill megafacies from New York State
are very similar and cannot, except with thorough examination, be dis-
tinguished from it. The quartz grains are universally angular and many
are splintery. Feldspar grains, while not abundant enough to justify the
term arkose, are common.

The clay substances are distinctive. The low birefringence types are
in the minority, the bulk being illite, hornblende, uralite, and various
chlorites.

Muscovite flakes are very common but many show authigenetic marginal
additions of illite and green chlorite materials. The micaceous minerals
have not arranged themselves like frames around the quartz grains, as
is the case with the Thorold. The clay masses are irregular in shape
and occur in patches, not in thin streaks. This is the Queenston clay
microphase.

Slides of siliceous flagstones in the upper portion of the Genesee Group
of the Upper Devonian of New York, in the Keuka Lake region (Gross-
man, 1944), are comparable to the Queenston, except for color. Thus
there exist two names, “‘shale” and “flagstone”, for much the same kind
of rock. Both of these possess many characteristics of relatively fine-
grained representatives of the “Flysch” type of sediment, implying sources
undergoing gradual uplift. They are continental in character with poor
sorting, angular grains, and with interformational shaly beds with a domi-
nant to predominant cementing matrix composed of various chlorites,
illitic type of clay, and minor carbonates. In the case of the Devonian
sediments, interfingerings of thin calcareous beds with a shaly structure,
containing marine fossils, occur. These rocks I call greywackes, depart-
ing from the definition given by Twenhofel (1939, p. 289), because it
does not fit the rocks described by geologists as greywackes. It is the
amount of the cementing matrix that distinguishes them from ‘“‘shales”
on one hand and “sandstones” on the other. The use of the term “grey-
wacke” recognizes the tectonic factor in the sedimentation, which is usually
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ignored. The work of Krynine (1941) is a notable exception. He called
the Queenston a “red greywacke”, colloquially. The shale partings of
the Queenston alone deserve the name “shale.”

Contact of the Queenston with the Grimsby:—The question of the age
of the Queenston need not be rediscussed here* Williams (1919, PP.
47-8) states that at Niagara the Cataract beds rest on the uneven, worn
surface of the Queenston. A similar break repeatedly has been looked
for in the Genesee Gorge. There are a large number of diastems within
the mass of the red Queenston and Grimsby, any one of which, from field
scrutiny alone, could be the plane of demarcation. The lack of continu-
ous bedding, with obvious to obscure cross bedding, ripple marks, channel
flutings, etc., make it impossible to draw the line. Perhaps no line should
be drawn. As a practical measure, the dividing plane has for years been
assumed to be at the base of the first heavy bedded siltstone layer; above
is the Grimsby, below is the Queenston. It may well be that there is an
unconformable contact at Niagara and in Maryland (Ulrich, 1911, pp. 252—
257), but it cannot be located at Rochester. If the Whirlpool was rec-
ognized at Rochester, the unconformity probably could be found. From
what can be seen in the field and under the microscope, the sedimentation
was fairly continuous in the ordinary sense. This was the view main-
tained by Sanford in his classes at the University of Rochester. The
gradation from one to the other is well shown in Fig. 2. The demarca-
tion has been drawn at the customary plane assumed at Rochester, There
is no assurance, however, that it has been correctly placed.

Paleontologically the distinction between the two formations is unsatis-
factory. Paleophycus tortuosum occurs in the Queenston and Arthro-
phycus alleghaniensis is found in the Grimsby. It is reasonable to sup-
pose that these worm burrows are in reality facies fossils, dependent upon
the type of sediment (see Fig. 6F).

The Grimsby:—The excellent summaries of Schuchert (1914) and of
Wilmarth (1938) make it unnecessary to present a lengthy discussion
of use of the terms ‘“Medina”, “Albion”, “Grimsby”, “Cataract”, etc.
I have followed the example of Gillette (1940) in recognizing that the
Medina (in its original sense) is divisible into two formations, the Grims-
by above and the Cataract below. These are equivalent beds of different
facies, that is, they are complementary units. The Grimsby is continental
and the Cataract marine in character,

Since the rock at Rochester is chiefly a red siltstone possessing the
facies characteristics of the Grimsby at Niagara, it is assumed that the
Cataract facies is missing. The term Grimsby is used here,

The lower beds of the Grimsby at Rochester are very similar to the

* The United States Geological Survey accepts the Ordovician age for it
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underlying Queenston (see Plate IITF). There are some slides that
cannot be properly assigned unless recourse to’ the labels is made. Field
and microscopic observations lead to a five-fold list of lithologic types:
(A) heavy-bedded red siltstones, (B) heavy-bedded greenish gray silt-
stones, (C) red greywackes, (D) thin-bedded to fissile red argillaceous
shaly partings, and (E) thin fissile green argillaceous rocks. (A) makes
up the bulk of the Grimsby.

In terms of total composition, the Grimsby has slightly less clay and
more quartz than the Queenston. The carbonate content, however, is
about the same.

A study of the microphases shows that the clay in the lower half of the
Grimsby (up to 26 feet above the base) is that which prevails in the
section of the Queenston sampled. In other words it is the Queenston
clay microphase. In the upper zones, however, the Maplewood clay
microphase begins to appear. In the zone between 38 and 41 feet above
the base there are two green shaly partings, the clay of which is largely
that of the Maplewood type. In the red siltstones near the top of the
Grimsby both the Queenston and the Maplewood types are present; at
first the Queenston phase dominates, and then at the top, especially at
Densmore Creek, the Maplewood kind is in the majority. This over-
lapping of the clay microphases stresses the interlocking and sedimentary
intergradation of the two formation units. These microphases could
well be studied more as they may prove of assistance in better under-
standing the sedimentation of these rocks.

The zone 38 to 41 feet from the bottom of the formation represents
conditions of abrupt compositional changes. Not only do two green shaly
partings occur within it but also six thin red shaly beds as well, separated
by red siltstones. There is, in addition, a curious contorted layer with
Dacedalus archimedes and Arthrophycus alleghaniensis, pebbly beds ap-
proaching conglomerates and some layers with clay balls (Robertson,
1941). This zone is one of several of intraformational shale pebble con-
glomerates (Schuchert, 1914). All of these changes within 3 feet of
sediment occur at the same zone as that of the maximum quartz content.
This is graphically shown in terms of microlithologies in Fig. 2. 1t was
necessary to omit some details due to the small scale. The composition
of the microlithologies shifts somewhat but the large changes were brought
about by the shift in the percentage of the argillaceous and siliceous micro-
lithologies. The pebbly beds contain large grains of quartz, many of
which are worn to almost perfect spheres (see Plate IIIK).

This zone has been recognized by Gillette (1940, P. 25) in the Clyde
and Sodus Bay quadrangles. Cross bedding and ripple marks are com-
mon throughout the mass.
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Fairchild (1901) long ago recognized the beach characteristics of the
Grimsby in Western New York.

Sarle (1906) stated that the results of burrowing organisms known as
Daedalus archimedes occur throughout the upper thirty feet of the for-
mation and that Arthrophycus alleghaniensis is restricted to the lower
14 feet of this thirty-foot zone. These are plotted on the chart in Fig. 2.

QUEENSTON- GRIMSBY - THOROLD

, 2 COMPLEMENTARY MICROFACIES
Quartz Modal Size & Column Argillaceous Calcareous

Siliceous

[THOROLD &2
|

01 02 D|5 Al
Log | Scale

|
|
|
| I

;

archimede

[]
=
=
w
@
-<

Arthrophycus

oz
2
E cl Rex
\: cal b [fcal
\3 Fd
o l"’.oa
!;’ | H2s
o |
T H clay
| d His Mci\Q
| QUEENSTON
| | -
} ,
ul/l .
o o0z 05 ‘2040 €0 80 2040 60 80 20 40 60 80
Figure 2

Queenston-Grimsby-Thorold Formations
Quartz modal size, measured in thin section, and complementary microlithologies.
Legend: Cl Cal=clastic calcite, Rex Cal & R=—recrystallized calcite,
H = Hematite, Qtz. & Q.= Quartz, Acc=—accessory minerals.

