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The Limestones (Middle Ordovician) of Jefferson County, New York'?

by John H. Johnsen®

ABSTRACT

Middle Ordovician limestones of the Black River and
Trenton Groups comprise a carbonate section 725-750 feet
thick underlying an area ol 660 square miles adjacent to
Lake Ontario in Jefferson County, New York. The carbon-
ates dip at 1 to 2 degrees to the southwest. The Black River
Group, averaging 250 feet in thickness, outcrops in the
northern portion of the area and rests directly on rocks
ranging from Middle Proterozoic to Farly Ordovician in age.
Trenton units underlic the southern portion of the mapped
area and comprise a limestone sequence averaging 475 feet
thick. All of the formations originally deseribed by Kay
(1937) are present in Jefferson County and their detailed
distributions were mapped during this investigation.

TSubmitted to Geological Survey, June 2, 1968,

The formational boundaries within the Black River
and Trenton groups are typically gradational and contacts
were established by subtle color and textural contrasts.
An exception to this is the distinclive contact between
the top of the lLowville Limestone and the overlying
Chaumont Limestone in the upper portion of the Black
River Group.

Forty-five potential quarry sites are described and
indicated on the geologic map. These locations were selected
on the basis of engineering tests, service history, and
desirable topographic and drainage conditions. Samples for
testing were oblained from drill core. Measured sections,
drill core logs and engineering test results are presented.

Revised maps and test submitted for publication November 23,1970,

2Wim a discussion of the analyzing and testing of samples, by Wayne E. Brownell, Department of Ceramic
Research, State University of New York College of Ceramics, Alfred University, Alfred, New ¥ ork,

3Department of Geology, Vassar College, Poughkeepsie, Mew York



Introduction

Purpose and Scope of Report

Limestones have always been of greal interest, not
only for their many commercial uses, but hecause the
constant discovery of new processing methods and new
applications of them continues to provide incenlive for
more accurale and more comprehensive study of the
character and distribution of these sedimentary rocks.

The investigation of the carbonate rocks rimming the
western edge of the Adirondack Massil is part of a
conlinuing study of the economic potential of New York’s
limestone resources being made by the Geological Survey of
the New York State Museum and Science Service in
cooperation with the State University of New York College
of Ceramics at Alfred University. This report is intended to
fulfill the aims of that program in Jefferson County. It is
based on careful stratigraphic and structural studies, and
includes information on the extent, thickness, physical
character, and chemical composition of the limestones
occurring within the county. Potential quarry sites are
described. The report will be helpful to anyone interested
in the further development of the limestone deposits in this
area.

Brief Description and Location of Area

Jefferson County includes an area of 1,293 square
miles in northwestern New York State. It is bounded on the
north by St. Lawrence County, on the cast by Lewis
County, on the south by Oswego County, and on the west
by the navigable waters of Lake Ontario and the St
Lawrence River. The population of the county in 1960 was
87,835, representing an increase of 2,314 since the 1950
census. Its geographic setting, principal cities and villages,
streams, and transportation facilities are shown in Figure 1.

The Black River is the largest stream in Jefferson
County. It enters from the east and flows generally
westward across the middle of the county, falling 480
feet to Lake Ontario on the west. The river is an
excellent source of local power, and it is not surprising to
find the county’ two largest urban centers, Watertown
and Carthage-West Carthage, situated along its banks.

Watertown, the county seat, has a population of
33,306 and is located near the geographic center of the
county. Within the city limits the Black River drops 110
feet over a series of falls, providing energy for several

industries, primarily those engaged in the manufacture of
paper and paper products and papermaking machinery.
Excellent highways, including the north-south expressway
Interstate 81, radiate from the municipality so that
central and northern New York, and much of Ontario,
Canada, are no more than a few hours travel time. By
road Walertown is 70 miles north of Syracuse, 83 miles
northwest of Utica, 90 miles southwest of Massena, and
26 miles south of the International Bridge to Canada
which spans the Thousand Islands section of the St.
Lawrence River between Clayton and Alexandria Day.
The twin
Carthage have combined population 6,383 and occupy

municipalities of Carthape and West

opposite banks of the Black River at the Lewis County
line, 15 miles due east of Watertown, Here the “Long
Falls™ of the Black River descends 55 feel, furnishing
power for several paper manufacturing concerns.

Camp Drum Military Reservation occupies a large
tract in the northeastern corner ol the county, reaching
south as far as the great bend of the Black River between
Carthage and Watertown.

Jefferson County is largely rural, and dairy farming is
the most important single industry, The climate s
temperate. The mean midwinter temperature is 20
degrees F. and the mean summer temperature is 08 Lo 70
degrees F. The mean annual precipitation ranges from
slightly under 35 inches to slightly more than 45 inches a
vear. The precipitation is least on the lowland area
adjoining Lake Ontario and the St. Lawrence River: it is
greatest on the higher terrain in the southeastern part of
the county.

Field Work

This survey ol the limestones in Jefferson County
was begun during the latter part of the summer of 1954,
and it was essentially completed during the summer of
1956. During the 19535 field season, a portion of the
work was done jointly with James R. Dunn.

The investigation included the location of natural
exposures of the limestones, the determination of their
identity and extent, and the plotting of this information
on appropriate topographic maps. Aerial photographs
were used as

required. The arca mapped covers

approximately 660 square miles. It covers all or portions

7L

of twenty-five 7/-minute U.S. Geological Survey topo-
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graphic quadrangles (Fig. 1). Each locality with a few or
more scattered exposures was bounded on the maps and
designated an outcrop area. All outcrop areas were not
outlined precisely. Where a single bed caps a square mile
or more of surface, approximation of the outcrop
boundary was deemed adequate.

In addition to mapping the limestone formations, the
megascopic field characteristics of these rocks were
determined, stratigraphic sections were described from
surface exposures and drill core, samples were obtained
for laboratory study and analysis, active and abandoned
quarries were examined, and priority areas for potential
quarry sites were outlined.

A program of drilling the bedrock was carried on
simultaneously ~with the  geological investigation by
personnel of the College of Ceramics, under the supervision
of Donald A. Dickens. A total of 1,967 feet 7 inches of
core was obtained from 9 localities (geologic map).
Although geographic spacing, thickness of overburden, and
available water were important considerations in the choice
of these sites, the localities were primarily chosen to obtain
as much information as possible on the total limestone
section from the amount of core that could reasonably be
recovered in the time that the drill was assigned to this area.

Table 1
Summary of Diamond Drilling in Jefferson County
Year Hole No. Section No. Ft. In.
1954 _ 140 2 147 7
141* 3 204 0
1955 142 11 260 4
143 12 250 0
144 8 260 3
145 13 155 5
146 9 230 0
1956 147 14 240 0
148 15 220 0

*Hole No. 141 was drilled to a depth of 150 ft. 2 in. in 1954 and
deepened to 204 ft, in 1956.
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Description of the Limestone Formations

General Statement

The rock units within Jefferson County range from
the Precambrian to Ordovician in age as follows:

ORDOVICIAN SYSTEM

Cincinnatian Series
Oswego Sandstone
Lorraine Group
Pulaski Shale
Whetstone Gulf Shale

Mohawkian Series

Trenton Group
Atwater Creek Shale
Deer River Shale
Cobourg Limestone
Denmark Limestone
Shoreham Limestone
Kirkfield Limestone
Rockland Limestone

Black River Group
Chaumont Limestone
Lowyville Limestone
Pamelia Dolomitic Limestone

UNCONFORMITY
Canadian Series
Theresa Dolostone and Dolomitic Sandstone

CAMBRIAN SYSTEM

Croixian Series
Potsdam Sandstone

UNCONFORMITY
PRECAMBRIAN

Complex of igneous and metamorphic rocks

The rocks with which this report is concerned are the
Ordovician limestones of the Black River and Trenton
Groups. These formations reach a combined maximum
thickness of 725 to 750 feet in Jefferson County and
crop out in an ever-widening belt from the Lewis County
line westward across the county for 30.5 miles to Lake
Ontario and the St. Lawrence River. The area imme-
diately underlain by the limestone covers about 660

square miles and is roughly triangular in outline;
Carthage-West ~Carthage, Clayton, and Ellisburg are
situated at the eastern, northwestern, and southwestern
corners of the triangle, respectively. The Black River
divides the limestone area into two nearly equal parts.
The formations of the Black River Group are found
mostly north of the Black River. Except for an area south
of N.Y. Highway 12E between Dexter and Cape Vincent,
the Trenton rocks crop out south of the river.

The northern area is one of low altitude and
comparatively little relief. The highest point, situated in
the east-central portion of the Black River quadrangle,
barely exceeds 600 feet, and the surface rolls gently
downward to the west and southwest to 246 feet, the
level of Lake Ontario and the St. Lawrence River. Glacial
deposits may obscure the rocks locally, but there are
extensive areas where the soil is very thin or bare rock is
exposed. The bared limestone surfaces show considerable
widening along joint cracks by solution and some small
streams exhibit a tendency to go underground.

South of the Black River, the Trenton limestones
crop out in a series of terraces which rise from the level
of the river (514 feet at Watertown) to more than 1,180
feet above sea level in the east-central portion of the
Copenhagen quadrangle.

In general, the structure is simple. There is a regional
dip of 1 to 2 degrees south and southwest toward Lake
Ontario, which carries the older rocks beneath the surface
in that direction. Local minor flexures however, produce
dips up to 35 degrees. Jointing is ubiquitous, particularly
in the Black River limestones, and there are faults of local
importance.

The physical characteristics, contact relations, fossil
content, and composition of each formation pertinent to
this study are given in the first part of this report.
Sixteen detailed stratigraphic sections, obtained from drill
core and selected exposures of significant vertical extent,
and a summary of the structures follow the deseription
of the limestone formations. The latter part of the report
contains discussions of the testing and analyzing of
samples, test specifications, development possibilities, and
descriptions of potential quarry sites. Complete chemical
analyses by drill hole and by formation are tabulated at
the end of the paper.



6

Previous Work

The last report concerning the limestones and
limestone quarry industries in Jefferson County was
written by Ries and Eckel (1901). In the intervening
years, geological investigations in this area were largely
stratigraphic, being structural and faunal studies of
restricted portions of the Lower Ordovician suceession.
The most recent and the most comprehensive reports on
the rocks of Mohawkian age in northwestern New York
are those by Kay (1933,1937), Young (1943) and
Chenoweth (1952). Excellent historical background is
provided by Kay and Young. A brief introduction to
Mohawkian stratigraphic problems is included with the
Correlation Chart of the Ordovician Rocks in New York
State by Fisher (1962). Other papers are cited in the list
of references.

Definition of Terms

Carbonate rocks must contain 50 percent or more of
calcium carbonate or of calcium and magnesium car-
bonates. Few such rocks are without some magnesium
carbonate, present mostly as the mineral dolomite. These
are the only attributes carbonates hold in common;
otherwise, they may differ widely in color, texture,
structure, and origin.

Considerable variation in the nomenclature of car-
bonate rocks exists. The term limestone is normally used
for those sedimentary carbonate rocks in which the
carbonate fraction is composed primarily of the mineral
calcite (CaCO3), whereas the term dolostone (or dolo-
mite)? is used for those rocks in which the carbonate
dolomite

fraction is mineral

(CaMg(CO3),)8.
Carbonate rocks containing mixtures of calcite and
dolomite, and therefore intermediate in composition

primarily the

between limestone and dolostone, have been given a
variety of names. Those in which calcite exceeds dolomite
are generally called dolomitic limestones, and those in
which dolomite exceeds calcite are usually called calcitic
dolostones (or caleitic dolomites)®.

Quantitative considerations must be employed to give
full meaning to the limestone-dolostone series. It is the

*The term dolomite is ambiguous, as it refers to both a mineral
and a rock, but attempts to restrict the name to the mineral
have met with little success. The term persists and both meanings
will no doubt continue.

A double carbonate of calcium and magnesium which may also
be written as CaCo3.MgCO4.
Also referred to as caledolomites.

percentage of the mineral dolomite in the rock, or its
equivalent in percent of magnesia (MgO) or of magnesium
carbonate (MgCO3) that fixes the limits for each type,
but there is considerable range in these limits depending
on whether the carbonate types are defined on the basis
of mineral composition or according to economic
specifications. In this report carbonate terminology is the
result of combining these considerations, and the rocks of
the limestone-dolostone series are defined as follows:

Limestone — a carbonate rock composed chiefly of
calcium carbonate, but may contain as much as 10
percent magnesium carbonate.

Dolomitic limestone carbonate rock composed
chiefly of calcium carbonate but containing 10 1o 23
percent magnesium carbonate.

Calcitic dolostone — carbonate rock containing from
23 to 35 percent magnesium carbonate.

Dolostone — carbonate rock with 35 to 46 percent
magnesium carbonate.

The terms high-calcium limestone and high-mag
nesium dolostone are used without exact definition.
High-calcium limestone is considered to be more than 95
percent calcium carbonate, but many commercial high-cal-
cium limestones are often more than 97 percent calcium
carbonate. Similarly, high-magnesium dolostone is more
than 95 percent calcium and magnesium carbonates, of
which more than 40 percent is magnesium carbonate. The
limestone-dolostone series is summarized in Table 2.

Chemical determinations show that when averaged,
cach of the rock units discussed in this paper has the
composition of limestone with the exception of the
Pamelia Formation, which is a dolomitic limestone. The
Chaumont Formation has sufficient calcium carbonate to
be termed a high-calcium limestone. More complete
information concerning the chemistry of these rocks is
given in the text which follows, and in the tables at the end
of the report.

A quantitative separation of the carbonate rocks
according to Table 2 is not possible in the field, but a
qualitative distinction may be made by application of
cold dilute hydrochloric acid (7 parts of waler to 1 part
of acid) to a fresh surface of the rock. Effervescence
caused by the release of carbon dioxide from the reaction
between the dilute acid and calcite will aid in broadly
distinguishing those carbonates composed primarily of
caleite from those containing appreciable quantities of
dolomite.

Effervescence is energetic (acid frothy) in limestone,
being especially violent and audible in high-calcium
limestone, but the vigor of the reaction diminishes rapidly
as the dolomite content of the rock increases. There is a
steady though not vigorous froth of carbon dioxide beads



Table 2
A Summary of Carbonate Terminology, Showing Percent of Calcite and Dolomite
in Calcitic and Dolomitic Carbonate Rocks

Calcite

Limestone 78-100
High-Calcium Limestone 95-100
Dolomitic Limestone 50- 78
Calcitic Dolostone 24- 50
Dolostone 0- 24
High-Magnesium Dolostone 0-13

Approximate Approximate

MgO MgCO 3
Dolomite Equivalent Equivalent
Percent Percent
0- 22 0- 48 0- 10
0- 5(a) 0- 1.1 0- 2.3
22- 50 4.8-11 10- 23
50- 76 11 -16.7 23- 35
76-100 16.7-22 35- 46
87-100(b) 19 -22 40- 46 (b)

(a)No dolomite need be present; may have up to 5 percent insoluble material, but not more than 2.5 percent silica (SiO;).

{(b)The mineral dolomite is a double carbonate of calcium and magnesium, so that a dolostone with 100 percent dolomite actualiy contains
54 percent calcium carbonate and 46 percent magnesium carbonate,

as the composition approaches that of dolomitic lime-
stone, and there is little or no effervescence visible to the
unaided eve as the composition reaches that of caleitic
dolostone unless the surface of the rock is powdered
before application of the acid. A hand lens is often
necessary to detect the feeble response. There is no
reaction with dolostone.

Another means by which calcitic and dolomitic
carbonates are broadly separated in the field involves
noting the color exhibited by the fresh and weathered
surfaces of these rocks. Those carbonates containing
appreciable amounts of dolomite, including dolomitic
limestones, are often brownish on exposed surfaces from
the oxidation of small amounts of ferrous iron which
have substituted for some of the magnesium in dolomite.
As the quantity of ferroan dolomite in the rock increases,
its presence is also recorded by a greenish cast imparted
to the normally gray color of the unweathered rock.

Carbonate rocks may also be termed according to
grain size (Grabau, 1932). A calcirudite is a limestone in
which the individual particles making up the rock
correspond in size to gravel (greater than 2mm.). The
term calcarenite refers to a consolidated carbonate rock in
which the particles are of sand size (1/16 mm. to 2 mm.);
calcisiltite indicates that the particles are of silt size
(1/256 mm. to 1/16 mm.); and a calcilutite has particles
of mud size (less than 1/256 mm.). If a calcilutite is
extremely fine-grained, compact, homogeneous, and
breaks with a smoothly curving or conchoidal fracture, it
is termed a lithographic limestone. None of the
calcilutites in Jefferson County are sufficiently dense to

be considered lithographic limestone, but they may he
appropriately termed sublithographic limestones.

The dolomitic carbonates are treated similarly,
Because quantitative considerations are impossible in the
field, the prefix dolomi is applied to any carbonate rock
with sufficient magnesium carbonate so as to give little or
no reaction to cold ditute hydrochloric acid. The rocks so
designated are actually dolomitic limestones and calcitic
dolomites, according to chemical determinations.

Shale is used as both a textural and a compositional
term for all the unctuous, thinly laminated argillaceous
(clayey) rocks. The shales are mostly calcareous through-
out the section.

Stratification or bedding is brought about by vertical
variations in the color, lexture, or composition of the
rocks. The terms used to describe the thickness of beds
are those recommended by Ingram (1954) and given in
Table 3. All bedding surfaces are not necessarily surfaces
of separation. The surfaces of separation, herein termed
layering surfaces or layering, define layers which may be
composed of one or more beds. They are of great
significance in the quarrying process.

Formations of the Black River Group

The lithic units composing the Black River Group
are, from bottom to top, the Pamelia, Lowville, and
Chaumont Formations, The Pamelia and Chaumont
Formations have their type localities in Jefferson County.
The Lowville Formation received its name from exposures
at Lowville in Lewis County, New York,
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Table 3

Classification of the Thickness of Stratification

Thickness of Unit

Metric System English System Terms for Thickness

0.3 em. -1/10in. Thinly laminated
0310 1/10-2/5 Thickly laminated
1-3 2/5 -1 Very thinly bedded
3-10 14 Thinly bedded
10-30 4-12 Mediumly bedded
30-100 1-3 ft. Thickly bedded
100- 2/53- Very thickly bedded

The rock colors refer to those given in the Rock-Color Chart,
published in 1948 by the National Research Council.?

Underlying Rocks

The Theresa Formation, of Early Ordovician age, is
recognized beneath the Black River Group everywhere in
Jefferson County along the belt of Pamelia outcrop
excepl in the extreme eastern portion. It has long been
known from field studies that the Theresa Formation
wedges oul and disappears to the south, for the position
of the Pamelia in the cliff section along the southwestern
bank of the Black River at West Carthage permits little, if
any, room for the Theresa between the Pamelia and the
Precambrian rocks exposed in the bed of the river at this
locality. Furthermore, at East Martinsburg (p. 29) in
Lewis County, about 20 miles south-southeast of West
Carthage,“the caleitic and dolomitic arkosic carbonates al
the base of the Pamelia Formation lie directly on
hornblende biotite gneiss or gneissic granile of Precam-
brian age.

Additional information on the extent of the Theresa
Formation was obtained during the course of this survey,
Core obtained from the drill hole located in the Town of
Champion Quarry (Section 3, Alf. 141), 1 mile east of
Champion Huddle and 2.5 miles northwest of the Lewis
County line (NE/4 Copenhagen quadrangle), showed the
Pamelia Formation resting unconformably on hornblende-
bearing gneiss of Precambrian age, whereas 3.5 miles
north of Watertown (Section 9, Alf. 146, SE/4 Brownville
quadrangle), the drill core revealed dolomitic sandstone of
the Theresa Formation below the carbonate rocks at the
base of the Pamelia. The Theresa Formation, therefore,
wedges out and disappears in the eastern part of Jefferson
County within the 12-mile interval separating these drill
holes. lts subsurface limits to the west and southwest,
however, are still unknown.

1The Rock-Color Chart was reprinted in 1963 and may be obtained
trom the Geological Society of America, P,O, Box 1718, Colorado
Bldg., Boulder, Colorado 80302,

The Pamelia Formation

General Statement

The Pamelia Formation was defined by Cushing
(1908, p. 158)  from scattered exposures in Pamelia
Township, Jefferson County, New York, where the entire
sequence is obtained by piecing together partial sections.
Cushing et al., (1910, pp. 72-75) indicated that the lower
part of the formation is exposed best along Lowell Creek
in LeRay Township, 2 miles east of Perch Lake (N\W-‘-’l
Black River quadrangle), and that the upper part of the
formation is viewed to best advantage 1 mile southwest of
Depeauville in  Clayton Township (SE/4 Clayton quad-
rangle) and in the railroad cut 1 mile southwest of
Calcium, LeRay Township (SW/4 Black River quadrangle).
()dd]y (:nmlgh? none of these “best” sections oceur within
the limits of Pamelia Township.

Distribution

The Pamelia Formation extends from about Boonville,
in northern Oneida County, northwestward along the Black
River Valley to the Thousand Islands region. Interrupted by
the St. Lawrence River, it continues westward across
Canada, at least to Hastings County in southeastern
Ontario. Thus the Pamelia is continuous through Jefferson
County; it is present as an irregular belt with a maximum
width of about 6 miles. Glacial deposits obscure the rock in
most places, but outerop areas within the county are shown
on the geologic maps.

Stratigraphic Relations

Lower Contact — Throughout most of Jefferson
County (essentially that part north of the Black River)
the Pamelia rests disconformably on the Theresa Forma-
tion: elsewhere along the belt of outcrop it lies
nonconformably on various Precambrian crystalline rocks.
Apparently the Pamelia sea encroached upon a hilly
Precambrian surface in which the depressions had been
partly filled by Cambrian or pre-Middle Ordovician
sediments. The lithology of the basal Pamelia reflects the
character of the underlying rocks.

When fresh, lowest Pamelia consists of medium dark
gray (N4) to medium gray (N5) calcisiltites and occasional
calcilutites, often with a slight olive tinge, interbedded with
greenish gray (5GY6/1 and 5G6/1) or medium gray to
medium light gray (N6) dolomisiltites which are frequently
mottled grayish red (10R4/2). Weathering generally lightens
the grays and greens about a shade, and the red coloration
is often lost. Core samples show that zones of quartz sand
grains are fairly common throughout the Pamelia succes-
sion, but the sandy nature of the formation is not so



evident in field exposures except in the basal 10 to 15 feet,
where concentrations of quartz sand may result in thin
layers of calcareous or dolomitic sandstone. These lowest
beds are seldom exposed because of their weakness.

The best localities to examine basal Pamelia lithology
are in the bed of Lowell Creek on the north side of the
northwest-trending secondary road, 0.75 of a mile west of
N.Y. Highway 37, in the extreme northwestern corner of
the Black River quadrangle (described by Cushing, 1910,
pp. 72-73); and in the bank of Gillette Creek near the
south margin of the Theresa quadrangle, 0.75 of a mile
northeast of Cushing’s locality. A partial section along
Gillette Creek is as follows:

Pamelia Formation
Ft. In.
5. Greenish-gray (5GY6/1), pale red
(LOR6/2)ymottled dolomisiltite  which
weathers light olive gray (5Y5/2). Full
thickness not exposed ..o 3

4. Greenish-gray (5G6/1) shale; contains

scaltered quartz grains of sand size ......... 2

3. Greenish-gray (5G6/1) to grayish-green
(5G5/2), crumbly calcareous sandstone
which weathers pale to moderate yellow-
ish-brown (LOYR6/2 to 10YR5/4) ..........

2. Assubmit 4 .o

1. Greenish-gray (5G6/1) calcareous sand-
stone which weathers pale yellowish-
brown (L0YR6/2), quartz sand grains
well rounded ......ooeviimvienneieiie e 2

Theresa Formation

Slightly more than 3 feet of highest Theresa were
penetrated by a diamond drill (Alf. 146, Section 9)
immediately east of U.S. Highway 11, 3.5 miles north of
Watertown. Here the Theresa Formation consists of dark
gray (N3) to medium dark gray (N4), saccharoidal -sand-
stone which is mottled and sometimes banded very pale
orange (10YR8/2). About 6 miles to the northwest, in the
falls of Pleasant Creek on the west side of U.S. Highway 11
at Evans Mills (NE/4) Black River quadrangle, the upper
portion of the Theresa Formation is composed of hard,
medium light gray (N6), calcareous sandstone characterized
by small “glittering” cleavages of calcite. The sandstone is
almost “‘bluish-gray” in contrast to the olive and green
coloration typical of the overlying Pamelia, and it quickly
develops an olive gray (5Y4/1) to moderate yellowish-
brown (L0YR5/4) and grayish-orange (LOYR7/4) rind on
weathering which averages 1/16 inch thick.
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Like the basal Pamelia, the upper beds of the Theresa
Formation also vary in composition, ranging from
calcareous sandstone and dolomitic sandstone to sandy
dolomite, Tt is usually difficult to be absolutely certain of
the Pamelia-Theresa contact. At many places where the
contact is theoretically crossed, the rocks below the
contact are not significantly different from those above.
Although broad distinction of the rocks comprising these
formations is not hard, any few beds of Theresa may be
difficult to distinguish from any few beds of lowest
Pamelia, The placing of the contact is, therefore,
somewhat arbitrary, It is drawn below the greenish-gray
(5(](1/1 and SGYﬁﬂ), often shaly, predominantly arena-
ceous dolomitic limestones typical of the basal Pamelia,
and above the calcareous and dolomitic sandstones which
lack the green color and are characterized by a
“rusty-brown” weathering rind.

Nowhere in Jefferson County is there a natural
exposure showing the Pamelia in contact with rocks of
Precambrian age, but in the Roaring Brook section along
N.Y. Highway 12 near East Martinsburg, Lewis County, 4
miles southeast of Lowville, it is possible to examine the
Pamelia-Precambrian boundary, as well as all the formations
from the Precambrian up into the Trenton without gaps in
the section (see Young, 1943, p. 223). The contact
relations in Jefferson County, as observed in drill core (Alf.
141) are as follows:

Ft. In.

Pamelia Formation
5. Greenish-gray (5G6/1) dolomisiltite con-
taining abundant quartz grains of sand
e T S 4
4. Medium light gray (N6) calcisiltite mot-
tled greenish-gray (5G6/1) near base; con-
tains a few wellrounded quartz sand

3. Greenish-gray (5G6/1) to intermediate
between greenish-gray and light greenish-
gray (5G8/1) dolomisiltite; contains abun-
dant rounded quartz grains of sand size
and a few small inclusions of pale reddish-

brown (10R5/4) feldspar .........coccovveurinns 1 1

2. Basal conglomerate; greenish-gray
(5G6/1), arenaceous dolomisiltite con-
taining inclusions of hornblende-bearing
gneissic granite up to 2 inches in
diameter ...ooovveveeereeenn

Precambrian

1. Hornblende biotite gneissic granite; pale-
reddish-brown (10R5/4) feldspar, dusky-
green (5G3/2) hornblende; quartz very
FATE vvevnrereressssessssssessnseessssnssstsnsnsssssssssesses

) 3 8
Bottom of Hole
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Upper Contact — The Pamelia-Lowville contact is diffi-
cult to draw; its position is also debatable. Close examina-
tion of the drill cores revealed that uppermost Pamelia, as
apparently distinguished by Cushing (1908), is marked by
the first appearance of quartz sand grains in pale green
(5G7/2) calcisiltite which frequently contains dark green-
ish-gray (5G4/1) to greenish-gray (5G6/1) shale partings.
This distinctive zone is present in all core sections and
serves as a marker horizon. If it is considered the
Pamelia-Lowville boundary, upper Pamelia is not notably
dolomitic, but contains mostly calcilutites typical of the
overlying Lowville (Fig. 1) Unfortunately it is not easily
detected in the field. The green color is generally lost on
weathering and the sand grains are not sufficiently abun-
dant to spot readily. When exposures of light gray
(N7)—weathering calcilutites only a few feet thick are
encountered in the field, unless it is known that they are
well up in the Lowville section, the beds must be
considered either Pamelia or Lowville. In several outcrop
areas, what is presumed to be the pale green zone in drill
sections is marked by pale red (10R6/2) mottling, probably
as a result of the reduction of ferric to ferrous iron. It was
believed that the pale red mottling could be taken as the
top of the Pamelia Formation, for none of the overlying
beds were found to have this characteristic. The red
coloration, however, can be used as a marker only locally.
If the pale green (or pale red) sandy zone is designated the
top of the Pamelia, the thickness of the Pamelia and
Lowville Formations from east to west across the county is
as follows:

Pamelia Lowville
Drill Hole Ft. In. Ft. In.
Alf. 141 136 1 80 L1
Alf, 144 89 10
Alf. 146 157 6 81 5
Alf. 142 72 e
Alf. 143 68 0

For surface mapping, the pale green (or pale red) sandy
zone is unsatisfactory as a means of separating the
Pamelia and the Lowville Formations.

The appearance of the first dolomitic bed (that which
contains sufficient magnesium to gve very little or no
reaction when treated with dilute hydrochloric acid)
downward in the section was also investigated as a means
of separating the Pamelia and Lowville Formations. It,
too, is generally not evident in field exposures primarily
because of the lack of any vertical extent (generally only
a few inches thick), and it does not appear everywhere at
the same stratigraphic horizon. If the first appearance of

dolomitic rock downward is taken as the Pamelia-Lowville
boundary, the thicknesses of the formations are as
follows:

Pamelia Lowville
Drill Hole Ft. In. Ft. In.
Alf. 141 109 3 107 9
Alf. 144 89 10
Alf, 146 107 1 131 10
Alf. 142 78 1%
Alf. 143 74 7

The ““upper dolomitic bed” is also unsatisfactory as a
means ol separating the Pamelia and Lowville Formations.

The contact may also be placed at the appearance of
the first thick sequence dolomitic limestone downward,
which is easily distinguished in the field because it is
generally gritty in texture and weathers a conspicuous
pale yellowish-brown (10YR6/2). This dolomitic lime-
stone sequence marks the top of a mappable unit which is
frequently exposed along the belt of outcrop. It gives to
the formations thicknesses as follows:

Pamelia Lowville
Drill Hole Ft. In. Ft. In.
Alf. 141 95 2 121 10
Alf. 146 107 | 131 10
Alf. 142 110 (estimated) 123 3.5
Alf. 143 121 2

The top of this distinctive dolomitic limestone se-
quence is considered the top of the Pamelia Formation for
obvious reasons. It serves to delimit a series of carbonate
rock that (1) is largely dolomitic, (2) contains a higher
percentage of silica than the overlying rock, much of which
is present as silt- and sand-sized grains of quartz, and (3) is
more easily recognized and mapped particularly by persons
without geological training. The Pamelia Formation sensu-
stricto (as originally identified by Cushing, 1908) has not
been redefined. The Upper Pamelia beds, which are
lithologically more like the Lowville even though they
contain occasional thin layers of dolomitic limestone, are
mapped with the Lowville Formation but are distinguished
from the Lowville sensu-stricto on the correlation chart
(Fig. 2) by the designation Pamelia-Lowville “transition.”

General Description
The Pamelia Formation, as restricted, consists of

greenish-gray (5G6/1 and 5GY6/1) to dark greenish-gray
(5G4/1) and intermediate between medium gray (N5) and



medium light gray (N6) dolomisiltite interbedded with dark
gray (N3) to medium light gray calcilutite and minor
medium dark gray (N4) to medium light gray, sometimes
dark greenish-gray calcisiltite. The green dolomisiltites are
occasionally mottled grayish-red (10R4/2) or pale red
(10R6/2); the gray dolomisiltites are occasionally mottled
pale green (10G6/2). Weathering tends to lighten the colors
a shade and the lighter greens may be lost. Dark gray (N3)
and dark greenish-gray (5G4/1), generally calcareous, paper-
thin shale partings are common. Shaly zones, 0.5 inch to 2
inches thick, are rare. The shales, and sometimes the
dolomisiltites, may show mud cracks and ripple marks.
Rounded quartz grains, mostly of sand size, are fairly
common throughout the Pamelia succession, particularly in
the dolomisiltites. The base of the formation is the sandiest,
and thin beds of light olive gray (5Y6/1) sandstone may
form where concentration of quartz is the heaviest. In
weathered sections the bedding surfaces range from 1/16
inch to 13 inches apart, but the average separation is only 2
or 3 inches. The surfaces are usually flat and smooth,
Layers are 1 to 8 inches thick.

The Pamelia contains a small fauna. The forms are
typically marine, and most of them are found in the
darker gray calcilutites and calcisiltites. The one distine-
tive form is the coral Tetradium syringoporoides Ulrich,
Small ostracodes occur at various horizons. A list of the
fossils common to the formation has been given by

Young (1943, pp. 233-236).

Composition

The Pamelia Formation, on the average, contains
71.79 percent carbonate, of which 59.1 percent is calcium
carbonate and 12.69 percent is magnesium carbonate
(6.07 percent Mg0O). The formation as a whole is dolo-
mitic limestone (Table 2), although many beds through-
out the Pamelia succession are limestone and several beds
near the base contain sufficient quartz sand to be termed
calcareous or dolomitic sandstone.

The CaO content ranges from 18.5 to 49 percent,
and MgO from 2.3 to 11.3 percent. Although iron oxide
is present in amounts greater than in any of the other
formations in the entire carbonate sequence, it does not
exceed 4.2 percent and may be as low as 0.24 percent.
The greatest amount of iron occurs in the dolomitic
limestones. Additional chemical data may be found in
Tables 14, 16, 17, 18, 22, and 29 at the end of the
report,
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The Lowville Formation

General Statement

The Lowville Formation was named for Lowville,
Lewis County, New York, by Clarke and Schuchert
(1899). It is the “Birdseye Limestone” of earlier workers.
The term “Birdseye™ was given to the formation because
distinctive calcite-filled circular cross sections of the
presumed worm-boring Phytopsis tubulosa are common
on the surface of the rock. No section for the type
locality was described until Cushing and others (1910, p.
83) detailed the section at Lowville.

Distribution

The Lowville Limestone is the most persistent of the
Black River formations, extending throughout the areas
of Mohawkian outcrop in most of New York and Canada.
It is continuous from the Fort Plain-Nelliston area,
Montgomery County, New York, in the Mohawk Valley
along the belt of Mohawkian rocks through Jefferson
County and southern Ontario. In the extreme eastern
portion of the county, the Lowville Formation is present
in a narrow belt less than a mile wide, but westward, like
the underlying Pamelia, it crops out as an irregular belt of
varying width with a maximum of about 6 miles. Many
excellent exposures may be studied along the Black River
between Deferiet and Brownville and in the region north
of Watertown. There are numerous exposures in the
vicinity of Dexter, Limerick, and Chaumont, particularly
in small abandoned quarries.

Stratigraphic Relations

Lower Contact The Pamelia-Lowville contact has
been discussed with the Pamelia Formation. One of the
main objectives of the limestone study iz to delineate
mappable units which are sufficiently distinct so that
quarry operators and other persons with limited or no
geological background can recognize them easily. Beds
regarded as Upper Pamelia by other workers (Cushing,
1908; Cushing et al., 1910; Young, 1943) have therefore
been mapped with the Lowville Formation but separated
on the correlation chart (Fig. 2). The lower part of the
Lowville as mapped is designated Pamelia-Lowyille
transition and the upper part is designated Lowville
sensusstricto. Separation of Pamelia-Lowville transition
from Lowville sensu-stricto is made possible largely by the
availability of drill core; it is not easily done in the field.
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Upper Contact — The Lowyille-Chaumont contact is
well exposed and easily distinguished in the field. It serves
as a valuable reference horizon. The features which serve
best to separate the formations are as follows:

1. Color — The Lowville Formation ranges {rom
dark to medium gray (N3-5), often with an
olive gray (5Y4/1) to light olive gray (5Y6/1)
cast, when fresh, and it weathers medinm light
gray (NO) to light gray (N8). In portions of
the county, uppermost Lowville weathers
nearly white (I\g) The Chaumont Limestone
is medium dark gray (N4) to medium gray
and weathers a shade or two darker than the
Lowville.

2. Chert and silicification — The Lowville Forma-
tion contains no chert or silicified fossils
whereas the lower part of the Chaumont
Formation is characterized by partially soluble
dark gray (N3) nodules of chert generally
flattened parallel to the plane of the bedding.
Below the cherty portion of the Chaumont
Timestone Lthere is a persistent “transition
zone” 2.5 to 3 feet thick, without chert, but
with silicilied fossils. The base of this zonc
marks the Lowville-Chaumont contact.

3. Topographic expression — Because of the con-
tained silica, the lower part of the Chaumont
Formation is more resistant to erosion than is
the upper part of the Lowville Formation. It
forms a prominent sinuous ledge, 3 to 10 feet
high, above the Lowville “plateau” throughout
most of the oulecrop area. In some cases, a
few feet of lower Chaumont cling in irregular
patches to the Lowville forming small outliers
in the belt of Lowville Limestone.

4. Character of the weathered surface — In vertical
sections, the exposed edges of beds of
Chaumont Limestone become rough and
irregular on weathering. The Lowyville is
comparatively smooth on the weathered edges
and more noticeably layered, The “bread
erust” character of weathered Chaumont is of
no value if a single bed caps a large area so
that only a single bedding surface is seen.

5. Contact springs — In many localities, springs
issue irom the Lowville-Chaumont contact (p.
61) and they are an effective aid in
determining the position of the boundary.
Where the springs are seasonal, the hummocky
character of the soil developed on the Upper
Lowville surface near the contact suggests a
generally more moist environment.

6. Characteristic fossils — Upper Lowville is typified
by distinctive tubular structures (Phytopsis)
which are filled with coarse white calcite.
These structures are responsible for the name
“Birdscye Limestone.” Phytopsis is absent in
the Chaumont Limestone. The Chaumont

contains conspicuous large straight-shelled nau-
tiloid cephalopods which are usually seen on
any exposed bedding surface. The most
distinctive form is Gonioceras, which resem-
bles the skeleton of a fish. (See p. 23).
Any of these features is usually sufficient to separate the
Lowyille and the Chaumont Limestones.