Plane at top of Queenston is the customary position assumed at Roch-
ester.
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Schuchert (1914) gave slightly different zones for these organisms, as
is indicated alongside those of Sarle. The chief divergence is that
Schuchert found Arthrophycus in the upper six feet as well as 15 to 20
feet farther down.

Field observations would suggest that Sarle’s Arthrophycus zone con-
tains well-developed specimens, while the upper zone of Schuchert is one
with fossils less well developed. This is confirmed by the microscope.
Well-developed specimens occur in rocks with a high quartz content;
rocks in which those poorly developed occur contain more argillaceous
microlithologies. It is significant that the relatively rare Arthrophycus
in the Thorold in the Genesee Gorge is contained in a rock with a com-
position very similar to that in the Grimsby with similarly poorly devel-
oped forms. This can be appreciated in Figure 6B. The mineral com-
position of the Thorold at Niagara, which contains Arthrophycus, is the
same as that of the well-developed zones of the Grimsby. Arthrophycus
is definitely a facies fossil.

The Arthrophycus zones coincide with the maximum amount of quartz
and the minimum amount of calcareous minerals.

The Daedalus archimedes zones have greater. stratigraphic ranges and
consist of rocks with a greater mineralogical range, but in all cases the
quartz is high and the calcitic minerals may be somewhat higher than is
the case of the zones bearing Arthrophycus.

The Thorold:—This is the familiar “grayband.” It has been regarded
by some as the top of the Medina group and the base of the Clinton group
by others. These arguments need not concern us here. The microscope
easily shows a fundamental Clinton characteristic of the Thorold at Roch-
ester, as will be shown later.

The rock is a gray-green siltstone (Alling, 1943) with both a clay
and a calcite cement.  All the slides of the Thorold in the Genesee Gorge
show some calcite; it is particularly abundant at the base and at the top.
In the Niagara Gorge the top of the Thorold is especially rich in calcite,
so much so that calcareous brachiopod fossils occur. This layer, a foot
thick, Sanford did not regard as Thorold (Sanford, 1935a, p. 173).

The clay consists of two distinct types: (A) a groundmass of a low
birefracting clay belonging to the kaolinite and montrillionite groups and
(B) micaceous phenocrysts of illite. Both kinds frame individual grains
of detrital quartz. These flakes produce the illusion that the quartz grains
are angular and often square in cross section (see Plate IVA, B, and C).
It takes a little experience to observe that the quartz grains are in reality
subangular and have been authigenically enlarged by added quartz and
thereby cemented together (see Plate TVD).
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Grain size measurements were possible in the majority of the grains
only after the most patient and careful study, otherwise the measurements
would include quartz cement which would have little significance. Curves
of the true grain sizes and those which include the quartz cement are
compared in Fig. 1B. The grain size of the quartz of the Thorold is,
on the whole, slightly smaller and less rounded compared with the under-
lying Grimsby. If the Thorold is to be regarded as reworked Grimsby,
at least in part, these observations are not incompatible. Gillette (1940,
p. 40) says “the sediment itself . . . may have been derived from
the underlying Grimsby.” The Thorold at Glen Edyth, however, shows
the same size of quartz as the underlying Grimsby; the clay content is
slightly less than is the case in the Genesee Gorge. Here the reworking
of the Grimsby may not have been as extensive as at Rochester. The
amount of zircon, tourmaline, leucoxene, and so on, appears to be more
abundant than in the Grimsby. However, the hematite-stained clay of
the red beds effectively obscures the accessory minerals which reduces the
accuracy of the Delésse-Rosiwal analyses.

A red band or lens a tenth of a foot thick occurs slightly over a foot
above the base of the Thorold in the Genesee Gorge. In the field it was
regarded as a red shaly, recurrent seam of the Grimsby interbedded in
the Thorold. Such an interpretation would strengthen the opinion that the
gray band is closely tied to the beds underneath. I was fortunate to have
a chip of this narrow red streak thin sectioned. It turned out not to
be a red argillaceous rock but a Clinton type of “iron ore”, more silicéous
than the Furnaceville, but essentially a limestone which has experienced
considerable replacement by the characteristic earthy type of hematite, not
the hematitic stain of the Grimsby adsorbed by the clay substances (see
Plate IVE). As there is no characteristic so typical of the Clinton as
“iron ores”, this slide ties the Thorold, at Rochester, to the Clinton group.

Chadwick (1935) has presented a question that illustrates the problem
of correlation by paleontologic means without considering the changing
rock facies. The Thorold, both at Thorold, Ontario, and at the Niagara
Gorge, contains the work burrow Arthrophycus alleghaniensis. Chadwick
reported that at Rochester this fossil is lacking and on this basis ques-
tioned that the “grayband” is Thorold. At Lockport he reported find-
ing two sandstones separated by a few feet of green shale. His concep-
tion is that there are two sandstones, each of which deserves a formational
name ; the lower one the Thorold, and the upper one, which he named the
“Kodak.” Sanford (1935b, p. 1390) reports the presence of Arthro-
phycus in this rock in the Genesee Gorge, and furthermore questions its
value as an index for correlation. Sanford is inclined to believe that
what Chadwick attempted to explain is best understood as a change in
the rock facies in the absence of critical fossils.
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The specimens of the “grayband” from the Genesee Gorge in the Mu-
seum of the University of Rochester, several of which were collected by
Sanford, contain Arthrophycus (see Fig. 6B). They are not as strik-
ing as those from Thorold, Ontario, nor are they as well preserved, nor
as large. Such specimens evidently are rare; these are the only ones I
have seen, so Chadwick’s failure to find this worm burrow is not surpris-
ing. The rarity of Arthrophycus in the Thorold at Rochester may well
be because of the difference in the composition of the rock from that at
Niagara. Gillette reports that Arthrophycus is occasionally found in
the Thorold to the east. At Rochester, the Thorold is more argillaceous
and constitutes a different environment, evidently unfavorable for the
organism that made these burrows. The few feet of green shale at Lock-
port is evidently a band of the same argillaceous substances that constitute
the green shaly partings of the Grimsby. Not only is it unnecessary to
use the term “Kodak” but its introduction further adds to an already
overburdened nomenclature.

The presence of the Maplewood clay microphase in the Thorold is
another reason for assigning it to the Clinton Group.

Chadwick’s (1918, p. 334) suggestion that the Thorold at Rochester
is not closely related to the underlying Grimsby is not fully understood.
He gives no reason for this conclusion. Sanford (1935b, p. 1390) says
“this is a matter of opinion.”

Farther to the east at North Wolcott, Gillette (1940, p. 43) reports
that as the Thorold was being pried from the creek bed it broke up into
polygonal pieces. Many of these are separated by thin green shale di-
viders, apparently composed of the same kind of clay as that parallel
to the bedding. This suggests that the Thorold was formed in shallow
water in which the sediment was covered from time to time with mud
which filtered down the sun-baked cracks.

The Maplewood:—The microscope shows that the Maplewood is very
different in many ways from the Lower Sodus with which it was confused
by Hall, an error which Chadwick (1918, pp. 331, 334) had the good
fortune to discover by plotting the well records of Newland and Hart-
nagel (1908). Chadwick had an excellent basis for the introduction of
the term Maplewood. As fossils are lacking in this rock, his basis was
chiefly stratigraphic. .

The Maplewood contains a higher percentage of argillaceous substances
than any other rock in the gorge. It is bright olive green in color, highly
fissile, and very unctuous when wet.

The upper portion contains the interesting calcareous flattened pellets
which Sanford (1935a, p. 175) compared with the size and thickness of
a dime (see Plate IIA). He was puzzled by them. Under the micro-
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scope they are seen to be clay pellets, or balls, with a coating of calcite.
The calcite appears to be an encrustation acquired by being rolled around
in a lime mud. By compaction the balls became flat pellets.

Calcite occurs in every slide, as small rhombs. In contrast to the low
birefracting clays, the calcite under cross nicols is brilliantly lighted and
has been recrystallized. The rhombs are usually framed by illite flakes.
Some of the calcite acts as cement.

Clastic quartz is always present. The percentage is naturally low with
the high clay content. The quartz grains are universally small in size
and very angular. With the low amount of quartz, the percentage of
feldspar is less than a tenth of one per cent by weight. They, like the
calcite, are usually framed by illite flakes.

The clays consist of kaolinite, montmorillonite, illite, and chlorite. It is
the latter mineral that gives the rock its green color. There is some
secondary muscovite, a few flakes of which have an illite core. A few
slides exhibit a curious “basket weave” pattern. The pattern is oriented
in respect to the bedding; most of the fibrous flakes are parallel to it;
some are normal to it. The character of the clay of the Maplewood is
microscopically very distinctive. It appears as a minor constituent in
the Thorold, Brewer Dock, Furnaceville, and upper Reynales. It does
not appear above the base of the Irondequoit.

Further information on the problem of the Neahga-Maplewood rela-
tionship was obtained from Cuylerville, 30 miles south of Rochester.
Here 5.2 feet of bright olive green shale occupies this position. From
hand specimens alone it could well be either Neahga or Maplewood, but
on closer examination a 0.2-foot layer, four feet above the base, con-
tains black-brown nodules of phosphate. The interesting thing is that a
thin section of this layer shows, in addition to phosphate nodules, which
consist of collophane, considerable recrystallized calcite and grains of
detrital quartz of Thorold size, cemented with Maplewood type of clay.
It was apparent that this rock was very similar to Sanford’s (1935a, p.
173) unnamed bed one foot thick at the top of the Thorold (in his sense)
at Niagara, which contained Coelospira and underlies Sanford’s Neahga.
If these microscopic discoveries are taken at their full value, it could be
argued that at Cuylerville both the Maplewood, below, and the Neahga,
above, occur, while only one rock, the Neahga at Niagara and the Maple-
wood at Rochester, are present. Perhaps too much has been read into
this, probably after all it is the same formation, differing slightly in minor
facies changes from locality to locality.

The Brewer Dock Member:—Between the green Maplewood and the
red Furnaceville are 3 feet of gray calcareous beds with shaly partings.
These have been sometimes confused with the underlying Maplewood
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but their similarity with the Reynales limestone above the Furnaceville
has been well recognized. Chadwick (1918, pp. 342-343) called these
three feet “Bear Creek.” Sanford (1935a, p. 179) believed these do not
correlate into the area of Bear Creek and consequently gave it a local
name, “Brewer Dock.” It serves well for the present.

The usual field expression, “limestone and shale,” fails to indicate the
true character of the rock. The composition of the Brewer Dock can
be appreciated in terms of the three microlithologies: argillaceous, calcare-
ous, and siliceous. This is shown in Fig. 3. The shaly layers are com-
posite of three microlithologies. The two principal microphases present
are the Maplewood clay microphase and the Reynales carbonate micro-
phase. The former has been described; the characteristics of the latter
consist of clear grains of calcite, many of which have been recrystallized
but not to the extent of developing twinning bands. The presence of the
clay substances seems to have prevented the formation of large-sized grains
except near the top of the Reynales where the clay content is low. There
are clastic grains of calcite as well. The microscopic character of the
Reynales carbonate phase is shown in Plate IG.

The recognition of these two microphases illustrates the overlapping
character of these rocks; the clay is like that below and the carbonate is
like that above. It is the carbonates that obscure the green color of
the chlorite and consequently the Brewer Dock is gray when fresh and
buff when weathered.

Analysis of each of the shaly layers shows how the clay phase enters
into the makeup of the rock. It will be noticed (Fig. 3) that the low-
est shaly layer does not contain the maximum amount of clay but is
rather low, while in the next higher layer a large amount occurs. From
this point upward to the top of the member, the clay content diminishes
at a fairly uniform rate and becomes the lowest in the Furnaceville, Of
course, in percentage, the amounts of carbonates are complementary,
greatest when the clay is lowest in amount.

In the limy layers the same story is repeated in somewhat the same
manner ; the lowest layer is relatively high in calcite. In the second
layer the carbonate is very low only to increase to nearly 100% at the
top, which in the next member above became the relatively clay-free lime
rock which was the Furnaceville originally, before partly replaced by
hematite.

The same pattern prevails in the Upper Reynales as will be shown later.

The thickness of these shaly layers likewise follows much the same
pattern : thick at the bottom and thin at the top. The size of the recrystal-
lized calcite in the limy layers, in the form of the mode, is small at the
bottom and large just below the Furnaceville. These relations may be
determined only through microscopic measurements.
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Maplewood, Brewer Dock, Furnaceville, Upper Reynales

Quartz modal size, measured in thin section. The frequency distribution curves
of quartz grains of the Maplewood are double peaked. The larger size is called
“Thorold size”, the smaller, “Reynales size.” The Brewer Dock and the Furnace-
ville show multiple peaks, showing mixed conditions. The Upper Reynales shows
single-peaked curves.

Legend: C=—clastic calcite, F=fossil calcite, Rex, R =recrystallized calcite,
Ch = chert, HEM = hematite, Qtz. Q — quartz, P == Pentamerus layer.
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The Furnaceville:—This hematite-rich rock is one of the red marks of
distinction of the Clinton. These ores, while not outstanding in economic
value in New York State, and which cannot now compete with the Adiron-
dack magnetites, nevertheless made substantial contributions to the steel
backbone of civilization in the early days. Researchers seeking their ori-
gin established the common custom of calling these the Clinton type of
ore.

They are hematite ores. They are sedimentary rocks. Magmatic
sources of iron were not available and hence the iron is sedimentary in
origin. The chief question is whether the iron was supplied during
deposition and diagenesis or was introduced afterward. It is the date
when the hematite painted the rocks red that is in dispute. ~Geologists
(Newland and Hartnagel, 1908; Smyth, 1892 and 1894) generally agree
that the iron was probably derived from lateritic weathering and polluted
the seas and dwarfed the fauna.

The Clinton ores were essentially limestones, with a remarkably low
argillaceous and detrital quartz content. The calcite, to varying degrees,
has been replaced by hematite, developing o6lites, when colloidal chamosite
was present, and when absent it formed “fossil” ore. In the Rochester
Gorge the Furnaceville varies from .7 foot to 1.4 feet in thickness. It is
a fossil “ore”. Microscopically the rock is full of interesting and per-
plexing mineral relationships (see Plate IVG). Chamosite is visible in
some slides, particularly from the top and at the bottom of the member.
It may be present throughout the Furnaceville in small amounts but if
so it is effectively obscured by the hematite so that identification is diffi-
cult. The calcite takes two forms: fossil fragments and as minute clas-
tic grains. The fossils are fragments, many of which show considerable
wear by water. The rock is essentially a paleocoquina rock. Bryozoans,
little corals, and abundant sections of crinoid stems are common. Chad-
wick (1918, p. 344) has suggested that a wave-worn surface exists be-
neath the Furnaceville. Such a break may well occur; it, however, may
be merely a diastem. It has been suggested that the rock was originally
thicker, and what is seen today is a condensed form, implying a sort of
downward enrichment by leaching of the upper layers of hematite. This
is an interesting theory. The chart in Fig. 3 shows a higher hematite con-
tent at the top of the Furnaceville. This would seem to mean, if leach-
ing occurred, that the downward enrichment did not enrich the bottom
layers to the same extent as the top. The concentration of fossil frag-
ments in the Furnaceville is not any greater than in other non-hematite
zones in the Reynales. The dwarfed forms, however, make more fossils
per unit volume.

The two major theories of the origin are: (A) that the ores are pri-
mary, deposited essentially in the same condition as they occur today
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except for compaction and diagenesis, and (B) that they were formed by
replacement of original limestones by downward percolating waters which
secured the iron in some form from areas of laterization. That is, the
ore would be secondary. The implication is that one or the other of
these theories, not both, is true. These statements are clear and distinct,
but they are too definite to fit the facts.

There are implied concepts in these statements which may not be fully
realized but that have an important bearing on the clarity of thinking.
To an economic geologist “primary” and “secondary” mean more than
first and second, more than a mere order of events. They have come,
through usage, to convey something more. They are almost synonyms
for syngenetic and epigenetic, respectively. The real obstacle is the word
“replacement.” It has an important place in the second theory. The word
“replacement,” apparently conveys the added thought that it can only oc-
cur as a secondary process. This is not necessarily so.