One of the most accessible localities to view this
contact is in the north bank of the Black River opposite
he filtration plant at Watertown (Section 7). Similar
ections may be studied along the Black River imme-
diately south of the N.Y. Highway 3 bridge at the village
of Black River (SE/4 Black River quadrangle); below the
dam across the Black River at Glen Park (NW/4
Watertown quadrangle); and in the Town of Champion
quarry, 1 mile east of Champion Huddle (NE/4
Copenhagen quadrangle). A detailed description of the
sequence at the last-named locality is given in Seection 3.

Cushing (1910, p. 85) indicated that the Chaumont
Limestone lies unconformably on the Lowville Limestone.
The formations appear to be conformable, but the nearly
white-weathering calcilutite which marks uppermost Low-
ville in many areas is not everywhere present, suggesting
that the relationship may be disconformable in some
portions of Jefferson County or that facies changes are
responsible for differing lithologies at the contact.

Thickness

The thickness of the Lowville Formation is fairly
constant from east to west across the county as follows:

Pamelia- Lowville Lowville
Drill Hole transition senswestricto Total
Ft. In. Ft. In. Ft. In.
Alf. 141 40 11 80 11 121 10
Alf, 144 89 10
Alf. 146 50 5 81 5 131 10
Alf. 142 51 3 72 ¥ 123 3%
Alf, 143 53 2 68 0 121 2

General Description

The Lowville Formation is more variable lithologi-
cally from bottom to top than are the Pamelia
Formation, as restricted, and the Chaumont Formation.

Pamelia-Lowville Transition — This unit is composed
of approximately equal amounts of medium dark gray
(N4) to medium gray (N5) calcilutite and calcisiltite, with
minor amounts of medium light gray (N6) dolomisiltite.
The dolomites are sometimes vaguely mottled greenish

gray (5G6/1), but the greens typical of the thick



dolomitic sequences in the underlying Pamelia are absent.
Weathering generally lightens the fresh colors about a
shade. Dark gray (N3), occasionally greenish-gray, paper-
thin shale partings, 1/16 inch to 0 inches apart, are
common. They are closest together in the calcisiltites.
Stylolites are found in the calcilutites. Mud cracks and
ripple marks occur now and then in the shales. Zones of
breccia (or limestone conglomerate) are minor. Rounded
grains of quartz sand may be disseminated through the
succession, but drill cores showed that in all cases the top
of the Pamelia-Lowville transition is sandy and mottled
greenish gray. This boundary is not easily defined in the
field, but in any area where a 5- to 10-foot exposure
exists the rock can be distinguished with some assurance.
The difficulty is that most of the Pamelia-Lowville
transition is similar to Lowville semsu-stricto in appear-
ance, and enough beds must he exposed to permit
determination of the unit. The differentiation suffers
because identification of the Lowville senswstricto is
negative, i.e., defined by the absence of certain
characteristics, and it is not always easy to know how
much section should be seen before a characteristic can
be considered absent.

Although the Pamelia-Lowville transition is not
notably dolomitic, correlation shows that it becomes
more dolomitic and sandier westward.

Lowville Sensu-stricto — Lowville sensu-stricto is the
typical “dove gray,” Phytopsis-bearing “Birdseye Lime-
stone” of earlier workers. On fresh surfaces it ranges from
dark gray (N3) to medium gray (N3), usually with an
olive gray (5Y4/1) to a light olive gray (5Y6/1) tinge. The
weathered surface is medium light gray (N6) to light gray
(N8) and occasionally may be nearly white (NO).
Calcilutites are the most common rock type, while
calcisiltites are present in lesser quantity. Thin, generally
wavy, shale partings separate the limestone beds and are
1/8 inch to 7 inches apart. Prominent layering surfaces
are 1 to 5 feet apart. Shaly zones are common. Minor
zones of quartz sand occur throughout the Lowville
sensu-stricto, particularly in the eastern portion of the
county, but they are not easily detected. Breccias of
calcilutite are present, especially in the lower half, and
they are associated with undulatory or irregular lensing
beds. A breccia is difficult to detect in drill core or on a
fresh surface in natural exposures; it is quite evident on a
weathered surface.

The upper half of the Lowyille sensu-siricto contains
a larger percentage of the medium gray Phytopsis-bearing
limestone and tends to be more thickly bedded, whereas
the lower half has a higher percentage of mud cracks and
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ripple marks and is more thinly bedded. Within the upper
half, however, there is a 2.5- to 3-foot layer of
thin-bedded, shaly limestone which weathers to a platy
rubble. This layer is found about 10 feet below the
Lowville-Chaumont contact and serves as a local marker
horizon. It is not easily detected in drill core.

The Lowville sensu-stricto is more fossiliferous than
any of the subjacent units. The characteristic calcite-filled
worm boring Phytopsis tubulosa and the coral Tetradium
cellulosum are the most common forms. Although
Tetradium occurs in the Pamelia, as restricted, and the
Pamelia-Lowville transition, the species T. cellulosum may
be confined to the Lowville sensu-stricto, Cushing et al,
(1910, p. 80) pointed out that the upper beds contain a
greater number of T. cellulosum and larger Phytopsis. In
general this is true. The orthoconic cephalopod Michelino-
ceras? multicameratum Emmons is a guide to the Lowville
sensw-stricto. It is prevalent in the upper part of the
formation. Many of the forms in the upper Lowville
weather a conspicuous grayish orange (LOYR7/4).

Stromatoporoids occur at various horizons in the
Lowville sensu-stricto. A prominent layer containing these
forms is found 2 feet below the top of a partial section
exposed in the small quarry at West Carthage (Section 1).
A similar layer is present in the Town of Champion
quarry (Section 3); the Town of Lyme quarry (SW/4
Dexter quadrangle) immediately south of N,Y, Highway
12E, 3 miles northwest of Limerick; and the quarry
(NE/4) Chaumont quadrangle) on the east side of the
Chaumont River, 0.25 mile north of Chaumont, where it
is 13, 16, and 17 feet below the top of the Lowville
Formation, respectively. Stromatoporoids cap an extensive
area on the hill summit east of N.Y. Highway 37, one
mile north of School No. 1 (SE/4 Brownville quadrangle).
A more complete listing of the Lowville fauna has been
given by Young (1943, pp. 233-236).

In general the Lowville sensu-stricto may be distin-
guished from the Pamelia-Lowville transition by:

1) Absence of dolomitic beds

2) Less regular bedding

3) Absence of green or pale red coloration

4) More abundant Phytopsis

5) Presence of Tétradium cellulosum and Michelino-

ceras (*'Orthoceras”) multicamerathum

Composition

The average carbonate content of the entire Lowville
succession is 87.00 percent, with 81.38 percent of the
rock composed of caleium carbonate and 5.68 percent
composed of magnesium carbonate. The magnesium oxide
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content is 2.72 percent. Thus the Lowville Formation, as
a whole, is limestone, '

The Lowville Limestone contains appreciably more
magnesium in the lower portion of the formation. This is
due to the presence of occasional thin interbeds of
dolomitic limestone which permit separation of the rock
sequence that has been designated Pamelia-Lowville
transition.

The Pamelia-Lowville transition beds average 84.35
percent carbonate, of which 75.72 percent is CaCO; and
8.63 percent is MgCO;3 (4.13 percent MgO), whereas the
upper sequence termed the Lowville senswstricto averages
89.78 percent carbonate with 87.04 percent CaCO4 and
2.74 percent MgCO3 (1.31 percent MgO).

The Pamelia-Lowville transition generally carries more
silica; in some beds the silica, mostly presenl as quartz
sand grains, accounts for 21.1 percent of the rock by
weight.

Complete chemical analyses for individual 10-foot
sequences in the drill holes that penetrated a part or all
of the Lowville Formation may be found in Tables 14
through 18 and the averaged analyses for each of the
subdivisions and the formation as a whole appear in Table
23, Maximum and minimum values for the more
important oxides are tabulated in Table 29 (p. 87).

The Chaumont Formation

General Statement

The Chaumont Limestone (Kay, 1929, p. 664) takes
its: name from the area around Chaumont Bay in
Jefferson County, New York. It is the youngest of the
Black River formations. In the vicinity of Watertown,
especially along the Black River, there are approximately
13 feet of noncherty, dark gray (N3) to medium dark
gray (N4) caleilutite and calcisiltite, to which Cushing et
al, (1910, pp. 84-85) gave the name Watertown
Limestone. The upper portion is exceedingly pertrolif-
erous and subsequent work by Young (1943, p. 210)
showed that the highest few feet are actually basal
Rockland (lowest Trenton) Limestone. Beneath the
Watertown Limestone occur about 13 feet of very cherty
calcilutite and calcisiltite which were called the LeRay
Limestone by Cushing et al., (op. cit., p. 85) and
designated the top member of the Lowville Formation.
Kay (op. cit., p. 664) divorced the LeRay Limestone from
the Lowville Formation and considered it the lower
member of the Chaumont Formation.

Except in the vicinity of Watertown, the LeRay and
Watertown members are not lithologically distinguishable.

Throughout the county the distribution of chert is highly
inconsistent, and in Ontario, Canada, chert is equally
common to the upper part of the formation. The LeRay
and Watertown members were not separated in the field.

Distribution

The Chaumont Limestone is typically represented in
northwestern New York and southern Ontario. Because it
is more resistant than the underlying Lowville Limestone
and the overlying Trenton limestones it forms a terrace 1
to 5 miles wide, which is bounded on the north by a
sinuous scarp with many finger-like extensions.

Many excellent exposures are found throughout the
belt of outcrop. In addition to nearly continuous
exposures along the Black River, good sections may be
seen in the General Crushed Stone quarry immediately
north of N.Y. IHighway 3 at Watertown ([\'W;’f‘ln South
Rutland quadrangle); in the abandoned town quarry (now
used as a firing range) on the east side of U.S. Highway
11, 2.25 miles north of Watertown (SE/4 Brownville
quadrangle); and in the many small abandoned quarries in
the vicinity of Chaumont.

Stratigraphic Relations

The lower contact is discussed with the Lowville
Formation (p. 14) and the upper contact is taken up in
the section on the Rockland Formation (p. 19).

Thickness

In general, the Chaumont Limestone thins regularly
westward, Thicknesses obtained from drill core are as
follows:

Thickness
Drill Hole

Ft. In.
Alf. 144 25 1
Alf, 142 25 5k
Alf. 143 20 0
Alf. 145 20 9

General Description

The Chaumont Limestone is predominantly medium
dark gray (N4) to medium gray (N5), hackly fracturing,
cherty calcilutite and fine calcisiltite which characteris-
tically weathers to a light gray (N7) “bread crust” surface
because of anastamosing argillaceous seams. The bedding
surfaces are highly irregular in detail although the broad
bedding units are regular strata. Individual beds are 1 to 5



inches thick. The “bread crust” character of the
weathered surface is evident only on the exposed edges of
the beds.

The base of the formation is marked by a persistent
fossiliferous zone of medium dark gray (N4), irregularly-
bedded caleisiltite, which weathers light gray to inter-
mediate between light olive gray (5Y6/1) and yellowish
gray (5Y8/1). The fossils are silicified and the unit is
essentially without chert. Tt overlies the Lowville
Formation everywhere in Jefferson County and is an
invaluable aid in determining the Lowville-Chaumont
contact. Immediately above the zone of silicified fossils
the Chaumont contains dark gray (N3) and occasionally
brownish-gray (5YR4/1) chert in the form of irregular
nodular masses which are flattened parallel to the bedding
surfaces and often form horizons of partly continuous
chert. The chert is particularly prevalent in the lower half
of the formation in the Watertown region; in the rest of
the county it is mostly restricted through a few feet
above the silicilied fossil zone. The upper part of the
formation is lithologically similar to the lower part,
except that the grain size appears to decrease slightly and
it lacks the chert. In the Watertown area, the upper beds
are darker gray.

The Chaumont is easily distinguished in the field by
its fauna. The formation is best known for ils
cephalopods; only a few species are represented, but they
are numerous. The most abundant form is Actinoceras
tenuifilum (Hall). Species of Endoceras, of which E.
subcentrale Hall has been most commonly observed, are
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abundant and conspicuous because of their large size.
Gonioceras anceps Hall is distinctive, for it resembles the
skeleton of a fish when the siphuncle and septa are
exposed by weathering.

Tetradium fibratum Safford is the only species of
Tetradium in the Chaumont Formation, but this form is
found in the Lowville too. Corals, stromatoporoids,
brachiopods, gastropods, and trilobites are also present. In
many localities along the Black River where the cherty
beds are exposed, the fossils may weather to a dark
yellowish orange (10YR6/6) or grayish orange (10YR7/4),
as is also the tendency, to a lesser extent, of the fossils in
the upper part of the Lowville Formation.

Composition

The Chaumont TFormation has sufficient calcium
carbonate to be considered high-calcium limestone, The
average carbonate content, based on analyses from Drill
Holes Alf. 142-145 is 96-96 percent; 95.5 percent is
CaCOy and 1.46 percent is MgCO; (0.7 percent MgO).

The limestone contains an average of 1.65 percent
Si0,, but it may carry higher amounts of silica locally
due to varying concentrations of chert. Very little nodular
chert was penetrated by the drill. The iron content is
extremely low; a combined average indicates 0.46 percent
Feya 0.

Additional data relating to the chemistry of the
Chaumont Limestone is given in Tables 15, 17, 18, 19, 24,
and 29,



Limestone Formations of the Trenton Group

The evolution of Trenton nomenclature is complex
(Kay, 1937, 1942; Chenoweth, 1932). The limestone
phase of the Trenton Group, as considered in those
published accounts, comprises five formations which are
from base to top., the Rockland, Kirkficld, Shorcham,
Denmark, and Cobourg limestones.™ That subdivision of
the Trenton is adhered to so lar as is possible in this
paper. There is, however, difficulty in delincating these
units in Jefferson County. Lithologic similarity of much
Trenton limestone  [requently necessilates the use of
faunal evidence as a basis of recognition; that is, where
lithic characteristics are not distinguishable the geographic
nanmes of the individual divisions apply to biostratigraphic
units, a practice which is most undesirable. Although
certain gross features may broadly separate the formations
in the field, precise determination of the boundaries
cannot always be made. Consequently the validity of the
Trenton limestone divisions is questioned, and over large
portions of the area under discussion the limestones are
not mappable units. In drill cores, where fossils are rarely
recovered and distinction relies on physical characters,
even broad separation is nearly impossible, so that the
placing of the
somewhat arbitur_\-'.

Not only are the formational contacts beltween the

“formational” boundaries must be

limestones within the Trenton Group difficult to detect,
but there is a lack of significant sections at the Black
River-Trenton boundary, which precludes precise location
ol the The

between the Cobourg Limestone and the overlying shales

ol the base Trenton succession, contact
is sharp, but hidden bencath glacial deposits over a large
part of the arca. The Trenton limestones are, therefore,
best designated as a single map unit; e, indicated by a
single color, but each of the “formational™ houndaries,
excepling that between the Denmark and Cobourg (p. 26)
is drawn as accuralely as is possible.

Topographic expression is often unseful in  distin-
the

formations

guishing limestones ol the Trenton Group. The

may  crop out in a serics of conspicuous
terraces. In general, the break in slope from one terrace
upward to the next marks the approximale posilion of

the contact between adjoining limestone units.

*There is some doubt whether the true Kirkfield of Kirkfield,
Ontario occurs in New York, B.A. Liberty of the Geological
Survey of Canada believes that it does not.

Clay seams composed of “altered volcanic materials
and related clays™ have been found at several horizons in
the Black River-Trenton succession by Kay (1930, 1931,
1935, and 1937), who called them “metabentonites,” even
though the term carries an erroneous connotation (1935, p.
226). for a single all of

metabentonite localities are outside of Jeflerson County.

Save oceurrence, Kay’s
The one exceplion is reported by him (1937, p. 252) to
oceur in the face of a small abandoned quarry not more
than a few feel deep, one mile (actually 2miles) east of
Dexter, which is the site of Drill Hole AIf. 142 (see Section
11). This the
Metabentonite by Kay (1931, p. 253), and is described as

clay scam was designated Hounstield
not more than ¥ inch thick, 3 feet above the base of the
Rockland Limestone (1937, p. 253). This writer was unable
to find this thin clay layer. It may have weathered oul over
the years or it may have been completely obscured by
vegelation, Drill Hole Alf. 142, situated a few yards north
ol the quarry, began 3 [eel 7 inches above the base of the
Rockland. The first few feet of core were thoroughly
examined for the metlabentonile seam but it was not found.
In fact, careful inspection ol all of the Jefferson County
(nearly 2,000 feet)

metabentonites. Lither none were penetrated or the clays

core revealed  no  trace  of
were washed out in the drilling process. There was no
concentraled effort to search for seams of altered voleanic
ash, sinee ashfalls mark lines of contemporaneity which
have no hearing on the delineation of rock-stratigraphic
units that are known to be lime-transgrns;—;i\-'f\., nor do I.ht.'y
serve as a measure of the economic potential of the
limestone, the main goal of this study,

The limestone formations ol the Trenton Group have
thickness of about 475 Teet in

a combined maximum

Jefterson County.

The Rockland Formation

General Statement

The type section of the Rockland Limestone is
exposed in the valley of the Ottawa River near Rockland
in Russell County, Ontario, about 25 miles ecast of

Ottawa. Kay (1937, pp.252-250) distinguished  two

separable subdivisions in southeastern Ontario and north-



western New York. The Selby Member, named for
exposures along Selby Creek in Lennox and Addington
County, Ontario, was defined to include those beds at the
base of the Rockland Limestone characterized by the
brachiopod Doleroides ottawanus Wilson, whereas the
Napanee Member (type section 1 mile north of Napanee,
Lennox and Addington County, Ontario) was defined to
include the beds overlying the Selby and underlying the
Kirkfield Limestone. In southcastern Ontario and north-
western New York, the top of the Napanee (and thus the
Rockland) is considered to be the highest bed in which
the distinctive brachiopod Triplesia cuspidata (Hall),
which because of its prominent incurving beaks and
general appearance is thought by some to resemble a
bicuspid tooth, occurs. In Jefferson County, Kay (ibid,
p. 253) reported the Selby 7 feet 10 inches thick and the
Napanee 56 feet thick (see Section 11).

Only the upper 4 feet of the Selby are exposed in
the type section thereby concealing its contact with the
subjacent Black River limestones, but the basal beds of
the overlying Napanee are readily distinguished in having
prominent shaly partings and an abundance of the
brachipods Paucicrura-Dalmanella rogata (Sardeson) and
Sowerbyella curdsvillensis (Foerste), species that are
uncommon in the Selby. The members are not separated
in this study, primarily because of the lack of exposures
and because they are not distinguishable in drill core.
Wherever the drill penetrated the Rockland-Chaumont
boundary, the core showed limestone of Chaumont
lithology that gradually became shalier upward until
typical Napanee lithology prevailed. Insofar as economic
considerations are concerned, the lowest portion of the
Rockland Limestone is more closely allied to the
Chaumont on the basis of its chemistry and physical
characteristics.

Distribution

The Rockland Formation is present along the belt of
Trenton outcrop from the Boonville area in northern
Oneida County northwestward along the Black River
Valley through Lewis and Jefferson counties. Tt continues
westward into southeastern Ontario.

There are not many sections in which to view the
Rockland Formation within the county, and they are of
limited vertical extent. One of the betler sections is
exposed in the cut on the northeast side of the old
Brownville-Limerick road (Section 11), and another
occurs in the bed of Shaver Creek (NW/4 Chaumont
quadrangle), 0.75 mile west of the village of Three Mile
Bay. The formation is mostly covered and much of the
data has been obtained from drill core.
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Stratigraphic Relations

Lower Contact — Because of the similarity between
highest Chaumont and lowest Rockland and because of
the lack of adequate exposures, the boundary between
the Black River and Trenton Groups is difficult to draw.
There are no natural exposures spanning this boundary in
Jefferson County. The contact, in fact, is visible only in
the small and shallow, abandoned quarry 2 miles east of
Dexter (Section 11) where Kay (1937, p. 253) described
the lowest 2 feet of Rockland (Selby) Limestone as
medium-grained ‘“‘rather heavy-ledged but laminated lime-
stone, similar in appearance to that below (Chaumont) but
blacker, and with shaly partings containing Doleroides
ottawanus Wilson.”

Wherever the basal portion of the Rockland
Formation is exposed in the area of study, the outcrop is
restricted to a single bed, or at the most a few layers. In
stream courses, differential solution imparts a very rough
and choppy appearance to the bedding surface. The more
resistant “knobs” are quite angular and sharp. Good
stream exposures showing this characteristic are found
immediately south of N.Y. Highway 12E along the road
to Doanes Hill, 1 mile southwest of Limerick (SE/4
Dexter quadrangle), but they may be examined only
during periods of low water. The Rockland Limestone
may easily be mistaken for Chaumont in this area. Its
identity, however, can be established paleontologically but
diagnostic fossils are rare.

In the Chaumont, Sawmill Bay, Cape Vincent North,
and Cape Vincent South quadrangles, much of what had
been mapped as Chaumont Limestone by Cushing et al.,
(1910) is Selby Limestone. Here, too, the evidence is
largely paleontological. Because any single layer of Upper
Chaumont or Lower Selby may cap a broad area, extreme
care must be exercised to differentiate the strata.

The following characteristics are helpful in distin-
guishing the Selby Member of the Rockland Limestone
from the Chaumont:

1. The Selby Limestone is usually a shade darker
gray on a fresh surface.

2. The Selby commonly has a fetid or petro-
liferous odor on a freshly broken surface or
when struck a glancing blow.

3. The Selby contains the distinctive brachiopods
Doleroides ottawanus (rarc) and Paucicrura
rogata. The latter is fairly abundant and a
long-ranging Trenton form. The Chaumont
carries its characteristic cephalopods (p. 17).

The Selby contains no chert in Jefferson County, but
the absence of chert nodules is not a reliable eriterion for
distinguishing the Selby because the chert in the
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Chaumont is normally found in the lower part of that
formation. .

Since the Selby is not ordinarily exposed in most
areas, the first Trenton limestone beds usually encoun-
tered above the Chaumont belong to the Napanee Member
and they are readily identified (p. 19).

Upper Contact — The Rockland Formation is
transitional to the overlying Kirkfield Formation through
its upper 20 to 35.5 feet (Sections 2, 8, and 13). The
transition is so gradual in some areas that there is no basis
for a formational boundary. The Rockland Limestone is
primarily composed of smooth-breaking calcilutites, 0.5 to
6 inches thick, with minor fine-grained to medium-grained
calcarenite beds of similar thickness which become more
abundant upward. The Kirkfield Limestone consists
predominantly of heavydedged, coarse-grained, occa-
sionally cross-bedded and ripple-marked, coquinal caleare-
nites which measure 0.5 to 15 inches thick but averaging
4 to 10 inches in thickness. The Rockland is similar to
the Kirkfield so far as lithologic types are concerned, but
it contains them in different proporlions. Lithologi{:ally
the position of the boundary is arbitrary, but a break
may be established faunally if an adequate section
containing the critical fossils is exposed. The distinctive
brachiopod Triplesia cuspidata (Hall) is restricted to the
Rockland (Napanee member) Formation. This form,
however, has been noted at only two localities in the
county: 1) in the small section exposed in the drainage
ditch on the west side of the north-south road at
Champion [uddle (NW/4 Copenhagen quadrangle) and 2)
in the cut along the old Brownville-Limerick road
(Section 11). Any bed containing T. ecuspidata is
considered Rockland, The hrachiopod Parastrophina
hemiplicata (Hall), a longranging Trenton form, normally
is common in the lower part of the Kirklield and rare in
the top of the Rockland; its presence aids in distinguish-
ing the formations. The distinctive Lrilobite Encrinurus
cybeliformis Raymond is present in lowest Kirkfield but
absent in the Rockland Formation.

Thickness

The full thickness of the Rockland Formalion is
obtained from natural exposures at only one locality in
Jefferson County. The piecing together of partial sections
exposed in the small abandoned quarry and the cut on
the northeast side of the old Brownville-Limerick road
(Section 11) gives a thickness of 63 feet 1 inch. This
figure is in accord with most of the thickness figures
obtained from drill sections.

The entire Rockland was not penetrated by Drill
Hole Alf. 140 (Section 2) in the eastern part of the
county, but correlation suggests a thickness of about 69
feet. At Watertown (Alf. 144) the Rockland; and Kirkfield
Formations have a combined thickness of 107 feet 2
inches. Here they are gradational through 35.5 feet (see
Section 8). Although precise location of the Rockland-
Kirkfield boundary is impossible, the Rockland has a
suggested maximum thickness of about 63 feet at this
locality. In the western part of the county the Rockland
measures 57 feet 2 inches (Section 13).

Kay (1937, p. 251) reported the Rockland Formation
as 58 feet thick at the type locality. The formation
seemingly maintains fairly constant thickness, with slight
thinning westward into southeastern Ontario.

General Description

The Rockland Formation is primarily composed of
dark gray (N3) to medium dark gray (N4), smooth-break-
ing calcilutites and medium dark gray to medium gray
(N5) fine calcisiltites interbedded with minor (generally 5
to 10 percent) medium gray to intermediate between
olive gray (5Y4/1) and light olive gray (5Y6/1), fine- to
medium-grained calcarenites which increase in importance
in the lower and upper portions of the formation. The
grays lighten a shade on weathering. Grayish black (N2)
to dark gray, mostly smooth and flat, paper-thin limy
shale partings separate the limestone beds and zones of
limy shale, up to 2.5 inches thick, are locally common.
The shale may account for as much as 20 percent of the
rock, but it generally constitutes a much smaller
percentage ol the formation. The individual limestone
beds measure 0.5 inch to 8 inches thick and average 2.5
to 3 inches thick; the calcilutites are usually the thicker
beds. Layering coincides with bedding.

The Rockland Formation carries the ubiquitous
Trenton Limestone fauna, although the forms are not as
prevalent as in the overlying carbonate divisions. In
addition to the diagnostic forms that serve to distinguish
the formation, there are present Columnaria halli
Nicholson, Prasopora orientalis Ulrich, Phragmolites com-
pressus Conrad, Rafinesquina alternata (Conrad) and
Flexicalymene senaria (Conrad). A faunal list has been
gven by Kay (1937, pp. 251-256). The calcarenites are
the most fossiliferous of the rock types in the Rockland
Formation, but they do not show the coquinal character
typical of the calcarenites in the Kirkfield Limestone.

Composition

The composition of the Rockland Limestone does
not differ significantly from the composition of the other



carbonate formations in the Trenton Group. Each of the
Trenton carbonate subdivisions contains sufficient CaCOy
to be defined as a limestone, but the Rockland and
Kirkfield Formations are slightly purer limestone, as a
whole, than are the Shoreham, Denmark, and Cobourg
Formations.

The Rockland Formation was penetrated in ils
entirety by drill at only one locality, along the shore of
Lake Ontario in Wilson’s Bay (Alf. 145, Section 13} near
the western outcrop limit of this limestone in Jefferson
County. Here the formation is composed of 87.48 percent
carbonate, of which 83.06 percent is CaCO; and 3.82
percent is MgCO;. Magnesium oxide content is 1.83
percent, Drill Hole Alf. 143 (Section 12), located 0.75
mile southeast of Rosiere and about 6.5 miles northeast
of Alf. 145, penetrated the lowest 39 feet of Rockland
Limestone and chemical analysis of this sequence
indicated a carbonate conlent of 87.27 percent, with
83.30 percent CaCO; and 3.97 percent MgCQ; (1.9
percent MgO).

In the extreme eastern portion of the arca under
study, al the Jefferson-Lewis County line, Drill Hole Alf.
140 (Section 2) penetrated nearly the entire Rockland
succession; only a few feet at the base of the formation
were not cored. At this locality the carbonate content of
the Rockland is 82.53 percent, of which 78.85 percent is
CaCOj and 3.68 percent is MgCO5; (1.76 percent MgO).
It appears that the Rockland Formation becomes
somewhat limier westward.

Additional data relating to the composition of the
Rockland Limestone are given in Tables 13, 15, 18, 19,
25, and 29.

The Kirkfield Formation

General Statement

The Kirkfield Limestone, named for Kirkfield,
Victoria County, Ontario, includes all the strata above the
Triplesia-bearing Rockland Formation and helow the
thinner-bedded, shaly Shoreham Formation. More resist-
ant than the succeeding Shoreham, it commonly forms
steep cliffs and waterfalls.

Distribution

In New York, the Kirkfield is continuous along the
belt of Trenton outcrop from the Central Mohawk Valley
to Lake Ontario; the formation persists westward through
southern Ontario to Michigan. It enters Jefferson County
1.5 miles southwest of Carthage (NE/4 Copenhagen
quadrangle) in a narrow belt less than 0.5 mile wide and,
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like the underlying Rockland, widens gradually to a
maximum of about 6 miles in the western part of the
county. The Kirkfield is completely exposed at only a
few localities in the Black River Valley. Two localities
afford this opportunity in Jefferson County. These are: 1)
in the falls of Lake Creek immediately west of the Lewis
County line, 0.75 mile northeast of School 1l (site of
Alf. 140, Section 2) and 2) on the steep north-facing
slope immediately south of the Black River, which is
known locally as Woodwards Side Hill (Section 5). Good
partial sections are exposed in many small quarries
throughout the county. Particularly good are those
sections in the quarries at the northwest corner of
Thompson’s Park in Watertown, and on the northeast side
of Cemetery Road, 0.25 mile southeast of Watertown
Center (NE/4 Watertown quadrangle).

Stratigraphic Relations

Upper Contact — Chenoweth (1952, p. 523) placed
the upper limit of the coarse-grained, predominantly
medium-hedded, coquinal Kirkfield Limestone at the first
appearance upward of the thinner-bedded Cryptolithus
(trilobite) bearing calcarenites carrying abundant Praso-
pora orientalis Ulrich, a distinctive colonial bryozoan with
a shape resembling that of a chocolate drop.

The Kirkfield and Shoreham Limestones differ in the
following respects:

I. Shoreham contains the distinctive trilobite
Cryptolithus tesselatus Green; il apparently
lacks the Kirkfield trilobite Encrinurus cybel-
formis Raymond. Prasopora orientalis Ulrich
appears to be fairly common in lowest
Sﬁ'mreham, particularly the larger forms, 3 to 4
inches in diameter.

2. Coarse, occasionally cross-bedded and ripple-
marked, coquinal calcarenites predominate in
the Kirkfield. Fine calcarenites and coarse
calcisiltites are the dominant rock types in the
Shoreham; coarse calcarenites are present but
nol imporlant.

3. Kirkfield beds are thicker, measuring 0.5 to 15
inches thick with most beds ranging from 4
to 10 inches thick, whereas Shoreham beds
average 1 inch and rarely exceed 4 inches in
thickness.

Although these differences seem obvious, in Jefferson
County the formations are very similar in appearance, and
they are not always easy to distingnish. The transition
from Kirkfield to Shoreham lithology is so gradual in
some areas that precise location of the boundary is
difficult. The differences are largely statistical, and where
not enough beds are present to obtain reliable stalistics
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they may not be distinguished. This is complicated by the
fact that beds of Shoreham-like lithology locally occur in
the Upper Kirkfield, and distinction must be based on
faunal evidence. Cryptolithus is too rare to be of any
greal value, except locally, having been found either by
accident or by much time-consuming search. Prasopora
occurs throughout the Trenton limestones and is an aid in
distinguishing Shoreham only if one knows the approxi-
mate stratigraphic position and uses the form in
combination with other eriteria, The difficulty of
separating these formations can bhe appreciated by
examining the sections in the Thompson Municipal Park
quarry in Watertown and the Cemetery Road quarry
(Y2-mile southeast of Watertown Center). In both places
the contact is exposed near the top of the quarry wall.
The contact, on the other hand, is very sharp in the cut
at the hill summit on the east side of U.S. Highway 11,
immediately south of the Watertown city limits (NE/4
Watertown quadrangle).

Calcirudites (conglomeratic limestone) and subsoli-
fluction folds mark the base of the Shoreham Limestone
at several localities in Lewis County to the southeast, but
no such lithology or structure was seen in Jefferson
County.

Thickness

Kay (1937, p.261) reported the Hull Limestone
(earlier name for the Kirkfieldy 85 to 100 feet thick in
northwestern New York, but no reference to a specific
locality was made. The thickness in Jefferson County is
actually much less and, according to Chenoweth (1952,
p. 524y, the Kirkfield thins southeastward in Lewis and
Oneida counties. Field studies by the author in those
areas substantiate Chenoweth’s findings.

The full thickness of the Kirkfield may be obtained
from natural sections only in the eastern part of Jetferson
County. Elsewhere in the county, approximations of the
thickness may be made by piecing together partial
sections. The Kirkfield’s thickness in the central and
western portions is best determined by drill.

The formation is 80 feet 24 inches thick in the falls
of Lake Creek®, and 80 feet 5 inches thick at Woodwards
Side Hill (Section 5). In the western part of the county,
Drill Hole Alf. 145 (Section 13) bepan in the upper part
of the Kirkfield Limestone and penetrated 62 feet 11
inches of the formation, suggesting that the full thickness
here may be comparable to that in the eastern portion of
the county,

The Kirkfield thickness is atypical in the central part
of the county. In Drill Hole Alf. 144 (Section 8) the

8Verified by drilling; see Section 2, Alf, 140,

combined Rockland-Kirkfield succession measures 107
feet 2 inches. The Kirkfield Formation has a minimum
thickness of 42 feet 1 inch. The drill core showed no
evidence of a fault. Because the position of the boundary
is somewhat arbitrary here (p.41), it is possible to
increase the thickness of the Kirkfield by about 20 feet
provided the thickness of the Rockland Formation is
reduced correspondingly.

General Description

In contrast to the underlying Rockland Formation,
the Kirkfield Limestone consists mainly of medium gray
(N5) to medium light gray (N6) and pale yellowish brown
(10YR6/2), very thin- to thick-bedded, frequently cross-
bedded and ripple-marked, uneven, coarse coquinal
calcarenites (40 to 80 percent of the formation) which
are interbedded with lesser amounts (10 to 25 percent) of
medium dark gray (N4) calcisiltite and dark gray (N3)
calcilutite. The finer limestones are more abundant in the
lower and upper portions of the formation, which
accounts for some of the difficulty in placing the
formational boundaries. The colors generally lighten shade
on weathering. Olive black (5Y2/1) to dark gray, plane
and wavy, paper-thin limy shale partings and thinly
laminated plane zones of limy shale, up to 3 inches thick,
separate the limestone beds.

The calcarenites are (.5 inch to 15 inches thick; most
of the calcarenites are between 4 and 10 inches thick.
The thicker beds of calcarenite are in the minority, but
because they resist erosion and give rise to the prominent
ledges and walerfalls in which the Kirkfield is commonly
observed in the field, they are readily seen and serve as a
guide to the formation. The calcisiltites and calcilutites
are not over 6 inches thick, generally averaging 2 to 3
inches thick. Layering coincides with bedding. The
calcarenites appear Lo increase in quantity westward
across the county at the expense of the other rock types.

The Kirkfield has a large and abundant fauna. Among
the distinctive forms are the trilobites Bathyurus ingalli
Raymond, Encrinurus cybeliformis Raymond, Hemiarges
paulianus (Clarke), Flexicalymene senaria (Conrad) and
Isotelus gigas DeKay. All but the two latter forms are not
presenl in the Trenton limestones above the Kirkfield.
The longranging Trenton brachiopods Parastrophina,
Rafinesquina, Paucicrura, and Sowerbyella are common.
Hesperorthis tricenaria (Conrad) is occasionally found; it
has not been observed in any of the other formations.
Bryozoa are moderately abundant. Specimens of
Prasopora and Subretipora, both of which are more
characteristic of the overlying Shoreham Formation,
become fairly common in the upper part of the Kirkfield.



Pelmatozoan stem fragments are present throughout the
sequence. Some beds may yield planospiral and high-
spired gastropods (snails). A more complete listing of the
Kirkfield fauna has been given by Kay (1937) and
Chenoweth (] 052).

Composition

The entire Kirkfield Limestone was cored and the
formational boundaries distinguished only in the extreme
eastern portion of the study area, 0.1 of a mile from the
Lewis County line (Alf. 140, Section 2). Analysis of the
core from this locality showed that the formation is here
composed of 87.29 percent carbonate, 83.84 percent is
CaCOg, and 3.45 percent is MgCO; (1.65 percent Mg0).

At Wilsons Bay (AH. 145, Section 13), in the
weslern part of Jefferson County, only the lowesl 62 feet
11 inches of the Kirkfield Limestone were penetrated.
This much of the formation analyzed 80.81 percent
CaCO; and 3.89 percent MgCO3; (1.86 percent Mg0),
suggesting that in contrast to the Rockland Limestone
below, the Kirkfield may well become somewhat less pure
westward.

Drill Hole Alf. 144 (Section 8) passed through the
entire Kirkfield and Rockland Limestones, but the
boundary between these formations could not be
recognized in the core, As discussed earlier (p. 20), the
combined thickness of these limestones is considerably
less here than in the castern and western portions of the
county, The composition of the Rockland-Kirkficld
succession, when averaged, shows 82,62 percent car-
bonate, of which 78.98 percent is CaCO; and 3.64
percent is MgCOj; (1.74 percent MgO). As might be
expected in this area, roughly halfway between holes Al
140 and 145, these figures compare favorably with the
composition of the Rockland in the eastern section and
the Kirkfield in the western section.

The complete chemistry of the Kirkfield Limestone
may be determined by consulting Tables 13, 15, 19, 26,
and 29.

The Shoreham Formation

General Statement

The Shoreham Limestone takes its name from
Shorcham Township in Addison County, Vermont. Kay
(1937, p.264) originally defined the Shoreham as the
thin-bedded (Cryptolithus-bearing) limestone as the hase
of the Sherman Fall Formation, but he subsequently
(1942a, p.1611) elevated it to formational rank. It
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corresponds to the Prasopora orientalis-bearing beds of
Johnston, Raymond, and others (Kay, 1929, p. 664). In
1952, Chenoweth (p.525) extended the Shoreham to
include the Rathbun Member (basal Denmark in the
valley of West Canada Creek, Herkimer and Oneida
Counties), which he reported lithologically and faunally
equivalent to topmost Shoreham in western Jefferson
County.