This investigation has proved that the earthy or cryptocrystalline hema-
tite in the Furnaceville at Rochester has replaced to a large degree calcite
formerly constituting fossil fragments, but it does not follow that the
epigenetic hypothesis is thereby substantiated. There is much objection to
referring to the second theory as the “replacement theory.” The difficulty
seems to be that replacement can well have been contemporaneous with
and, indeed, may have been an essential part of the diagenesis of the rock.
If so, the hematite is syngenetic in the sense of the first theory but it was
brought about by replacement as well, an expression which is an impor-
tant thought in the second theory. Smith * recognizes this syngenetic re-
placement in a slightly different manner by saying: “The ferruginous
waters came in contact with calcareous shell fragments; . . . theiron
was precipitated partly by reaction with the lime carbonate, yet mostly
by oxidation, while the lime was carried off in solution by the aid of the
carbon dioxide set free . . . This method of replacement is widely
different from the other process of replacement that has been applied to
the ores . . . The iron is a secondary product as regards the indi-
vidual particles of ore, it is primary in relation to the ore bed itself.”

There are therefore four aspects to the problem:

(1) Precipitation of the iron.

(2) Reaction with the calcite.

(3) Replacement of the calcite.

(4) Oxidation of the ore (if it occurred).

There is some danger in this separate listing as it gives the impression
that all are independent events. They probably occurred together and are
merely aspects of one and the same interlocking process.

*Smith, C. H., Jr., quoted in translation by Newland (1908, p. 52).
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The iron solutions or colloidal suspensions derived from areas sup-
posedly distant, containing both potential hematite and chamosite, stabi-
lized by organic acids would, in contact with the electrolytes of sea water,
be precipitated. Reaction with, and replacement of, the calcite liberated
lime which neutralized the organic acids, further promoting precipitation.
If some of the iron was originally in the ferrous condition, oxidation
occurred as well.

Twenhofel (1939, pp. 390-391) says: “Perhaps a combination of the
view of original deposition and replacement shortly after deposition best
meets the conditions to be. explained. The fossil ores are certainly re-
placements.” ’

From the occurrence of the ostracods, Gillette (1940, p. 49) reaches
the conclusion that “the Furnaceville is a lithologic designation and car-
ries no time connotation. It simply represents a condition . . . under
which ‘iron ore’ was forming. It is highly probable that all the ore did
not form contemporaneously.”

It seems that the essential conditions for the formation of the Clinton
iron ores were that they were limestones and at the same time iron-rich
solutions were precipitated. The combination seems to have been neces-
sary; neither factor alone was capable of producing them.

The hematitic beds are low in argillaceous substances and usually con-
tain chert. When the clay content approaches ten per cent, or the chert
is about twenty per cent, hematite does not occur. Iron, however, is not
necessarily absent ; it is in the form of pyrite, but not to an equal amount.

At Glen Edyth there is no hematite-bearing rock. There is about 1.4
feet of a cherty bed with pyrite, in the Furnaceville position. Hematite
is absent, but is the Furnaceville absent? If it is, then what is called
“Furnaceville” is a facies. If the Furnaceville is present then it is what
Caster called a “stage” or perhaps, since it is a member of the Reynales
formation, it is a “substage.” This little problem subtends a major one
for stratigraphers to straighten out some time. Gillette (1940, p. 49)
comments that the Furnaceville is a “designation” which implies that
it is a facies. I have called the rock at Glen Edyth “the gray Furnace-
ville.” But the red ore reoccurs six miles further east at Fruitland. The
ore is “pinched out” between Densmore Creek and Fruitland. Is the high
clay or chert content sufficient to explain the absence of the hematite?
The present investigation would suggest this as the cause.

The Upper Reynales:—Chadwick (1918, pp. 334-5) has shown that
the limestone carrying Pentanicrus in the Rochester Gorge is not the Wol-
cott as long supposed, but rather the Reynales. The name comes from
Reynales Basin, eight miles east of Lockport. Miss Goldring (1931) re-
garded the Reynales formation as a tripartite limestone. Sanford (1935a,
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p- 179) agreed but substituted the term “Brewer Dock member of the Rey-
nales” for Chadwick’s “Bear Creek.” This is the basis for using the ex-
pression “Upper” Reynales.

In the Rochester Gorge it is not all limestone. Approximately the lower
two-thirds of the upper Reynales contains shaly partings. These shaly
beds are hybrids, best appreciated in terms of microlithologies. Field ob-
servations and studies of the thin sections have resulted in recognizing
four lithologic types: (A) shaly partings, (B) non-Pentamerus-bearing
limestones, (C) cherty beds, and (D) Pentamerus layers.

Gillette (1940, p. 51) has pointed out that there are six Pentainerus
layers in the Genesee Gorge. However, they do not correlate from sec-
tion to section but merely represent similar ecological conditions. Gillette,
therefore, did not accept Sanford’s (1935a, p. 177) attempts to show by
the presence and absence of Pentamerus that the Reynales formation varies
in age from place to place (Gillette, 1940, p. 53).

The Shaly Partings:—Thirteen shaly partings were recognized and
measured in the Genesee Gorge. They do not consist solely of argillace-
ous matters; they are essentially mixtures of argillaceous and calcareous
rocks. The percentage of the argillaceous microlithology in these shaly
partings is low at the base, rapidly assumes large proportions, and then
tapers gradually to extinction at about 10 feet above the base; theoretically
at 12.4 feet (see chart, Fig. 3). The uppermost shale parting (9.7 feet
above base) contains only 27%. There are no more such beds above this.
The trend of the percentage of the argillaceous microlithology from that
point upward is towards zero.

However, not all of the 27% is clay; the latter constitutes only 8%.
This shows, unmistakably, that the term “shale” is not solely a composi-
tional one. The amount of the shaly producing factors is the amount of
clay, the kind of clay, cleavage, orientation, and grain size, and they are
not gradational in their effects but sudden. Unfortunately the relations
of these factors are not completely known.

The Non-Pentamerus-bearing Limestones:—These beds consist essen-
tially of one microlithology composed of large amounts of recrystallized
calcite, very small amounts of quartz, and accessory minerals. Fossil cal-
cite makes its appearance 10.6 feet above the base. These fossils are
not necessarily Pentamerus. Fossil calcite continues to the top of the
formation. This new element in these limestones coincides with the re-
duction of the amount of the argillaceous microlithology. Of equal in-
terest is the presence of clastic calcite in fair amounts co-existing with
the fossil calcite. This indicates that some clastic calcite was derived from
wear on the fossils themselves, probable due to wave abrasion in situ.
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The Cherty Beds:—These cherty beds are confined to the lower two-
thirds of the Upper Reynales, coinciding with abundant argillaceous micro-
lithologies. The calcareous microlithology, even though the chert has
been assigned to it, constitutes only eighty per cent. In other words,
the cherty beds, in addition to the chert, contain up to 20% of the argil-
laceous microlithology. Chert and a definite amount of clay always go
together, a relationship not revealed by the usual field observations. Has
the clay provided the conditions favorable to the presence of the chert?
Is it a case of providing just the right amount of permeability and
adsorptiveness? Silica as a gel apparently was able to penetrate the rock
in spite of the clay, became adsorbed and partially dehydrated, being
trapped by the clay. The exact amount of clay seems critical. Either
below or above 20% argillaceous microlithologies, or 4 to 5% clay, there
is no chert.

The Pentamerus Layers:—Of course, paleontologically, these are the
most interesting. Here the emphasis has been on attempts to decipher
the paleoenvironment. Gillette’s thesis is that they represent the same
ecological conditions. In the first place they are nearly mono-microlitho-
logic, composed of 95 to 100% of the calcareous microlithology. The
amount of clay is always less than 3% in these beds.

In thin sections, in contrast to the impressions acquired from hand
specimens, fossil fragments, chiefly those of Pentamerus, range consist-
ently between 18 to 26% by weight of the rock, for the bulk of the cal-
cite is recrystallized and clastic. Only in two cases is there more fossil
calcite than clastic. The calcite inside two valves of a complete Pen-
famerus specimen is clastic. The same conditions obtain in the pearly
layers of the Lower Sodus (see Plate IIJ).

There is no chert. The amount of quartz and accessory minerals is
always low and fairly consistent in all six of the Pentamerus layers.

In the clay we apparently see the major controlling. factor. It is less
than 3%. Beds above this amount do not contain Pentamerus. Conse-
quently, with a slight increase of clay, the correlative value of this bra-
chiopod disappears.

Chadwick (1918, p. 345) says “Westward the Reynales . . . s
persistent . . . but eastward it grades into shale, and finally [is]
indistinguishable . . . from the Sodus shale above it.” This rela-

tionship would become very striking in terms of complementary micro-
lithologies, especially in graphic form.

The Lower Sodus:—Hartnagel (1907, p. 13) applied the name Sodus,
but Chadwick (1918, p. 341) amended it to fit the proper unit in the
Genesee Gorge, as Hartnagel, through Hall’s error (1843), applied the
name to the Maplewood ; a case of mistaken identity. Ulrich and Bassler
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(1923) divided the Sodus into two parts, largely on the basis of ostracods.
To the upper part they attempted to restrict the name Sodus; the lower
part they proposed to call the “Bear Creek.” Gillette (1940, p. 54), how-
ever, believed that the choice of the latter name was unfortunate for sev-
eral excellent reasons. Hence, to avoid “adding another name to the al-
ready overcrowded terminology,” he proposed “Lower and Upper” Sodus.
Only the Lower Sodus is present in the Genesee Gorge.

The Lower Sodus, like the Upper Sodus as well, consists of three lith-
ologic types: (A) purple shaly beds, (B) green shaly beds, and (C) thin
beds rich in Coelospira hemispherica, which are pearly layers. Unfortu-
nately for clear thinking, (A) and (B) have been called “shales” and (C)
limestone, giving the impression of great compositional differences between
them. In terms of the actual composition, however, as plotted in terms
of microlithologies in Fig. 4, the Lower Sodus is essentially a limestone.
Thin sections of the Upper Sodus from the Clyde and Sodus Bay Quad-
rangles, acquired through the kindness of Dr. Gillette, suggest a slightly
lower carbonate content. As can be seen, the chart shows quantitative
data for understanding the cause of the shale structure; that is, there is
sufficient clay to give the limestone a shaly structure.

The Purple and Green Layers:—The cause of the difference in color
between the purple and green layers is somewhat obscure. Chlorite is
undoubtedly the cause of the green tint, and dusty hematite adsorbed on
the surface of the flaky clay minerals is the reason for the purple color-
ing. How much is original and how much, if any, is due to subsequent
weathering is uncertain. This is another illustration of the same problem:
red versus green color in sedimentary rocks.

The Pearly Layers:—A common expression found in the descriptions
of these layers is that they are “composed entirely of Coelospira hemss-
pherica”  (Gillette, 1940, p. 57). Certainly hand specimens give this
impression. The microscope shows otherwise. Fossil calcite, definitely
assignable to this brachiopod, constitutes only from 21 to 32% by weight.
Both recrystallized and clastic calcite are present in considerable quanti-
ties. Much of the latter occurs inside bivalves and is packed around them
(see Plate IIJ). The layers are lenses and do not have any horizontal
continuity. Certainly they do not correlate from section to section. They
are similar in composition and clay content to the Pentamerus layers of
the Reynales.

The Pearly Layers contrast with the Pentamerus Layers of the Reyn-
ales, of course, in the fossil content. Here the question is raised, are
there sufficient differences to suggest the ecological reasons for the differ-
ences in the organisms? The Pentamerus layers are lower in the argil-
laceous microlithology and in clay. Coelospira hemispherica does occur
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in shaly beds as well as in the Pearly Layers, while Pentamerus oblongus
does not. The critical argillaceous microlithology content that separates
the two is evidently about 12% (see Fig. 6C). The other major differ-
ence between the two is that there is more fossil calcite in the Pearly
Layers, 21.3 to 31.8%. This is due to the closer packing of the smaller
shells of Coelospira.
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This shows that Pentamerus requires a virtually clay-free environment,
while Coelospira can endure some. It does not explain why Coelospira
does not occur along with Pentamerus in equal amounts. To be sure,
Coelospira is found in the Pentamerus layer but apparently never to the
dominating extent of the latter. Both of these fossils are obviously facies
fossils. This is apparently the principal reason why ostracods are re-
garded so highly; they are more independent of the type rock in which
they are found.

The Williamson:—The Williamson, named by Hartnagel (1907, pp.
15-16) and restricted by Chadwick (1918, p. 348), with its graptolites
is so strikingly different in color from the underlying Lower Sodus and
the overlying Irondequoit, that it comes as a surprise to find that most
of the Williamson is essentially a limestone, perhaps not to the extent
possessed by the Lower Sodus, as it contains considerable quartz. The
presence of so much quartz means that a new element has entered into
these sediments. This change in composition coincides with the uncon-
formity at the base of the Williamson; the Upper Sodus, the Wolcott,
and the Wolcott-Furnace are absent at Rochester. The Williamson is
more variable than is generally apparent. The rock ranges from dark
olive green to jet black in color, with very thin, gray-blue limestones with
Plectambonites transversalis, a rock which is similar to that containing
the Pentamerus and to the Pearly Layers. Some layers, as above noted,
are almost quartz siltstones. There are also some pebbly beds which
some call conglomerates. The Williamson apparently represents an un-
stable and a new phase in the sedimentation of the rocks at Rochester,
with very rapid oscillations and pulsations.

The graptolites are in thin, black seams interbedded between the argil-
laceous siliceous limestones. In composition, the graptolites themselves
appear to be chitin stained by black iron sulphides and organic matter.
So effective is this stain that the general impression is that the William-
son at Rochester is a “black shale.” So conclusive are the microscopic
findings, however, that the Williamson is essentially an argillaceous sili-
ceous limestone, dark gray to blue gray in color, that discussions regarding
the habitat of graptolites, which ignore the limy nature of the rock, may
not be highly significant. The slides of graptolite “black shale” show
that the organisms are confined to bands averaging less than 0.2 mm.
thick. The rock only splits along these bands because they, and they
only, have enough clay to be shaly. Associated with the remains of the
graptolites, chiefly Monograptus clintonensis, are small grains and aggre-
gates of pyrite, or what are now pyrite. This type of pyrite is usually
regarded as “primary”.” Megascopically there are discs with radiating
structures up to 25 mm. in diameter along the bedding planes. These are
“secondary”. Both appear to have been derived from black iron sulphides.
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Under reflected light both types are seen to be heterogeneous in color and
in structure. These grains and discs are not solely marcasite nor pyrite,
but both in varying amounts. In spite of this change the “blackness of
color . . . persists after the black sulphides of iron become marcasite
or pyrite.” (Twenhofel, 1939, p. 304.)

The Irondequoit:—The 18 feet of rock assigned to the Irondequoit pro-
vide six lithologic types: (A) at the base green shaly limestone usually
called green “shale”, (B) the middle portion of gray shaly limestone, com-
monly referred to as gray “shale”, (C) thin to relatively thick limestone
“layers, (D) gray shaly limestone partings with much the same composi-
tion as (B), (E) the coarsely recrystallized limestone with a lower clay
content than (C), inappropriately called “crystalline” limestone, and (F)
the Bryozoan reef near the top.

It is clear that much the same kind of rhythmic sedimentation that
characterizes the Upper Reynales prevailed in the Irondequoit as well.
It began with argillaceous material, rich in chlorite. The clay gradually
increased in amount and the rock is gray in color with a loss of chlorite
or its submergence by the clay. Beginning at 11 feet from the base, thin
limestones separated by shaly partings prevail up to 14 feet above the
base. Then the lower, coarsely recrystallized limestone bed occurs. Above
this the thin shaly partings are thinner and separated from each other by
greater distances. Above 16.4 feet no more shaly partings occur. At 17
feet the interesting reef underlies the upper coarsely recrystallized lime-
stone.