Distribution

The Shoreham Formation is the most persistent of
the Trenton Limestones. It is found east of the
Adirondack Arch in the southern Lake Champlain, upper
Hudson, and lower Mohawk region. West of the Arch it is
present from the upper part of the valley of West Canada
Creek into Canada. The Shoreham is covered through
most of Oneida County, but reappears near Boonville
(Oneida-Lewis County line) and forms a belt on the west
side of the Black River Valley northwest to Watertown,
where it swings westward to meel Lake Ontario at
Sackets Harbor. The formation is again exposed on Pillar
Point and Point Peninsula (Henderson Bay and Chaumont
quadrangles). It continues into southeastern Ontario.

In eastern Jefferson County, the Shoreham crops out
in a narrow belt generally less than a thousand feet wide
but, in the extreme western part of the county, it forms
an irregular belt with 2 maximum width of a little more
than a mile. Except for a small area along N.Y. Highway
3 and Mill Creek (NW/4 Sackets Harbor quadrangle), the
Shoreham Formation is largely obscured by glacial drift in
the region between Watertown and Sackets Harbor.

Exposures of the Shoreham Formation are plentiful,
but they are usually of limited vertical extent. Many
partial sections may he studied in Rutland Hollow and
along the north-facing Trenton scarp between the Lewis
County line and Watertown (Copenhagen, South Rutland,
and Watertown quadrangles). An exceptionally good
locality for collecting Cryptolithus is found on a small
promontory near the top of the scarp immediately north
of the point at which Ridge Road begins to descend the
cliff, 7,000 feet south-southeast of Felts Mills (SE/4 Black
River quadrangle). A complete section of the Shoreham is
found in the bed of the small unnamed stream near East
Watertown (Section 6).

Stratigraphic Relations

Upper Contact — As is true of most formational
boundaries within the Trenton Group, the Shoreham-Den-
mark comact is difficull to draw with certainty.
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Chenoweth (1952, p. 525) placed the upper limit of the
Shorcham Formation throughout its area of outcrop in
northwestern New York at the top of a “persistent thick
Cryptolithus-bearing calcarenite,” which is succeeded by
the argillaceous calcilutites and shales of the Denmark
Formation that carry the planospiral cephalopod Trocho-
lites and the bellerophontid gastropod Sinuites. These
formations may be distingnished on a faunal basis in one
part of Jefferson County, but in other parts of the
county separation is made on a lithic basis, and
sometimes the transition is so gradual that there appears
to be no basis for a formational boundary at all. This is
complicated by the lack of natural exposures that span
the contact. There are only four sections within the
county that include the Shoreham-Denmark boundary.
From ecast to west these are: 1) Ridge Road locality
at the 800 foot contour; 2) in a small intermittent stream
gully which crosses the northeast-trending secondary road
400 feet northeast of the intersection with Rutland Hollow
Road, 1.6 miles east-northeast of School No. 9 (NE/4
South Rutland quadrangle); 3) site of Section 6 at East
Watertown; and 4) in the bed of Mill Creek, 1,500 feet east
of N.Y. Highway 3 (NW/4 Sackets Harbor quadrangle). The
Ridge Road locality has small gaps in the section.

The following characteristics aid in distinguishing the
Shoreham and the Denmark Formations:

1. Typical Shoreham is composed almost entirely
of irregular lensing beds of fine fossiliferous
calcarenite and coarse calcisiltite which are 0.5
inch to 5 inches thick and average 1 to 2 inches
thick, whereas Denmark is typified by an
abundance of thicker (5 to 10 inches common),
generally planar coarse calcarenites and occa-
sional calcirudites.

2. The Shoreham rarely has the ripple-marked and
cross-bedded calcarenites characteristic of the
Denmark (and Kirkfield) Formation.

3. The basal beds of the Denmark may not always
be typical of the formation. In some areas
(notahliy in Rutland Hollow) lowest Denmark is
largely composed of calcisiltite and calcilutite
with a preponderance of limy shale interbeds.
Some OF tllse less pure calcilutites weather to a
knobby surface and break down into con-
spicuous cobbles.

4. Shoreham contains species of the distinctive
trilobite Cryptolithus. C. tesselatus appears
restricted to the Shorebam, bul C. quadrillineus
is present in the Denmark, too, These forms are
generally difficult to find. Sinuites is present in
both formations, but Trocholites (very rare) in
combination with Sinuites is restricted to
Denmark. The small smooth-surfaced pelecypod

Ctenodonta is abundant in the Lower Denmark.
Prasopora is common to both formations, but
the Ergur forms, up to 3 or 4 inches in
diameter, suggest Shoreham,

Thickness

Three thicknesses have been obtained for the
Shoreham Formation. They are: 1) 20 feet 6 inches
(Section 6), 2) 24 feet 1 inch (Section 8) and 3) about
25 feet (by hand level) in Thompson Park, Watertown.

General Description

The Shoreham Formation consists almost wholly of
very thin- to medium-bedded limestone ranging from
medium dark gray (N4) and medium gray (N5) coarse
calcisiltite to medium light gray (N6), occasionally pale
yellowish brown (10YR6/2), coarse calcarenite. Fine
calcarenite and calcisiltite predominate. The pale yellow-
ish brown color is characteristic only of the coarsest
calcarenites; it is apparently restricted to the larger grains
of calcite. The gray colors are a shade lighter on
weathered surfaces.

The limestone beds range in thickness from 0.5 inch
to 7.5 inches; they rarely measure over 5 inches thick,
however, and average 1 to 3 inches thick. The calcarenites
tend to have wavy surfaces which give the beds an
irregular lensing appearance, but they are rarely ripple-
marked and cross-bedded. Dark gray (N3), plane and
wavy, 0.5 to 1 inch limy shale partings separate the
limestone beds and compose 20 to 25 percent of the
formation,

Subsolifluction folds and associated intraformational
flow conglomerates (Kay, 1937, p. 266 and Chenoweth,
1952, p. 553) have been observed by the writer in Lewis
County, but these phenomena have not been observed in
Jefferson County. Structures of this type are known not
to exist in the underlying Kirkfield but they are
sometimes found in the Denmark above.

The Shoreham Formation contains the wellknown
Trenton fauna; it is largely restricted to the calcarenites,
In addition to the forms which aid in distinguishing the
formation there are present the common brachiopods
Rafinesquina, Paucicrura, and Sowerbyella, and the
trilobites Flexicalymene and Isotelus. Pelmatozoan stem
fragments and bryozoans are abundant. The frondescent
bryozoan Subretipora is characteristic of the lower half of
the formation. Several specimens of the graptolite
Diplograptus? were noted on the surfaces of the limy shales
(Ridge Road). A few conspicuous partial remains of large
“Orthoceras” were recovered from the lower part of the
formation, particularly in the Watertown (Thompson Park)



and East Watertown (Section 6) areas. Some of these
incomplete forms were as much as 2 feet long and 4 to 5
inches in diameter at the widest end. A complete list of the
fossils in the Shoreham Formation has been given by
Chenoweth (1952, p. 528).

Composition

The Shorcham Limestone is seemingly slightly less
pure than the Trenton limestones above and below. The
formation averages 83.51 percent carbonate, of which
80.06 percent is CaCO; and 3.45 percent is MgCO; (1.65
percent MgO).

In the Watertown area (Drill Hole Alf. 144, Section
8), the Shoreham Limestone contains 77.16 percent
CaCO; and 3.66 percent MgCO; (1.75 percent MgO),
whereas near Henderson Harbor (Drill Hole Alf. 148,
Section 15), 17 miles southwest of Watertown, the
Shoreham contains 82.95 percent CaCO; and 3.24
percent MgCO;5 (1.55 percent MgQ). The entire Shoreham
may not have been cored at the last-named locality since
the purpose of drilling at that site was to penetrate the
Denmark Formation. In so doing, 22 feet 1 inch of
Shoreham were penctrated, a figure which compares
favorably with thicknesses reported for the Shorcham
elsewhere in the county. The composition, as determined
by analysis of this core, is assumed to reflect the chemistry
of the formation in this area.

Not only does the Shoreham contain somewhat more
carbonale in the western part of the county, but the Si0,
content also increases, heing 11.2 percent at Henderson
Harbor and 6.9 percent at Watertown. The other oxides
reported in the analyses are present in essentially equal
amounts in both areas.

Additional information concerning the composition
of the Shoreham Limestone is given in Tables 15, 21, 27,
and 29,

The Denmark and Cobourg Formations

Lithically the upper Denmark and Lower Cobourg
limestones are typically inseparable in Jefferson County.
It is recognized that distinct divisions may occur within
the formations, but these are not in those portions that
span the Denmark-Cobourg boundary. It is further recog-
nized that along the belt of outcrop in parts of north-
western New York and southeastern Ontario, facies
changes may create lithic differences sufficiently distinet
to effect separation of these rock units, but such is not
the case in the area of this study. It has been said by Kay
(1937, p. 251) that where differences are obscure, faunal
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evidence may ol necessity be the useful basis of recogni-
tion., Even fossils are of questionable value in Jefferson
County. That outcrop width of the Denmark Formation
has been determined by using local dip (1 to 2 degrees)
and an assumed thickness of approximately 170 feet as
based upon the section of Drill Hole Alf. 148 (see Section
14).

Each formation is therefore discussed separately to
preserve the formational names and to avoid confusion
with the many published accounts.

The Denmark Formation

General Statement

The Denmark Limestone was defined by Kay (1937,
p-267) from exposures in Denmark Township, Lewis
County, New York. Kay originally considered the
Denmark an upper member of the Sherman Fall
Formation (Shoreham plus Denmark), but he has since
(1942a, p.1611) raised the member to formational rank
and subdivided it into three members which are: the
Rathbun (lowest), the Poland, and the Russia (highest).
The two higher members are not recognized north of
Trenton Falls (Herkimer-Oneida County line). Chenoweth
(1952, p.257) subsequently Rathbun
member from the Denmark and considered it an upper
member of the Shoreham Formation. In the region north
of Trenton Falls, Chenoweth subdivided the lower part of
the Denmark Formation into the Camp and Glendale
members. He described (op. cit., p. 528-529) the Camp as
L1 feet of nodular argillaceous calcilutite and shales at
the base of the Denmark which persists to Sackets Harbor
in Jefferson County and correlates with the Trocholites
subzone of the Poland in sections along West Canada
Creek. The Glendale is deseribed as a tongue of the
Poland, and it is not known north of Lowville, Lewis
County.

removed the

Distribution

The Denmark Formation persists from Trenton Falls
northwestward through New York into southeastern
Ontario. Southeast of Trenton Falls the Denmark
Limestone becomes thinner and grades laterally into the
black shales of the Canajoharie Formation (Dolgeville
Facies). The Denmark follows the belt of Trenton
outerop across Jefferson County but, owing to its greater
thickness, the area of exposure is broader than that of
any of the underlying Trenton formations. It enters
Jetferson County east of Pleasant Take (Copenhagen
quadrangle) and continues westward across the county in
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an irregular belt with an approximate maximum width of
about 6 miles. Limestone considered Upper Denmark
because of its stratigraphic position disappears heneath
Lake Ontario at Henderson Bay. Much of the area where
Denmarkian limestone should form the surface rock in
the Sackets Harbor quadrangle is covered by glacial drift.

Stratigraphic Relations

Upper Contact — The Denmark-Cobourg contact is
the most deceptive of all the interformational boundaries
within the Trenton Group. Upper Denmark and lower
Cobourg are lithically nearly identical and differentiation
of the formations is very difficult and uncertain. Neither
formation has distinctive guide fossils, at least in Jefferson
County, and in many sections beds at or near the
“conlact™ are concealed.

The upper limit of the Denmark Formation has been
arbitrarily placed by Kay (1937, p. 263) at the base of a
bed having “locally” abundant Cyclocrinites (= Pasceolus)
globosus (Billings), a form which is not unlike a golf ball
in appearance, whereas Chenoweth (1952, p. 529) arbi-
trarily placed the boundary at the first appearance upward
of persistent thick calcarenites having common Hor-
motoma trentonensis and occasional Fusispira sp., both
high-spired snails. Chennweth’s contact essentially corres-
ponds to that of Kay. Not one specimen of Cyelocrinites
was [ound during the course of this study.

Rafinesquina deltoidea is typical of, but not
restricted to, the lower Cobourg Formation and is of
limited use in defining the base of the Cobourg. Because
of the lack of eritical exposures and because quasi-dif-
ferentiation of the formations is primarily faunal, the
Denmark and the Cobourg (at least the lower member)
should remain undifferentiated within Jefferson County
except for a trigonometric extrapolation such as that
shown on the map.

Thickness

Only one thickness figure for the Denmark Forma-
tion was obtained. A little more than 0.5 mile northeast
of the village of Henderson Harbor, Drill Hole Alf, 148
presumably began in the lower part of the Cobourg
Formation and bottomed in the Shoreham Formation
(Section 15). Although the position of the Denmark-Co-
bourg contact is arbitrary, it was placed at the first
appearance of persistent thicker calcarenites upward
(Chenoweth’s basis), which gives the Denmark a thickness
of 169 feet 8 inches at this locality. Drill Hole Alf. 147
(Section 14), which began in Upper Cobourg, must have
penetrated most of the Denmark Formation, but the

Denmark-Cobourg boundary could not be distinguished in
the core.

Kay (1943, p. 601) reported a thickness of 130 feet
for the Denmark Formation at Trenton Falls on West
Canada Creek (:]Icrkimcr-Omtida County line) where the
boundaries are perhaps more clearly deflined.

General Description

Within Jefferson County, the Denmark (and overlying
basal Cobourg) is lithologically more like the Kirkfield
than anywhere else along the belt of outcrop. Differentia-
tion of the formations often depends on recognition of
the Shoreham. The Denmark primarily contains (60 to 80
percent) medium gray (N5) to medium light gray (N6),
occasionally pale yellowish brown (10YR6/2) flecked, very
thin- to medium-bedded, coarse fossiliferous calcarenites
which are sometimes cross bedded and ripple-marked. The
very coarsely crystalline varieties often have a pale red
(5]{6/r 2) to moderate red (5R5/4) cast. Intermediate
between dark gray (N3) and medium dark gray (N4) to
medium dark gray calcilutites or medium dark gray calcisil-
tites are found every few feet, and dark gray limy shale
partings separate most of the limestone beds. The amount
of shale is variable; it ranges from less than 5
the rock in some portions of the formalion to a
maximum of 20 or 25 percent in other portions. The

percentl of

shales seem to be more abundant than in the Kirkfield,
but statistically this is not so. Calcirudites (limestone
conglomerates) are present but have been noted only in
weathered sections.

The calcarenite beds are 0.5 inch to 12 inches thick,
Most of them measure less than 5 inches, but the thicker
beds (5 to 10 inches) are readily observed in the field and
give the impression of dominating the sequence. This is
especially true of weathered sections. The calcilutites are
1 to 10 inches thick, the calcisiltites are 0.25 inch to 4
inches thick, and the limy shales measure 0.125 inch to 4
inches in thickness. Bedding surfaces are both plane and
wavy but, in general, they are more even than those of
the Kirkfield.

Beds of Camp lithology have been noted at the base of
the Denmark, but they apparently do not persist
everywhere within the county and the member was not
separated in the field. The Camp Member is seemingly
present at Ridge Road and in Rutland Hollow sections. At
the latter locality it measures 10.5 feet. The member
consists of medium dark gray (N4) to medium gray (N5),
somewhat agrillaceous knobby-weathering calcilutites, cal-
cisiltites, and minor fine calcarenites, with intercalated dark
gray (N3) limy shale. Coarse calcarenites are absent. On a
freshly broken surface the more fossiliferous rocks often



have a light bluish gray (5B7/1) to bluish white (5B9/1)
coating. The member contains abundant specimens of the
small smooth-surfaces clam Ctenodonta. The snail Sinuites
cancellatus is uncommon. The Camp Member is well
exposed along the banks of Mill Creek between N.Y.
Highway 3 and the New York Central Railroad bridge, 1 to
2 miles east of Sackets Harbor (NW/4) Sackets Harbor
quadrangle), where it measures 12 feet 7 inches thick.
Ctenodonta and Sinuites are both common to the nodular
calcilutites. This is Chenoweth’s (1952, p. 533) type
section. At the base of the Denmark Formation in Drill
Hole Alf, 148 (Section 15) there are 13 feet 1 inch of rock
with Camp-like lithology. Basal Denmark in the Watertown
area (Sections 6 and 8) is typical of the formation as a
whole; Camp lithology is lacking.

The significant lossils ol the Denmark Formation
have been discussed. Becasue the Denmark is best exposed
at Trenton Falls it is “typical Trenton,” and its most
common fossils are the brachiopods Dinorthis, Rafines-
quina, Paucicrura and Sowerbyella and the trilobites
Flexicalymene and Isotelus. Prasopora persists from the
underlying Shorcham but is less abundant upward. The
brachiopods Platystrophia and Trematis (also found in the
Shoreham) are present. The high-spired gastropod Hormo-
toma trentonensis, which has always been stated as being
a guide to the Cobourg, occurs in the upper portions of
the Denmark Formation which further adds to the
difficulty of placing the Denmark-Cobourg boundary.
Fucoidal markings have been noted on the bedding
surfaces of some calcilutites. Graptolites are rare.

Composition

Because it is difficult to separate Denmark from
Cobourg, it is equally difficult to obtain a true chemical
analysis of that rock which is called Denmark Limestone.
The limestone occupying an interval in the Trenton
succession that may be designated Denmark was pen-
etrated at only two localitics in Jefferson County. These
are 1) in the bed of Gulf Creck near Rodman (Drill Hole
Alf. 147, Section 14 — partial penetration) in the central
part of the outcrop belt and 2) just south of the Harbor
Road 0.6 mile northeast of the village of Henderson
Harbor (Drill Hole Alf. 148, Section 15 — total
penetration) in the western part of the limestone belt.

At the Rodman locality, it was impossible to
distinguish the Denmark from the Cobourg even though
drilling began in the Cobourg Formation 12 feet below its
contact with the overlying Deer River Shale (Holland
Patent equivalent) and penetrated 240 feet of limestone,
sufficient to have obtained core from well within the
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limestone occupying the stratigraphic interval assigned Lo
the Denmark Formation.

At Henderson Harbor, however, there was some basis
for making a separation. Analysis of the highest 146.5
feet of core thought to represent Denmark Limestone
(exclusive of the Camp Member) showed 86.95 percent
carbonate, of which 83.40 percent is CaCO5; and 3.49
percent is MgCO3; (1.67 percent MgO). Within this
interval the CaCO; content ranges from a minimum of
79.57 percent to a maximum of 88.82 percent, and
MgCO, ranges from a minimum of 2.71 percent to a
maximum of 3.97 percent. It is interesting to note (see
Table 21) that there are definite chemical boundaries for
the Denmark sequence here. The underlying Shoreham
contains  82.95 percent CaCO; and the 28 feet of
Cobourg above contains 75.82 percent CaCOj.

Since this is the only rock occupying the Denmark
interval that was obtained for chemical analysis, its
composition may not be truly representative of the
formation as a whole. This single analysis, however,
suggests that the Denmark is one of the purer Trenton
limestones. A glance at the CaO content of the rock
penetrated in the lower part of Drill Hole Alf. 147, which
is assumed to be Denmark, shows considerably less
caleium carhonate than at Henderson Harbor, also
suggesting that the Denmark is less pure eastward.

A complete analysis showing the averages of all
oxides is given in Table 28.

The Cobourg Formation

General Statement

The Cobourg Limestone (Cobourg, Northumberland
County,; Ontario) was named by Raymond (1921, p. 1). It
replaced the earlier name Picton Limestone (found to be
preoccupied) which had been applied by Raymond (1914,
pp. 345-349) for the sequence of “heavy-bedded lime-
stone with the gastropod fauna, and the underlying
thinner-bedded limestone with Rafinesquina deltoidea™
exposed at Picton, Prince Edward County, Ontario. Kay
(1937, p.278) designated the lower subdivision the
Hallowell Member and the upper subdivision the Hillier
Member,

Distribution

The Cobourg Limestone is continuous in north-
western New York and southern Ontario from Trenton
Falls on the Herkimer-Oneida county line to the Georgian
Bay area on Lake Huron. It is absent in the Mohawk
Valley and east of the Adirondacks; in these regions
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equivalent beds are the black shales of the Utica
Formation and its correlatives. The Hallowell Member
persists throughout the area of Cobourg outcrop. The
Hillier Member is present in Canada and in Jefferson
County, New York, but it disappears southeastward
somewhere in Lewis County. The top of the Cobourg
Formation marks the southern limit of the limestone
succession in Jefferson County.

Complete natural sections of the Cobourg are
unknown in this area. Excellent partial sections are
exposed at Talcott Falls (Section 16), in the bluffs facing
Lake Ontario at Henderson Harbor (NW/4 Henderson
quadrangle), in the bed of the North Branch of Sandy
Creek at Adams (SW/4 Adams quadrangle) and at Burrs
Mills (S\V,"-"l- South Rutland quadrangle). Other areas of
outcrop are indicated on the geologic maps.

Stratigraphic Relations

Upper Contact — Evervwhere in Jefferson County the
dark gray (N3) to black (NI) graptolite (Climaco-
graptus)-bearing shales of the Deer River Formation
(Upper Utica or Holland Patent equivalent) rest discon-
formably on the Upper Cobourg Limestone; Lower Ulica
shales are absent. When not obscured by glacial drift, the
contact is casily determined. It is exposed in a number of
places along the North Branch of Sandy Creek and its
tributary Gulf Creek (Rodman, Barnes Corners, and South
Rutland quadrangles). Along Sandy Creek the position of
the contact fluctuates slightly, producing a map paltern
that suggests gentle folding.

The highest few feet of Cobourg consist of medium
dark gray (N4), knobby or nodular, fine- to medium-bed-
ded calcisiltite with intercalated, undulating thin seams of
dark gray (N3) shale which become abundant upward.
The top of the Cobourg is sometimes marked by a
conspicuous bed of calcirudite or limestone conglomerate
(1 mile east of Tylerville, South Rutland quadrangle, and
0.5 mile east of East Rodman, Barmes Comers quad-
rangle).

The base of the Deer River Formation consists of
dark gray (N3) to medium dark gray (N4), fissile,
argillaceous shale which breaks into small thin chips on
weathering. The distinctive trilobite Triarthrus eatoni
(Hall) is common to the formation. A thin layer of pyrite
or marcasite crystals and concretions marks the contact
between the Cobourg Limestone and the Deer River
Shale.

By far the best place in the county lo view this
boundary is along Gulf Creek, 0.5 mile east of Rodman
(NE/4 Rodman quadrangle). The contact relations at this
locality are described in Section 14.

Thickness

Nowhere in the county is there an exposed section of
Cobourg Limestone sufficiently complete to determine
the full thickness of the formation. It was hoped that
Drill Hole Alf. 147 (Gulf Creek, Rodman quadrangle),
which began about 12 feet below the Cobourg-Deer River
contact and penetrated 240 feet of topmost Trenton
Limestone (Cobourg and Upper Denmark), would provide
the thickness, but the position of the Denmark-Cobourg
boundary was impossible to place. The piecing together of
partial sections gives a combined total thickness of about
310 to 315 feet for the Denmark and Cobourg
formations, suggesting that the Cobourg is 140 to 155
feet thick, if the thickness given to the Denmark (p. 28)
is correct. Kay (1937, p. 280) reported a thickness of
about 100 feet for the Hallowell Member, and 60 to 70
feet for the Hillier Member in “northwestern New York,”
which gives a total thickness of about 160 to 170 feet to
the formation.

General Description

Hallowell Member — The Hallowell Member (Hallo-
well Township, Prince Edward County, Ontario) corre-
sponds to Lower Cobourg Limestone; it is the Rafines
quina deltoidea zone of Raymond (1914). The base of
the member marks the Denmark-Cobourg contact. The
lithology of the Hallowell does not differ distinctly from
that of most of the Denmark. It is composed primarily of
medium gray (N3) to medium light gray (N6), very thin- to
medium-bedded, fossiliferous calcarenites interbedded with
0.125- to 2-inch dark gray (N3) limy shales. Medium dark
gray (N4) to medium gray calcisiltites and calcilutites are
minor. Bedding surfaces are 0.5 to 9 inches apart and
mostly plane. The weathered edges of some beds exhibit a
pock-marked appearance. The Hallowell is increasingly
resistant to erosion upward as the percentage of
intercalated shale decreases sharply; the contrast with the
more agrillaceous strata of the overlying Hillier is
responsible for the formation of a prominent terrace at the
top of the Hallowell wherever it is ex posed.

The Hallowell fauna is composed largely of the
omnipresent Trenton forms that are so typically repre-
sented in the Denmark. Specimens of Cyclocrinites
globosus, reported locally abundant at the base by Kay
(1937, p. 263), were not found. Rafinesquina deltoidea is
present throughout the member but is abundant and most
characteristic of the upper part. Hormotoma trentonensis
and Fusispira fusiformis frequently appear in the
calcarenites, particularly in  the upper part of the



Hallowell, but they are more common in the overlying
Hillier Member. Locally many fossil forms are limonitic
and weather moderate yellowish brown (10YR5/4).
Hillier Member — The Hillier Member (Hillier
Township, Prince Edward County, Ontario) corresponds
to the Upper Cobourg Limestone; the top of the member
marks the top of the limestone succession in Jefferson
County. It consists mainly of medium dark gray (N4),
coarse calcisiltites (80 percent) with interbedded dark
gray (N3) 0.5-to 2-inch limy shale. Medium gray (N5)
calcarenites are minor and calcirudites may be present at
the top of the member. The limestone beds are 1.5 to 5
inches thick and average 3 inches in thickness, The
calcisiltites have a conspicuous irreglar lensing or knobby
appearance in weathered sections and break down readily
to olive gray (5Y4/1) and light olive gray (5Y6/1)
fragments making sharp contrast with the thicker-bedded
resistant calcarenites in the Hallowell Member. The Hillier
Member is easily distinguished in the field, but the
knobby or nodular character is not evident in drill core.
The Hillier is the Hormotoma and Fusispira zone of
Raymond (1914, pp. 345-349). Although these gastropods
(snails) are the most characteristic fossils of the Hillier
Member, they range downward into the Hallowell
Member. Hormotoma is also present elsewhere in the
Trenton Group, particularly in the upper part of the
Denmark Formation. Conularia trentonensis occurs pro-
fusely within the Upper Hillier along Gulf Creek at
Rodman. The distinctive brachiopod Rafinesquina del-
toidea was not observed in the Hillier, and is apparently

restricted to the underlying Hallowell. The less char-

acteristic forms have been listed by Kay (1937, p. 281).

Exposures of the Hillier Limestone are not abundant;
the member is commonly obscured by glacial cover. The
best places to view the Hillier are in those exposures that
show the contact with the overlying Deer River Shale, but
any area of Cobourg outcrop at the higher elevations
generally represents a locality where the sections of the
member are readily identified on a lithologic-faunal basis.
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Composition

There was insufficient sampling of the Cobourg
Limestone to give a true account of the chemistry of the
formation though certain observations can be made.

The Cobourg was never pierced in its entirety by
drill. In the bed of Gulf Creek near Rodman (Drill Hole
Alf. 147, Section 14), 240 feet of Upper Trenton
limestone and limy shale were penetrated. Coring began a
little more than 12 fect below the top of the Cobourg, as
its contact with the overlying Deer River Shale could be
observed in the chiff exposure bordering the creck. The
drill undoubtedly passed through rock assigned to the
Cobourg and down into the Denmark Limestone, but
there were no lithologic changes observed in the core
sulficiently distinct to permit recognition of the units
and, unlike the Henderson Harbor locality (Drill Hole Alf.
148, Section 15), there was no sharp chemical boundary
either (see Table 20). The Denmark and Cobourg
limestones must remain undifferentiated here. An average
analysis of the entire sequence shows 8343 percent
carbonate, of which 79.96 percent is CaCO; and 3.47
percent is MgCO3 (1.66 percent MgO).

The highest few feet of limestone in Drill Hole Alf.
148 that were assigned to the Cobourg Formation contain
an average of 75.83 percent CaCO; and 3.47 percent
MgCO;, indicating that lowest Cobourg at this locality is
less pure than the Denmark below and also less pure than
the combined average of the Denmark and Cobourg
formations at Gulf Creck. These figures, however,
compare favorably with the analyses of individual 10-foot
sections at or about the same stratigra_ph’ié' position in
Drill Hole Alf. 147. The Cobourg, in fact, appears to vary
considerably in purity; it seems to contain the greatest
amount of calcium carbonate near the middle of the
formation. It is interesting to note that an average
analysis of the combined Denmark and Cobourg pene-
trated in Drill Hole Alf. 148 is nearly identical with that
in Drill Hole Alf. 147 (Tables 20, 21, and 28).

Maximum-minimum values of the common oxides are
given in Table 29,



Geologic Sections

The following sections have heen measured and
described from drill core and natural exposures. With the
exception of Sections 15 through 17, they are arranged
from east Lo west across the county (Plate I). A few
seclions  of less which
relations are included in the appropriate place within the
text. The figures in Column I are the thicknesses of the
individual subunits. The figures in Column II give the

vertical extent show contact

cumulative thickness above the base of the section. Colors
are according to the Rock-Color Chart (p. 10).

L. This section was measured in the small abandoned
quarry which is located 200 feet west of N.Y. Highway
26 and 1100 feel south-southeast of the main intersection
in West Carthage, NW/4 Carthage, N.Y. quadrangle.

| Il

Ft. In. Ft. In.

Lowville Formation
5. Medium dark gray (N4) to olive
gray (5Y4/1), thickly laminated
to very thin-bedded -calcilutite;
weathers to intermediate between
medium light gray (N6) and light
gray (N7), dark yellowish orange
(10YR6/6), pale yellowish orange
(10YR8/6), and moderate red-
dish brown (10R4/6); beds are a
Y4 inch to Y inch thick, the
surfaces are plane except at the
base where they conform to the
undulatory stromatoporoid hori-

S

zon below. 2 0

4. Conspicuous medium dark gray
(N4) to medium gray (N5)
stromatoporoid layer with slight
overall olive tinge; weathers inter-
mediate between medium light
gray (N6) and light gray (N?), 0 8
3. Medium dark gray (N4), locally
sandy, cross-bedded calcarenite;
weathers to medium dark gray
and medium gray (N5); contains
occasional small aggregates of
calcite. 2 3

12 8§

2. Medium dark gray (N4) calcilu-
tite; weathers medium dark gra
to medium gray (N5); small
aggregates of calcite grains are
abundant. 0 9 9 g
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Ft. In. Ft. In.

1. Medium dark gray (N4), thin- to
medium-beddegr calcilutite and
minor calcisiltite; weathers me-
dium dark gray to medium gray
(N5) and light olive gray
(5Y6/1); limestone beds are 3 to
12 inches thick, 9 0

Floor of quarry.

2. This section was described and measured from drill
core (Alf. 140) obtained along the bank of Lake Creek 0.1
mile west of the Jefferson-Lewis County line and (.55 miles
northeast of School No. 11, NE/4 Copenhagen, N.Y.
queidl‘ang]c.

Shoreham Formation
5. Olive gray (5Y4/1) calcisiltite to
fine calcarenite interbedded with
olive black (5Y2/1) limy shale®;
core broken and discolored; the
subunit is thickly laminated to
thinly laminated to thinly bedded,
individual beds range from 1/8
inch to 1% inches thick; contains

large specimens of Prasopora _
orientalis Ulrich and fragments of 2 6 147 7
brachiopods.

Kirkfield Formation: 80 feer 2% inches
thick

4. Medium gray (N3) to intermediate
between olive gray (5Y4/1) and
light olive gray (5Y6/1), very thin-
to  thick-bedded coarse ™ cale-
arenites; olive black (5Y2/1) to
dark gray (N3), thinly laminated
to thin-bedded calcilutites and
limy shales; and minor medium
dark gray (N4) very thin- to thin-
bedded  calcisiltites; the cale
arenites compose 45 to 50 percent
of the formation, whereas the
calcilutites and limy shales make
up about 35 percent, and the
calcisiltites make up 10 to 15

sColors of the weathered surfaces are obtainable in drill core.
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percent of the formation; indi- percent, and the calcarenites 10 to
vidual beds are characterized by 15 percent of the subunit; on the
undulai.'o?' surfaces and range average, the beds are thinner than
from a ¥ inch to 15 inches in in the Kirkfield Formation; the
thickness; the calcarenites are /2 calcilutites range from 2 inc,h to
inch to 15 inches thick, the limy 12 inches thick, the calcisiltites
shales and calcilutites range from range from % inch to 8 inches
paper-thin laminae to 2 inches thick, with continuous runs up to
in thickness with occasional zones 31 inches long; and the calcaren-
5 to 15 inches thick, and the ites range fro;n 2 to 4 inches
calcisiltites are from 2 inch to 3 thick; thge. limy shale is less abun-
inches thick; the thicker zones of dant upward, and the calcisiltites
&a]cﬂutltt; {il‘-equently contain also decrease in quantity higher in

nodules™ or “pods™ of calcisiltite the subunit at the expense of the
up to 2 inches in diameter; 7 feet calcarenites; fragments of small
? 1nch‘es below the top of the rugose (horn) corals and small
iormal.lm_l thg beds have an ap- brachiopods were noted. 41 1 43 0
parent dip of nearly 45 degrees; ' '
elsewhere in the succession they Selby Member
are nearly horizontal; from 7 feet 1. Medium dark gray (N4) fine
to 11 feet below the top the rock calcisiltite. 111 1 11

appears to be brecciated; the for-
mation appears to be only slightly
fossiliferous in drill core, it con-
tains a few small forms of
Prasopora, Isotelus sp., unidentifi-

Bottom of hole.

3.

This section was measured [from quarry exposures and

able fragments of brachiopods,

drill core (Alf. 141) obtained in the Town of Champion
and crinoid stem fragments.

quarry, which is located 1 mile east of Champion Huddle,
NE/4 Copenhagen, N.Y. quadrangle. Beds dip 3 degrees
southwest, N. 30 degrees W.

80 2% 145 1

Rockland Formation: The complete formation was not
penetrated, but correlation on Plate T suggests a thickness
of about 69 feet.

Napanee Member: 62 feet 11}2 inches

3. Similar to Kirkfield above, but
with noticeable increase of calcil-
utite (55 to 60 percent) at the
expense of the calcarenites; con-
tains two prominent beds of
calcarenite, each 8 inches thick,

Chaumont Formation

93. Medium dark gray (N4), thin-
bedded, cherty calcilutite and
fine calcisiltite; weathers to
light gray (N7); bedding sur-
faces wavy and uneven, spaced

1 to 4 inches apart; bhedding

beginning 8 inches and 8 feet 5 surfaces arc accentuated by
inches above the base of the moderate  yellowish  brown
subunit; transitional upward to (10YR5/4) wavy argillaceous

typical Kirkfield lithology. 21 10%: 64 10% seams, 1/8 to ' inch thick,
which separate the individual
beds; pgrayish black (N2) to
dark gray (N3) chert is present
as irregular nodules elongated
parallel to bedding: the chert
weathers very light gray (N8)
and a few nodules are char-
acterized by a conspicuous rim
of anhedral black calcite; con-
taing Tetradium fibratum Saf-
ford, small horn corals, brachio-
pods, and  orthoceracones;
many of the forms are partly
or wholly silicified.

2. Olive black aSY:E,"l) to dark gray
(N3), very thin- to medinm- cci
ded calcilutites; medium dark gray
(N4) Lo medium gray (N3), very
thin- to medium-bedded calcisil-
tites; intermediate between olive
gray (5Y4/1) and light olive gray
(5Y6/1), thin-bedded calcarenites;
and minor amounts of black (N1)
to grayish black (N2), thinly lami-
nated, limy shale partings; the
calcilutites make up about 40

percent, the calcisiltites 45 to 50 6 6% 228 2
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92. Medium dark gray (N4), fossili-

ferous calcilutite to calcisiltite;
weathers to intermediate be-
tween light olive gray (5Y6/1)
and yellowish gray (5Y8/1);
bedding surfaces are wavy and
uneven; individual beds are
mostly indistinct, but undula-
tory; moderate yellowish brown
(10YR5/4) argillaceous seame
show up the wavy character of
some bedding surfaces; silicified
fragments of fossils are abun-
dant.

Lowville Formation: 121 feet 10 inches

Lowville sensu-stricto: 80 feet 11
inches
91. Medium gray (N5), Phytopsis-

90.

89.

89.

i

bearing, medium-bedded calcilu-
tite; weathers light gray (N7);
beds average 6 to 8 inches thick;
in addition to the characteristic
calcite-filled worm boring Phy-
topsis tubulosa, the subunit con-
taing Tetradium cellulosum.

Dark gray (N3), thin-bedded cal-
cilutite to fine caleisiltite; weath-
ers Lo intermediate belween me-
dium light gray (N6) and light
gray (N7): locally it weathers
moderate  vellowish  brown
(10YR5/4) to grayish orange
(10YR7/4); beds are planc and
distinet, surfaces 1 to 4 inches
apart; moderately fossiliferous;
some layers are more fossiliferous
than others; contains abundant
Tetradium, cephalopods, and gas-
tropods; the subunit is parti-
cularly fossiliferous 52 feet be-
low the top.

As 90, but beds mostly indis-
tinet; prominent layering surfaces
3 to 8 inches apart.

As 91 .

. Medium dark gray (N4), very

thin- to thin-bedded calcilutite;
weathers light gray (IN7); lime-
stone beds separated by dark
yellowish orange (10YR4/4) to
pale yellowish orange
(10YR6/6) argillaceous seams, a
¥4 to ¥2 an inch thick.

I 1I
Ft. In. Ft In.
2 0% 221 7w
18% 220 8
6 8 218 114
110 212 3%
111 210 5%
1 0 208 6%

86.

85.

83.

I

Ft. In.