These microlithologies point the way to the concept of two parvafacies:
the shaly facies and the limestone facies. But the two are separated by
a zone of interbedding or interfingering. This can be seen in the field.
On correlating the Irondequoit westward it is found that the limestone
parvafacies dominates, while to the east it is shaly parvafacies that is most
abundant. It would appear that they are complementary to each other.
To the east the shaly parvafacies increases in thickness at a faster rate
than the thickening of the limestone parvafacies. Each parvafacies ap-
pears to contain its own faunal characteristics.

Microscopic examination reveals traces of sulphate minerals, such as
anhydrite, gypsum, barite, and celestite. These have been identified with
difficulty. Galena was suspected in one slide. All of these minerals are
in traces and not as abundant as they are in the overlying Lockport. The
small grain size of the clay constituents suggests a slight increase in the
saline character of the Irondequoit sea, which shows more abundantly
in the Rochester, and even more so in the Lockport. The slightly mag-
nesian content of the Irondequoit is regarded as in conformity with this
suggestion.
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In the field the contact between the Williamson and the Irondequoit is
difficult to draw because of the shaly nature of the base of the latter.
Especially to the east, “most of the workers in the past have considered
that the Irondequoit included only the limestone,” (Gillette, 1940, p. 77)
and hence included the gray shaly beds with the Williamson. Gillette,
however, assigns the gray shaly beds, which contrast with the dark olive-
green beds, to the Irondequoit. These gray shaly beds are “transition”
beds. Many stratigraphers at times seem to be reluctant to admit that
such beds exist. It is as though the classification must be maintained;
the boundaries between formations must be made sharp and clear, in spite
of the field facts. The Irondequoit is an illustration. The common prac-
tice of a dual nomenclature, “Irondequoit limestone”, often leads to the
confusion. It will be noticed that this paper does not use dual names.

The Lockport Clay Microphase:—These lower beds contain a new
phase, not before encountered. From the top portion of the Grimsby to
the top of the Williamson the clay content is the Maplewood microphase.
In the basal Irondequoit the clay is in very small units, just visible with
an oil immersion objective, and is seen inside rather than outside the
calcite grains. This is clay-clotted calcite. This microphase, called the
Lockport, is characteristic of the Irondequoit, of the Rochester, and of
the Lockport formations.

The Irondequoit is allied to the Rochester petrographically. Gillette
(1940, p. 85) has shown that the faunal content of the limestone portions
of the Irondequoit are in many instances quite different from those in
shaly portions. Many of the latter are identical with those in the Roch-
ester. In fact, he assigns the Rochester to the Clinton, differing from
Chadwick (1918, p. 354) who excludes it, partly on this basis.

The Lower Irondequoit:—The Delésse-Rosiwal analysis of slides of
the 13.7 feet of green and gray shaly beds of the lower Irondequoit are
similar to the shaly partings in the upper part of the Reynales.

The calcareous minerals are finer-grained in the Irondequoit and con-
tain the internal form of clay (Lockport clay microphase). The clay of
the shaly Reynales is of the Maplewood type which is dominated by the
white mica (illite), while the clay of the Irondequoit is chiefly of the
kaolin and chlorite groups.

It will be noted that the amount of the argillaceous microlithology in
the shaly Irondequoit, 29.9%, is nearly the same figure as that of the
argillaceous microlithology content of the uppermost shaly partings of the
Upper Reynales.

In terms of the amount of clay, however, the two are somewhat dif-
ferent; 19.1% for the shaly Irondequoit and 9.0% for the shaly partings
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TABLE 2

Microlithologic Analysis of Lower Irondequoit and Shaly Partings in Upper Reynales

Argillaceous Microlithology Calcareous Microlithology Siliceous Microlithology

Qtz Fd Clast Clay Acc Total Qtz Fd Rex (%a?t FF Acc Total Qtz Fd Acc Total
Cal al

Shaly
Irondequoit ..[ .5 1. 10 19.1* 2 299 2 - 6. 59. 2.8 1 681 14 1 5 20
Shaly
Reynales ....[ 80 5010, 9.0° 7 282 1.0 2 67 624 0 1.0 704 0 1 3 14
* Lockport clay microphase type Qtz=Quartz
° Maplewood clay microphase type Rex—Recrystallized calcite

Fd=Feldspar, FF=Fossil Fragments Acc=Accessory minerals
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of the Reynales. A greater similarity actually exists, however, when it
is realized that there is a very different type of clay in the two rocks; the
“internal” type in the shaly Irondequoit, and the “external” type in the
shaly partings of the Reynales. The 19.1% of the former, because it is
inside of the calcite, is not in a position to be as effective in producing
the shale structure, hence it takes more of it to accomplish this. Both
rocks have about the same degree of shaliness even though the clay con-
tent of the two differs. Consequently the physical environment for the
organisms may have been essentially the same. Gillette (1940, p. 85)
says: “In lithology the highest shale layers [of the Irondequoit] resem-
ble the Rochester.”

The Upper Irondequoit:—The upper portion of the formation is not
all limestone, as the gray shaly beds continue to near the top as shaly part-
ings. The limestone beds are fine-grained. The mode size of the re-
crystallized calcite is .07 mm., while that of the clastic calcite is .0175 mm.
The small grain size of the former is in great contrast to the very large
grains of recrystallized calcite in the non-Pentamerus-bearing Reynales,
the mode of which is .325 mm. However, there is a light-colored lime-
stone .4 feet thick near the top of the Irondequoit, with abundant recrys-
tallized calcite, which has been referred to as “crystalline”, that contains
recrystallized calcite with a mode grain size of .225 mm.

The Bryozoan Reef:—Sarle (1901) pointed out that the bryozoan reef
near the top of the Irondequoit is composed almost entirely of Fistulopora
tuberculosa and F. crustula. Under the microscope the rock is very fine-
grained. The mode of the clastic calcite grain size is less than 005 mm.,
which serves as a groundmass in which are set occasional phenocrysts
of recrystallized calcite and fossil forms. The groundmass is what Grabau
called a calcilutite. These reefs arch up the overlying beds of the Ironde-
quoit and of the Rochester as well.

The Rochester:—Petrographically the Rochester and the Lockport are
much alike. To obtain quantitative results with the microscope has been
difficult because the clay content is not readily discernible. Examination
with high magnifications reveals that the clay is in such small units that
much is suspected as being submicroscopic in size and not measurable.
Hence chemical analyses were resorted to but they were not completely
satisfactory because they needed recalculation into probable minerals be-
fore comparisons could be made.

A chemical analysis of the Rochester formation from Rochester, pre-
sumably from a publication of the United States Geological Survey, was
recast years ago as follows:
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TasLe 3
Recast of Chemical Analysis of the Rochester*

Quartz .....iiiiiiiiiii e 11.6
Microcline ......ccviviriienianinns 4.0
Plagioclase ......c...coeiieninennes 2.5
Calcite ...vveviniiiiiiiiiiieians 36.0
Magnesite .......everiiineiiieiien 8.5
White Mica .........ccoovninnnennnn 232
Kaolinite .......c...occiiiiiinni.nt 10.0
Chlofite ...ovvviiniiiiaiiennnns 2.7
ACCESSOTY  vvvivrnnnennenreoncanes 1.5

100.0

* Lantern Slide, University of Rochester, Department of Geology.

On this basis it will be seen that the quartz, the feldspars, and the clays,
together with the accessory minerals, total more than half the rock, a
finding not revealed by the microscope.

The other two analyses available are from Hamilton, Ontario, which,
because of the distance from Rochester, are of little value to the immedi-
ate problem.

TaBLE 4
Chemical Analyses of Rochester Formation, Hamilton, Ontario *

I II

SiO2 vvvvivniiiiiiinn 22.00 22.52
AlpOg ....oovniiill, 12.65 8.12
FeO ...oooviiiiinn, 1.77 113
Fe208 covvvvvvnnnnnnn 0.46 1.01
CaO ..oiiii 20.81 21.83
MgO ..oiiiiiiiinnn, 7.77 10.14
Hz0 ........... Ceeeas 7.20 4.00

72.66 68.75
°CO2 .vvviiiiinnnnnns 27.34 31.25

° By difference, added by author
I. 3 feet above base
II. Upper 4 feet.

_* Analysis by Mines Branch, Department of Mines, Ottawa. Given by M. Y. Wil-
liams (1919).

Attempts to recast these reveal that there are several ways these analyses
may be treated. The nondetermination of the alkalies prevents calcula-
tion of any feldspars and white micas. Nevertheless the clay content
ranges from 35% to nearly 40%. Consequently, insoluble residues were
resorted to. Perfectly consistent results were difficult to obtain, probably
due to the destruction and partial solubility of minute clay particles and
the production of colloid suspensions. This is especially true if there is

any beidellite type of clay mineral present and boiling hydrochloric acid
is used (Grim, et al., 1937).
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The results of measurements of the clay content were consequently in-
creased by deducting 20% from the value of the clastic calcite and adding
that amount to that of clay. This was done to the analyses of the fossilif-
erous and barren zones. In the case of the “Gates” the figure was reduced
to 10% as the rock does not possess such a shaly structure.

Under the microscope the Rochester is seen as an aggregate of mag-
nesian calcite, usually small, with modes ranging from .03 to .09 mm.,,
in size, dirty and clotted by kaolinite type of clay, black sulphides of iron
and ferric oxides from decomposed pyrite (see Plate IV] and K). Some
grains are slightly recrystallized, but the gradation from clastic to recrys-
tallized is so continuous that any division into the two types would be
purely arbitrary.

Pyrite and leucoxene are very abundant but as they are small grains
they do not bulk large.

Paleontologically the Rochester can be divided into three parts: a lower,
fossiliferous portion, a middle barren section, and the upper part with
some fossils. This upper portion has received the local designation of
“Gates limestone” by Chadwick (1918, pp. 335-364).

Petrographically the Rochester is a dolomitic limestone with a shaly
structure. In detail it consists of thin to heavy-bedded layers of dolomitic
limestone separated by numerous shaly partings. These two types are
somewhat similar to each other, both in appearance and in composition.

In terms of the three complementary microlithologies, as in the chart,
Fig. 5, the similarity of the three paleontological divisions is obvious. The
lower fossiliferous portion has a slightly lower argillaceous microlithol-
ogy content than the barren zone, with 249% recrystallized calcite and about
6% fossil calcite. The barren zone possesses a slightly higher argillaceous
content, the fossil content falls off to zero.

In the upper portion the argillaceous microlithology is low, ranging
from 10 to 14%. This permits the calcareous microlithology to increase
from 75%, average of the barren zone, to about 85%.

So potent is the effect of the argillaceous microlithology in producing a
shaly structure that the slight decrease from that in the barren zone to
that in the upper zone results in sufficient differences so the rock has been
regarded as distinct from the underlying barren zone. Chadwick (1918,
p. 360) says it is “separated from . . . [the beds] below by a per-
fectly clean cut line or clay seam” and gave it the name “Gates limestone.”
He says it is apparently missing at Niagara. Gillette does not mention it.
Chadwick’s “clay seam” is one of the many shaly partings that are char-
acteristic of the whole of the Rochester.

The upper zone is somewhat similar to the top limestone zones of the
Upper Reynales and the Irondequoit. If the top limestone of the Roch-
ester formation deserves a special name, why not the others as well ?
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OCHESTER - LOCKPORT
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Rochester-Lockport Formations

Grain modal size, measured in thin section. Quartz and carbonate. Position of
the Shelby zones only approximate.

Legend: C=Clastic carbonate, F = Fossil carbonate,
Rex = Recrystallized carbonate, Q = Quartz.

The term “Gates,” in the sense proposed by Chadwick, is a formation,
for he says it is “separated from the Rochester shale [restricted] below,”
that is, he wants to restrict the term Rochester to the fossiliferous and
to the barren zones in order to erect a new formational unit. His reason
for advocating this is that the rock is really a limestone which has been
quarried and sold as such (Schuchert, 1914, p. 304). It has in years
past been used for lime. But so is the rest of the Rochester a limestone,
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with a shaly structure. A more practical method would be to regard the
“Gates” as a member of the Rochester.

Actually the “Gates” is a rock facies. The retention of the name
“Gates”, as a formation or as a member of the Rochester, is deemed in-
advisable.

The Lockport:—The Barge Canal, west of Rochester, provides an ex-
cellent exposure of the Lockport. The structure of the rocks, which
involves two anticlines and a fault, necessitated a plane table survey in
order to accurately place the collected specimens in the geologic column.
For this I am indebted to C. M. Reed and A. S. Gale, Jr. The base of
the Lockport is represented by the Decew member, named by Kindle
(1914), which varies from 2 to 10 feet in thickness. It is a dark gray,
argillaceous, cross-bedded, dolomitic limestone with a churned or “curly”
structure.  Williams (1913) reports that it is difficult to separate it from
the Rochester. On the other hand, Chadwick has long emphasized the
unconformity at the base (Swartz, 1942, p. 535), even granting that
some of the material of the Decew may be reworked Rochester. That
such a break does occur here, I am convinced, but as to its magnitude, I
have no new contribution to make.* Schuchert (1914, p. 304) says “Time
break, if any, [was] short.” In the winter the ice on the surface of the
Barge Canal provides an excellent vantage point to see a wide exposure
of the contact. Tt is unquestionably undulatory. The Decew sags down
into slight hollows in the uppermost Rochester (“Gates”). A narrow
outcrop does not reveal it. Gillette could not see the unconformity at
Lockport, although he made a special trip to that locality. Petrographi-
cally the Decew is much like the underlying Rochester and the overlying
Lockport. The sedimentation was, essentially, continuous. Slides of the
Decew reveal more quartz than most of these rocks; except for this min-
eral the rock is very similar. .

The classification of the 175-180 feet of rock calls for a brief review.
As long as the Clinton was recognized as a “formation” then the Lock-
port is one also. As the Clinton is now recognized as a “group,” the
question arises, to what group does the Lockport belong? This is an old
problem. The term “Lockport group” is rejected by the United States
Geological Survey. Gillette (1940, p. 97) says many authors do not con-
sider it necessary to use a group name. This is satisfactory as long as
the Guelph is considered to be a part of the Lockport. But some geolo-
gists regard the Guelph as a separate formation overlying the Lockport,
particularly in Ontario (Shaw, 1937), but in New York State the United
States Geological Survey assigns the beds containing the Guelph fossils

 *This is an old problem, to which many have contributed. It need not be re-
discussed here.
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to an indivisible portion of the upper part of the Lockport dolomite.
Still this does not answer the fundamental question: Is the Guelph a fauna
only? Or is it a member of the Lockport? Or is'it a rock facies in
which the Guelph fauna exist? Hartnagel (1907) says the Shelby dolo-
mite in the Guelph dolomite “is to be regarded both as a faunistic and
a lithologic Guelph element in the succession of the strata.” Swartz, et
al, (1942) say: “The typical Guelph fauna has not been observed east
of Wayne County, New York. Whether this means a hiatus or simply
a change in facies cannot here be affirmed.” Arey (1892) was the first
to recognize the Guelph in the Rochester region. Clarke and Ruedemann
(1903) noted that these fossils occur in two beds, called the Lower and
Upper Shelby, respectively. They gave the following section from Oak
Orchard creek, south of Shelby village, in the southwest township of
Orleans County, New York:
(Top)

4. Upper Shelby dolomite ..

3. Lockport dolomite .....

2. Lower Shelby dolomite

.. 3
1. Lockport dolomites .......... 62+ “ (largely covered)
(Base)

. 810 feet
32 “

“

This section is some 37 miles west of Rochester. Hartnagel (1907,
p 20), however, gave the above section as probably similar to that of
the Rochester region, and stated (1907, p. 24) that the total thickness of
the Lockport, including the Guelph, “is not far from 130 feet,” which
is probably too low a figure. Chadwick (1917, p. 172) has furnished
additional measurements. From the top down, 90 feet of Guelph, which
includes six feet of Eramosa beds; below this are “60 feet plus possibly
15 feet, as yet unexcavated.” He gives 10 feet to the Decew beds. These
figures total 175 feet, a value very close to that measured by him aided
by students along the Barge Canal and given on a chart in the University
of Rochester. Reed and Gale, by their plane table survey, measured 180
feet.