Olive black (5Y2/1) to medium
dark gray (N4), knobby, stroma-
toporoid-bearing calcilutite to
calcigiltite; weathers to inter-
mediate between medium light
gray (NO) and light gray (N7);
ives off a petroliferous odor
when freshly broken; contains a
few small gastropods.

Medium dark gray (N4), thin-
to medium-hegt.led calcilutite;
weathers light gray (N7): bed-
ing surfaces plane, 1 to 0 inches
mches apart; characterized by
Tetradium sp. and Phytopsis
tubulosa; T. are particularly
abundant in the Eighest 10
inches, calcite-filled P. predom-
inate in the lowest half.

Base of quarry wall. The quarry
floor is marked by two prom-
inent sets of vertical joints: N.
75 degrees L., surfaces spaced
an average of 10 feet apart and
N. 70 degrees W., surfaces
spaced 2 to 20 feet apart. A
less prominent set of vertical
joints strikes N. 20 degrees E.,

joint surfaces 2 to 20 feet apart.

The foliowing subunits have been
described and measured from
drill core begun at quarry floor.

. Medium dark gray (N4} to

medium gray (N5), thickly lam-
inated to thin-bedded -calcilu-
tite; faintly mottled with a
slight brownish tinge when wet;
numerous wavy, paper-thin,
dark gray (N3) shaly scams,
spaced ¥4 inch to 4 inches
apart, along which the core
separates  readily; prominent
stylolites occur 4 and 4}: feet
below the top of the subunit;
contains a few Phytopsis.

As 84, but wavy shale partings
are thicker and more abundant;
the partings range from paper
thin to % inch thick and are
spaced ¥ inch to 2 inches
apart; small aggregates of cal-
cite grains up to 2 inch in
diameter ar¢ present; a prom-

I

Et: In;

19T 207 672

1 11% 205 11%

6

0

204

0



82.

8l.

80.

70.

78.

77.

76.
75.

inent stylolite occurs 2 feet 9
inches below the top of  the
subunit.

Medium dark gray (N4) to
medium gray (N5) fine calcisil-

tite  which contains  well
rounded :}uartz grains of sand
size; sand grains are dissem-

inated throughout the subunit
but are most abundant in the
upper half; small aggregates of
calcite are abundant; occasional
undulose, paper-thin shale part-
ngs.

As 82, but without quartz sand
grains.

Medium dark gray gNtl-) to
medium gray (ﬁf"}) calcisiltite;
bedding not apparent; stylolitic
in highest 10 inches.

Medium dark gray (N4) fossili-
ferous calcilutite; occasional pa-
per-thin, wavy dark gray (N3
gshale partings; Phytopsis an
Tetradium abundant; breaks
with a hackly fracture.

Medium dark gray (N4), thinly
jaminated to thin-bedded calcil-
utite; abundant wavy, paper
thin dark gray %N 3) shale part-
ings s acejT 1/16 of an inch to
4 ‘inches apart; contains Phy-
topsis, but not as abundantly as
in subunit above.

Medium dark gray S\M‘) to
medium gray (1%1.5) calcilutite;
occasional  plane, paper-thin
dark gray (N3) shale partings; a
few well-rounded quartz grains
of sand size occur 2 to 7 inches
below the top of the subunit;
zone of dark gray limy shale, %2
inch thick, occurs 2 feet 5
inches below the top; occa-
sional Phytopsis.

Missing.

As 77, but without quartz sand
grains; zones of limy shale, /2
an inch thick, 2 inches and 9
inches below top of subunit.

74. Medium dark gray (N4) to

medium gray (N3), very thin-

I
Ft. In.
5 4
1 4
0 8
110
110
4 7
4 2
0 3
011

I

Ft. In.
198 0
192 8
191 4
190 8
188 10
187 0
182 5
178 3
178 0

73.

72,

71.
70.
69.

68.

67.

66.
65.
64.

63.

to  thin-bedded  calcisiltite;
wavy, paper-thin, dark gray
(N3) shale partings spaced an
average of 1 inch apart.
Medium gray (N5) coarse calcis-
iltite with abundant quartz
grains of sand size; occasional
wavy, paper-thin dark gray
(N3) shale partings; scattered
small aggregates of calcite.

Medium dark ﬁray aSNﬁL) to
medium gray (N5) calcilutite,
occasionally becoming calcisil-
tite; few paper-thin dark gray
(N3) shale partings.

Grayish black (N2) limy shale.
As72.

As 73, but with more shale
partings; highest 8 inches ap-
pears conglomeratic, giving a
mottled appearance to the core.
Medium gray (N5) to medium
light gray (KJ({]} very thin- to
medium-bedded coarse calcisil-
tite which contains scattered
quartz grains of sand size; sand
grains are most prominent in
the lowest 6 inches; very few
paper-thin shale partings.
Medium dark gray (N4) to
medium gray (N5), very thin-
to thin-bedded calcilutite; occa-
sional wavy, paper-thin dark
y (N3) shale partings; stylo-
ite near base.
As 68.
As 67, but without stylolite.
Medium dark gray g?, thick-
Iy-laminated to thin-bedded cal-
cilutite; slightly coarser in grain
than 65 and 67; wavy, paper-
thin dark gray (N3) shale part-
ings spaced 2z inch to 1%
inches aparl.

Medium dark gray (N4) to
medium gray (N%, thickly lam-
inated to medium-bedded calcil-
utite; grain is slightly coarser in
lowest 2 feet; contains very few
quartz grains of sand size;
scattered small aggregates of
calcite become abundant 4 feet

I
Ft. In.
2 1
1 5
1 6
0 10
2 4
1 6
4 6
1 1
211
i 6
2 0
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Ft. In.
177 1
175 0
173 7
| ErAL N |
17 3
168 11
167 5
162 11
161 10
158 11
157 5
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1 inch and 5 teet 11 inches
below “the top of the subunit;

ayish black, (N2) slightly
imy shale partings, paper thin
to %2 inch thick, are spaced a ¥
inch to 5 inches apart; stylo-
lites occur 4% feet, 10% feet,
and 11 feet 9 inches below the
top; conglomeratic 5 feet 3
inches below top; minor pyrite
mineralization 6 feet 11 inches
below top; calcite aggregates
may represent Phytopsis.

. Medium gray (N5) to medium
light gray (N6) calcisiltite con-
taining scattered quartz grains
of sand size; few wavy, paper-
thin dark gray (N3) shale part-
ings; occasional small aggregates
of calcite.

Pamena-Lowville transition: 40 feet 11

6l. As 62, but with pale red
(10R6/2) mottling; sand grains

more abundant.

. Medium gray (N5) to medium
light gray (K‘G), very thin-bed-
ded calcisiltite containing scat-
tered quartz grains of sand size;
the mﬂ)unit is characterized by
wavy, intermediate between
dark greenish gray (5G4/1) and
greemish  gray (5G6/1) shale
partings, I%tlginch to 1/8 inch
thick, which are spaced % inch
to 1 inch apart.

. Medium light gray (N6) calcisil-
tite with wavy greenish gray
(5G6/1) shale partings wﬁch
give the subunit an overall
greenish gray cast; quartz grains
of sand size are moderately
abundant, with the heaviest
concentrations at the top and 9
inches below the top of the
subunit; minor pyrite mineral-
ization 6 inches below the top.

. Medium gray (N5) to medium
light gray (N6) calcilutite; few
wavy, paper-thin dark gray
(N3) shale partings; minor gly-
topsis.

7. Medium gray (N5), very thin-

to medium-bedded, fine calcisil-

tite, locally becoming calcilutite
with small aggregates of calcite
or Phytopsis; occasional, plane
and slightly wavy, paper-thin
dark gray (N3), sometimes dark
greenish gray (5G4/1) shale
partings; stylolitic in lower half;
pyrite mineralization 2 feet 2
inches, 3 feet 1 inch and 3 feet
11 inches below top of subunit.

. Medium  dark %?; (N4) to

medium  gray S‘ thin- to
thick-bedded calcilutite; dark
gray (N3) shale partings, % an
mch to %2 inch thick, occur 2
feet 3 inches and 2 feet 5
inches below the top of the
subunit; occasional stylolites,

- Medium gray (N5) thickly lam-

inated to thin-bedded calcilutite
with abundant quartz grains of
sand size; dark gray (N3) shale
partings up to % inch thick.

- Medium dark gray (N4) to

medium gray SNS), very thin-
to medium-bedded calcilutite;
quartz grains of sand size dis-
seminated throughout, but with
the heaviest concentrations in
layers in the highest 3 feet;
occasional dark gray (N3) shale
partings up to 2 inch thick;
stylolites common; contains
small ~ aggregates of calcite
which  presumably fill the
worm-boring Phytopsis.

. Medium light gray (N6) to light

gray (N7), fine calcareous dolo-
misiltite, with faint moderate
reddish orange (10R6/6) mot-
tling 7 inches below the top and
at the base of the subunit;
occasional dark gray (N3) shale
partings up to % inch  thick;
calcite grains of sand size are
scattered throughout the middle
of the subunit; one stylolite in
middle.

. Intermediate between medium

dark I%ray (N4) and medium
gray (N5) to medium light gray
(N6), thickly laminated to me-
dium-bedded calcisiltite and cal-
cilutite; the calcilutites are a
shade darker than the calcisil-
tites; dark gray (N3) shale

22 124 8

97 122 6



partings, 1/16 inch to an 1/8
inch thick, are spaced an 1/8
inch to a % inch apart in 1 to
3 inch thick zones throughout;
quartz ﬁrains of sand size are
scattered through the subunit
but abundant in a 2 inch thick
zone, 8 feet 2 to 8 feet 4
inches below the top.

Pamelia Formation: 95 feet 2 inches

51. Distinctive medium light gray

20.

49.

47.
46.

44.

(N6) dolomisiltite to fine dolo-
marenite with a greenish gray
(5G6/1) cast; quartz grains of
sand size are disseminated
throughout the subunit, but are
particularly evident in the low-
est 9 inches; prominent paper-
thin dark gray (N3) shale part-
ings 4 feet 1 inch and 4 feet 4
inches below the top.

Intermediate between greenish-
gray (5G6/1) and light-greenish-
gray (5G8/1) coarse dolomisiltite
which is  mottled pale red
(10R6/2) from 1 foot 5 inches to
2 feet 8 inches below the top of
the subunit; scattered quartz
grains of sand size above mottled
zone.

Medium gray (N5) to medium
light gray (NO), thickly lam-
inated to medium-bedded cal-
cisiltite; dark gray (N3) shale
partings, 1/16 inch to 1/8 of an
inch thick, are spaced 1/8 inch
to 12 inches apart.

. Medium gray (NS) to medium

light gray (NG6), greenish gray

with quartz grains of sand size.
As 49.
Greenish gray (5G6/1) to inter-

mediate between greenish gray
and light greenish gray (5G8/1)
dolomusiltite and fine dolomare-
nite with quartz grains of sand
size.

. As 46, but mottled pale red

(10R6/2) and withoul quartz
sand grains.

As 46.

Ft. In.

11 0

410

3
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Ft. In.
109 10
98 10
94 0
90 3
84 11
84 3
83 9%
82 2
80 6

Ft. In.

43. Medium light gray (N6) calcilu-
tite and fine calcisiltite; occa-
sional  stylolites; small ag
'c%ratcs of calcite in upper
al

42. Light gray (N7) to intermediate
between greenish gray (5G6/1)
and light greenish gray (5G8/1)
dolomusiltite. 0 8

41, Medium gray (N5), thickly lam-
inated to very thin-bedded cal-
cilutite; dark gray (N3) shale
partings, paper thin to 1/16
inch thick; quartz sand grains
abundant 3 feet 1 inch below
the top of subunit. 4 11

40. Medium light gray (N6) dolo-

misiltite with greenish gray

(5G6/1) mottling. 1 5
39. Medium gray (N5) calcisiltite,
locally dolomitic. 4 9

38. Greenish gray (5G6/1), thin- to
medium-bedded  dolomisiltite;
local pale red (10R6/2) mot-
tling, particularly from 3 feet 8
inches to 4 feet 2 inches, and
from 5 feet to 5 feet 4 inches
below the top of the subunit;
occasional dark greenish gray
(5G4/1) shale partings; contains
a few sand grains composed of
quartz. 8

[

37. Medium gray (N5) io inter-
mediate between dark greenish
gray }SGM 1) and greenish gray
(5G6/1) calcisiltite; color dark-
ens downward; occasional dark
gray (N3) shale partings; a few
stylolites occur in the zone
from 1 foot 10 inches to 2 feet
1 inch below the top of the
subunit. 59
36. Medium dark gray 94), thickly
laminated to medium-bedded
calcilutite; dark gray (N3) shale
partings, paper thin, spaced %
inch to 12 inches apart; occa-
sional small aggregates of cal-
cite (Phytopsis?). 75
35. Medium gray (N5) to medium
light gray (N6) fine dolomisil-
tite with faint greenish gray

11

Ft. In.
779
740
73 4
68 3
67 0
62 3
53 10
48 1
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33.

32.

31.

30.

29,

28.

27.

26.

25.

(5G6/1) mottling; dark gra
(N3 s%lale parti%lg; 1/8 ﬁc{
thick, at top; 1 stylolite, 2
inches below the top of the
subunit.

. Light gray (N7) to very light
gray (N8) fine dolomisiltite
with  light greenish  gray

(5GY8/1) cast; abundant well
rounded quartz grains of sand
size.

Light gray (N7) to intermediate
between eenis gra

(5GY6/ ‘1_) and light greenis

?ray (5GY8/1) dolomisiltite;
ocally  speckled ale red
(1LOR6/2); Eark gray shale layer,
72 thick, 3 feet 9 inches below
top of the subunit; few small
calcite grains near base.

Medium dark gray (N4) calcilu-
tite.

As 33, but with small grains of
yellowish calcite from 1 foot 6
inches to 1 foot 9 inches below
top; minor pyrite 1 foot 5
inches below top.

As 32,
Medium light gray (Nf)? dolo-
misiltite with an overall faint

greenish gray (5G6/1) cast, lo-
cally becoming pale green
(10G6/2); contains a few 1-inch
bands of medium dark gray
calcisiltite.

Medium light gray (N6) and
greenish gray (3G6/1) dolomi-
siltite  with rounded quartz
grains of sand size.

Greenish gray (5G6/1) dolomi-
siltite; rounded quartz grains of
sand size in lowest 13 inches;
minor pyrite mineralization.

Medium gray (N5), locally pale
green (10G6/2) calcisiltite with
abundant well-rounded quartz
sand grains,

Greenish-gray (5G6/1) dolomi-
siltite, becoming grayish-blue
green  (5BG5/2) downward;
scattered well-rounded quartz
grains of sand size,

Ft. In.
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24,

23.

22,

21.
20.
19,

18.

17.

16.

14.
13.
12,
11,
10.
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Medium light gray (N6) calcare-
ous sandstone.

Intermediate between greenish-
gray (5G6/1) and light greenish-
gray (5G8/1) dolomusiltite, with
occasional well-rounded quartz
grains of sand size.

Light gray (N7) to intermediate
between greemish-gray (5G6/1)
and light greenish-gray (5G8/1)
dolomisiltite.

Medium gray (N5) calcilutite.
Medium gray (N5) ealcisiltite.
Dark %:'eenish-gray (5G4/1) to
greenish-gray (5G6/1) dolomisil-
tite.

Dark eenish-gray  (5G4/1)
dolomisiltite with moderately
abundant, well-rounded quartz
sand grains,

Greenish-gray (5G6/1) dolomi-
siltite becoming dark greenish-
gray (5G4/1) downward; locally
speckled pale red (LOR6/2).
Dark gray (N3) argillutite with
moderately abundant well-round-
ed quarlz grains of sand size.

. Greenishgray (5G6/1) dolomi-

siltite withabundant well-rounded
quartz grains ol sand size.

As 16,

As 15.

As 16.

As15.

Medium gray  (N5) calcisiltite
with abundant quartz grains of
sand size.

As 15, but 4 to 5 inches of core
was lost.

. As 10,
. As 15,
. As .
. As 5,
- Medium light gray (N6) calcisil-

tite; mottled greenish gray
(5G6/1) near base; contains a
few well-rounded quartz grains
of sand size.
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3. Greenish gray (5G6/1) to inter-
mediate between greenish %ray
and light greenish-gray (5G8/1)
dolomisiltite; contains abun-
dant, wellrounded  quartz
grains of sand size and a few
small inclusions of pale reddish-
brown (10R5/4) feldspar.

2. Basal conglomerate; greenish-gray
(5G6/1) arenaceous dolomisiltite
containing inclusions of gneiss up
to 2 inches in diameter.

Precambrian

1. Prophyroblastic hornblende-bio-

tite gneiss containing pale red-
dish-brown (10R5/4) feldspar;
dusky-green  (5G3/2) homn-

blende; quartz rare.

Bottom of hole.

4. This seclion was measured on the east wall of the
quarry which is located in Camp Drum about 850 feet west
of the LeRaysville Cemetery, immediately south of the
Camp Drum-Evans Mills Road, SE/4 Black River, N.Y.

quadrangle.

Lowville Formation

Lowville sensu-stricto

12. Intermediate between dark gray
(N3) and medium dark gray
(N4) to medium dark gray,
thickly laminated to thin-bedded
calcilutite and fine calcisiltite;
we?thers medium  light raly'
N6); dark gray (N3) limy shale
i(s p)resent igrf tyha(n b)eds an 1/8
inch to 3 inches thick; small
grains of calcite are moderately
abundant; occasional quartz
grains of sand size; contains a
few small cup corals.

11. Medium dark gray (IN4), fossilif-
erous calcirudite; matrix calcisil-
tite with small fragments of cal-
cilutite from subunit below;
weathers medium gray (IN5) to
medium light gray (N6); brec-
ciated character obvious only on
a weathered surface; contains
Bryozoa, brachiopods, gastro-
pods, small orthoceracones, and
crinoid stem fragments.

10. Intermediate between dark gray
(N3) and medium dark gray

3
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(N4) to medium dark gray,
thinly laminated to very thin-
bedded cal[::lilutite; :ivealhers
light gra 7); abundant pa-
p%i’l-thigrf, ycla(rk )g'ray (N3) Iirrr)ly
shale partings, particularly in
the uppermost few inches; con-

tains a few small pods of
limonite up to Y inch in
diameter.

9. Dark gray (N3) to medium

dark gray (N4), thickly lam-
inated to thin-bedded calcilutite
and calcisiltite; weathers me-
dium light gray (N6) to light
gray (N7); locally appears brec-
ciated on a weathered surface;
dark gray (N%. wavy shale
partings, paper thin to /4 inch
thick, spaced an 1/8 inch to 4
inches apart; fossils not com-
mon; contains a few small
brachiopods and ostracodes; oc-
casional aggregates of calcite
grains up to % inch in diam-
eter.

8. Dark gray (N3) to medium
dark gray (IN4), thin- to me-
dium-bedded calcilutite and mi-
nor calcisiltite; w['\tl:athcrs me-
dium light gray (N6) to light
gray EN%), hfé;rnesto(ne gbeds ar]% 1
to 12 inches thick, with an
average of 4 inches; dark gray
(N3), paper-thin limy shale

partings; calcite grains of sand
size disseminated throughout
subunit; contains small coiled
gastropods, small cepahlopods
and ostracodes.

=1

. As 8, but with an increase of
the shale partings to about 20
percent of the subunit.

6. Identical to 8, but with zones
of breccia, 6 to 10 inches
thick, evident on the weathered
surface; fossils appear to be
concentrated in the brecciated
zones.

Pamelia-Lowville transition

5. Medium dark gray (N4), thin-
to  medium-bedded, slightly
dolomitic calcisiltite; weathers
light olive gray (5Y5f2); dark
greenish-gray  (5GY4/1) shale
partings; contains quartz grains
of sand size.

1
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4. Intermediate between dark gray
(N3) and medium dark %lay
(N4), thickly laminated to thin-
bedded calcilutite and caleisil-
tite, and calcirudite; weathers
medium light gray (N6); brec-
ciated character evident on
weathered surface only; lime-
stone beds are 4 inch to 3
inches thick and separated by
paper-thin, dark gray (N3) shale
partings which weather to light
olive gray (5Y6/1); the surfaces
of some partings are mud-
cracked; prominent layers are 4
to 15 inches thick; contains
ostracodes. 4 0 9 4
3. Medium dark §ray (N4) to
medium gray (N5) dolomisil-
tite; weathers intermediate be-
tween  moderate  yellowish
brown (10YR5/4) and grayish
orange (10YR7/4). 10 5 4

2. As 4, but locally very slightly
dolomitic; contains scattered
sand-sized calcite grains. 4 4 4 4

1. Floor of quarry. Base of section,
Medium gray (N5) calcilutite;
weathers medium light gray
(NO); cut by 2 sets of vertical
joints: N. 73 degrees E., surfaces
spaccd an average of 4 feet
apart, and N. 79 degrees E.,
surfaces spaced 2 to 8 feet apart.

5. This section was measured from cliff and stream
exposures on the northern slope located immediately north
of Ridge Road, 0.75 mile east of Woodwards Side Hill,
NW/4 South Rutland, N.Y. quadrangle. The base of the
section begins 52 feet 6 inches above the valley floor.
Colors of weathered surfaces were notl obtained because of
profuse growth of licien.

Shoreham Formation

8.Medium gray (N5) thin-bedded
calcarenite. and medium dark
gray (N4) to medium gray, thin-
bedded calcisiltite with minor
paper-thin, dark gray (N3) limy
shale partings; limestone beds
range from 1 to 5 inches thick
with an average of 2 to 3 inches;
the calcarenites are highly fossil-
iferous; contain  ubiquitous
Trenton brachiopods; a portion
of the cephalic brim of Cryptoli-
thus cf. quadrillineus in the
highest foot. 12 0 108 5

Kirkfield Formation: 80 feet 5 inches

7, Medium gray (N5) to inter-

mediate between medium gray
and medium light gray (ﬁ-ﬁ),
thin- to medium-bedded co-
quinal calcarenites and medium
gray, thin-bedded, barren cal-
cisiltites separated by plane and
wavy, dark gray (N3) limy shale
partings; the limy shale is not
evident having weathered back
to form narrow reentrants paral-
lel to bedding surfaces of the
limestones; the  calcarenites
measure 1%2 to 8 inches thick,
with an average of 4 inches in
thickness; the calcisiltites are 1
to 2 inches thick and compose
10 to 15 percent of the entire
subunit; the fossils present are
typical of the Trenton fauna
with brachiopods the dominant
element; included are Dinorthis,
Paucicrura, Sowerbyella and
Strophomena; also noted were
trilobite fragments and crinoid
stem fragments; Prasopora ori-
entalis is fairly common in the
uppermost 5 {eet of the subunit.

. As 7, but without the caleis-

iltites; contains a few high-spired
gastropods (Hormotoma ? sp.).

. As 7; caleigiltites increase slightly

in quantity to account for about
15 percent of the subunit; weath-
crerf surfaces locally stained dark
yellowish orange (10YR6/6);
contains the longranging Tren-
ton trilobite Isotelus.

. Dark gray (N3) limy shale with

very thin interbeds of medium
gray (N5) calcarenite; cut by
prominent set of vertical joints
which strike N. 88 degrees W,

3. As 5.
. Medium gray (N5), thin- to

medium-bedded calcisiltite;
dark gray (N3) limy shale
partings as in 7; limestone beds
are 2 to 8 inches thick with an
average of 4 to 5 inches;
fossiliferous coarse calcisiltite
beds, 5 inches thick, occur at
the top and 1 foot above the
base of the subunit; other
calcisiltites are barren.

I i
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Rockland Formation

Napanee Member
1. Medium dark gray

(N4), very
thin- to medium-bedded, very

fine calcisiltite and coarse cal-
cilutite with thin interbeds of
medium gray (IN5) calcarenite;
beds are %2 to 5 inches thick,
with an average thickness of 2%
inches; considerably thinner-
bedded than any of the sub-
units above; limestone beds
separated by dark gray (N3)
limy shale as in 7; layerin
coincides with bedding; the
calcarenites account for about
35 percent of the subunit and
are moderately fossiliferous; the
brachiopods Sowerbyella and
Paucicrura, and crinoid stem
fragments predominate.

Base of section

6.

Rutland, N.Y. quadrangle.

Denmark Formation

. Medium gra

). Covered.

5. As 4 below, but limy shales

increase in quantity to make up
30 to 35 percent of the subunit
and the calcilutites disappear.

(N5) to medium
light gray (NG), fine to coarse
calcarenites with the coarsest
layers having a pale vellowish-
brown (IOY%{@’.‘Z? cast, medium
gray (N5) calcisiltites, very mi-
nor medium dark gray (N4) to
medium gray calcilutites, and
plane, dark gray (N3) limy
shale partings; the calcarenites
compose 50 to 55 percent, the
calcisiltites and calcilutites com-
bined make up 35 to 40
percent, and the limy shales
account for 10 to 15 percent
of the subunit; limestone beds
range from %2 inch to 9 inches
thick with an average thickness
of 3 inches, bedding surfaces
are plane and smooth; the limy
gshales range in thickness from
paper-thin - partings to zones
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This secltion was measured in the falls and bed of the
small westward-flowing stream 1,000 to 2,000 feet north-
west of School No.7, East Watertown, NW/4 South

measuring 2 inch; ubiquitous
Trenton brachiopods are com-
mon, “nests” of small Praso-
ora are locally common, and
oth large and small forms of
branching Bryozoa are fairly
abundant throughout the suc-
cession,

Shoreham Formation: 20 feet 6 inches

3. Medium dark gray (N4) to

medium light gray ‘SNG , Very
thin- to medium-bedded lime-
stone, ranging from coarse cal-
cisiltite to coarse calcarenite
with fine calcarenite and cal-
cisiltite ~ predominating;  the
limestone beds are separated by
wavy, dark gray (N3) limy
shale partings (compose 30 per-
cent of subunit), paper thin to
¥ inch thick, and measure, %2
inch to 5 inches, with an
average of 1 to 2 inches thick;
bedding surfaces are wavy and
give a pinch and swell character
to the beds; thus a thin lime-
stone layer may grade laterally
into limy shale and back again
into limestone; the coarser
limestones are fossiliferous; the
IorlFranging Trenton brachio-
pods such as Paucicrura and
Sowerbyella  are  common;
Prasopora is present, and a
fragment of a large orthocera-
cone, 3 inches in ﬁiamcter, was
noted 9 feet above the base of
the subunit.

Kirkfield Formation
2. Medium dark gray (N4) to

intermediate  between medium
grav (N5) and medium light
gray (NO), thin- to medium-
bedded calcarenites and calcisil-
tites separated by minor but
prominent limy shale partings
(compose 10 percent of sub-
unit); limestones measure 1 to
8 inches and average 4 to 5
inches thick; the coarser cal-
carenites are thickest and al-
most coquinal, containing such
typical brachiopods as Pauci-
crura (“Dalmanella”), Sower-
byella, and Dinorthis, small
Prasopora, and abundant cri-
noid stem fragments,
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Lowville Formation
1. Covered 3. Medium dark I\?l'ay (N4) to
Base of section medium gray (N5), very thin-
7 This secti dessabedand s df : to medium-bedded calcilutite;
: is section was described and measured from the cliff weathers light gray (N7); beds
exposure along the north bank of the Black River imme- are 2 an inch to 6 inches thick;
diately west of the bridge on N.Y. Highway 3 and opposite prominent layering surfaces are
the City of Watertown filtration plant, NE/4 Watertown, 1% to 8 inches apart; streaks
N.Y. quadrangle and blotches of coarse white
: ! calcite are common; moderately
fossiliferous, contains Phytop-
. i ; sis, fragments of small gastro-
Chaumont Formation pods and Bryozoa. 46 13 8
6. Medium dark gray (N4), medium- M
bedded calcilutite to fine calcis- thjr(ll-lm::lu h?nh:dflr::ljfbe(gﬁe)d v:;‘
iltite; weathers light gray (N7); cirudite (calcilutite fragments in
beds indistinct but appear to coarse calcisiltite  matrix);
average 4 or 5 inches in thick- weathers intermediate between
ness, surfaces irregular; contains medium light gray (Nﬁ) and
small horn corals, brachiopods, hght v (N’?) heddm e
cephalopods, and crinoid stem faces Eghﬂy wavy, ¥ inch to 6
fragments; from 1 to 2 feet be- inches apart; beds average 3
low the top of the subunit are inches thick; prominent layer-
several specimens of the cephalo- _ - ing surfaces 4 to 12 inches
pod Actinoceras. 10 2 32 1 apart; moderately fossiliferous,
. Medium dark H 4), thin- contains abundant Bryozoa and
to medium-bed ed calcilutite to occasional ostracodes. 111 9 2
fine calcisiltite with many irr . Medium dark 4) to ol
ular nodules of dark gray (Ng) l (5Y;;1)1grihm® zoot}?l(l:li
chert arranged in layers and %l‘ ({did calcilutite and locally
Elong:tted pam{ll:,l toh I}J:;ddlﬂg: fine calcisiltite; weathers me-
mestone “wearlers 15 dium light gray (N6); beddin
(N7) to very light gay (ﬁB), surfaces wa\i, ](to )i2 mche§
beds average 4 to 5 inches apart; prominent layers 8 in-
_thldé '?he‘flt layers d_rt‘l_spdccd 1 ches to 3 feet thick; contains
R0, 2 Woncs apat lanstone Phytopsis,  Bryozoa,  small
beds not delineated by chert / :
e v X 3 brachiopods, gastropods, and
are generally indistinct; subunit ceolislovods: maay  af the
is sparsely lossiliferous, 52 2111 fofms }:vea{;her- ay Tebnetive
. Medium dark gray (N4), non- dark yellowish orange
cherty, thin-bedded -calcisiltite; (LOYR6/6) or grayish orange
weathers light gray (N7); indi- (10YR7/4). 7 3 709
vidual beds are generally indis Base of section. Rock in stream
tinct except where thin veins of bed is describe d bel ’
white calcite, an 1/8 inch to 1 PEERARIOM,
inch thick, parallel and cut Medium dark gray (N4) to olive
across the beds to ouditie small gray (5Y4/ 1) fine calcisiltite;
irregular blocks; the subunit is weathers 3}' olive Y
typified by silicified fossils, (5Y6/1); bedding surfaces L 1ar-
particularly small brachiopods, acterized by many small S‘?ll}‘
occasional cephalopods, and the tion pits; some _surfaces BXh'_blt
horn coral Enterolasma sp.; polygonal outlines suggesting
water, from the small canal 10 mud cracks.
feet to the north, issues from 8. This section was described and measured from drill
the base of the subunit to wet e Ty Gotham Hill at the citv limi
the Lowville Limestone below u;r(_.'(z . 144) ‘o taine on _vot.dm i_‘ at t e.fflt} imits
and clearly mark the plane of of Watertown, 300 feet southwest of Gotham Street and
contact between the two for- 8,100 feet southeast of Public Square, NE/4 Watertown,
mations. 31 16 9 N.Y. quadrangle.



Denmark Formation

31.

Medium light gray (N6), thin-
to medium-bedded calcarenite
interbedded with minor a-
mounts of medium gray (N5)
calcisiltite and dark gray (N3)
limy shale; calcarenite beds are
2 to 12 inches thick, surfaces
wavy; the thicker beds occur 1
to 2 feet, 3 feet 4 inches to 4
feet, 4 feet 2 inches to 4 feet 8
inches, and 7 feet 1 inch to 8
feet 1 inch below the top of
the subunit; calcisiltite beds are
thin; the limy shale partings are
paper-thin to 1/8 of an inch
thick and oceur singly and in
zones; when found between
beds of calcarenite the partings
are wavy, elsewhere in the
subunit they are plane; a few
fragments of small brachiopods
were noted in the calcarenites.

Shoreham Formation: 24 feet 1 inch

30.

29,

Approximately equal amounts
of thin- to medium-bedded me-
dium light gray (N6) calcarenite
and medium gray (N5) calcisil-
tite, and minor wavy, dark gray
(N3) limy shale partings; lime-
stone beds range from 3 to 7/2
inches thick, iut with an av-
erage thickness half that of
basal Denmark above; the limy
shale ranges from paper-thin
partings to zones /4 inch thick;
contains Prasopora and long-
range Trenton brachiopod Para-
strophina(?).

Interbedded fine to coarse, me-
dium dark gray (N4) to me-
dium gray (I&TS) calcisiltite, me-
dium light gray (N6) to pale
yellowish-brown (LOYR6/2) cal-
carenite, and dark gray (N3)
limy shale; the brownish tinge
of the calcarenites appears re-
stricted to the larger calcite
grains which gives to the rock
an overall yellowish-brown cast;
the limy shale composes about
25 percent of the subunit, the
limestones account for the bal-
ance with the coarse calcisiltites
and calcarenites predominating;
limestone beds measure 1 to 4

1
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inches, averaging 3 inches in

thickness; the limy shale is
present as partings, paper-thin
to 1 inch thick and occurs in

well-defined, plane and wavy
zones, 1/16 to 1% inches thick;
the subunit is moderately fos-
siliferous; ubiquitous Trenton
fauna is common to the lime-
stones but none are coquinal;

crinoid stem fragments are pres-

ent in the limy shale.

Kirkfield and Rockland Formations:
107 feet 2 inches.

28. Interbedded medium dark gray

27,

26.

(N4) to medium gray (N5) fine
to coarse calcisiltite, medium
]iiht gray (N6) to pale yellow-
ish-brown (10YR6/2) calcare-
nite, and dark gray (N3) limy
shale; limestone beds are 1 to
11 inches thick; throughout the
succession there are nine beds
of coamse calcisilite and cal-
carenite which measure more
than 8 inches thick; the limy
shale makes up about 20 per-
cent of the subunit and is
present as partings, paper thin
to L inch thick, which occur in
zones a 1/16 inch to 3% inches
thick; the partings are mostly
plane; fossils generally not ev-
ident in core but appear to be
restricted to calcarenites; the
fauna is typically Trenton.

Interbedded medium dark gray
(N4) to medium gray (%5)
calcisiltite and calcilutite, and
minor amounts of medium light
gray (N6) calcarenite; base of
subunit marked by prominent
8-inch thick calcarenite; other-
wise as 28. The change from
Rockland to Kirkfield lithology
takes place in this subunit but
the contact is not easily distin-
guished. The sequence is transi-
tional upward to the Kirkfield
Formation.

Interbedded medium dark gray
(N4) to medium gray (N5)
calcisiltite and calcilutite, and
dark gray (N3) limy shale; no
calcarenite; Yaiinch zone of
barite (or strontianite) in limy

41
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25.

shale 3 feet 4 inches below the
top and minor pyrite mineral-
ization 7 feet 2 inches bhelow
the top of the subunit; thick-
ness of limestone and limy
shale comparable to 27 and 28,

Medium dark gray (N4) to
intermediate between medium

dark gray and medium gray
(N5), thin-bedded calcisiltite,
locally mottled and flected

brownish gray (5YR4/1), and
minor ﬁﬂane, paper-thin dark
gray (N3) shale partings; the
calcisiltite locally coarsens to
very line calcarenite; the se-
quence is transitional upward
from highest Chaumont litho-
logy to typical Rockland litho-

logy.

Chaumont Formation: 25 feet 1 inch

24, Intermediate between medium

22.

dark gray (N4) and medium
gray (N5) and brownish-gray
gSYRéU 1), thin-bedded, uni-
ormly-textured calcisiltite and
minor calcilutite, and wavy
dark gray (N3) limy shale
partings; the shale partings are
paper thin, 1 to 4 inches apart,
and separate the limestone
beds; the core does not readily
break vparallel to the shale
partings, as is typical of the
Trenton rocks, so that the
sequence appears more massive;
occasional stylolites; no fossils
seen,

23. As 24, but with brownish-gray

(5YR4/1) chert in small irregular
nodules elongated parallel to the
bedding surfaces.

As 24, but with ocecasional small
aggregates of calcite grains.

Lowville Formation

Lowville sensu-stricto: 89 [eet 10
inches
21. Intermediate between medium

ay (N5) and medium light
g:ag ENG% fine calcisiltite gto
calcilutite and paper-thin dark
gray (N3) limy shale partings;
abundant Phytopsis.

20, Intermediate between medium

dark gray (N4) and medium

I 11
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18.

17.

16.

. Medium  dark

gray (N5), thickly laminated to
very thin-bedded fine calcisiltite
containing wavy, paper-thin
dark gray (N3{ limy shale
partings spaced 1/8 inch to 1
inch apart; few Phytopsis.

Intermediate between medium
gray (N5) and medium light
gray (N6), thinly laminated to
thin-bedded calcilutite to fine
calcisiltite  containing  paper-
thin, dark-gray (N3) shale part-
ings spacea?a 1/16 inch to 2%
inches apart; occasional Phytop-
sis,

Medium dark gray (N4) to
medium gray (N5) calcisiltite,
minor intermediate between
dark gray (N3) and medium
dark gray (N4) to medium dark
gray calcilutite, and very minor
medium gray (N5) calcarenite
with a brownish-gray (5YR4/1)
cast 3 feet 11 inches to 4 feet
5 inches below the top of the
subunit; mostly wavy, dark
gray (N3) limy shale partings,
paper-thin to 1/8 inch thick,
separate the limestone beds and
are spaced a 1/16 inch to 3
inches apart; the shale partings
are particularly abundant 9 feet
10 inches to 10 feet 4 inches
below the top of the sequence,
causing the core to break into
many thin discs; occasional
Phytopsis in the finer-grained
limestones,

Medium dark gray (N4) to olive
gray (5Y4/1), thickly laminated
to thin-bedded calcilutite; paper-
thin, dark gray (N3) limy
shale partings are spaced 1/8
inch to 2 inches apart; occa-
sional Phytopsis.