I have used the figure of 180 feet and have approximated the positions
of the Guelph fauna-bearing beds on the chart, Fig. 5. There is still
much uncertainty regarding the exact position of these paleontologically
interesting beds in the Rochester region.

Reed’s (1936) microscopic studies of the insoluble residues of the
Lockport furnished his basis for dividing the Lockport as a whole into
four divisions: the lower two corresponding to the “undivided Lockport”;
division III is the Eramosa member of Williams (1919) and number IV
is the Guelph, which conformably overlies. The Eramosa is Williams’
top member of the Lockport in Ontario; the Gasport member of N iagara
underlies. Reconciliation of Hartnagel’s and Reed’s sections can be ef-
fected by regarding the 62 feet of Hartnagel as only a portion of the
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thickness of the Lockport below the lower Shelby. The true value is
about 85 feet.

In terms of complementary microlithologies, the Lockport is quite simi-
lar to the underlying Rochester. It differs in a slightly lower argillaceous
microlithology content, dropping below the critical amount for producing
a shaly rock. The rock contains more magnesia and is essentially a dolo-
mite. Van Tuyl (1916) has expressed the view that the dolomite of
the Lockport is primary and directly connected with the increased salinity
that culminated in the Salina salt deposits.

Slides of the rock in which the lower Guelph fauna occurs show some
chert; otherwise the rock is about the same as the upper portions of the
Lockport.

VIII. PREFERRED COMPOSITIONAL RANGES

The quantitative microscopic analyses of these rocks provide some in-
formation regarding the physical environment prevailing at the time the
various organisms, now preserved as fossils, inhabited these seas. The
microscope cannot provide all the information desired, however, any more
than the fossils themselves furnish all we would like to know. The rocks
are not photographs of these vanished conditions for they have been
changed by additions and subtractions. Sedimentary rocks are not closed
systems.

Thin sections have been cut from rock specimens containing fossils.
The composition of these rocks, when analyzed and plotted, clearly shows
that there are preferred compositions. In Figure 6 the three-fold com-
plementary microlithologies are plotted on equilateral triangular graphs.
More could have been accomplished with this method if paleontologists
were in the habit of reporting the exact horizons from which fossils were
collected. An exception is the data of Sarle (1906) and of Schuchert
(1914).

Environment in terms of rock compositions is, of course, only one of
the many factors affecting the type and kind of organism. Purely paleon-
tological discussions are left to those better qualified. It was found,
however, that a rock type within the same range as the preferred com-
position frequently occurs without fossils. These specimens have not
been plotted as they would not add anything of value.

In addition to the fossil habitates in this sense, there are mineralogical
preferences as well; for example, of chert and of hematite. These are
plotted in Figs 6D and 6E.

E. W. Berry (1925), writing on correlation, says: “To me the study
of paleontology includes the environment, both organic and inorganic,
and it is quite futile to consider fauna and flora as apart from the theater

_.of life in which they played their part.”
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The biologic effect of these preferred ranges upon the organisms them-
selves is beyond the scope of this paper. However, certain conclusions
are possible. The effect of the environment as reflected by the mineral
composition of the rocks is much more important than formerly realized.
In other words, the rocks, or rather the conditions under which these
rocks were made, governed and controlled the kind of megascopic fos-
sils. All the fossils included in this study are facies fauna. They can
be used to correlate similar facies. Their value as index fossils for the
correlation of contemporaneous formations is consequently mnot high.
Microscopic forms, especially the ostracods, are not affected by their en:
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vironments anywhere to the same extent as the larger forms, hence they
are of much more value.

IX. SUMMARY

The rocks investigated and discussed in this paper range from the sum-
mit beds of the Queenston up through and including the Lockport. San-
ford (1939) says: “The formations fall into three divisions: the first,
in which a terrestrial influence is strongly felt, includes the Queenston,
Cataract, and Albion; the second, which is marked by variability, is com-
posed of formations lying between the top of the Thorold and the top of
the Williamson ; and the third, which is made up of the Irondequoit, the
Rochester and Lockport, is dominated by a marine influence.” This three-
fold division is based upon paleogeography in terms of uplift, transgres-
sion, and regression.

The microscopic studies emphasize a tripartite division as well. The
bases for these three divisions are the complementary microlithologies and
the microphases. This is given in Table 3.

A comparison of the two classifications shows them to be the same.
This identity is more significant when it is realized that they were con-
structed entirely independently and on totally different bases.

There are two cases that lack clean separation in Table 5, the Thorold
and the Irondequoit. The former belongs to Division I as seen by the
x’s in column 2. But note the x’s in columns 6 and 8 which characterize
Division II. The Thorold therefore has some properties of both. The
Thorold is placed in the Clinton by some and excluded by others. The
finding of the little stringer of “ore” is a petrographic discovery which
tips the scales to a Clinton age. The Thorold is, however, transitional.

Ficure 6

Preferred composition in terms of three complementary microlithologies measured
in thin section.

A. Paleophycus tortuosum in the Queenston, Genesee Gorge, occurs in highly argil-
laceous rocks ranging from thin-bedded to fissile in shaliness.

B. Daedalus archimedes and Arthrophycus alleghaniensis in the Grimsby and Thor-
old, Genesee Gorge.

C. Coelospira hemispherica in the Lower Sodus and Pentamerus oblongus in the
Upper Reynales, Genesee Gorge. Truncated triangle. The Pentamerus layers
are lower in the argillaceous microlithology.

. Chert-bearing beds, Furnaceville, Brewer Dock, and Upper Reynales. Truncated
triangle. The Furnaceville calculated as limestone.

E. Hematite in the Furnaceville. Specimens from the Gorge contain hematite, and
less than ten percent of argillaceous microlithology. Those from Glen Edyth
contain no hematite and more than ten percent of the same microlithology.

F. Plot of 90 specimens of sedimentary rocks from the Rochester region in terms
of shaliness as determined by inspection of hand specimens. The dashed lines
are “contours of shaliness.” 85 percent of the area of the triangle are “shales.”
Siliceous content reduces shaliness as is shown by the slant of the “contours”
towards the calcareous corner.
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TABLE §

Tripartite Division by Petrologic Analysis

1 2 3 4 S 6 7 8 9
Essentially Essentially Essentially Queens- Maple-

Tri- silic. calcitic dolomitic ton wood Lockport  Reynales Lockport
partite and and and type of type of type of type of type of
division argill. argill. argill. clay clay clay calcite dolomite

Lockport .............. x x x
Rochester ............. - III X x X
Irondequoit ............ x x x Minor x Minor
Williamson ............ x x x x
Lower Sodus .......... x x x
4 II
Reynales ......c..o.utn x x x
Maplewood ............ J x x x
Thorold ..... P x x x
Grimsby ....c.ccveninen I X Lower Top
Portion only
Queenston ............. x x
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The boundary line, whether on top or at the bottom of the Thorold, is
arbitrary. An alternative plane of demarcation would be the unstable
zone near the top of the Grimsby, 38 to 41 feet above the base. The
Queenston clay microphase is limited to beds below this zone. The Maple-
wood clay microphase occurs only above it. This zone may prove to be
more significant than it appears to be at present.

The Irondequoit is likewise transitional. Sanford goes further and
names three divisions : I, Medina group, II, Clinton group, and III, Niag-
ara group. But excluding the Irondequoit and the Rochester from the
Clinton group satisfied neither Chadwick (1918) nor Gillette (1940), each
for different reasons.

All agree that drawing the upper limit of the Clinton group is difficult.
It is concluded that it, too, is arbitrary. The limits to the groups are
in reality artificial. The rocks are gradational.

The name “Clinton” is satisfactory in a general way, however. To the
writer there are many problems of greater importance than discussing the
exact arbitrary limits of the group.

An igneous rock petrographer studying thin sections of these sediments
is tempted to apply methods and nomenclature with which he is familiar.
To him shaly rocks are foliated rocks possessing a depositional fabric but
carrying no connotation as to composition.

These rocks possess compositional, structural, textural, and fabric char-
acteristics that, if they were igneous, could be called by such t