Intermediate between dark gray
(N3) and medium dark gray
(N4) to medium dark gray,
thickly laminated to medium-
bedded calcisiltite; locally abun-
dant, plane and wavy, dark
gray limy shale partings, paper-
thin to a % inch thick, spaced
an 1/8 inch to 9 inches apart.

ay (N4) to
medium %ray (N5), Phytopsis-

bearing calcilutite.
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14. Intermediate between dark gray
N3) and medium dark gray
§N4), thickly laminated to me-
ium-bedded}' calcisiltite and mi-
nor medium gray (N5) calcare-
nite; wavy paper-thin dark gray
(N3) limy shale partings are
spaced a ¥ inch to 8 inchc[s
apart; small aggregates of cal-
ciI::e, perhaps a{ﬁﬁrmgga the worm
boring Phytopsis, are occa-
sionally found.

13. Intermediate between dark gray
(N3) and medium dark gray
(N4) to medium dark gray,
thickly  laminated to  thin-
bedded  calcilutite;  distinct
plane, paper-thin dark gray
(N3) shale partings which are
limy and spaced 1/8 inch to 3
inches apart; contains Phytop-
sis,

12, Intermediate between dark gray
(N3) and medium dark gray
(N4) to medium dark gray,
thickly laminated to thin-bed-
ded calcisiltite and calcilutite;
wavy, dark gray limy shale
partings, paper-thin to Y2 inch
thick, are spaced 1/8 inch to 2
inches apart; occasional Phytop-
sis in the calcilutites.

11. Intermediate between medium

dark gray (N4) and medium

gray (ﬁ-SJ, thickly laminated to
thin-bedded l_(I:(alcilutitc; wlavy,
er-thin da ay (N5) limy

El’i:fle partings, %;8 iglch) to 2

inches apart; grayish-black (N2

limy shale zone from 2 feet
inches to 2 feet 6 inches below
top of subunit.

0. Medium dark gray (N4) to
intermediate between medium
dark gray and medium gray
(N5)  calcisiltite;  occasional
wavy, paper-thin dark gray
(N3) limy shale partings; scat-
tered quartz grains of sand size;
minor pyrite mineralization at
top of subunit.

. Intermediate between medium
dark gray (N4) and medium
gray $5) calcilutite; wavy,
paper-thin, dark gray (N3) limy
shale partings; slight pyrite min-
eralization.

1
Ft. In.
7T 6
§ 11
5 1
3 2
1 8

5

I

Ft. In.
61 1
33 7
4 8
39 7
36 5
34 9

8. As 10, but without pyrite.

-

7. As 10, but without pyrite and
vaguely rudaceous or conglom-
eratic; conglomerate fragments
are a faint greenish gray (5G6/1),
which gives the subunit a slightly
mottled appearance. )

6. As 8.

5. Intermediate between medium
dark gray (N4) and medium
gray (N5), thickly laminated to
thin-bedded calcisiltite and mi-
nor calcilutite; wavy, dark gray
(N3) limy shale partings, paper
thin to 1/8 inch thick, spaced
1/8 inch to 2 inches apart;
contains rounded quartz grains
of sand size in the coarser
limestone beds; occasional Phy-
topsis in the calcilutites.

4. Medium dark gray (N4), thickly
laminated to medium-bedded
calcilutite with minor amounts
of medium gray (N5) calcisiltite
and fine calcarenite; wavy and
plane, dark gray (N3) limy
shale partings, paper-thin to 1/8
inch thick, spaced 1/8 inch to
11 inches apart and locally
concentrated into zones 1 inch
thick; occasional Phytopsis.

3. Medium dark gray (N4) calcisil-
tite; occasional wavy, paper-
thin dark gray (N3) limy shale
partings; contains quartz grains
of sand size,

Pamelia-Lowville transition

2. Medium gray (N5), thickly lam-
inated to very thin-bedded cal-
cisiltite. which is locally green-
ish-gray (5GY6/1) and slightly
dolomitic; plane and wavy, in-
termediate between dark green-
ish-gray (5G4/1) and greenish-
gray shale partings, 1/16 inch
to 1/8 incE thick, spaced %
inch to 1 inch apart; rounded
quartz Srains of sand size are
scattered throughout the sub-
unit.

1. Medium dark gray (N4) to inter-
mediate between medium dark
gray and medium gray (N5), thin-
ly laminated to very thin-bedded
caleisiltite and minor coarse cal-

1
I'e. In.
1 7
0o 2
2 0
8 4
13 10
2 5
4 0

43

II
Ft. In.
34 4
32 9
32 7
30 7
22 3

8 5
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cilutite; wavy, paper-thin dark
gray (N3) limy shale rartings,
1/16 inch to % an inch apart;
occasional quartz grains of sand
size.,

Bottom of hole

9. This section was described and measured from core
obtained by drilling (Alf. 146) on the south bank of a
small westward-flowing stream immediately east of N.Y.
Highway 37, 3.5 miles north of Watertown, SE/4 Brown-
ville, N.Y. quadrangle. Drilling began 12 feet 2 inches

below

the Lowville-Chaumont contacl.

Lowville Formation: 131 feet 10 inches

Lowville sensu-stricto: 69 feet 3 inches
measured in core; 12 feet 2 inches to
Chaumont Formation; 81 feet 5 inches
in total thickness.

45.

44,

43.

41.

Mediuma gray (N5) Phytopsis-
bearing calcilutite.

Medium dark gray (N4) coarse
calcilutite to fine calcisiltite;
occasional  plane, paper-thin
dark-gray (N3) shale partings.
Medium dark gray (N4) to
intermediate between medium
dark gray and medium-gray
(N5) coarse calcisiltite or fine
calcarenite . which is mottled
dark yellowishhrown (10Y R4/2);
occastonal plane, paper-thin,
dark-gray (N3) shale partings.

. Intermediate between medium

dark gray (N4) and medium
gray (N5), thickly laminated to
thin-bedded calcilutite; plane,
paper-thin, dark gray (N3) shale
partings 1/8 inch to 3 inches
apart.

Medium dark gray, thickly lam-
inated to thin-bedded calcisil-
tite of very uniform texture;
paper-thin, dark gray (N3) shale
partings 1/8 incir to 4 inches

apart and in zones Y% inch

thick.
. Medium dark gra {}N?, very
thin- to medium—ﬂe ded, Phy-

topsis-bearing calcilutite; plane
and wavy, paper-thin, dark gray
shale partings %2 inch to 6

inches apart; calcarenite from 5

I

Ft. In.
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230 0
229 1
226 3
223 7
221 11

39.

37.

36.

. Medium dark gray

feet to 5 feet 3 inches and 5
feet 10 inches to 6 feet 3
inches below the top of the
subunit.

Intermediate between medium
dark %me (N4) and medium
gray (ND) to intermediate be-
tween medium gray and me-
dium light gray (N6), thinly
laminated to thin-bedded calcil-
utite and minor medium gray
to medium light gray calcisil-
tite; abundant plane and wavy,
paper-thin dark gray (N3) shale
partings spaced a 1/16 inch to 3
inches apart.

S(Nti) to

medium gray (N5), thickly lam-
inated to medium-bedded calcil-
utite and calcisiltite; locally
abundant plane and wavy dark
gray (N3) shale partings, paper-
thin to 1/8 inch thick, spaced
1/8 inch to 6 inches apart;
occasional Phytopsis in the cal-
cilutite,
Medium gray (N5) to inter-
mediate between medium gray
and medium light gray (I%rﬁ),
thin- to medium—be(%rded, Phy-
topsis-bearing calcilutite; paper-
thin dark gray (N3) shale part-
ings in zones up to a % inch
thick; partings 2 to 7 inches
apart.

Intermediate between dark gray
%3) and medium dark gray
(N4) to intermediate between
medium dark gray and medium
gray (NG5), thickly laminated to
medium-bedded calcilutite and
calcisiltite with minor medium
gray fine calcarenite (N.B. What
15 logged in the Lowville core
as calcarenite may well weather
to fine breccia or limestone
conglomerate); from 3 feet 1
inch to 4 feet below the top of
the subunit, the limestone ex-
hibits a faint dark greenish gray
(5G6Y4/ 1? overtone to the basic
(gira{ color; ;lane and wavy
ark-gray (N3) shale partings,
paper-thin to 1/8 of an inch
thick, are spaced 1/8 inch to
12 inches apart; partings in the
calcilutites tend to be more

I
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35.
34.

plane. and commonly occur. in
zones up to 1)z inches thick;
occasional stylolites,

Missing,
As 36, but without local green-
ish gray,

Pamelia-Lowville transition: 50 feet 5

inches

33.

32,

31.

30.

As 36, including occasional
rounded quartz grains of sand
size and local greenish-gray
(5GY6/1) mottling; shale part-
ings are an average of 1 to 2
inches apart.

Intermediate between medium
dark gray (N4) and medium
gray (ﬁ%’) to intermediate be-
tween medium gray and me-
dium light gray 5[:16), thinly
laminated to medium-bedded
calcigiltite and coarse calcilutite
with a greenish-gray (5G6/1)
cast; minor intermediate be-
tween dark gray (N3) and
medium dark gray caleilutite;
dark-gray to greenish-gray, pa
per-thin  shale partings spaced
1/16 inch to 8 inches apart; the
partings are greenish-gray most-
ly in the upper portion of the
subunit and grade downward
inte dark gray.

Medium dark gray (N4) to
intermediate betwce{ril me(}iu}rln
ay (N5) and medium light
gzg ((NG), very thin- to r%le—
dium-bedded calcilutite; mostly
plane, dark gray (N3) shale
partings, paper-thin to % of an
inch thick, spaced % inch to 12
inches apart; thin vertical veins
of white calcite are common 3
feet 8 inches to 3 feet 11
inches from the top; two hori-
zontal bands of fibrous gyp-
sum, each 1% inches thick,
occur 13 feet 7 inches and 14
feet 1 inch below the top of
the subunit; the gypsum fibers
are perpendicular to layering.

Medium gray (N5) to medium
light gray (N6), thickly lam-
inated to medium-bedded cal-
cisiltite; paper-thin dark gray
(N3) shale partings are spaced

I

Ft. In.
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29,

1/8 inch to 9 inches apart with
an average spacing of 3 to 4
inches.

Medium dark gray (N4) to
medium gray (N P, thickly lam-
inated to thin-bedded calcilutite
and calcisiltite; paper-thin dark
gray shale partings, locally very
abundant, are spaced % inch to
3 inches apart with an average
spacing of about 3 inches.

Pamelia Formation: 107 feet 1 inch

28,

27.

26.

24,

23.

22.

Greenish gray (5G6/1), locally
dark greenish gray (5G4/1),
thin- to thick-bedded dolomisil-
tite mottled pale red (10R6/6)
and light green (10G6/2); very
few paper-thin, dark greenish-
gray shale partings; rounded
quartz grains of sand size are
scattered throughout the se-
quence; the subunit is mod-
erately calcareous in the highest
and lowest 3 inches.

Medium gray (N5) calcisiltite
with occasional paper-thin dark
gray (N3) shale partings.
Intermediate between medium
dark %ay N4) and medium
gray (N5), thin-bedded calcilu-
tite; dark-gray (N3) shale part-
ings, 1/8 inch thick, are spaced
1 to 4 inches apart; occasional
Phytopsis.

. Intermediate between medium
gray (N5) and medium light
gray (N6) to medium light
gray, thickly laminated to me-

dium-bedded calcisiltite; occa-
sional paper-thin dark gray
(N3) shale partings ¥ inch to 7
inches apart with an average
spacing of 4 to 5 inches.

Greenish-gray  (5G6/1) dolo-
misiltite; paper-thin dark green-
ish-gray (5G4/1) to dark gray
(N3) shale partings; contains

rounded quartz grains of sand

size.

Medium dark gray (N4) calcisil-
tite.

Intermediate between medium
gray (N? and medium light
gray (N6) to medium light

3]

11
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21,

20.

19.

18.

17.

16.

15.

14.

gray, thin- to thick-bedded cal-
cisiltite; occasional paper-thin
dark gray (N3) shale partings 1
inch to 2% feet apart, with an
average spacing of 12 to 15
inches.

Intermediate between medium
dark gray (N4) and medium
gray (N5) to medium gray, very
thin- to medium-bedded calcilu-
tite; dark gray (N3) shale part-
ings, paper-thin to an 1/8 inch
thick, spaced ' inch to 12
inches apart.

Greenish-gray (5G6/1), slightly
calcareous dolomisiltite.
Medium dark gray (N4) to
intermediate between medium
dark gray and medium %ray
(N5), thickly laminated to thin-
bedded calcisiltite; plane, paper-

thin, dark gray (N3) shale
partings /4 inch to 3 inches
apart.

Medium gray (N5) and green-
ish-gray (5G6/1) dolomisiltite.
Medium gray (N5) and green-
ish-gray (5G6/1) calcisiltite; 1
inch thick seam of white calcite
3 to 4 inches below the top of
the subunit.

Intermediate between medium
gray (N3) and medium light
gray (N6) to medium light
gray, medium-bedded calcisil-
tite; paper-thin dark gray (N3
shale partings are 5 to 1
inches apart; stylolites are local-
ly abundant, 6 were noted
from 2 feet 2 inches to 4 feet
2 inches below the top of the
subunit.

Dark greenish-gray (5G4/1) to
grcenisgigray (5G6/1) dolomisil-
tite which is mottled grayish-
red (10R4/2); the color become
medium dark gray (N4) to
medium gray locally as the
dolomisiltite becomes more cal-
careous; paper-thin, dark green-
ish-gray shale is found in zones
2 to 3 inches thick in the
middle of the subunit.

Dark gray (N3) to medium
dark gray (N4), thickly lam-

inated to thin-bedded calcilu-

I
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. Dark

tite; plane, paper-thin dark _.ay
(N3) shale partings, spaced 1/8
inch to 4 inches apart, with an
average of 3 to 3% inches; 1/8
inch thick gypsum seam which
is parallel to bedding occurs 5
feet 7 inches below the top of
the subunit,

Intermediate between medium
gray (N5) and medium light
gray (NO) and greenish-gray

(5GY6/1) dolomisiltite with 3
zones of dark greenish-gray
(5G4/1) shale up to 3 inches
thick; rounded quartz grains of
sand size scattered throughout
the sequence but abundant in
the highest 15 inches of the
subunit and from 2 feet 10
inches to 3 feet below the top,
Medium dark gray (N4) calcilu-
tite; minor paper-thin dark gray
(N3) shale partings.

. Intermediate betwcen medium

gray (N5) and medium light
gray (N6), thickly laminated to
medium-bedded calcisiltite with
overall greenish-gray (5GY6/1)
cast; paper-thin dark gray (N3)
shale partings are spaced 1/8 of
an inch to 10 inches apart with
an average of 6 to 7 inches
between thern,

Intermediate between dark gray
(N3) and medium dark gray
(N4) to medium dark gray,
locally dolomitic calcisiltite; oc-
casional zones of dark gray to
dark  greenish-gray (5G4/1)
shale up to 1 inch thick,

eenish-gray (5G4/1) to
%freenis%};-gray %50-6/ 1), thinly-
aminated to thin-bedded dolo-
misiltite  which is  locally
flecked pale red (10R6/2);
abundant paper-thin dark green-
ish-gray leaIe partings, a 1/32
inch to 2 inches apart.

. Greenish-gray (5GY6/1) calcisil-

tite.

. As 8, but with rounded quartz

grains of sand size; the lowest
%2 inch is medium dark gray
(N4) shale containing fragments
of greenish-gray (5GY6/1) cal-
cisiltite.
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Ft. In. Ft. In. Ft. In. Ft In.
6. Intermediate between medium Theresa Formation
dark ﬁay N4y and medium 1. Dark gray (N3) to medium
gray (N5), thin-bedded calcilu- dark gray (N4), fine- to me-
tite with minor calcisiltite, mot- dium-grained, saccharoidal sand-
tled grayish-green (5G5/2) from stone characterized by very
1 foot 6 inches to 1 foot 8

pale orange (10YR8/2) banding

inches below the top of the and mottling. 3 3 3 3
subunit; paper-thin, dark gray
(IN3) shale partings are spaced 2
to 3 inches apart; zones of
rounded quartz grains of sand
size occur 1 foot 3 inches to 1
foot 4 inches and 2 feet 3

Bottom of hole

10, This section was described and measured from ex-
posures along the bank and in the bed of the Black River
immediately below the dam at Glen Park, NW/4 Water-

inches to 2 feet 4 inches below

town, N,Y. quadrangle.

the top of the sequence. 310 21 7
Chaumont Formation
. Intermediate between medium P .
duck gray (N4) and medium o me bt cnbrite 15
%?:Yﬁf(i) g 4 L:ﬁlntgrt:fﬁf ;%TZ fine calcisiltite; weathers light
thin interbeds of greenish-gray gﬁgj’) (N?) :O ‘:;il‘yk light %_ﬂsy
dolomisiltite which is flecked ( § EEeE A Atk prdy (N3)
ayishred  (LOR4/2);  two chert nodules are elongated
g'ominent zones of dark gray parallgl‘ t(l) bedéimg land har-
(N3) shale oeccur 1 foot 2 raa 1:}11 a}_fea:‘t 'dh:l bl(rlw e;
inches to 1 foot 4% inches and Apars; e andradial teds. o
3 feet 7 imches o 3 feet 11 limestone are generally indis-
inches bilow the top of the tinct, except where bounded by
subunit; abundant quartz grains chert, but the surfaces appear
of sand size from 1 foot 4% to bf’ uneven, 3 to 5 inches
inches to 1 foot 5 inches and 5 apart; contains brachiopods and
feet 10 inches below the top. 7 % 17 ¢ cephalopods. 9 25 3
; o 3. Medium pgray, thin-bedded cal-
. Dark gray (N3) limy shale with sl e L ;e
disseminated quartz sand grains cilutite to  fine calcisiltite;
and thin seams of calcareous “”i?th?r‘; light %?8 /fl\jT) to
sandstone, 1/8 inch to % inch Yelowish., ordy ( 8/1); non-
sheile, 07 10 8% cherty, but contains a few
_ silicified fossil fragments. 1 8 16 3
. Intermediate between medium
dark gray (N4) and medium Lowville Formation
gray (N5) to medium gray ) i _
calcareous sandstone with an 2. Medium dark gray (N4) to olive
overall  faint  greenish-gray gray (5Y4/1), very thin- to
(5GY6/1) cast. 1102 10 1% thin-bedded calcilutite; weathers
mcdiél\l;:‘) )iilght ﬁray ElNﬁ) to lig}tit
WP 5G6/1) sand gray (N7);locally rudaceous with
d;f;rfrlliticgrl?r’nes(l.oncfw)ld qcianol(z fragments of caleilutite in a cal-
mitic sandstone which is locally cisiltite or fine calparenite matrix;
speckled pale red (10R6/2) and limestone beds Y2inch to 3 inches
light olive gray (5Y6/1); from 2 thick, with an average of 2
feet 6 inches to 3 feet below inches  thick; contains small
the top of the subunit and in hf)gf_l HC;OMIS: Smfl”lll gastropods,
the lowest 7 inches, the and! Phytopsis;: Phytopsis com-
rounded quartz grains are up to mon in the calcilutite; the
3/8 of an inch in diameter, fossils may occasionally
both clear and milky varieties; weather to a distinctive grayish-
transitional downward to the ) orange (10YR7/4), particularly
Theresa Formation. 50 8 3 near the base. 10 8 14 7
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Ft. In. Ft. In.

1. Medium gray (NS5), thin-bedded
calcilutite; color of weathered
surface  obscured by muddy
film; beds 1% to 4 inches thick;
prominent layering surlaces 2
to 10 inches apart; minor
Phytopsis. o | 311

Base of section at river level.

Bed rock in the river is dark

gray (N3) to medium dark gray

(N4) agrillaceous calcilutite.
11. This section was described and measured from drill
core (Alf. 142) and road cut and quarry exposures on the
north side of the old Brownville-Limerick road, 2.3 miles
southecast of Limerick, SE/4 Dexter, N.Y. quadrangle.
Subunits 66 and 67, exposed in the road cut, are after
Kay (1937, p. 253). Subunits 61 through 64 are exposed
in the face of the small abandoned quarry, but drilling
was begun immediately northeast of the quarry in subunit
63. The uppermost 3 feet 7 inches of core are, therefore,
exposed in the quarry face.

Kirkfield Formation

67. Bluish  gray, bulf-weathering,
thin-bedded  shaly  limestone
containing Encrinurus  eybeli-
formis and other fossils; ex-
posed Lo top of the hill. 6 0 325 10

Rockland Formation: 63 feet 1 inch
Napanee Member: 56 feel

60. Light gray, thin-bedded lime-
stone with shaly, plane partings,
with some coarse textured beds,
one arbitrarily considered the top
having ripple marks of 2 foot
wave length, trending east; in a
bed less than 2 feet below its top,
Triplecia cuspidata is common,
and the fossil is frequent through
the subjacent 10 feet. 27 6 319 10

05. Unexposed, 28 6 202 4

Selby Member: 7 feet 1 inch

64. Medium  dark gray (N4), very
thin- to thin-bedded calcisiltite;
weathers light gray (N7); slight-
ly wavy, paper-thin, dark gray
&J\'R) limy shale partings, 2 to
3 inches apart; limestone beds
are Y2 inch to 4 inches thick,
surfaces more even  than in
subunit below: contains Paueic-

63.

62.

ol.

Chaumont Formation: 25 feet 3% inches

60.

58,

S N

0.

0.

54

038.

52,

rura and crinoid stem frag
ments.

Medium dark gray (N4), me-
dium light gray (N6)-weather-
ing, thin-bedded calcisiltite and
fossiliferous calcarenite; wavy,
paper-thin, dark gray él.\'li),
limy shale partings; bedding
surfaces wavy, | to 4 inches
apart; contains Paucicrura ro-
gata, Doleroids ottawanus,
mesotrypa, and  Prasopora
which are up to 2 inches in
diameter.

Medium dark gray (N4), thickly
laminated to thin-bedded, bar-
ren calcisiltite; weathers  me-
dium light gray (N6); beds are
1/8 an mch to 2 inches thick.

Medium dark gray (N4), thin-
to  medium-bedded calcisiltite
and calcarenite; weathers me-
dium light gray (]\'6% wavy,
paper-thin, dark gray (N3) limy
shale partings: limestone beds 3
to 10 inches thick; contains
Doleroides; hase marked by a
3-inch thick calcarenite.

Dark  gray (N3) to medum
dark gray (N4), massive-look-
ing, medium-bedded calcisiltite,
becoming flecked with brown-
ish gray (5YR4/1) downward;
occasional  wavy, paper-thin,
dark gray limy shale partings;
transitional to Rockland.

. Medium dark gray (N4), brown-

ish gray (5YR4/1)-flecked cal-
cisiltite and coarse calcilutite;
wavy paper-thin, dark gray
(N3) limy shale partings; lime-
stone beds 2 to 8 inches thick.
Brownish-gray (3YR4/1) chert.
As 59,

As 58,

As 59.

Medium dark gray (N4) calcilu-
tite and minor caleisiltite.

Dark gray (N3) shaly limestone.
As 54
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Lowville Formation: 123 feet 3% inches

Lowville sensu-stricto:
51.

50.

49.
.Medium dark gray (N4) caleilu-

72 feet ¥z inch
Medium gray (N5), thin-bed-
ded, Phytopsis-bearing calcilu-
tite; paper-thin, wavy, dark
gray (N3) shale partings, 1 to 4
inches apart.

Medium dark gray (N4), thickly
laminated to medium-bedded
calcisiltite; wavy, paper-thin,
dark-gray (N3) shale partings,
1/8 inch to 6 inches apart;
prominent layering surfaces 7
to 12 inches apart; occasional

small aggregates of calcite
grains (Phytopsis?).
As 51,

tite and minor caleisiltite; con-
tains a few Phytopsis.

. As 50.
. Medium gray (N5) calcilutite;

occasional Phytopsis.

5. Medium gray (N5) calcisiltite;

Phytopsis rare.

. Medium dark gray 5[\]4), very

thin- to medium-bedded calcilu-
tite and minor calcisiltite; prom-
inent zones of dark gray (N3)
shale from 3 to 9 inches, 8 feet
6 inches to 9 feet 2 inches, and
11 feet 4 inches to 12 feet
helow the top of the subunit;
paper-thin, dark gray shale part-
ings are present throughout the
sequence but are not as wavy
as those in the upper part of
the formation; limestone beds
are ¥ inch to 6 inches thick;
minor pyrite mineralization is
common in the shaly zones,
but it is particularly notable
from 8 feet to 10 feet 2 inches
below the top of the subunit;
contains a few rounded quartz
grains of sand size 1 foot 2
inches above the base.

Pamelia-Lowville transition: 51 feet 3

inches

43.

Medium dark gray §N4) calcisil-
tite, locally mottled pale green
(10G6/2); paper-thin dark gray
(N3) shale partings account for
10 percent of the subunit;
scattered quarlz grains of sand
size.

Medium gray (N5) dolomisiltite,
locally mottled greenish-gray
(5G 6/1); paper-thin, greenish-gray
shale partings.

Medium dark gray (N4) to me-
dium gray ﬂN5), thickly lam-
inated calcisiltite with paper-thin
dark gray (N3) shale partings
spaced ¥4 inch apart.

Medium dark gray (N4) to me-
dium gray (N5), thin-bedded cal-
cilutite with paper-thin dark gray
(N3) shale partings spaced 3 to 4
inches apart,

As4l.

As 40.

. As4l.

As 40.
As4l.
As 4l.
As 40.

Medium light gray (N6), medium-
bedded dolomisiltite; paper-thin,
dark gray shale partings 10 inches
apart.

Medium gray (N5) to medium
light gray (N6), medium-bedded
caleisiltite; dark gray (N3) shale
partings, 1/8 inch thick, spaced 5
to 6 inches apart.

Medium gray (N5) to medium
light gray (N6), thin-bedded cal-
cilutite; paper-thin, dark gray
(N3) shale partings an average of
4 inches apart; occasional stylo-
lites.

Medium dark gray (N4) to me-
dium gray (N5), thinly-laminated
to thin-bedded calcisiltite with
minor zones of caleilutite; abun-
dant paper-thin, dark gray (N3)
shale partings spaced a 1/16nch
apart to 3 inches apart; spacing
averages an 1/8 inch to /4 inch in
the caleisiltite, 3 inches in caleilu-
tite.

Pamelia Formation: 108 feet plus

I I
Fe. In.  Ft. In.
42,
41.
1 6% 231 3%
40,
39.
9 5 220 9 38
1 2% 220 4 =
36.
30 219 1% 35.
2 %216 1% 34.
33.
11 214 1 29
31
010 213 0O
30.
29,
28.
5211 212 2
9
6 1 159 3

27. Greenish-gray (5G6/1), medium-

bedded, medium to coarse dolo-
misiltite; paper-thin, dark gray
shale partings; prominent zone of

Ft. In.

110

0 6

210

I
Ft. In.
i53 2
151 4
150 10
148 0
146 9
144 4
143 5
142 7
141 5
133 11
132 10
124 9
123" 3
i19 3
117 5
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26,

23.

21

20.

19.

dark gray (N3) ghale, 1 foot 8
inches to 2 feet 7 inches below
the top of the subunit; conlains
rounded quartz grains of sand
size.

As 27, but mottled pale red
(101{6,"2) and shale partings are
greenish-gray (5G6/1) and pale
red; large crystal of calcite 2 feet

9 inches below top of subunit.

. Medium dark gray (N4) to me-

dium gray (N9), thinly laminated
to thin bedded calcilutite; dark
gray (N3) shale partings, paper
thin, spaced a 1/16 inch to 4 in-
ches apart.

. Greenish-gray (5G6/1) dolomsil-

tite with prominent shaly zone 1
foot 1 inch to ] foot 6% inches
below the top of the subunit.

Medium gray (N5), thickly lam-
inated to thin-bedded caleisiltite
hecoming coarser, grecnish-gray
(5G6/1), and mottled pale red
(10R6/2) Jownward; paper-thin,
dark gray (N3) shale parlings are
14 inch to 3 inches apart.

. Greenish-gray (5G06/1), thickly

laminated to thick-bedded dolo-
misiltite  mottled pale red
(10R6/2); becomes dark green-
ish-gray (5G4/1) with grayish-red
(10&4;’2) mottling from 8 feet 1
inch to 8 feet 6 inches below the
top of the subunit; dark greenish-
gray ghale partings, paper-thin to
an 1/8 inch thick, are spaccd-,h’S
inch to 3 feet aparl; a 6 inch
zone which is medium gray (N5)
and more calcareous OCCUrs
foot 11 inches to 2 feet 5 inches
below the top of the sequence;
quartz gand  grains scattered
throughout succession.

Medium dark gray (N4) to me-
dium gray  (N9), thickly lam-
inated to thin-bedded calcilutite;
dark gray (N3) shale partings are
V4 inch thick; partings are partic-
ularly abundant from 2 feet 1
inch to 2 feet 5 inches below the
top of the gubunit.

Greenish-gray (5G6/1) dolomisil-
tite mottled pale red (1 OR6/2).
Medium gray (N9), thin- to
mediom-bedded calcisiltite; pa-

1

Ft. In.

6 0

210

1410

il
Ft. Tn.
108 0
102 9
96 9
93 1
90 3
g7 |
72 3
60 0

18.

16.

15.

14.

13.

12,

11.

10.

|
Ft. In.

per-thin, dark gray (N3) shale
partings.
Greenish-gray (5G6/1) dolomisil-
tite with rounded quartz grains
2 6

of sand size. Vo

_ Medium dark gray (N4) to

medium gray (C;NS), very thin-
to medium-bedded calcilutite
and calcisiltite; slightly dolo-
mitic from 2 feet 572 inches to
9 feet A% inches below th top
of the subunit; dark gray (N3
chale partings an 1/8 inch to a /4
inch thick; occasional stylolites. 7 92

Greenish-gray (5G6/1) and me-
dinm gray (N5) thickly lam-
inated to medium-bedded dolo-
misiltite locally mottled pale
red (10R6!2); paper—thin, dark
greenish-gray (5G4/1) and dark
gray (N3) ghale partings spaced
1/8 inch to 12 inches apart. 7 8

Medium dark gray (N4), thickly

laminated to medium-bedded

calcigiltite and minor caleilutite;
ayish-black (N2) to dark gray
N3) shale partings, a Ulgrof

an inch to 1/8 inch thick, are

spaced 1/8 inch to 6 inches

apart. 13 4

Medium dark gray (N4) to

greenish-gray (566/1)  and

greenish-gray 1o dark greenish-

gray  (5GY4/1) dolomisiltite;

moderately calcareous 2 feet 1

inch to 3 feet 7 inches below

the top of the subunit; abun-

dant grayish—black (N2) shale

partings from 2 feet 10%2 inches

to 3 feet 2/ inches below the

top. 6 6

Medium dark gray (N4) to

medium gray (NS) calcisiltite

with a grayish—black (N2) to

dark gray (N3) shale zone, 6 to

10 inches below the top of the

subunit. 2

= |

Greenish-gray (3G 6/1) locally
dolomitic  calcisiltite; contains
quartz grains of sand size scal-
tered throughout. 2 3
Medium dark gray (N4) to
medium gray (N5) calcisiltite. 1 4

Greenish-gray (5G6/1 and
5GY6/1) and dark greenish-gray

11
Ft. In.
68 4
65 9
63 2
55 5
47 9
34 5
27 11
25 4
23 1



1 11
Ft. In. Ft. In.
(5GY4/1), medium-bedded, lo-

cally dolomitic calcisiltite with

pale red (10R6/2) and grayish

red (10R4/2) mottling; minor

dark greenish-gray shale part-

ings; scattered quartz grains of

sand size. 79 21 9
9, Medium gray (N5) calcisiltite. 1 7 14 0
8. Greenish-gray (5G6/1), slightly

dolomitic caleisiltile; scallered

quartz grains of sand size. 13 12 5

:~J

Greenish-gray (5G6/1), medium-
bedded dolomisiltite with faint
pale red (1OR6/2) mottling. 4 7 11 2
6. Grayish-red (5R4/2), medium-
bedded dolomisiltite with grayish

green (5(.;5/2) mottling, 3 1 6 7
5. Grayish-green (5G5/2) dolomisil- _
tite, 0 8 3 6

4. Dark greenish-gray (5GY4/1),
sandy dolomisiltite and dolo-
mitic  sandstone;  abundant
rounded quartz grains of sand
size making up about 35 to 40
percent of the subunit. 0 4%~ 210

3. Dark greenish-gray (5GY4/1),
sandy dolomisiltite with some
pale red (10R6/2) mottling; 10
to 20 percent ol quartz sand ~ _
grajn_q_ 0 7 2 3k
. As 4. 011 1 10%

1. Greenish-gray (5G 6/1) to grayish-
blue-green (5BG5/2) sandy dolo-
misiltite with some pale red
(10R6/2) mottling; 25 to 30 per-
cent of quartz sand grains. 01l 0 11%

S ]

Bottom of hole. Very close to the base of the Pamelia
Formation.

12. This section was described and measured from core
obtained by drilling (All. 143) on the east side of the small
water-filled quarry located 0.75 mile southeast of Rosiere,
NW/4 Chaumont, N.Y. quadrangle.

Rockland Formation:

41. Medium dark gray (N4) to
medium gray E{ 5), very thin-
to medium-bedded limestone,
ranging from coarse calcilutite to
calcarenite, and grayish-black
(N2) to dark gray (N3) limy
shale; the calcisiltite makes up
from 60 to 70 percent and the

40.

limy shale from 25 to 30
percent of the subunit; calcilu-
tite and calcarenite are present
in minor amounts; limestone
beds are )2 inch to 12 inches
thick; the limy shale is found
as paper-thin partings which
occur singly and in zones rang-
ing from Y2 inch to 2% inches
thick; very few [fossils were
seen; contains small fragments
of brachiopods, particularly in
the coarser limestones, and
small Prasopora.

Olive gray (5Y4/1) to medium
gray (N3), fossiliferous calcare-
nite; contains brachiopod and
trilobite fragments.

Chaumont Formation: 20 feet

39.

38.

37.

36.
35.

Medium-dark gray (N4) to me-
dium gray (N3), medium-bedded
calcisiltite ~ which is  locally
flecked brownish gray (5YR4/1);
occasional paper-tﬁin, wavy dark-
gray (N3) limy shale partings.
Medium-gray (N3), thin- to me-
dium bedded caleisiltite and mi-
nor caleilutite which are locally
flecked brownish gray (5YR4/1);
dark gray (N3) limy shale part-
ings, wavy and paper-thin, are
spaced 2 to 8 inches apart; occa-
sional stylolites.

Brownish-gray (5YR4/1) chert in
small irregular nodules elongated
parallel to bedding.

As 38,

Medium gray (N5) calcilutite and
minor calcisiltite.

Lowville Formation: 121 feet 2 inches

Lowville sensu-stricto: 68 feet

34,

33.

32,

Medium light gray (N6), Phytop-
sis-hearing calcilutite.

Medium dark gray (N4), thickly
laminated to medium-bedded cal-
cisiltite; wavy, paper-thin, dark-
oray (N3) shale partings, 1/8 inch
to 6 inches apart; prominent lay-
ering surfaces are 7 to 12 inches
apart; occasional Phytopsis.
Medium gray (N5) to medium
light gray (N6) caleisiltite; minor
paper-thin, wavy dark-gray (N3)
shale parlings,

I
Ft. In.

13 3

0 1
011

011

I

Ft. In.
250 0
211 5
211 0
208 3
195 0
194 11
194 0
191 0
190 0
185 8
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31.

30.

29.

26.

27,

26.

Medium-dark-gray (N4) to me-
dium-gray  (NS), Phytopsis-
bearing calcilutite; minor Zones
of dark gray (N3) shale up to a /4
inch thick.

Medium dark-gray (N4) to me-
dium gray (N5), thinly-laminated
to medium-bedded calcilutite and
minor medium gray to mterme-
diate between medium gray and
medium licht-gray (NO) calcisil-
tite; locally abundant, wavy shale
partings, paper-thin to 1/8 inch
thick, spaced 1/16 inch to 5
inches apart; minor Phytopsis in
the calcilutite.

Light olive gray (5Y6/1) to olive-
a (5Y4/ 1), thin- to medium-
bedded calcilutite which is local-
ly mottled dark gray (N3);locca-
cional wavy, paper-thin dark gray
shale partings; minor Phytopsis.

Intermediate between medium
dark gray (N4) and medium
grag (N5) to medium light gray
‘(:IN ), thinly Jaminated to me-
ium-bedded calcilutite and mi-
nor calcisiltite; abundant plane
and wavy, paper-thin, dark gray
N3) shale garti s, space
/16 inch to % inr::i apart, in
the highest 2 feet 10 inches
and from 6 feet 1 inch to T
feet 4 inches below the top of
the subunit; 4 inches of core
are missing from 5 feet 6
inches to 5 feet 10 inches
below the top.

Medium dark gray (N4) to
medium gray (N9) ¢ cilutite;
highest 4 inches has green-
ish-gray  (5GY6/1) calcilutite
fragments m medium dark gray

to medium gray coarse calcilu-
tite and fine calcisiltite matrix
giving a mottled appearance.

Medium dark gray (N4) to
medium light gray (N6), thickly
laminated to me ium-bedded
calcilutite and minor calcisiltite;
plane and wavy, paper-thin,
dark gray (IN3) shale partings in
zones an 1/8 inch to 2 inches
thick, spaced an 1/8 inch to 6
inches apart; few Phytopsis n
calcilutites.

1 il
Ft. In. Ft. In.
15 184 9
15 3 183 4
3 0 168 1
810 165 1
010 156 3
77 155 5

25.

24.

Medium light gray (N6), Phy-
topsis-bearing  calcilutite; ocear
sional stylolites.

Intermediate between dark gray
(N3) and medium dark gray
(_N4-$ to medium gray éErS),
thinly laminated to me ium-

bedded calcilutite and minor
calcisiltite;  paper-thin, dark
grayish-black

gray ST:IB) and
(N2) shale partings are locally
abundant, spaced 1/16 of an
inch to 7 inches apart; 2
rominent zone of grayish-
black shale is present from 6
feet 11 inches to 7 feet 7
inches below the top of the
subunit; minor pyrite mineral-
‘zation is found 11 feet 11
inches and 21 feet 10 inches
below the top of the sequence;
a few rounded quartz grains of
sand size occur in the lowest 6
inches.

Pamelia-Lowville transition: 53 feet 2

inches.
23.

22.

21.

20.

Medium dark gray (N4) to
medium gray E]D_‘JS), thickly-lam-
inated to me jum-bedded cal-
cisiltite which is faintly mottled
greenish gray (5GY6/1); paper-
thin, dark gray (N3) shale
partings make up 10 to 15
percent of subunit; rounded
quartz grains-of sand size er-
ratically disseminated through-
out.

Greenish-gray (5GY6/1) to me-
dium light gray (N6) olomisil-
tite containing a few rounded
quartz grains of sand size.

Medium dark gray (Ntl? to
medium  gray (N5) caleilutite
with  minor calcisiltite and
rudaceous zones at several . in-
tervals; thickly laminatéd to
thin-bedded; paper-thin, ~dark
gray (N3) shale partings, spaced
to 4 inches apart in the
calcilutite and an average of Y4
inch apart in the calcisiltite;
very minor rounded quartz
grains of gand size.
Medium gray (N5) to medium
light gray (NO), locally green-
ish-gray (5GY6{ 1) dolomisiltite;

I i

Ft. In. Ft. In.
1 9 147 10
23 1 146 1
6 7 123 0
110 116 5
o4 8 114 7



18.

17.

I't. In.

I

few paper-thin, dark-gray (N3)
2 8

shale partings.

. Medium gray (N5) to interme-

diate between medium gray and
medium light gray (N6), thickly
laminated ~ to medium-bedded
calcisiltite; dark gray (N3) shale
partings, paper-thin to an 1/8
of an inch thick, spaced an 1/8
inch to 5 inches apart; occa-
sional stylolites.

Intermediate between medium
gray (N5) and medium light
gray (N6) dolomisiltite.

Medium dark gray (N4) 1o
medium gray (N%r , thinly-lam-
inated to medium-bedded cal-
cisiltite and calcilutite; aper-
thin dark gray (N3) shale part-
ings spaeegra 1/16 inch to 7

inches apart.

Pamelia Formation

16.

14.

13.

Greenish-gray (5G6/1), locally
medium  light gray (N6) and
somewhat calcareous, thin- to
thick-bedded dolomisiltite which
is mottled by pale red
(10R6/2) from " 10 feet 10
inches to 12 feet 10 inches and
from 13 feet 10 inches to 14
feet 6 inches below the top of
the subunit; occasional dark
greenish-gray (5G4/1) and dark
gray (N3) paper-thin shale part-
mgs.

- Medium gray (N5) to medium

light gray (N6),  thinly lam-
inated to thick-bedded calcilu-
tite and fine calcisiltite; pale
red (10R6/2) from 7 feet 3
inches to 8 feet 1 inch below
the top of the subunit; paper-
thin dark gray (N3) shale part-
ings are spaced a 1/16 inch to
13 inches apart and locall
occur in zones up to an incK

thick..

Medium dark gray (N4) to
medium light gray (N6) dolo-
misiltite and very minor calcisil-
tite; the lighter grays are mot-
tled greenish-gray (5G6/1) and
pale red (10R6/2).

Dark greenish-gray (5G4/ 1) to
intermediate between greenish-

611

9

16

10

9

0

-

IT
Ft. In,

89 11

87 3

80 4

79 7

69 10

53 10

12,

11,

gray (5G6/1) and light greenish-
ray (5G8/1), thin- to medium-
ﬁedded dolomisiltite which is
mottled pale red (10R6/2)
from 3 feet 2 inches to 5 feet
7 inches below the top of the
subunit; occasional paper-thin
dark greenish-gray sfll)ale part-
ings; E::ca]ly abundant quartz
grains of sand size.

Medium gray (N5) to medium
light gray (DFE}) dolomisiltite.
Intermediate between medium
dark gray (N4? and medium
gray (N3) calcisiltite,

10. Medium dark gray (N4) shale.

9.

Intermediate between medium
gray (N5) and medium light
gray (N6) to medium light gray
calcilutite with a mottled ap-
pearance; occasional dark gray
(N3) shale partings.

- Medium gray (N5), thickly-lam-

inated to medium-bedded cal-
cisiltite; dark gray (N3) shale
partings, paper-thin, spaced 1/8
inch to 12 inches apart; occa-
sional stylolites.

- Medium light gray (N6) calcilu-

tite; abundant stylolites spaced
72 inch to 8 inches apart.

- Medium gray (N5) calcisiltite.
N

ledium gray (N5) dolomisil-
tite.

. Greenish-gray (5G Y6/ 1) dolo-

misiltite,

- Intermediate between medium

dark gray N4) and medium
gray (%5) calcisiltite; occasional
paper-thin dark gray (N3) shale
partings.

- Greenish-gray (5G6/1), thin- to

medium-bedded dolomisiltite;
minor medium gray (N5) cal-
careous zones; occasional paper-
thin dark greenish-gray (6G4/1)
and dark gray (N3) shale part-
ings.

- Intermediate between medium

dark gray (N4) and medium
gray (N5) to medium gray
calcisiltite,

Bottom of hole.

I
Fi. Tn.

w
e

310
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i
Ft. In.
38 2
29 5
27 7
25 6
25 5
23 10
18 6
14 8
11 9
10 10
8 5
7 2
14
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13, This section was described
obtained by drilling (Alf. 145) immediately east of the dirt
road that parallels the ecast side of Wilson Bay, Town of

Cape Vincent, NW/4 Cape Vincent South, N.Y. quadrangle.

Kirkfield Formation

12. Interbedded medium gray (N5)

1.

to intermediate between me-
dium gray and medium light
gray (NO) calcarenite with a
yellowish-brown (L0YR6/2)
cast, medium dark gray (N4) to
medium - gray calcisiltite, and
dark gray (‘qS) limy shale; the
calcarenites predominate, mak-
ing up 70 to 80 percent of the
subunit; the ¢ cigiltites and
limy shales each make up 10 to
15 percent of the subunit; the
limestone beds are from Y4 inch
to 8 inches thick, with an
average thickness of 3 inches;
the calcarenites are thickest,
the calcisiltites attain a max-
imum thickness of 52 inches;
the limy shale is present as
plane and wavy paper-thin part-
ings which occur sin ly and in
zones up to 2 inches thick;
fossils are scarce, a few frag-
ments of the typical long-rang:
ing Trenton brachiopods, such
as Paucicrura and Sowerbyella
were noted in the calcarenite
layers.

Rock types and colors as 12, but
limy shale accounts for 15 to 20
percent of the subunit, and the
calcarenites and calcisiltites are
present in equal amounts; the
limestone beds are generally thin-
ner, ranging [rom Y, inch to 5
inches thick; the calcarenites are
the thickest but only two beds
reach the maximum thickness;
the average thickness of the lime-
stone layers is about 2 inches; the
limy shale is present as plane and
wavy paper-thin partings which
oceur singly and in zones up to
21, inches thick; a few hrachio-
pod f.ra%ments were noted in the
coarser limestones.

. Rock types and colors as 1 2, but

calcarenites make up 65 to 70
percent, caleisiltites 20 to 25

1

Ft. In.

and measured from core

24 9

1

Ft.

148

In.

s
B

percent, and limy shales 10 per-
cent of the subunili limestone
beds are Y2 inch to 9 inches thick,
with an average thickness of 3 to
A4 inches; the calcarenites are
thickest, with particularly prom-
inent beds occurring in the up-
permost 9 inches, from 10 feet 9
inches to 11 feet 5 inches, 17
feet 11 inches to 18 feet 7
inches, 23 feet 5 inches to 24
feet 1 inch, 24 feet 7 inches to
95 feet 2 inches, and 29 feet 9
inches to 30 feet 4 inches below
the top of the subunit; the limy
chale is present as plane and
wavy, paper-thin partings which
oceur singly and in zones up to 3
inches thick: fossils scarce and
apparently restricted Lo the cal-
careniles; drill crew reported gas
show for a lew feet beginning
feel 3 inches below the top of
the sequence; the flow was suf-
ficiently strong to support a
flame al the top of the drill pipe
string; the limy chale from this
zone had a very strong petroli-
ferous odor when freshly broken,
but it soon disappeared.

Rockland Formation: 57 feet 2 inches

9. Rock types and colors as in sub-

units above, but with a notable
increase of calcisiltite at the
expense of the calcarenite; the
calcarenite is without the yellow-
ish-brown (1 O0YR6/2) cast; the
caleisiltites make up 45 to 50
percent, the calcarenites 40 to 45
percent and the limy shales 10
pereent of the subunit; the se-
guence is transilional upward
{rom typical Rockland lithology

below ~ to  Kirkfield lithology
above. :
8. Interbedded medium gray (N5)

calcisiltite, medium dark gra
(N4) coarse caleilutite, ﬁgri
gray (N3) limy shale, and very
minor medium gray calcarenite;
the calcisiltite accounts for 70
percent, the calcilutite 15 to 20
percent, the limy shale 10
percent and the calcarenite less
than ‘5 percent of the subunit;
there are no thick prominent
limestone layers; beds are from
Y% inch to g inches thick with

Ft. In.

31 2

11
Ft. In.

123 8



an average thickness of 2% to 4
inches; L%ne limy shale is present
as mostly plane, paper-thin
partings, which occur singly
and in zones up to 2 inch
thick; drill crew reported 13
inches of ground up core some-
where between 26 feet 6 inches
and 31 feet 11 inches below
the top of the subunit; this
interval was represented by
grayish-black (N2) to dark gray
(N3) calcilutite or limy shale
which was ground into fine
sand and si]%;r having a very
strong petroliferous odor.

. As 8, but calcarenite increases to

15 percent of total limestone.

Chaumont Formation: 20 feet 9 inches

0.

“

Intermediate between medium-
dark gray (N4) and medium gray
(N5), brownish-gray
(5YR4/T)Alecked, ““clean-look-
ing”, thin-bedded, medium to
fine calcisiltite and calcilutite;
medium calcisiltite predominates;
wavy, paper-thin dark gray (N3)
limy shale partings, spaced 1 to 4
inches apart; core does not split
readily parallel to the partings;
occasional stylolites.

As 6, but with brownish-gray
(5YR4/1) chert in irregular no-
dules elongated parallel to bed-
ding,

. Rock types and colors as 6, but

wilh a f_l:_w small aggregates of
calcite grams: minor silicification.

Lowville Formation

Lowville sensu-stricto

3.

Intermediate between medium
gray (N5) and medium light
gray (NO), Phytopsis-bearing
ine calcisiltite and calcilutite;
minor wavy, paper-thin dark
gray (N3) limy shale partings.

. Medium gray (N5), Phytopsis-

bearing calcilutite with occa-
sional wavy, paper-thin dark
gray (N3) limy shale partings.

. Interbedded medium dark gray

(N4) to medium gray 31 5)
caleisiltite, minor intermediate

between dark gray (N3) and

|
Ft. In.

19 2

17 5

31

011

11
Ft. In.
71 11
52 9
35 4
19 1
17 8
14 7
13 8

medium dark gray to medium
dark  gray ca%rcilyuﬁte, minor
medium gray calcarenite and
dark gray limy shale; thinl
laminated  to thin-beddeci;
prominent calcarenites, with a
slight  yellowish-brown (10YR-
6/2) tinge, are present from
1 inch to 3 inches, 2 feet
11 inches to 3 feet 1 inch, and
3 feet 7 inches to 3 feet 8
inches below the top of the
subunit; the shale partings, pa-
per-thin to ¥ inch thick, are
spaced 1/16 inch to 3 inches
apart; occasional Phytopsis in
the finer limestones.

Bottom of hole.

I
Ft. In.

12 5

II

55

Ft. In

12

&

53

14. This section was described and measured from cliff
exposures and drill core (Alf, 147) obtained in Gulf Creek,
2,500 feet east of Rodman, NE/4 Rodman, N.Y. quad-

rangle.

Deer River Shale

17.

Intermediate between dark gray
(N3) and medium dark gay
(N4), extremely fissile, argil-
laceous shale which breaks
down to characterisitic chips, 1
by 12 by 1/8 inch thick, on
weathering; the base of the
subunit (and of the formation)
is frequently marked by small
concretions and crystals of mar-

casite (Iflarticularly upstream),
but at this locality the base 1s
masked by the shale chips

falling down from above; con-
tains the trilobite Triarthrus
eatoni (Hall); at the site of Alf.
147, the Utica shale composes
the upper two-thirds of the
clifl face forming the valley
wall.

Cobourg Formation

16.

Medium dark gray (N4), olive
gray (5Y4/1) to light olive gray
(5Y6/1)-weathering, calcisiltite
in lensing or knobby beds
(bouldery limestone), 1% inches
to 5 inches thick, separated by
zones of dark gray (N3) shale,
% to 2 inches thick, which
becomes more abundant up-
ward; contains occasional speci-
mens of orthoceracone cephalo-

20 plus
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i.lods and trilobites, partiuclarly
sotelus sp.

15. Medium dark gray (N4), olive

ay (5Y4/1) to light olive gra
%gﬁ}l}wealheﬁngh coarse g-;d{
cisiltite and calcarenite in dis-
tinctive knobby layers, 172 in-
ches to 5 inches thick with an
average thickness of 3 inches,
which often weather to rubbly
fragments; the limestone beds
are separated by zones of dark
Eray S—IN3) limy shale, /2 inch to

inches thick; moderately fos-
siliferous; contains Bryozoa,
brachiopods, gastropods, trilo-
bites and crnoid stem frag-
ments; the complete fauna has
been listed by Kay (1933
Table 111, p. 7).

Bed of Gulf Creek and base of cliff
section. The subunits below have been
described and measured from the drill

core,

Cobourg and Denmark Formations
14. Intermediate between dark gray

13.

(N3) and medium dark gray
(N4), very thin- to very thick-
bedded coarse calcisiltite with
minor interbeds of dark gray to
medium gray (N5) -calcilutite
and medium gray calcarenite;
the - limestone beds are sep-
arated by wavy partings and
thin plane zones of dark gray
limy shale, but there are often
long runs of limestones without
shale intercalations; the calcisil-
tites account for 80 to 90
percent of the subunit and
range in thickness from % inch
to 42 inches, with an average
of 5 to 7 inches; the calcilutites
and calcarenites range from 1
to 3 inches thick but generally
measure less than 2 inches; the
zones of limy shale are 1/8
inch to Y inch thick; drillers
reported a small show of gas at
the base of the subunit; many
small brachiopods are present
within the limestone layers.

Rock types, color and fauna as
14, but the calcarenites become
more abundant (40 to 50
percent of the subuni;? so that
the calcisiltites and calcarenites

1 I
Ft. In. Ft In.
50 252 4
T 4 247 4
38 0 240 Q0

12.

11.

10.

9.

8.

T
€.

are present in approximately
equal ﬁ)mporﬁons; the dark
gray (N3) limy shale partings
are somewhat more abundant;
the limestone beds are 1% to 5
inches thick, with an average
thickness of 3 inches.

Medium dark gray (N4) calcisil
tite and medium gray (N? to
intermediate l:letwee:;1 ll;rle ium

ay and medium light gray
%&6) calcarenite which is c%:a.r-
acterized by a sli%ht ale yel-
lowish-brown (10YR6 2) cast;
the limestone beds are 72 inch
to 5 inches thick, with an
average thickness of 2 inches,
and separated by wavy, paper-
thin dark gray (N3) limy shale
partings and plane zones of
medium dark-gray argillaceous
calcilutite, 1/5T inch to 2
inches thick; the sequence is
transitional upward from sub-
unit 11 to subunit 13.

Intermediate between medium

gray (N5) and medium light
gray (N6) to medium light
gray, thickly laminated to me-

dium-bedded, medium to coarse
calcarenite with overall faint
pale yellowish brown
(LOYR6/2) cast; limestone beds
are 1/8 inch to 6)% inches
thick, with an average thickness
of 2 to 3 inches, and separated
from one another by zones of
dark gray (N3) to medium dark
ay (N4) limy shale and argil-
Eceous calcilutite, 1/8 inch to
5 inches thick and averaging %2
inch to 1 inch thick; a Efrew
unidentifiable  fragments or
brachiopods occur m the lime-
stone.
As 11, but with the introduc-
tion of small amounts of me-
dium dark gray (N4) to me-
dium gray (N5) calcisiltite and
calcilutite at the expense of the
calcarenite.
Dark gray (N3) to medium
dark gray (N4) calcilutite.

As 10.

Medium gray (N5) to medium-

light gray (N6), fine calcarenite.
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6. Interbedded medium dark gray
(N4) calcilutite and medium
gray (N5) to intermediate be-
tween medium gray and me-
dium light gray ﬁ%f?)’ calcisiltite
in  approximately equal a-
mounts; limestone beds are %
inch to 6% inches thick and
separated from one another by
zones of dark gray (N3) limy
shale %4 inch to 4 mches thick,
with an average thickness of 1
to 1%z inches; the shale is more
prominent than in any of the
subunits above; contains brachi-
opods. 24 4

5. Predominantly dark gray (N3)
limy shale in beds 1/8 inch to
2 inches thick and dark gray
calcilutite in beds 2 to 6 inches
thick; minor amounts of me-
dium gray (N5) calcarenite and
calcisiltite, 2 inch to 3 inches
thick; distinctive subunit. 10 10 50 10

4. Intermediate between medium
gray (N5) and medium light
gray (N6) calcarenite and me-
dium gray calcisiltite in beds %
inch to 5 inches thick; lime-
stone beds separated from one
another by plane partings, and
thin zones of dark gray (N3)
limy shale % an inch to 4
inches thick, with an average
thickness of 1 inch or less; the
line of division between sub-
units 4 and 5 is arbitrary, the
amount of limy shale gradually
diminishes downward in the
section; occasional brachiopods
in the calcarenite. 34 8 40 O

3. As 4, but with wavy, dark gray

=]
(911
]

(N3) shale partings. 5 1
2. Intermediate between medium

gray (N5) and medium light

gray (N6), fine calcarenite. 1 2 3 4
1 . As 3. 2 2 2

Bottom of hole.

15. This section was described and measured from core
obtained by drilling (Alf. 148) on the southeast side of
the harbor road, 3,500 feet northeast of the center of the
village of Henderson TIarbor, NW/4 Henderson, N.Y.
quadrangle. The drilling began approximately 270 feet
above sea level.

Cobourg Formation

17.

Medium gray (NS) calcarenite,
very minor intermediate be-
tween medium dark gray (N4)
and medium gray calcilutite,
and olive gray (5Y4/ IEJ to light
olive gray (5Y6/1) thin, limy
shale partings which darken to
olive black (5Y2/1) near the
base of the subunit; the lime-
stones are locally stained dark
yellowish orange (10YR6/6) in
the highest 5 feet; the calcare-
nite beds range from 1% inches
to 5 inches thick; the calcilu-
tites are 1 to 2 inches thick
and occur from 6 inches to 8
inches, 1 foot 11 inches to 2
feet, and 7 feet 9 inches to 7
feet 11 inches below the top of
the sequence; 80 percent core
recovery.

16. Medium gray (N5) to medium

15.

light gray (N6), fossiliferous
calcarenite with a faint pale
yellowish  brown (10YR6/2)
cast, very minor medium dark
gray (N4) to medium gray
calcisiltite and calcilutite; the
limestone beds are separated by
zones of dark gray (N3) limy
shale, 1/8 inch to 4% inches
thick; the calcarenites compose
about 60 percent of the sub-
unit and occur in beds % to 8
inches thick, with an average
thickness of 5 to 6 inches; the
finer limestones account for 15
percent and the limy shales 25
percent of the subunit; calcisil-
tites are Y inch to 2 inches
thick; calcilutites are % inch to
3% inches thick; calcarenites
are fossiliferous,

Rock types and colors as 16 but
without calcilutites; calcarenites
compose 65 to 70 pereent, cal-
cisiltites 10 percent and limy
shales 20 to 25 percent of the
subunit; the calcarenites range
from Ya inch to 6% inches in
thickness, the calcisiltites range
from % inch to 1 inch in I.hici-
ness, and the limy shales are 1/8
inch to 2 inches thick; cale-
arenites fossiliferous.
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14.

Medium gray (N5) to medium
light gray (N6) coquinal cal-
carenite with an overall pale

yellowish-brown (10YR6/2) cast

Denmark Formation: 169 feet 8 inches

13.

12.

11.

10.

0

Rock types and colors as 16
but with a slight increase of the
finer limestones and a decrease
in the average thickness of the
calcarenites; calcarenites make
up 60 percent, calcilutites 15
percent, calcisiltites 10 percent
and limy shales 15 percent of
the subunit; the calcarenites
range from % inch to 6 inches
in thickness with an average
thickness of 2 inches; calcilu-
tites are 1 to 5% inches thick;
calcisiltites are 4 inch to 3
inches thick; and the limy
shales are 1/8 inch to 2 inches
thick; the top of the Denmark
Formation is arbitrarily located;
it is placed at the first appear-
ance of persistent thicker cal-
carenites upward.

Medium gray (N5) to medium
light gray (N6), fossiliferous
calcarenite.

Medium gray &NS) to medium
light gray (N6), moderately
fossiliferous, thin- to medium-
bedded calcarenite and thin
interbeds of dark gray (N3)
limy shale; calcarenite beds are
2 to 6 inches thick; zones of
limy shale are 2 inch to 1%
inches thick.

Medium dark gray (N4), me-
dium-bedded calcilutite with
thin interbeds of medium gra
(N5) to medium light gray (%6y
calcarenite, and dark gray (N3;
limy shale; the calcilutite beds
are 3 to 10 inches thick with
an average thickness of 8 to 10
inches; the calcarenites are 1 to
3 inches thick; the limy shale
ranges from plane and wavy
paper-thin partings to plane
zones 1%z inches thick; subunit
has a distinctive appearance
because of the persistent thick-
er-bedded calcilutites.

Medium gray (N5) to medium
light gray (N6), very thin- to

1 1I
Ft. In. Ft. In,
0 9 192 6
1 2191 9
0 8 180 7
1 179 11
4 6 178 10

0.

5.

4.

medium-bedded,  fossiliferous
calcarenite with a pale yellow-
ish-brown (10YR6/2) cast; me-
dium dark gray (N4) to me-
dium gray, thickly laminated to

thin-bedded  calcisiltite; and
dark  gray (N3) limy shale;
the calcarenites range from

Y2 inch to 11% inches thick,
with an average thickness of 3
to 4 inches, and account for 70
percent of the subunit; the
calcisiltites are a ¥ inch to 3%
inches thick and make up 5 to
10 percent of the subunit; the
limy shales are 1/8 inch to 2
inches thick and make up 20 to
25 percent of the subunit.

. Intermediate between dark gray

(N3) and medium dark gray
(N4) calcilutite.

. Succession  of medium gray

(N5) to medium light gray
N6), thickly laminated to me-
ium-beddejj fossiliferous, fine
to coarse calcarenite separated
by dark gray (N3) limy shale in
wavy paper-thin partings and
zones, 1/8 inch to 3/8 of an
inch thick, and minor very thin
beds of medium dark gray (N4)
calcisiltite and calcilutite; the
calcarenites range from ¥ inch
to 9 inches, with an average
thickness of 2 to 3 inches, and
make up 80 percent of the
subunit; the limy shale makes
up 5 percent of the subunit,
and the finer-grained lime-
stones, ¥ inch to 1 inch thick,
compose the remainder of the
sequence.

As 7, but calcarenites are ¥
inch to 5 inches thick, with an
average thickness of 2% inches,
and the limy shale is present in
plane zones, 1/8 inch to. 2
inches thick; contains a mod-
erate number of Prasopora in
the lower half of the succes
sion; sequence is transitional
upward to the subunit above;
drill erew reported a gas show
from 22 fto 37 feet below the
top.

Medium dark gray (N4) calcilu-
tite.

As 6; occasional Prasopora.

I

1
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3. Distinctive medium light gray

. Medium

N6), pale yellowish-brown (10-

R6/2)-speckled, very thin- to
medium-bedded,  fossiliferous
calcarenite; medium dark gray
(N4), very thin- to medium-
bedded calcilutite and fine cal-
cisiltite; and thin zones of dark
gray (N3) limy shale; the cal-
carenites are Y2 inch to 10%
inches thick, with an average
thickness of 3 to 4 inches, and
make up 45 to 50 percent of
the subunit; the calcilutites are
1 to 10 inches thick, with an
average thickness of 3 to 5
inches, and make up 20 to 25
percent  of the subunit; the
calcilailtites are 1 to 4 inches
thick, with an average thickness
of less than 2 inches, and
account for 10 to 15 percent
ol the subunit; and the shaly
zones are 1/8 inch to 4 inches
thick, with an average thickness
of Y4 inch, and make up 20 per-
cent of the subunit: Prasopora are
present throughout the succes-
sion; a gas show, 10 feet 9 inches
below the top, blew water 20 fect
above the surface of the ground.

dark gray (N4) to
medium gray (N5), very thin-
to medium-bedded, fine calcare-
nite to medium calcilutite with
interbeds of medium dark gray
calcilutite and dark gray &3)
limy shale; the coarser lime-
stones ¥2 inch to 6 inches thick,
with an average thickness of 2
to 3 inches, and make up 55 to
60 percent of the subunit; the
calcilutites are Y2 inch to 9%
inches thick, with an average
thickness of 4 to 5 inches, and
account for 15 to 20 percent
of the subunit; the limy shale is
present as paper-thin partings
and zones, 1/8 inch to 5 inches
thick, with an average thickness
of less than 1 inch; the shale
partings and zones are wavy,
which imparts to the limestone
beds a marked pinch and swell
character; the calcarenites are
sparsely fossiliferous in  drill
core; Paucierura and Prasopora
are present.

|
Ft. In.
25 T
13 1

11
Ft. In.
0 9
35 2

Shoreham Formation

1. Medium gray (N5) to medium
light gray (N6), very thin- to
thin-bedded, moderately fossili-
ferous, fine to medium calcare-
nite; medium gray, very thin-
to thin-bedded calcisiltite; me-
dium dark gray (N4), very thin-
to thin-bedded calcilutite; and
dark gray (N3) limy shale; the
calcarenites are ¥ to 4 inches
thick, with an average thickness
of 12 to 2 inches, and make
up 60 percent of the subunit;
the calcisiltites are ¥2 inch to 2
inches thick and make up 10
percent of the subunit; the
calcilutites are also ¥ inch to 2
inches thick and account for 10
to 15 percent of the subunit;
and the limy shale, present in
zones 1/8 inch to 1% inches
thick, accounts for 15 to 20
percent of the subunit; contains
many specimens of the distine-
tive bryozoan, Prasopora orien-
talis, some of which are 3%
inches in diameter.

Bottom of hole,

Ft. In.
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il
Fi. In.

16. This section was described and measured from expo-

sures along the bed of Stony Creek where it crosses .S,

Highway 11

at Talcott Falls, SW/4 Watertown, N.Y.

quadrangle. The top of the falls marks the upper limit of

the s

Cobo

:clbion,

urg and Denmark Formations

2. Broken and jumbled section be-

LT:
10.

cause of lault: apparently as sub-
units 9 and 1 1.

As 9,

Medium  gray 9\'5), medium
light gray = (N6)-weathering,
thin- to medium-bedded, sparse-
ly fossiliferous fine calcarenite
and calcisiltite; occasional beds
of coarse coquinal calcarenite
as in subunit 9; and thin
intercalactions of dark gray
(N3) limy shale; limestone beds
are 1 to 12 inches thick and
account for 70 to 80 percent
of the subunit,
Medium  gray
light  gray

thin- to

(N5), medium
(N6)-weathering,

medium-bedded, me-

10
8

35

0
6

b

132 11
122 11

114 4
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. Dark gray

dium to coarse coquinal cal-
carenite with intercalations of
dark gray (N3) limy shale;
limestone beds are 1 to 12
inches thick and account for 75
to 80 percent of the subunit.

. Medium dark gray (N4) to

medium gray (N5), thin-bedded
non coquinal calcarenite; me-
dium dark gray to medium
gray, very thin- to thin-bedded
calcisiltite; and dark gray (N3)
limy shale; the calcarenites be-
come fewer in number, finer in
texture, and light olive gra

(5Y6/1) to pgdli]c yellovﬁshy-
brown  (10YR6/2)  upward,
whereas the calcisiltites increase
in quantity upward; limestones
compose 70 to 75 percent of
the subunit; prominent pararip-
ples with a 2-foot wave length
and 5-inch amplitude are pres-
ent from 1 foot 6 inches to 2
feet, at 6 feet 7 inches, and
from 17 to 18 feet below the
top of the subunit; contains
several Prasopora, some of
which are 2% inches in diam-
eter, in lowest 10 feet; other-
wise, fauna as in subunit 1.

(N3) to medium
dark gray (N4), very thin- to
thin-bedded barren calcisiltite;
weathers medium gray (N5).

As 4, but the fine calcisiltites
occasionally exhibit cross bed-
ding on the weathered edges, and
a few of the thin-bedded calcare-
nites are coquinal.

. Covered interval.

As 2, but with 5 to 10 percent of

barren, fine calcisiltite in beds

¥ inch to 1 inch thick.

Covered interval.

Medium dark gray (N4) to olive
ay (5Y4/1), thin- to medium-

Eredded coarse calcisiltite to

Ft. In.
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coarse calcarenite, with the
finer textures predominating,
and dark gray (N3) limy shale;
the color of the weathered
surfaces is obscured by lichen;
the limestone beds have wavy
surfaces, are 2Y2 inches to 8
inches thick, with an average
thickness of 3 to 4 inches, and
compose 80 to 85 percent of
the subunit; the limy shale is
present as wavy, paper-thin
partings and wavy thin zones,
1/16 inch to ¥ inch thick, and
accounts for the balance of the
subunit; the limestones are
moderately fossiliferous but not
coquinal, brachiopods dom-
mate.

Camp Member.
1. Medium dark gray (N4) to

medium gray (N5), medium
light gray (NO) to light-gray
(N7)-weathering,  thin-bedded
coquinal calcarenite; minor me-
dium dark gray to medium
gray, medium light ay
weathering, very thin- to thin-
bedded fossiliferous calcisiltite;
and wavy and plane paper-thin
partings and very thin zones of
dark gray (N3) limy shale; the
limestone beds are Y2 inch to
3% inches thick; the calcare-
nites are thickest, measuring 2
to 3% inches; bedding surfaces
are mostly plane; ﬁlc more
prominent wavy surfaces are
characterized by pararipples of
5-nch amplitude and 2-foot
wave length; the limestones
make up 05 to 70 percent of
the subunit, the balance is limy
shale; brachiopods dominate
the fauna, particularly, Rafines-
quina, Sowerbyella, and Hesper-
orthis. The subunit is cut by a
prominent set of vertical joints,

N, 78 E.

Base of section.

[
Ft. In.

11
Ft. In.
9 3
5 b



Structure

The structure of the limestones in Jefferson County
is remarkably uncomplicated, both regionally and in
detail. The single predominant feature is the soulhwest-
ward regional dip of 1 to 2 degrees. Jointing is present in
all the rocks, particularly in the limestones of the Black
River Group. No large folds or major faults were noted.

Joints

Several sets of joints cut the Jefferson County
limestones. The most prominent joint directions in their
order of importance are: N. 65-75° E., N. 45-55° W, N.
25-35° E., and N. 10-20° W. The major joint sels are very
constant in strike over wide areas but, locally, other sets
become important and may even predominate. Joint
planes other than vertical are rare. A statistical study of
the joints has shown that there is no significant change in
attitude iwithin age or locality. The joints are spaced a
few inches to more than 20 feet aparl. Joint separation in
the more prominent sels is generally less than 10 feet,
and often less than 5 feet. On bared limestone surfaces,
solution has widened many of the joint cracks as much as
several feet, particularly in the Chaumont Formation.
Much of the water falling on the Chaumont terrace passes
downward through these cracks to underground drainage.
Chaumont Limestone is more soluble than upper Lowville
Limestone, and the chief underground flow within the
area is on the upper surface of the Lowville Formation.
This subsurface drainage is responsible for many contact
springs and caves at the Lowville-Chaumont contact.
Joints are indicated on the geologic maps.

Folds

The limestones exhibit various degrees of folding,
most of it slight. Broad gentle warps with a maximum dip
of 6 or 7 degrees are locally common. Folds of this type
are readily detected along the banks of the Black River,
particularly between Watertown and Brownville, where
any rock layer at water level (Lowville or Chaumont
Limestone) can be seen to gradually dip below or rise
above the water line up- or down-stream. Gentle folds on
the top surface of the Cobourg Limestone are well
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displayed in the bed of Fish Creeck (NW/4 Rodman
quadrangle) and along the north Branch of Sandy Creek.

A small, asymmetrical fold ridge (4 feet in amplitude)
which trends N. 56° W. occurs 0.5 mile due south of
Depeauville (SW/4 Clayton quadrangle). It is exposed in a
small cut on the west side of the Depeauville-Reynold
Corner road. The south limb is steeper. A northeast-dip-
ping high angle thrust fault of very slight displacement
which strikes parallel to the ridge may be seen in the road
cut, but it could not be seen elsewhere. A similar fold in
the field immediately southwest of N.Y, MHighway 12 a
little more than | mile southeast of Depeauville strikes N.
77° W. It appears to represent the eastward continuation
of the flirst fold ridge, giving the fold a slightly arcuate
appearance in plan. The structure is the result of lateral
compression of relatively incompetent beds sliding on
more compelent strata. This type of phenomenon (ice
pressure ridge) is often found on glaciated surfaces and is
due to pressure and movement of the overriding ice,

A few folds with dips unusually steep (up to 35
degrees) for the area have been reported (Cushing, 1910,
p. 115) in the older limestones. One of these is found in
the Lowville Formation 1 mile west of Sanford Corners
(SW/4 Black River quadrangle). The evidence (glacial striae,
etc.) suggests that the fold is probably the result of
postglacial uplift, i.e., readjustment of the rock to the
upward movement of the land following the removal of
the ice sheet.

Faults

Faults of considerable magnitude have not been
noted. The fairly accurate mapping which the frequency
of rock exposures makes possible indicates that no such
faults are present. Several faults of relatively mimor
displacement are present bul remarkably scarce.

County Line Fault

In the valley of Lake Creek, 500 to 1,000 feet west
of and parallel to the Jefferson-Lewis County line (NE/4
Copenhagen quadrangle and NW/4 Carthage quadrangle),
is a possible fault. Except for unusually steep dips (45
degrees) and breccia in the Kirkfield core recovered from
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Drill Hole Alf. 140 (Section 2), dips of 18 degrees in the
Lowville beds exposed in the bed of Lake Creek at the
village of West Carthage swimming pool (NW/4 Carthage
quadrangle), and the map pattern, there is little direct
evidence on which to go. A sharp monoclinal fold could
produce a similar pattern, but the dips necessary to bring
about this type of structure are lacking. The map pattern
suggests movement of a pivotal nature, with the fulcrum
at the southwest end of the fault, i.e., the northwest side
of the fault apparently moved up differentially, with the
greatest upward movement in the northeast thereby giving
the appearance of strike-slip movement, but with a
distinct variation in the width of the outcrop belts on
either side of the fault plane. A fault with similar
movement and producing a similar map pattern is well
exposed in the valley of Stony Creck (Stony Creek Fault)
about 4 miles to the southeast in Lewis County.

Other Faults

Minor faults are present along the Black River south
of Herring(s) (SE/4 Deferiet quadrangle). The average
trend of the faults is about N. 45° W., varying from N.
37° W. to N. 66° W., and they are nearly vertical. The
displacements, as indicated by drag, striations, and relative

movements of the beds seem to be predominantly
vertical, with minor strike-slip and reverse components on
some of the faults. Varations in the directions of
movement on the fault planes can be seen clearly. The
major result of the faulting is that a northwest-elongated
block has been pushed upward in the flat-lying beds. A
series of step faults bound the horst-like structure on each
side. The stratigraphic throw on each of the faults is
dight, but the combined maximum displacement is about
50 feet. Marcasite, which has been partly altered to
limonite, and calcite mark the fault lines in several places.

In the abandoned New York Central Railroad cut a
few yards east of N.Y. Highway 179 (NE/4 Chaumont
quadrangle) there is a small northwest-trending normal
fault which dips 49 degrees to the northeast. The
northeast block has dropped just enough to preserve a
small outlier of Rockland limestone in the belt of
Chaumont Limestone.

Cushing (1910, p.120) described a fault in the
Pamelia Formation 2 miles east of Perch Lake (probably
near Lowell Creek, NW/4 Black River quadrangle) which
displaces the strata about 20 feet. This fault was not
found. Another small fault occurs in the Cobourg
Formation at Talcott Falls (Section 16).



Development Possibilities

General Statement

Carbonate rocks have a great many uses, all of which
depend on certain physical, chemical or physical-chemical
requirements. No allempt is made herein to discuss all of
these uses and their requirements. Construction consumes
the bulk of the carbonate rocks quarried, principally in
the building and maintenance of highways. Cement and
agricultural limestone, in that order, are next in
importance. Stone used as aggregate is primarily dependent
upon certain physical properties, whereas carbonates
suitable for cement and agricultural limestone depend
largely on their chemical content.

Tests and Specifications

All aggregate stone used in the construction of
hichways under the jurisdiction of New York State is
subjected Lo a variety of tests by the New York State
Department of Transportion. Bureau of Materials; crushed
limestone is no exception.” These tests include Specific
Gravity (density), Absorption, Abrasion, Soundness and
Freeze-Thaw.,

Density and absorption determinations yield weight
per unit volume and information on the amount of
water-penetrable voids in the stone. The latter test is of
value in determining the durability of the limestone on
exposure to freezing action. Abrasion lests measure the
resistance of the crushed stone to wear by rotating a sized
and weighed sample of aggregate in a special steel cylinder
for a set time. Two methods of determining the amount
of abrasion are used; these are the Deval Abrasion Test
and the Los Angeles Abrasion Test, but the Deval is the
official State test for deciding on the suitability of the
stone in this regard. The tests differ in design of appara-
tus and duration. The Los Angeles Test utilizes an
abrasive charge of steel balls along with the stone and is,
therefore, more severe, which results in a greater percent
of loss or wear. The Soundness Test measures the resis-

9Excepting calcitic dolostone containing not less than 30 percent
MgCO; or dolostone which may be crushed to make artificial
sand, carbonates may not be used as fine aggregate, i.e., crushed
stone fine enough to pass ¥-inch screen.
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tance of the rock to disintegration and it, too, is an aid in
determining the durability of limestone exposed to freez-
ing action. The tests consists of immersing a sized and
weighed sample of aggregate in a saturated sodium sulfate
-ﬁ()iuti(Jl’l il]'ld Lllf'. dryillg ()f lt in dall OVeEn. rI‘hii ‘\.e\‘\f Y()rk
State  Department of Transportation
magnesium sulfate instead but the procedures are similar,
This immersion and drying procedure is repeated through
a required number of cycles. The sample is resized and

now uses d

the loss subtracted from 100 gives soundness in percent.
The Freeze-Thaw Test involves the placing of a represen-
lative sized and weighed sample in a 10 percent solution
of NaCl (sodium chloride or salt) for 24 hours, after
which the receptacle containing the sample is placed in a
freezing chamber at -10° F. until the salt solution is
frozen solid, but not for less than 16 hours. The sample is
put through 25 freeze-thaw cycles. This test is also a
measure of the rock’s resistance to disintegration. It is
required only of crushed stone used in Portland cement
concrete where surfaces are exposed.

In addition to meeting the specifications of the tests
described above, crushed stone must be clean, durable
sharp-angled fragments of rock of uniform quality
throughout. There cannot be more than 30 percent of
crushed particles that are flat or elongated to the degree
of 3:1, and not more than 10 percent to the degree of
5:1. There are also specific requirements governing the
amounts and kinds of deleterious substances that may be
present.

The New York State Department of Transportation
uses three gradings for acceptable rocks and designates the
quality Types A, B, and C as follows:

TESTS TYPES
A B G

Deval Abrasion Test

Percent loss maximum by weight 40 57 65
Magnesium Sulfate Soundness Test

Percent loss at 10 cycles

maximum by weight 1.0 10.0 12.0
Freeze-Thaw Test

Percent loss at 25 eycles

maximum by weight® 3.0 3.0 -

*For exposed portland cement concrete surfaces.
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More detailed information concerning tests and
specilications can be obtained from the District Engineer,
N.Y. State Department of Transportation Office, Water-
town, New York, or from the Department of Transporta-
tion, Bureau of Materials, State Campus, Albany 12226.

The results of density, absorption and sodium sulfate
sounds tests performed on Jefferson County samples by
the Research Department of the State University of New
York College of Ceramics are described in the section by
Wayne E. Brownell (p. 74).

Any commercial development of the limestones for
aggregate stone, whether in this county or elsewhere in
New York State, will be required to have the rock
product meet the State specifications. The Jefferson
County limestones must not only be subjected to further
physical tests to determine their suitability, but the
soundness test employed in this study is no longer the
New York standard. In addition, the results of the sodium
sulfate soundness tests tabulated elsewhere in this report
are based on but a few localities, particularly with respect
to the Trenton limestones, Furthermore, these results are
hased on the testing of drill core, which are”often not the
same as the results obtained from the crushed stone
product. Many limestones, particularly those of the
Trenton Group, contain thinly laminated beds and scams
of limy shale in varying amounts. This shale is often the
cause of failure. It has been found that during the
processing of rock in a quarry operation, where the stone
passes through several stages, such as initial blasting,
secondary breaking or crushing, mechanical shaking and
screening, the effect of the much greater impact by
explosives and large-scale industrial equipment usually is
to rid the finished product of most of the easily abraded
shale to yield a stone of acceptable quality. The limited
action of equipment used in the laboratory is not enough
to cause sufficient separation of the undesirable material.
The results of the soundness tests are, therefore, open to
question.

The chemical analyses in Tables 13 through 29 are
sufficiently complete to determine the suitability of the
limestone for those uses that have specific chemical
requirements. Useful conversion factors that apply to the
chemical data are given in Table 30 (p. 87).

Technological and Economic Considerations

A rock quarry is developed when there is a demand
for a certain type of rock product (or products) and there
is sufficient stone with the appropriate physical and/or
chemical requirements to meet this demand. The
operation may be permanent or temporary, in the latter

instance, for example, to supply crushed stone for a
highway construction job.

The success of a comme: ial quarry operation is gov-
erned by numerous technological and economic factors.

Technological tactors mvolve geologic and topo-
graphic  considerations. Plainly, a deposit of stone
satisfying the requirements of the planned uses must be
found. Such work is facilitated by referring to the
geologic maps which delineate those areas within the
county where the limestones form the surface rock. Once
the area in which the desired rock occurs is known, the
configuration of the land surface becomes significant in
the choice of a site, The deposit should be located
topographically so that natural drainage will not involve
excessive pumping to keep the operation water free, that
sufficient level or nearly level land exists on which to
erect the plant required for the particular operation, and
that haulage roads will have sufficently low grades
(optimum less than 8 percent). Hills or ridges of suitable
limestone that stand above their surroundings are,
therefore, favored for quarry sites. There should be an
adequate water supply to satisfy the particular needs of
the operation.

The nature of the overburden is extremely significant.
The cost of stripping cover material varies greatly,
depending on its character and thickness. In general,
stripping costs for unconsolidated overburden are less
than those for rock overburden, which requires drilling
and blasting. It is difficult to place a precise limit on the
thickness toleration for either type of cover because
unusually thick deposits of unwanted material have been
stripped where the need for the rock below was
sufficiently great. In practice, stripping costs for unconsol-
idated overburden more than 12 to 15 feet thick are
considered high enough to reject quarry sites for aggregate
stone and other low-priced rock products. In Jefferson
County each of the limestone formations forms the
surface rock in belts sufficiently wide so that there is no
need to consider removal of consolidated overburden
except under conditions of selective quarrying. Unconsol-
idated overburden more than 12 to 15 feet thick are
is most areas but the thickness varies considerably from
place to place.

The character of the stone and its structure are also
very important. The nature and attitude of layering and
jointing greatly influence the effects of blasting, the size
and shape of the broken stone and the ease of operation,
including the maintenance of a good working face and a
smooth and level quarry floor. The deposit should be as
uniform as possible in terms of its physical properties and
its composition, particularly if the rock is to serve as raw
material for the manufacture of cement or other



essentially chemical applications. For such uses, interbed-
ded, impure rock materials are cause for rejection. The
acceptability of any rock sequence depends largely on the
use to which the rock is to be put.

The successful development of a quarry is also
governed by a number of economic considerations such as
land values, local zoning regulations, location, accessibil-
ity, transportation facilities, market distance, and power
supply.

The value of the land and zoning regulations should
be such that enough property can be obtained economi-
cally for plant construction, storage facilities, and future
expansion. A site too close to a developed area can result
in damage to nearby structures as a result of blasting and
dust. Certain types of rock products, such as crushed
stone, are relatively low priced, large volume commodities
which prohibit long truck or rail hauls to the consumer.
All suppliers of rock products, particularly those with
more favorable cost-price balance, could benefit over a
long haul by taking advantage of less costly water
trangportation available on Lake Ontario and the St
Lawrence River. The expense of building an access road
to any specific locality from a public highways should not
be a major concern. The county has a fine network of
all-weather roads.

Methods for Estimating Quantity of Stone

The volume of stone available for immediate and
future needs must be determined before a quarry is
developed. Various data may be used for calculating the
amount of stone.
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The specific gravity of carbonate rock averages ahout
2.08; it is seldom lower than 2.60 nor higher than 2.85.
Specific gravities of the limestones in Jefferson County
range from 2.5210 to 2.74, averaging 2.676 or 2.68,

The quantity of rock in any given area may be
expressed in terms of cubic measure, usually cubic yards,
or short tons (2,000 pounds), though there has been a
decided  preference toward reporting quantity on a
lonnage basis in recent years. Limestone with a specific
gravity of 2.68 weighs 167.7 pounds per cubic foot, but
common practice is to use the figure of 160 pounds per
cubic  foot, takes into account losses from
quarrying and handling, If stone is crushed, an allowance
of 50 percent should be made for the spaces between the
rock particles. The quantity of limestone available (or

which

that in reserve) can be determined in the following ways:
T = Tonnage
L) Ibs./cu. ft. (160) x vol. cu. ft. (length x width x

thickness) = Thickness
2,000

2) Vol cu. ft. (length x width x thickness) x .08 =T
3) 1leu yd. =27 cu. ft. = 2.2 tons
Vol. cu. ft. (length x width x thickness) x 2.2 =T

4) 43,560 sq. ft.facre = 1 acre-foot = 3,500 tons/acre-
foot" '(length x width x 3,500) x thickness = T
43,560

mTwo samples out of 195 had a specific gravity less than 2.60;
these reflect the presence of numerous quartz sand grains in the
lower portion of the Pamelia Formation.

11 This figure takes into consideration losses from quarry and

handling.



Potential Quarry Sites

No attempt is made in the following discussion to
recommend any particular locality as meeting all
requirements for commercial development. It is difficult
to find any single site that completely satisfies the many
technological and economic factors, The limestone
sampling and the analyses of the sampled units are
believed to be representative of the rock units from which
the samples were obtained. The area of study is large,
however, and the choice of a site or sites to obtain a
specific sequence of rock for testing was selective. More
detailed geologic study and testing are necessary to prove
out a particular area.

This report serves to outline the distribution of the
carbonate units within Jefferson County and to single out
several localities as potential quarry sites. There are
others. In fact, there are few areas where a quarry could
not be opened although the rock should meet the
physical and/or chemical requirements and the political
and economic conditions should be satisfactory.

The test results suggest that the commercial potential
of the Jefferson County limestones iz not great,
particularly with respect to uses based on physical criteria
and, accordingly, it is difficult to single out any particular
unit or units for specific development. The altogether
different results obtained from commercially
processed materials, selective quarrying procedures, new
methods of processing, and reblending techniques may
serve to yield an acceptable product. Therefore, sites are
chosen that collectively represent all of the formations in
the carbonate succession, with emphasis on the techno-
logical considerations. Many of the economic factors could
change for one reason or another,

often

Potential quarry sites are shown on the geologic maps
by black arrows, They are described in the pages that
follow by alphabetical arrangement of the topographic
quadrangles (Fig. 1) in which they are located. Those sites
marked by an asterisk (¥) in the text are preferred
locations. The rock units present at each locality are
listed, but the reader is referred to the text and the
geologic sections for a’detailed description of these rocks.
Because the limestones are so nearly flat, no mention is
made of the structure unless some significant departure
from the regional dip exists, The attitudes of the joints,
however, are given where possible, as this information is
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more precise than the range of values given for dip and
strike in the section devoted to joints. The figure or figure
range for the height of the working face refers to the
maximum height for an open-face quarry, that is, one in
which the face is developed above the general surface of the
land and the stone is shot down to plant level. If a pit
quarry is developed below the general level of the
surrounding terrain, a higher vertical face can be had, and
its height would be determined by the thickness of the
acceptable stone and a workable vertical dimension, The
composition of the individual rocks units at a given site can
be estimated by consulting the chemical analyses for the
appropriate portion of the rock sequence in the Tables.

The sites are as follows:

1. ADAMS QUADRANGLE

None recommended.

BARNES CORNERS QUADRANGLE

None recommended.

3. BLACK RIVER QUADRANGLE
None recommended; largely U.S. Military Reserva-
tion.

4. BROWNYVILLE QUADRANGLE

There are several localities available for possible

b3

development. Most sites involve the Lowville and
Chaumont limestones in the southern half of the map
area.

SITE 4A (%)

Location — Along north margin of SW/4, 1.5
miles due south of N.Y. Highway 12 and 3.5 miles
due north of the village of Brownville, Town of

Brownville.
Elevation — 400 to 450 feet.
Rock Units — Lowville and Chaumont lime-
stones.
Overburden — Variable drift cover, generally

thin, with bedrock occasionally exposed. Vegetation
included grass, brush, and in part of the area, dense
woods.

Working Face — Depends on rock desired, up to
50 feet.

Accessibility — All-weather secondary road for
1.5 miles to N.Y. Highway 12.



Joints — N, 12-28° W.; N, 14° E.; N.67-70° I,
Remarks — There are 3 other possible site
locations in the general vicinity; all are east of the
locality described above within an area measuring |
by 2 miles.
SITE 4B

Location SW/4, 2.2 miles northeast of
Brownville, immediately north of Pettit Comentery
and west of Militaty Road, Town of Brownville.

Elevation — 380 to 415 feet.

Rock Units
limestones.

Upper Lowville and Chaumont

Overburden — Essentially none; little or no soil
cover with grass.

Working Face — 30 feet.

Accessibility — 1,000 feet from all-weather road
connecting with N.Y. Highway 12E at Brownville
(2.3 miles) and Route 12 (0.75 mile).

Joints — N, 48° W.; N. 28° E.

SITE 4C

Location — Southeast corner of SE/4, either side
of U.S. Highway 11, Town of Pamelia.

Elevation — 450 to 500 feet.

Rock Units — Upper Lowville and Chaumont
limestones.

Overburden -
and brush.

Working Face — 45 to 50 feet.

Accessibility — Bisected by U.S. Highway 11, 2.5
miles northeast of Watertown city center.
- N. 4853°W.; N, 29° E.; N. 69-71° E,

Variable drift cover, slight; grass

Joints
SITE 4D

Location — SE/4, east and west of N.Y, Highway
37,5 miles north of Watertown, in Town of Pamelia,

Elevation — 420-480 feet (west side) and 460-500
feet (east side).

Rock Units — Lowville Limestone.

Overburden Variable drift cover, slight; grass
with some brush.

Working Face — 40 to 55 feet.

Accessibility — Bisected by N.Y. Highway 37;
Interstate 81 located 1,500 to 2,000 feet west,

Joints — N, 50° W.; N. 10° E.; N, 64° E.

CAPE VINCENT NORTH QUADRANGLE

None recommended.

CAPE VINCENT SOUTH QUADRANGLE (*)
Location — Central part of north half, west wall

of valley of Mud Creek between N.Y. Highway 12E

and Pleasant Valley Road, Town of Cape Vincent.

=1
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Elevation — 205 to 325 feet.

Rock Unit — Kirkfield Limestone.

Overburden — Variable drift cover, generally less
than 3 to 5 feet; grass and some brush,

Working Face — 60 feet.

Accessibility — Conveyor belt to Mud Bay and
barge transportation, a distance of less than 0.5 mile;
1 mile from N.Y. Highway 12E.

Joints — N. 6575 E.; N. 4° W. to N. 21° E.

Remarks — Operation would require relocation
of northeast-southwest secondary road; many con-
necting roads in vicinity.

CARTHAGE QUADRANGLE

Location Jefferson-Lewis County line, but
mostly in Lewis County (Town of Denmark), 2 miles
southwest of Carthage.

Elevation — 785 to 825 feet.

Rocks Units — Upper Lowville and Chaumont
limestones.

Overburden

Working Face — 35 feet.

Accessibility — Borders N.Y. Highway 26.

Joints — N, 77°W_; N. 37° W.; N. 68° E.
CHAUMONT QUADRANGLE

There are three potential sites in the Chaumont
Quadrangle; one is in the Black River limestones, the
other two are in rocks of the Trenton Group.

SITE 8A

Location — NE/4, between N.Y. Highway 179
and Chaumont River, Town of Lyme, 0.5 mile north
of village of Chaumont.

Virtually none.

Elevation — 260 to 300 feet.
Rock Units Lowville and Chaumont lime-
stones.

Overburden — Slight drift cover; occasional brush
and trees. Rock exposed over broad area.

Working Face — 40 feet.

Accessibility — Borders N.Y. Highway 179, Water
transport via Chaumont River to Lake Ontario.

Joints — N. 21° E.; N. 67° E.

Remarks — Limited tonnage; easterly expansion
prevented by N.Y. Highway 179. Area extends along
strike into neighboring Dexter Quadrangle. Powerline
crosses area.

SITE 8B

Location — SE/4, Town of Brownville,

Elevation — 260 to 320 feet.

Rock Units — Kirkfield Limestone, possibly some
Shoreham Limestone.
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9.

Overburden — Slight glacial cover; scattered
brush and trees.

Working Face — 25 to 60 feet, becoming higher
as development progresses castward.

Accessibility — Barge from Guffin Bay, Lake
Ontario; all-weather road to N.Y. Highway 12E via
Luther Hill,

Remarks — Summer camps along lakeshore.

SITE 8C

Location — SW/4, Town of Lyme, 0.25 mile
north of village of Point Peninsula.

Elevation — 260 to 310 feet.

Rock Units — Kirkfield Limestone
Shoreham Limestone,

Overburden — Variable glacial drift; maximum
thickness not known.

Working Face — 40 to 50 feet.

Accessibility — Water transport via Guffin Bay
and Chaumont Bay. Long truck haul via all-weather
roads to Chaumont, Dexter, or Watertown.

and basal

CLAYTON QUADRANGLE

Several possible sites occur within the Clayton
Quadrangle.

SITE 9A

Location — SW/4, 1 to 1.5 miles west and
west-northwest of Depeauville, Town of Clayton.

Elevation — 340 to 400 feet.

Rock Units — Lowville Limestone (including the
Pamelia-Lowville transition) with thin cap of Chau-
mont Limestone to south.

Overburden Variable drift cover, generally
slight; bedrock exposed over much of area. Open,
vegetation mostly grass and brush; occasional trees.

Working Face — 50 feet.

Accessibility — N.Y. Highway 12, 0.5 to 1 mile
northeast.

Joints — N. 61-70° W.; N. 10-20° W,
N. 53-86° E,
SITE 9B (Three areas in close proximity to one
another)

Location SW/4 and SE/4, Town of Clayton,

along Chaumont River {from vicinity of Depeauville to
0.8 mile northeast. One site is located along west
bank, immediately south of N.Y. Highway 12;
another occurs along the west bank 0.5 mile north;
and the third is 0.75 mile northeast, along the east
hank.

Elevation — 280 feet (river level) to 380 feet.

10,

Rock Units — Pamelia Formation, locally with
thin cap of basal Lowville (Pamelia-Lowville transi-
tion) limestone.

Overburden — Variable drift cover on terraces;
cock exposed in valley walls. Vegetation includes
grass, brush and, in places, dense woods.

Working Face — Variable, depending on choice of
locality. The site south of Depeauville could have an
open face 80 to 100 feet high; the sitc north and
wesl of Depeauville, 50+ feet; and the site east of the
river, a face 80+ feet high. The easternmost site would
involve destruction of a little-used dead end dirt road
leading to a small abandoned quarry and town dump.
N.Y. Iighway 12, 0.2 to 0.8
mile, depending on choice of site.

Joints — N. 50-51° W.; N. 47-62° E,

Accessibility -

SITE 9C

Location — NW/4, southeast wall of valley of
French Creek, 3 miles south-southwest of village of
Clayton and the St. Lawrence River, Town of
Clayton; 1.5 miles west of N.Y. Highway 12.

Elevation — 300 to 380 [eet.

Rock Unit — Pamelia Formation.,

Overburden — Glacial drift, 1 to 3 feet; bedrock
crops out over much of area, Vegetation mainly grass
and brush on terrace; trees at edge ol terrace and
along steep north-facing slope.

Working Face — 75 feet.

Accessibility — N.Y. Highway 12, 1.5 miles to
east via excellent all-weather road. Water transporta-
tion facilities at Clayton.

Joints — N. 47-70° W.; N, 10° W, to N. 7° E.;
N. 56-79°E.

COPENHAGEN QUADRANGLE
SITE 10A (¥)

Location — NE/4; Town of Champion, 2 miles
southwest of Carthage-West Carthage. Site is just
inside Jefferson County line, 0.25 to 1 mile north of
Drill Hole Alf. 140.

Elevation — 820 to 1,000 feet,

Rock Units — All limestones from TLowville
through Denmark,

Overburden — Variable drift cover; Chaumont
terrace has generally less than 3 feet of drift, with
occasional clusters of trees and brush. Slopes covered
with trees and brush,

Working IF'ace — Dependent on rock units to be
quarried. The Lowville-Chaumont sequence permits a
face of 40 to 45 feet. The Trenton limestones permit
a face of 100+ feet.
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12.

Accessibility — All-weather road joining N.Y.
Highways 26 and 3 at West Carthage and Carthage.

Joints — N, 75-86° W.; N. 20-25° W.;
N. 70-75° E.

SITE 10B

Location — NE/4; 1 mile southeast of Champion,
Town of Champion.

Elevation — 1,100 to 1,200 feet.

Rock Unit — Cobourg Limestone.

Overburden Variable glacial
occasional trees.

Working Face — up to 100 feet.

Accessibility — All-weather roads to N.Y. High-
ways 26 (2.5 miles) and 3 (3 miles) at West Carthage
and Carthage.

drift; brush,

DEFERIET QUADRANGLE

None recommended; area largely U.S. Military
Reservation. Extensive cover of glacial materials,
mainly glaciofluvial sands.

DEXTER QUADRANGLE
SITE 12A
Location — NW/4, in Town of Lyme, 1.5 miles

northeast of wvillage of Chaumont between N.Y.
Highway 179 and Morris Tract Road.

Elevation — 310 to 335 feet.

Rock Units — Lowville and Chaumont lime-
stones.

Overburden — Thin glacial cover, generally 0 to 3
feet; local patches of dense brush, areas of heavy
woods to north.

Working Face — 20 to 25 feet.

Accessibility — Excellent roads to N.Y. Highway
12E at Chaumont; conveyor belt to Chaumont River
and barges.

Joints — N. 50-70° W.; N. 72° E.

Remarks Only the basal portion of the

{.:]'1&]11[]01’1[ I,imestone 18 p[‘(iﬁ(!]lt mn 1hi$ dared.

SITE 12B

Location — SE[4; side hill immediately east of
Drill Hole Alf, 142, 2.3 miles southeast of Limerick,
Town of Brownville.

Elevation — 340 to 420 feet.

Rock Units — Rockland and Kirkfield
stones. Chaumont and Lowville limestones by deepen-

lime-

ing into pit quarry.

Overburden — Variable drift cover, slight; brush
and trees on side hill.

Working Face — 75 to 80 feet.

L3.

14.
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Accessibility — All-weather road to N.Y. High-
way 12E, 1 mile away.

Joints — N. 45° W.; N. 19° W.; N. 57° E.

SITE 12C (*)

Location — SW/4: east and west of Perch River
inlet, 1.75 miles west of Dexter, Town of Brownville.

Elevation — 280 to 345 feet,

Rock Units — Rockland and Kirkfield limestones.

Overburden — Variable drift cover; grass and
local patches of brush; no trees.

Working Face — 50 to 60 feet.

Aceessibility — Good all-weather roads to N.Y.
Highway 12E via Doanes Hill (2 miles) or via Dexter
(2.25 miles); N.Y. Highways 12F and 179 at Dexter.
Water transportation via Black River Bay.

ELLISBURG QUADRANGLE

None recommended. Outcrops are rare; area covered
by extensive blanket of glacial drift, including both
till and fluvial materials.

HENDERSON QUADRANGLE
SITE 14A (*)

Location — NW/4; area bounded by Henderson
Bay and White’s Bay, 1.5 miles west of village of
Henderson Harbor, Town of Henderson.

Elevation — 250 to 340+ feet.

Rock Units — Denmark-Cobourg Limestone,
probably that part of sequence representing Cobourg
Limestone.

Overburden — Variable drift cover. Rock forms
cliff section at lake edge. Local patches of dense
brush and woods,

Working Face — 85 to 90 feet.

Accessibility — Excellent opportunity for water
transportation via Henderson Bay; all-weather road
joining N.Y. Highway 3, 2 miles from site.

Remarks — Summer collages al lake edge along
castern portion of area.

SITE 14B

Location — NEf4; 1.25 miles east of village of
Henderson Harbor, Town of Henderson.

Elevation — 340 to 430 feet,

Rock Units Denmark-Cobourg  Limestone,
probably that part of sequence representing Cobourg
Limestone.

Overburden — Dense tree cover.

Working Face — 85 to 90 feet.

Accessibility — 1 mile south of N.Y. Highway 3.
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15.

18.

HENDERSON BAY QUADRANGLE
SITE 15A (%)

Location — SW/4, on tip of peninsula, Town of
Henderson.

Elevation — 250 to 340 feet.

Rock Unils — Denmark-Cobourg Limestone, that
part of sequence representing Cobourg Limestone.

Overburden — Variable drift cover, generally
slight. Rock crops out in cliff section at lake edge.
Local patches of brush and woods.

Working Face — 85 to 90 feet.

Accessibility — Excellent site for water transport
via Lake Ontario. Secondary road to all-weather road
connecting with N.Y. Highway 3 at Aspinwall Corners,
a distance of about 4 miles.

SITE 15B

Location — SEf4, 4.5 miles northeast of village
of Henderson, Town of Henderson. See Site 19E,
Sackets Harbor Quadrangle.

. LAFARGEVILLE QUADRANGLE

Location — SW/4, general area bisected by Carter
Street, 1 mile east of N.Y. Highway 180 and 3.5
miles south of Lafargeville, Town of Orleans,

Elevation — 380 to 430 feet.

Rock Unit — Pamelia Formation.

Overburden Variable drift cover; hay ficlds,
local patches of brush and occasional trees. Bedrock
locally exposed.

Working Face — 50 feet.

Accessibility — All-weather road to N.Y. High-
way 180.

. POINT PENINSULA QUADRANGLE (*)

Location — SE/4; tip of Stony Point, Town of
Henderson.

Flevation — 250 to 340 feet.

Rock Unit — Cobourg Limestone,

Overburden — Essentially none; rock at surface
over most of area; brush and grass.

Working Face — 85 to 90 feet.

Accessibility — Excellent site for transportation
by water via Lake Ontario.

Joints — N. 68° W.; N, 2-35° W.; N. 65-70° E.

Remarks — Abandoned U.S. Military Reservation
rifle range.

RODMAN QUADRANGLE

Location — NW/4: 0.5 mile east of Whitford
Corners; 1 mile northwest of village of Rodman,
Town of Rodman.

19.

Elevation — 680 to 780 feet.

Rock Unit — Cobourg Limestone.

Overburden — Variable, heavy drift cover in
many portions of the region, which appears to be
considerably thinner in the vicinity of the site. Bed-
rock is exposed in places. Grass and brush, patches of
trees locally,

Working Face — 90+ feet.

Accessibility — Area bisected by N.Y. Highway
177, 2.5 miles to U.S. Highway 11 and Interstate 81
at Adams Center.

Joints — N. 35° W,; N, 64-80° E.

Remarks — Site is 1.5 miles northwest of Drill
Hole Alf. 147,

SACKETS HARBOR QUADRANGLE

Most of the eastern and southeastern portions of the
map area are covered by extensive blanket of glacial
drift. The maximum thickness of the cover is not
known.

SITE 19A (%)

Location — NW/4; north of Black River Bay, 2
miles north of Sackets Harbor. The site is in the
Town of Brownville.

Elevation — 260 to 340 feet.

Roek Unit — Kirkfield Limestone.

Overburden — Variable drift cover; local patches
of trees. Area mainly open gentle slope.

Working Face — Up to 75 or 80 feet; height of

face will increase as opening is developed to
northwest.
Accessibility — Excellent for transportation of

raw material by water via Lake Ontario. All-weather
road to N.Y. Highway 12E (3.5 miles) and Dexter
(5 miles).

SITE 19B

Location — NW/4, south of Black River Bay, 1
mile northeast of village of Sackets Harbor, Town of
Hounsfield.

Elevation — 250 to 300 feet.

Roek Unit — Kirkfield Limestone,

Overburden — Thick sand cover in southeastern
portion near Muskelonge Bay; elsewhere, variable
drift, generally thin, and grass with local patches of
brush.

Working Face — 35+ feet.

Accessibility — Waler transport via Lake Ontario.
Secondary road joins area with N.Y. Highway 3
which is 0.75 mile away,

Remarks — Geology identical to site 19A but
much less stone available.



SITE 19C (*)

Location — NE/4, between N.Y. Highway 3 and
Old Military Road, 3 miles northeast of Sackets
Harbor, in Town of Hounsfield.

Elevation — 330 to 380 feet.

Rock Unit — Kirkfield Limestone.

Overburden — Variable drift cover; open hill side
with brush and scattered trees.

Working Face — Up to 45 or 50 feet.

Accessibility — Borders N.Y. Highway 3 at Baggs

Corners.
SITE 19D

Location — Central NE/4; 1.3 miles south of the
Watertown Municipal Airport.

Elevation — 360 to 420 feet,

Rock Units — Kirkfield and Shoreham
stones.

Overburden — Variable drift cover. Vegetation
mainly brush; occasional trees. Bedrock exposed in
places,

Working Face — Up to 50 or 60 feet.

Accessibility — 2 mile north of N.Y. Highway 3.

SITE 19E

Location. — SW/4, general area in Town of
Henderson, 1 to 1.5 miles northwest and west of
village of Smithville.

Elevation — 370 to 450+ feet.

Rock Units — Denmark-Cobourg limestone, that
part of sequence representing Cobourg Limestone.

Overburden — Variable drift cover; bedrock
exposed in cliff section. Brush and grass, local
patches of woods.

Working Face — 75 to 80 feet.

Accessibility — 2 mile to 1 mile east of N.Y.
Highway 3.

Remarks —
Smithville,
SITE 19F

Location — SW/4, 2 miles northeast of Smith-
ville, Town of Adams,

Elevation — 460 to 540 feet.

Rock Units — Denmark-Cobourg limestone; that
portion of sequence representing Cobourg Limestone.

Overburden — Variable drift cover; grass and
brush; occasional trees.

Working Face — 75+ feet.

Accessibility — 2.5 miles east of N.Y. Highway 3.
SITE 19G

Location
Town of Adams.

lime-

Drill located at

Hole Alf. 147

SE/4, 2 miles cast of Smithville,

21.
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Elevation — 400 to 530 feet.

Rock Units — As 19F,

Overburden — As 19F, but with dense tree cover
along a portion of the cliff section.

Working Face — 100+ feet.

Accessibility — 3 to 3.5 miles via South Harbor
Road to Interstate 81 and U.S. Highway 11 at Adams
Center.

SITE 19 H (%)

Location — SE/f4, 0.75 mile southeast of North
Adams, Town of Adams.

Elevation — 440 to 580 feet.

Rock Units — as 19F.

Overburden — Some drift; no trees.

Working Face — up to 140 feet.

Accessibility — 1 mile to Interstate 81 and U.S.
Highway 11 at Adams Center,

. SANDY CREEK QUADRANGLE

None recommended.

SAWMILL BAY QUADRANGLE
SITE 21A

Location — NE/4, bounding St. Lawrence River,
1 mile northeast of Sawmill Bay, Town of Cape
Vincent.

Elevation — 250 to 330 feet.

Rock Unit — Pamelia Formation.

Overburden — Slight drift cover;  bedrock
exposed over large portion of area. Mostly open ficlds
with grass and brush; occasional trees.

Working Face — Up to 75 feet.

Accessibility — Water transportation via the St.
Lawrence River; also bounds N.Y. Highway 12E.

Joints — N. 52-80° W.; N, 8-12° E.; N. 88° E.
SITE 21B

Location — NE/4, mid-section of eastern margin.

Elevation — 310 to 370 feet.

Rock Unit — Pamelia Formation.

Overburden — Glacial drift, including glaciofluvial
sand locally; dense tree cover.

Working Face — 60 feet; a 50-foot natural face is
exposed as a result of removal of sand from same
terrace.

Accessibility — 0.25 mile from N.Y. Highway
12E and 2.25 miles southwest of Clayton.

Joints — N. 52° W.; N, 12° E.; N, 88° E.

SITE 21C

Location — SW/4, 1.75 miles cast of Riverview,
Town of Cape Vincent.
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Elevation — 325 to 340 feet.

Rock Units — Lowville and Chaumont lime-
stones, .

Overburden — Variable drift cover; rock exposed
over large portions of area. Dense tree cover in local
patches.

Working Face — 15+ feet.

Accessibility — All-weather roads in every direc-
tion.

Joints — N. 46-65° W.; N. 7° W. to N. 25° E.; N.
74-75° E.

Remarks — Pit
adequate face.

quarry necessary to obtain

SITE 21D

Location — SW/4, area just north of School No.
11, 3.6 miles southeast of Riverview, Town of Cape
Vincent.

Elevation — 340 to 350 feet.

Rock Units — Chaumont Limestone exposed;
Lowville Limestone below.
Overburden Slight cover of glacial drift;

considerable bedrock exposed. Some brush; occa-
sional trees.

Working Face — Pit quarry must be developed.

Accessibility — All-weather roads in
direction.

Joints — N. 46° W.; N. 7°W. to N. 26° E.; N,
74°E.

EVEery

SITE 21E

Location — SE/4, 1.5 miles east of village of St.
Lawrence, Town of Cape Vincent.

Elevation — 280 to 380 feet.

Rock Units — Pamelia and Lowville formations;
lower portion of Lowville representing Pamelia-Low-
ville transition.

Overburden — Variable drift; dense brush and
free cover.

Working Face — up to 100 feet.

Accessibility — Hard surface gravel road leading
to all-weather paved roads in all directions.

Joints — N. 46° W.; N. 17°W. to N. 31°E.; N.
83° E.

SITE 21F

Location — SE/4, west side of Three Mile Creek.

Elevation — 350 to 370 feet.

Rock Units — Lowville and Chaumont lime-
stones.

Overburden — Slight glacial drift cover; brush;

occasional lrees.

22.

Working Face — 20 feet; pit operation recom-
mended.

Accessibility —
direction.

All-weather roads in every

SOUTH RUTLAND QUADRANGLE
SITE 22A

Location — NW/4; Woodwards Side Hill (Section
5), Town of Rutland. '

Elevation — 560 to 700 feet,

Rock Units — Rockland, Kirkfield and Shoreham
limestones.

Overburden — Variable drift cover, slight; brush
and trees. Rock exposed in many portions of hillside.

Working Face — 100+ feet.

Accessibility — 1 mile to N.Y. Highway 3 and
the village of Black River.

SITE 22B

Location — NW/4, Ruthland Hollow, south side
of Rutland Hollow Road, Town of Rutland.

Elevation — 700 to 980 feet.

Rock Units — Denmark-Cobourg limestone.

Overburden — Variable drift cover, brush and
trees.

Working Face — Variable; convenient height in
preferred portion of section.

Accessibility — Rutland Hollow Road, 2.5 to 3
miles east of Watertown.

SITE 22C

Location — NE/4, east-west belt through center
of map area paralleling Rutland Hollow Road,
between Miser Hill Road (on west) and Staplin Road
( on east), Town of Rutland.

Elevation — 800 to[1,020 feet, but not in a single
area.

Rock Units — Denmark-Cobourg Limestone.

Overburden — Variable drift cover; local brush
and patches of dense woods.

Working Face — Dependent on rock quality and
convenient working height.

Accessibility — All-weather road east and west;
3.5 to 4 miles east of Watertown.

SITE 22D (%)

Location — NE/4: 1 mile east of Rutland Center,
Town of Rutland.

Elevation — 1,000 to 1,090 feet.

Rock Units — Denmark-Cobourg limestone, that
part of sequence representing the Cobourg Limestone.
Hillier Member at top of section.



Overburden — Glacial cover of varying thickness.
Some brush; few trees.

Working Face — 80 to 90 feet.

Accessibility — Access into State Street leading
west into Watertown.,

SITE 22E

Location — SW/4, 0.25 mile southwest of Burrs
Mills, Town of Rutland.

Elevation — 880 to 1,000 feet.

Rock Units — Denmark-Cobourg himestone; that
part of sequence representing Cobourg Limestone.

Overburden — Variable drift cover, ranging from
less than 2 feet to unknown thickness. Some brush;
few trees.

Working Face — 100+ feet,

Accessibility — 0.5 mile south of N.Y. Highway
12.

. STONY POINT QUADRANGLE

Southern extension of Site 17.

4. THERESA QUADRANGLE

None recommended.

5. WATERTOWN OUADRANGLE

SITE 25A (2 sites in the general area)

Location, — NW/4, in Town of Hounsfield
between N.Y. Highways 12F (on the north) and 3 (on
the south).

Elevation — 380 to 500 feet.

Rock Units — Upper Rockland Limestone,
Kirkfield Limestone and Shoreham Limestone.

Overburden — Variable drift cover with grass,
brush and occasional trees.

Working Face — 60 feet in the Upper-Rock-
land-Kirkfield sequence; 35 to 40 feet in the Upper
Kirkfield-Shoreham strata.

Accessibility — The area is bisected by a good
all-weather road which connects with N.Y. Highway
12F (0.5 mile) and N.Y. Highway 3 (0.75 mile).
Watertown city center is 3 miles due east.

SITE 25B (*)

Location — SE/4; east and west of Dry Hill Road
along northwest-facing slope of Dry Hill in Town of
Watertown, 1.5 miles south-southwest of the com-
munity of Watertown Center.

Elevation — 620 to 850 feet; terraced at 700 to
720 feet.

Rock Units — Denmark-Cobourg Limestone.

Overburden — Variable drift and brush. Local
patches of woods, but generally free of heavy
concentration of trees.

Working Face — 60 to 100 feet, depending on
location.

Accessibility — Dry Hill Road joins with U.S.
Highway 11 at Watertown Center. Any operation
along west side of Dry Hill Road would be less than
0.5 mile from U.S. Highway 11.



Analyzing and Testing of Samples

by Wayne E. Brownell

The samples of limestones of Jefferson County were
taken by diamond-core drilling at the locations previously
described in this report. AX cores were drilled; afterwards
they were examined by the geologist. When the logging of
the cores was completed, they were divided into 10-foot
sections for arbitrary samples. The cores were then split,
one half being preserved as a permanent record, the other
half being used for analysis and testing. Several pieces
about l-inch in diameter were removed from the sample
and set aside for the sulfate-soundness test, density
determination, and absorption measurements. The remain-
der of each sample was crushed, pulverized, and quartered
for chemical analyses. These physical and chemical tests
were made by the Research Department of the State
University of New York College of Ceramics at Alfred
University, Alfred, New York.

Absorptions and densities were determined for all the
samples. The procedures for these tests were closely
related. After a thorough washing to remove dust and any
other coating from the surface of the pieces, the samples
were dried to constant weight at a temperature of 110°
C.; then they were immersed in water at 20° C. for a
period of 24 hours. The pieces of limestone were removed
from the water and rolled in an absorbent cloth until the
visible film of water was removed. The pieces were
individually weighed in the saturated condition. After
weighing, the limestone picces were placed in a wire
basket and their weight while suspended in water
measured. The samples were then dried to a constant
weight at a temperature of 110° C., cooled to room
temperature, and weighted. From these weights, the
absorption and density of each limestone sample were
calculated. The results of these calculations are recorded
on Tables 4 through 12.

The sulfate-soundness test was considered a measure
ol the durability of the limestone for use as road ballast
or constructional aggregate. For this test, 9 fragments of
limestone rock, each approximately 1 inch in diameter,
were used. The sample was thoroughly washed and dried
to constant weight at 110° C, After weighing, each piece
was placed in a separate galvanized wire basket. These
baskets were used to immerse the samples in a sodium
sulfate solution with a specific gravity between 1.151 and
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1.174 for 18 to 20 hours. The samples and solution were
maintained at a temperature of 21° + 1° C. for the entire
immersion period. At the end of this immersion period,
the samples were removed and placed in a drying oven at
110° C. The process of alternate immersion and drying
was repeated for 10 cycles. After each cycle, the
fragments of limestone were visually examined for
cracking, flaking, splitting, or disintegration. After the
final drying, the samples were washed and weighed to
determine the percentage loss in weight. If the percent of
weight loss was 5 percent or greater, the sample was
considered to have failed in this test. The results obtained
with this test are also given in Tables 4 through 12. These
results should be interpreted as an indication to the
durability of the rock. Before any formation is selected
for use, it should be tested more completely on a larger
scale and magnesium sulfate soundness tests should be
made. The sodium sulfate results are an approximate
guide to soundness and for this reason they are included
in the Tables 4 through 12.

The chemical analyses were made by conventional
techniques. The analyst was Elmer L. Prew, member of
the staff at the College of Ceramics. Sulfur and carbon
were  determined with a Leco analyzer. Sodium and
potassium oxides were determined by precipitation with
zine uranyl acetate and chloroplatanic acid, respectively.

The potential for the industrial use of the limestones of
Jetferson County is not great. Most of the formations are
too impure for most known uses. Blending of rock units of
differing compositions adds some flexibility to potential
uses, The Chaumont Formation warrants special mention
because it is the purest limestone in the county. It is rather
unfortunate that its thickness in thig area is only about 20
feet., This was the only stone to pass the sulfate-soundness
test which indicated that it might be useful for road ballast.
The Chaumont Limestone could also be quarried for metal-
lurgical fluxing stone, agricultural limestone, and Portland
cement manufacturing. The chemical compositions of the
Kirkfield, Lowville-Pamelia transition, and the Pamelia in-
dicate that they might be employed as a natural cement
rock. Some sections of the Pamelia are relatively high in
magnesia, but on the average, the composition would
probably be favorable for the production of natural cement.



Chemical Analyses

The complete chemical analyses of the limestones
penetraled by Dieill Holes AIf. 140-148 are given in Tables
13 through 21, which are arranged in order according to
the stratigraphic sections. The core samples from each
hole were analyzed in 10-fool sections downward with no
regard for the formational boundaries. It is, therefore,
difficult to obtain a precise analysis for any parlicular
rock unit. The position of the formational boundary
within a specific 10-foot section may be determined by
referring to the appropriate stratigraphic section in the
text. The whole numbers in the left column of the tables
refer o the 10-foot section: viz., L. spans the interval
[rom 0 to 10 fleet, 2 10 to 20 feel
below the top of the hole, ele. The letters NR in place of
a percenlage figure mean “Not Reported,”

The the Black

limestones by formation is given in Tables 22 through 28,

the interval from

composition ol River and Trenton

Table 4

Physical Properties of Alf. 140 (Section 2)

Johnsen prepared these tables by averaging appropriate data
from the detailed chemical analyses and omitting those
samples which contained a contact between two rock units.
Within each table, the columns are arranged from west to
east to correspond with Plate I

..-'\-_;:nlnm;n'_\-' of important chemical information for the
purpose of rapid evaluation of each rock unit is presented
in Table 29. Maximum and minimum chemical values are
given for all samples in Jellerson County by formation.
Because each of the limestones is relatively  uniform
throughout the area of study, these values will serve to
indicate the range ol composition that can he expecled al
any site when sampled in 10-foot  sections. Samples
including a contact between two formations were omitted
in the preparation of this summary.

Useful conversion laclors that apply to the chemical
data appear in Table 30.

Table §

Physical Properties of Alf. 141 (Section 3)

Sodium Sodium
Sample Sulfate Soundness Sample Sulfate Soundness
No, Density Absorption (%) % Loss Pass or Fail No. Density Absorption {%) % Loss Pass or Fail
Osh 1 2.69 0.3 11.1
1 2.67 0.4 7.8 26" 2 2.69 0.4 13.6
2 2.66 0.6 4,0 3 2,70 0.3 211
3 2.69 0.3 0.7 4 2.68 0.9 79.4 01
4 2.68 0.4 40.2 Ok 5 2.66 1.0 71.4
5 2.68 0.4 11.3 6 2.68 0.5 31.8
6 2.69 0.3 1.1 7 2.67 0.4 30.5 643"
7 2.69 0.3 0.2 8 2.69 0.7 12.8
8 2.68 0.4 1.6 9 2.71 0.3 9.8 Op-01
9 2.67 0.5 19.4 828" 10 2.73 0.5 11.2
10 2.67 0.3 12.9 11 2.67 1.0 79.1 1052
11 2.68 0.3 18.9 12 272 0.7 15.4
12 2.68 0.3 10.7 Or 13 2.61 1.7 40.4
13 2.68 0.3 i 14 2.66 1.7 0.4
14 2.67 0.3 3.5 15 2.67 1.9 23.6
15 2.65 0.8 25.4 16 2.70 0.6 25.3 Op
17 2.60 2D 35.5
18 2.61 2.5 52.5
19 2.57 3.3 79.4
20 2,52 3.1 100.0




Table 6 Table 7
Physical Properties of Alf. 144 (Section 8) Physical Properties of Alf. 146 (Section 9)
Sodium Sodium
Sample Sulfate Soundness Sample Sulfate Soundness
No. Density Absarption (%) % Loss Pass or Fail No. Density Absorption (%) % Loss Pass or Fail
0d 1 2,69 0.4 0.9
1 2.69 0.4 11.4 80" 2 2.69 0.5 18.2
2 2.67 0.8 238 Osh 3 268 0.6 43.8 o1
3 2.65 0.8 228 4 2.69 0.5 22.7
4 2.64 1.0 38.7 322" 5 2.69 0.5 36.3
51 2.68 0.4 25 6 7.68 0.6 a.0
6 2.66 0.6 10.5 7 2.69 0.5 11.1 893"
7 2.66 0.5 46 Ok 3 267 0.8 11.7
8 2.67 0.8 16.2 9 2.70 0.3 0.6
Op-01
9 2.65 0.8 22.1 10 2,70 0.2 2.3
10 2,64 1.0 21.3 1 2.74 0.6 0.0
1 2.65 0.8 15.3 Bt 12 2.70 0.5 11.5 119'8"
12 2.66 0.8 26.3 13 2,70 0.9 10.6
13 2.69 0.1 0.0 14 2.70 0.8 2.3
14 2.68 0.2 0.0 139°4" 15 2.67 0.9 10.3
15 2,68 0.3 0.0 ah 16 2,73 0.4 1.1
16 2.68 0.3 0.0 £ 17 2.71 1.1 32.6 &
17 2,69 0.3 1.1 164'5" 18 2.67 1.5 87.0 B
18 2.70 0.2 0.0 19 267 0.7 25.6
19 2.70 0.2 0.3 20 2.69 1.2 49.6
20 2.69 0.3 0.2 01 21 2.68 1.8 55,1
21 2.69 0.4 0.3 22 2.67 15 82.4
22 2.69 0.6 25.5 23 2.67 1.0 46.2 226'9"
23 2.66 0.9 20.5 ' ot
24 2.69 0.6 4.3
25* 2.67 0.7 24.0

*Hole drilled to depth of 260'3"; the lowest 103" were not
tested for density, absorption ar soundness. The Lowville sensu-
stricto (01)-Lowville-Pamelia transition (Op-01) contact occurs at
254°3",



Table 8 Table 9
Physical Properties of Alf. 142 (Section 11) Physical Properties of Alf. 143 (Section 12)
Sodium Sodium
Sample Sulfate Soundness Sample Sulfate Soundness
No. Density Absorption (%) % Laoss Pass or Fail No. Density Absorption (%) % Loss Pass or Fa
Or 1 2.66 0.7 20,7 or
1 2.68 0.3 0.0 L 2 2.67 0.8 23.7
2 2.69 0.2 0.0 Och 3 2.66 0.8 26.6
3 2.67 0.3 0.3 28'8%" 4 2.68 0.5 221 39"
4 230 0.2 0.8 5 2.67 0.4 0.0 Och
5 2.69 0.3 1.8 o1 6 2.68 0.4 0.1 59’
6 2.69 0.3 13.2 7 2.69 0.4 0.0
7 2.70 0.2 13.6 8 2.69 0.5 229
8 2.68 0.6 1.9 9 2.68 0.4 3.0 01
9 2.68 0.6 11.3 10 2.69 0.5 2041
10 2.66 0.9 5.7 100'9" 1 2.70 0.4 9.4
11 2.67 0.8 3.1 12 2.70 0.3 34.4
12 2.68 0.5 1.1 13 2.68 0.5 42,7 127
13 2.71 0.4 0.5 OOk 14 2.68 0.8 9.9
14 2.74 0.3 0.0 15 2.70 0.3 1.2
15 270 0.6 26.4 16 2.73 0.4 7.6 Op-01
16 2.68 1.1 1.9 152’ 17 2.74 0.6 11.5
17 2.67 1.3 2.2 18 2.7 0.6 20.8
18 2.68 1.1 25.2 19 2.63 21 42.8 180°2"
19 2,63 1.7 53.9 20 2,64 1.9 S 139
20 2,72 0.7 10.9 Op 21 2.72 0.6 13.8
21 2.68 1.3 56.3 22 2.67 1.6 39.8 o
22 2.69 1.1 52.2 23 2.69 1.2 18.4 e
23 2,70 1.0 36.1 24 2.74 0.3 0.0
24 2.70 0.7 231 25 2.73 1.2 30.6
25 2.65 1.5 69.4 -
26 2.61 2.0 74.3
I Table 10

Physical Properties of Alf. 145 (Section 13)

Sodium
Sample Sulfate Soundness

No. Density Absorption (%) % Loss Pass or Fail

1 2.67 0.7 13.2

2 2.65 1.0 33.6

3 2.64 155 12,5

4 2.65 1.0 45.8 Ok

5 2.65 0.8 22.6

6 2.66 1.0 35.9

7 2.66 0.7 13.4 62°11"

8 2.67 0.8 9.7

9 2.65 0.8 232 &
10 2.66 0.9 377
11 2.67 1.0 5.4
12 2.66 0.6 10,9 1141
13 2.68 0.3 0.0 Och
14 2.68 0.4 11.3 134°10"
15* 2.68 0.6 17.3 01

* Hole bottomed at 155'5" Lowest 5 feet of core not tested.
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Table 11 Table 12
Physical Properties of Alf. 147 (Section 14) Physical Properties of Alf. 148 (Section 15)
Sodium Sodium
Sample Sulfate Soundness Sample Sulfate Soundness
MNo. Density Absorption (%) % Loss Pass or Fail Mo. Density Absorption (%) % Loss Pass or Fail
1* 2.67 0.6 9.6 1 2.66 0.9 31.9 Qco
2 2.67 0.7 35.2 2 2.66 0.9 49.6
3 2.68 0.5 0.4 3 2.67 0.6 23.4 283"
4 2.68 0.6 20.3 4 2.66 0.9 36.1
5 2.69 0.3 0.4 5 2.67 0.8 37.0
6 2.69 0.3 1.6 5] 2.66 0.9 47.4
7 2.68 0.6 3.1 7 2.68 0.5 27.8
8 2.69 0.3 12.0 8 2.67 0.7 41.8
9 2.67 0.6 41.0 Q 2.68 0.5 19.3
10 2.68 0.6 524 10 2.67 0.5 31.4
11 2.66 0.9 38.6 11 267 0.6 51.0
12 2.67 0.9 33.9 12 7.69 0.5 25.8
13 2,69 0.7 12,6 0d-Oco 13 268 0.5 239 Od
14 2.68 0.7 16.6 14 2.68 0.4 7.2
15 2.69 0.6 30.9 15 2.68 0.6 31.2
16 2.68 0.5 29.7 16 268 0.5 88
17 2.66 0.9 31.8 17 2.69 0.5 6.7
18 2.68 0.6 21.3 18 2.68 0.5 14.6
19 2.68 0.6 49.5 19 2.67 0.7 34.5
20 2.66 0.6 69.1 20 2.66 0.8 26.0 19711
21 2.68 0.7 37.4 21 2.68 0.5 14.5
22 2.66 0.8 27.4 22 2.68 06 2.6 Ri
23 2.66 0.8 41.4
24 2.67 0.8 40.5

*Hole began 16’4 below Deer River Shale-Cobourg Limestone
{Oco) contact.



Table 13

Chemical Analysis of Alf. 140 (Section 2) in Percent

Total

Insoluble

Ignition

Si02 A|203 F6203 P205 MQO CaO s 803 Na20 Kgo Residue Loss COg

1 5.7 3.8 1.0 0.12 1.6 46.5 0.02 0.05 0.23 1.9 8.0 39.3 375
2 6.1 4.3 1.2 0.11 1.5 45.7 0.02 0.05 0.21 2.1 10.3 38.6 36.1
3 6.6 3.8 1.3 0.1 1.5 47.1 0.02 0.04 0.24 1.8 10.3 38.2 35.4
4 7.5 3.9 1.3 0.10 1.6 45.8 0.02 0.05 0.39 1.6 11.4 38.1 35.7
5 6.5 4.6 1.3 0.1 1.6 48.9 0.03 0.07 0.22 1.4 9.1 39.1 37.2
6 4.9 2.9 1.2 0.12 1.9 47.8 0.03 0.05 0.22 1.3 8.3 39.5 36.4
7 4.3 2.8 1.1 0.11 1.8 49.0 0.03 0.06 0.20 1.5 7.9 39.6 36.5
8 45 2.8 1.2 0.10 17 48.2 0.02 0.05 0.32 1.4 7.8 39.8 37.1
9 9.5 3.9 1.6 0.10 1.6 43.6 0.02 0.05 0.29 2.5 14.2 36.8 34.4
10 7.3 3.9 1.5 0.12 2.1 44,0 0.03 0.07 0.27 1.6 13.1 37.6 35.1
11 13.5 4.0 1.6 0.11 1.7 43.0 0.02 0.05 0.23 1.7 14.8 35.3 33.1
12 6.8 2.6 1.5 0.12 1.7 48.1 0.04 0.08 0.19 1.8 7.6 39.0 37.5
13 10.1 2.9 1.4 0.11 1.5 45.6 0.03 0.08 0.23 1.7 11.2 37.9 35.4
14 12.7 3.3 1.5 0.11 1.9 43.3 0.02 0.04 0.23 1.9 14.1 36.5 34,2
15 13.1 3.8 1.7 0.12 1.8 42.6 0.02 0.06 0.26 2.0 14.2 35.7 33.3

Table 14
Chemical Analysis of Alf, 141 (Section 3) in Percent

Si0;,  AlI;03  Fe,0;  P,0s  MgO  CaO T°Sm’ SO;  Na0  K,0 ';Z‘::::Le 'g::;:" co,

1 3.7 1.3 0.87 0.06 1.7 50.8 0.03 0.10 0.19 1.4 4.1 41.3 39.6
2 2.8 1.4 0.84 0.09 1.8 51.0 0.03 0.09 0.23 1.1 4.7 41.1 39.5
3 7.0 3.1 1.1 0.07 1.2 47.8 0.04 0.09 0.22 1.8 8.5 39.3 37.6
4 14.2 6.1 1.4 0.09 3.3 39.0 0.03 0.09 0.21 2.1 18.6 34.7 32.7
5 9.7 4.8 1.3 0.09 2.0 44.3 0.04 0.10 0.27 1.9 12.4 37.1 35.5
6 5.6 2.2 1.1 0.10 1.4 49.4 0.04 0.09 0.24 1.8 6.6 39.9 37.9
7 20.0 8.1 1.4 0.07 2.5 35.3 0.02 0.05 0.21 1.9 26.1 31.3 29.7
8 10.0 4,2 1.3 0.05 3.0 43.3 0.04 0.09 0.30 2.1 13.1 37.5 34.8
9 4.8 1.9 0.99 0.08 3.4 47.1 0.04 0.10 0.27 1.1 5.8 41.3 39.3
10 4.9 2.1 1.1 0.09 7.9 421 0.04 0.09 0.25 12 6.2 41.4 39.7
11 17.4 7.9 1.4 0.07 4.6 34,1 0.03 0.09 0.20 1.3 23.3 33.0 31.8
12 11.4 4.1 1.7 0.06 6.4 34.8 0.04 0.09 0.25 2.5 13.4 37.9 34.8
13 26.4 9.7 1.3 0.08 3.6 28,9 0.04 0.10 0.25 2.3 335 28.6 26.4
14 3.2 1.1 0.89 0.09 4.9 44.2 0.04 0.09 0.29 2.2 36 43.1 41.3
16 16.7 7.7 1.6 0.06 9.2 26.1 0.04 0.09 0.27 35 19.5 34.0 31.9
16 6.2 2.3 1.0 0.09 4.1 45,5 0.05 0.11 0.07 2.3 6.8 40.3 38.3
17 12.2 5.4 1.5 0.09 9.9 35.0 0.06 0.14 0.17 2.9 2.97.6 34.6 32.8
18 19.9 Ty 2.8 0.08 11.3 24.5 0.06 0.15 0.12 2.4 10.6 32.0 28.6
19 26.0 9.9 3.4 0.08 9.5 22,3 0.04 0.10 0.10 2.1 14.0 27.3 25,7
20 52.4 10.8 3.2 0.09 4.5 13.0 0.06 0.14 0.14 2.2 60.2 15.0 13.3
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Table 15
Chemical Analysis of Alf. 144 (Section 8) in Percent

Si0,

Total

Al,03  Fey,03 P05 MO0  CaO g SO;  Na,0  K,0 ':Z::E::‘ ‘9::;:" co,
1 6.8 2.4 1.1 008 1.2 481 002 005 026 1.6 10.3 39.7 NR
2 11 3.8 1.5 008 16 432 002 004 021 2.2 15.1 36.8 NR
3 113 3.4 1.6 009 19 435 008 021 023 2.4 14.4 36.5 NR
4 136 34 1.2 009 1.8 427 002 005 025 2.1 13.2 35.8 NR
5 7.7 2.8 1.2 0.08 1.8 46.7 002 004 024 32 1.7 38.6 NR
6 107 2.8 1.2 008 18 446 001 003 019 1.9 13.0 37.6 NR
7 108 2.4 1.1 009 1.8 439 001 003 018 3.3 14.0 37.6 NR
8 132 3.2 1.2 008 20 422 001 003 025 2.3 17.7 35.9 NR
9 132 3. 1.0 009 1.7 418 002 003 027 2.5 17.9 36.3 NR

10 168 3.8 1.8 016 22 402 003 008  0.09 2.4 22.7 32.8 NR

11 143 4.2 15 015 24 4.2 003 008 017 19 205 34.6 NR

12 138 3.1 2 017 18 426 003 006  0.18 2.2 18.9 34.9 NR

13 9.6 0.98 0.76 019 1.2 480 002 005 0.4 1.7 1.9 375 NR
14 1.4 0.13 0.45 0.11 058 542 005 011 012 1.4 2.4 42.8 NR

15 076  0.09 0.33 025 069 552 002 007 021 1.8 1.3 42.1 NR

16 3.1 0.06 0.60 014 15 519 005 011 021 2.4 4.1 40.1 NR

17 2.7 0.35 0.85 020 1.0 621 004 010 025 1.7 4.0 42.3 NR

18 3.6 1.0 0.50 016 1.6 508 005 012 022 ) 5.7 41.8 NR

19 5.0 1.7 0.88 016 1.6 502 003 008 021 2.3 7.3 39.2 NR

20 5.2 1.8 0.92 016 14 49.9 004 009 034 1.8 7.9 39.6 NR

21 5.9 2.1 1.2 016 1.1 49.0 004 010 026 1.2 9.1 39.8 NR

22 6.7 2.4 1.2 016 1.5 483 004 011 021 1.4 12.3 38.8 NR

23 123 4.1 1.3 016 1.5 439 002 005 020 1.6 15.3 35.8 NR

24 8.1 3.8 1.4 016 1.7 459 002 005 023 1.4 105 37.0 NR

25 104 2.9 .9 016 1.3 453 002 006 0.9 1.6 1.5 36.7 NR

Table 16
Chemical Analysis of Alf. 146 (Section 9) in Percent

Si0;  Al,03;  Fey03 P05  MgO  CaO T°Sta' SO;  Na;0  K,0 ';Z::::LB 'gt::::“ co,
1 2.7 0.13 1.0 017 075 523 001 003 015 i 4.7 41.6 NR
2 2.3 0.37 0.66 017 070 499 001 004  0.10 2.6 5.0 41.6 NR
3 5.1 1.7 1.0 016 1.0 491 001 003 0.0 2.3 9.0 39.8 NR
4 5.8 1.6 1.1 017 079 475 001 002 014 3.2 9.6 39.4 NR
5 5.7 3.5 1.4 017 1.1 491 002 007 023 25 7.4 37.0 NR
6 8.6 3.3 1.4 017 1.1 453 003 007 020 2.7 11.4 37.5 NR
7 5.2 1.7 1.0 017 1. 473 002 005 012 49 7.3 37.5 NR
8 186 6.7 1.5 017 1.9 356 002 006 023 3.9 21.4 31.5 NR
9 5.0 35 1. 019 1.5 464 003 008 023 27 10.7 38.4 NR

10 3.2 1.5 0.96 019 25 497 003 007 020 1.3 5.3 41.6 NR
11 35 1.5 1.0 019 28 454 001 004 024 35 5.2 41.4 NR
12 7.6 3.3 1.1 018 48 425 002 004 023 1.6 9.5 38.8 NR
13 276 9.5 0.24 019 9.8 222 008 019 044 2.9 36.6 28.4 NR
14 7.7 1.7 1.3 022 57 422 006 016 023 3.1 1.9 39.2 NR
15 385 9.6 2.5 0.19 6.0 185 007 018 066 3.7 50.1 21.3 NR
16 45 1.8 1.0 019 55 443 011 028 023 2.8 7.3 41.1 NR

17 4.3 1.6 14 019 8.1 418 010 026 038 28 7.1 40.8 NR
18 133 6.6 1.7 017 74 343 008 019 041 2.7 21.0 34.8 NR
19 46 1.1 1.4 020 256 455 019 026 045 2.9 6.8 410 NR
20 13.0 5.6 19 020 89 334 011 028 045 2.9 15.6 34.9 NR
21 19.4 8.4 3.0 020 58 30.3 004 011 038 28 225 30.9 NR
22 209 9.4 39 0.21 3.4 297 013 032 035 2.7 24.0 29.4 NR
23 733 9.3 2.6 019 24 31 017 044 035 26 85.9 6.1 NR



Chemical Analysis of Alf. 142 (Section 11) in Percent

Table 17

Total

81

Insoluble

lgnition

SiOg A|203 FB;‘J,O:,\ PQOS MQD CaO 5 503 NHQO KQO Residue Li65E CO,

1 0.98 0.18 0.50 0.12 0.19 54.7 0.02 0.05 0.39 1.1 1.9 43.3 41.1
2 0.52 0.04 0.44 0.12 0.24 556.1 0.01 0.04 0.27 1.6 1.3 435 42.2
3 1.5 0.12 0.44 0.14 0.28 53.6 0.04 0.09 0.40 1:5 25 43.0 41.1
4 2.4 0.70 0.66 Q.14 0.13 53.1 0.03 0.08 0.51 1.9 4.3 42.0 40.4
5 3.3 1.1 0.57 0.25 0.18 52.5 0.02 0.05 0.50 1.5 5.7 41.5 39.4
6 3.0 {4 0.62 0.13 0.27 53.1 0.03 0.09 0.35 0.89 5.2 41.4 40.8
7 6.9 27 1.3 0.13 1.2 48.4 0.04 0.10 0,52 1.5 12.0 38.4 37.6
8 8.1 3.1 1.8 0.12 1.5 46.4 0.04 0.09 0.53 1.6 14.6 37.8 36.6
9 72 2.9 1.4 0.16 1.1 48.2 0.03 0.08 0.68 1.5 121 38.3 36.6
10 5.1 2.4 1.1 0.19 1.3 50.3 0.03 0.08 0.26 0.96 8.6 39.8 38.3
11 19.9 4.1 1.9 0.14 2.7 37.1 0.04 0.10 0.57 23 25.9 31.5 30.7
12 11.8 2.6 1.4 0.13 2.3 425 0.04 0.09 0.85 2.2 16.5 36.3 341
13 4.8 0.96 1.1 0.24 2.8 49.0 0.03 0.08 0.47 0.85 6.8 41.1 39.6
14 3.0 0.8 0.86 0.11 5.5 46.7 017 0.41 0.17 1.6 5.3 42.7 40.4
15 6.3 2.3 0.85 0.11 4.5 43.7 0.14 0.33 0.41 1.9 9.6 40.3 38.9
16 19.1 7.3 0.22 0.11 5.9 326 0.15 0.37 0.37 2.8 27.3 32.0 30.8
17 12.8 6.0 1.3 0.09 7.4 34.4 0.11 0.27 0.32 1.6 14.6 36.4 33.4
18 16.6 4.6 1:2 0.10 6.4 33.5 0.16 0.39 0.54 2.2 19.0 35.0 33.2
19 33.9 10.6 2.1 0.11 3.8 20.8 0.35 0.98 0.56 3.9 35.4 241 21.1
20 3.7 2 0.72 0.10 5.4 45.2 0.15 0.38 0.42 1.7 4.3 421 40.2
21 9.8 4.8 0.14 0.09 8.4 35.4 0.13 0.32 0.88 2.6 10.7 38.2 36.0
22 11.0 5.2 0.14 0.09 5.0 39.0 0.14 0.35 0.61 2.1 13.2 37.0 35.1
23 6.2 2.2 0.97 0.08 3.5 46.1 0.15 0.37 0.65 1.6 14.6 40.0 37.3
24 14.9 5.4 1.7 0.09 4.0 36.5 0.13 0.33 0.28 1.8 16.8 35.0 32.4
25 21.5 9.0 3.7 0.11 2.8 31.7 0.11 0.27 0.38 2.1 24.2 29.3 26.1
26 36.7 12.9 4.2 0.10 2.9 19.3 0.10 0.26 0.42 2.9 38.4 20.4 18.6



Chemical Analysis of Alf. 143 (Section 12) in Percent

Table 18

Sio, Al,0;  Fe,0;  P,0s MgO  CaO T‘:a[ S0;  Na,0  K,0 ';ZZ:::LE 'QE:;:" co,
1104 1.1 1.0 0.12 2.1 459 003 007 055 1.4 12.4 38.6 37.3
2 113 2.7 1.3 0.09 2.3 445 003 007 038 1.0 145 37:3 36.6
3 83 2.3 0.85 009 21 471 005 013  0.32 1.0 10.8 39.5 38.3
4 43 0.11 14 0.09 1.2 49.8 005 011 0.30 1.8 6.3 415 39.6
5 095 0.46 0.41 010 059 532 004 0.0 046 1.7 2.0 43.3 41.5
6 1.7 0.37 0.41 0.10 069 528 004 009 046 1.2 28 42.9 40.2
7 34 1.4 0.59 0.09 1.6 50.3 003 006 037 1.5 48 41.9 39.4
8 5.0 1.8 0.75 0.09 3.0 479 003 007 053 1.2 7.2 40.7 39.2
9 46 2.0 0.69 0.09 1.4 491 004 009 050 1.2 6.6 41.0 38.8

10 59 2.4 0.89 0.09 1.8 473 002 006  0.50 18 8.6 402 39.1
1 81 3.6 1.3 0.10 1.6 451 002 005 055 1.8 1.7 38.2 36.2
12 7.8 3.6 1.1 0.09 1.6 450 002 006 046 1.9 1.1 38.9 36.6
13 6.7 1.1 1.1 0.10 1.7 478 002 006 023 2.2 101 39.0 36.9
14 211 2.5 1.8 0.11 6.1 297 014 036 042 3.9 30.4 34.1 32.0
15 6.2 1.0 0.87 010 25 47.3 004 012 026 2.1 10.1 395 36.8
16 40 1.7 0.94 0.09 49 482 005 013 020 2.1 5.0 38.4 36.9
17 43 1.7 0.95 0.09 82 437 008 015 040 1.5 5.6 39.1 370
18 7.7 3.1 1.0 0.11 6.8 375 0.21 0.51 0.57 38 9.2 395 36.6
19  24.4 73 %3 0.17 9.8 229 024 060 040 2.6 32.3 29.7 26.4
20 1138 4.5 1.5 0.22 9.9 336 008 020 047 3.2 12.9 34.8 32.2
21 65 2.3 1.1 0.20 2.6 416 038 095 057 3.0 Wy 40.3 37.8
22 221 9.7 2.2 023 9.7 226 005 013 1.1 3.4 29.4 28.9 27.2
23 5.7 3.2 0.94 0.21 5.5 443 027 067 009 2.0 6.5 37.2 34.8
24 43 1.4 1.0 0.08 6.7 445 003 008  0.10 2.2 4.7 412 39.7
25 13.4 5.6 1.6 019 104 285 037 093  0.14 2.8 13.1 36.6 35.2
Table 19
Chemical Analysis of Alf. 145 (Section 13) in Percent
Si0,  AI,O3  Fe,03  P,0s  Mg0  CaO T°Sta' SO;  Na,O  K,0 ';Z‘;::Ef 'gE:s';’n co,
1 7.5 3.3 1.3 0.16 177 47.0 003 009 1.2 1.4 9.2 38.0 NR
2 8.9 3.3 15 0.16 13 46.4 002 007 079 1.3 10.4 37.2 NR
& iia 5.1 19 0.17 1.9 427 003 008 048 1.2 12.6 35.0 NR
4 119 4.2 1.7 017 24 428 003 008 062 2.2 13.0 355 NR
5 112 3.1 1.4 0.17 2.0 444 002 007 045 23 12,5 36.5 NR
6 5.9 2.4 1.3 0.15 1.5 493 004 010 042 1.3 7.3 39.1 NR
7 9.4 3.1 13 0.16 1.9 464 003 008 060 1.3 11.4 37.6 NR
8 7.5 2.5 1.2 0.16 1.9 479 003 008 048 1.3 9.2 38.8 NR
9 9.5 2.7 1 0.17 2.0 458 004 011 0.26 1.2 10.2 376 NR
10 9.1 2.4 ) 0.18 1.9 460 003 009 021 1.8 10.0 375 NR
11 8.4 a3 1.0 0.17 2.0 465 004 010 021 1.0 8.7 38.1 NR
12 6.1 1.4 0.9 0.18 1.3 495 003 009 019 1.9 6.6 39.2 NR
13 15 0.44 0.4 0.16 972 542 003 008 015 1.4 34 42.4 NR
14 3.2 0.51 0.63 018 087 527 004 010 047 1.1 5.1 41.7 NR
15 45 1.9 0.86 0.18 2.4 484 003 008 024 1.0 72 40.4 NR
16*

*Drill hole bottomed at 155 feet 5 inches. The analysis of the lowest 5 feet 5 inches of care was not reported.




Table 20
Chemical Analysis of Alf, 147 (Section 14) in Percent

83

Si0,  Al,03  Fes03 P05  MgO  CaO T‘;a‘ SO;  Na,0  K,0 ';:::::: 'g::;:" co,

1 1.4 4.6 1.4 0.20 17 432 014 035  0.38 22 18.9 355 NR
2 118 4.2 1.3 0.20 18 433 012 030 032 2.6 20.0 35.4 NR
3 8.5 3.0 1 0.20 16 466 013 033 041 22 16.5 36.2 NR
4 9.0 3.2 1.2 0.20 15 454 026 066 036 26 125 37.0 NR
5 46 1.4 0.93 0.20 15 494 007 018 029 T 8.0 40.3 NR
6 4.2 1.4 1.0 0.20 1.6 477 030 074 028 1.6 7.3 40.8 NR
7 48 15 0.95 0.20 1.6 501 027 066  0.30 53 7.5 37.6 NR
8 4.2 15 0.76 0.20 1.7 536 028 071 031 1.8 6.7 35.2 NR
9 5.7 1.8 1.6 0.20 1.5 538 023 058 029 2.0 9.3 32.9 NR
10 7.3 27 1.4 0.20 1.6 51.4 043 14 0.30 1.9 1.6 32.4 NR
11 9.2 3.8 1.5 0.03 1.9 438 041 1.0 0.44 26 136 36.6 NR
12 132 6.3 2.0 0.04 18 404 048 1.2 0.43 22 19.4 33.6 NR
13 9.5 4.3 1.5 0.04 1.6 437 039 1.0 0.42 32 14.2 36.2 NR
14 12,0 5.5 1.5 0.04 1.7 421 032 080 026 238 17.4 34.8 NR
15 104 5.7 1.5 0.03 19 436 037 091 027 26 15.4 33.4 NR
16 13.3 5.9 1.7 0.03 1.7 41.0 040 099 025 1.6 19.4 339 NR
17 114 5.1 1.5 0.04 1.6 422 029 073 031 2.0 17.0 35.0 NR
18 104 5.5 13 0.04 15 419 023 058 026 1.8 15.4 35.8 NR
19 9.1 5.8 1.4 0.04 14 425 023 057 021 38 15.1 36.1 NR
20 121 6.7 1.6 0.03 19 410 028 070 027 25 18.1 34.5 NR
21 107 7.8 1.6 0.03 1.7 416 031 078 029 20 17.8 34.7 NR
22 118 8.6 1.9 0.03 %7 397 014 036 025 25 19.7 33.4 NR
23 5.1 6.7 i 0.02 14 458 019 047 023 1.1 15 37.7 NR
24 7.9 5.1 1.5 0.04 19 442 017 042 022 2.0 136 36.8 NR

Table 21
Chemical Analysis of Alf. 148 (Section 15) in Percent

Si0,  Al;03  Fes03 P05 MgO  CaO T"Sta' SO;  Na,0  K,0 ';Z:::E': 'g::s':" co,

1 9.6 3.4 1.3 0.02 16 464 005 023 052 2.1 12.4 35.9 NR
2 144 5.3 1.9 0.02 18 414 004 011  0.63 2.2 19.6 33.6 NR
3 148 6.1 2.2 0.02 17 401 016 040 065 3.2 21.0 30.2 NR
4 9.4 3.8 17 0.02 1.6 453 008 020  0.71 2.0 136 35.2 NR
5 8.4 4.2 1.5 0.02 19 447 007 018 086 2.2 13.4 35.9 NR
6 9.5 3.7 1.5 0.02 1.6 454 009 022 083 3.3 13.7 33.7 NR
7 7.4 3.4 1.3 0.02 14 473 004 010 073 2.0 9.3 37.2 NR
8 8.2 3.6 1.5 0.02 1.9 462 005 011 081 2.2 11.2 36.4 NR
9 8.8 3.9 15 0.02 1.5 46.3 004 010 059 1.9 12.2 36.1 NR
10 6.6 3.0 1.2 0.02 1.3 486 005 011 064 2.3 8.5 37.6 NR
1 7.4 2.9 1.3 0.02 13 480 005 011 061 2.4 9.4 37.0 NR
12 5.8 2.2 1.3 0.02 14 499 006 016 074 2.7 8.4 36.9 NR
13 5.9 2.2 0.98 0.01 1.7 486 002 005 029 1.6 9.3 39.6 NR
14 5.3 2.1 0.97 0.02 15 499 002 005 028 1.7 8.8 39.5 NR
15 9.8 38 1.3 0.02 1.9 456 002 004 031 15 14.5 36.9 NR
16 9.6 4.0 1.3 0.02 1.8 452 002 005 029 15 15.9 37.1 NR
17 6.4 3.0 1.1 0.03 1.7 480 001 003 028 1.6 1.8 38.7 NR
18 5.7 3 0.99 0.05 19 477 002 005  0.14 1.4 10.2 39.4 NR
19 6.3 3.7 0.9 0.05 19 464 002 006 016 1.5 1.6 39.0 NR
20 8.3 4.6 1.3 0.03 2.1 440 002 005 014 1.4 138 37.9 NR
21 7.5 4.7 1.2 0.04 1.8 459 001 003 016 1.5 12.4 38.1 NR
22 6.3 3.1 1.0 0.03 1.3 473 003 007  0.14 15 10.4 38.9 NR



Table 22

Average Composition of the Pamelia Formation in Percent

Alf, 143* Alf. 142 Alf. 1461 Alf. 141
(Section 12} (Section 11} (Section 9) (Section 3)
5i0, 12.6 16.93 22.5 15.2
AlaOa 4.86 6.29 6.29 6.2
Fea O3 1.4 1.5 1.83 1.7
P, 05 0.19 0.10 0.196 0.08
MgQ 7.8 5.1 6.29 Fil
Ca0 34.0 34.0 34.2 328
Total S 0.2 0.15 0.097 0.44
503 0.51 0.39 0.22 0.11
Na, O 0.41 0.5 0.398 0.19
K50 274 2.3 2.93 2.4
Insol. Res. 15.23 19.86 20.29 14.7
lgn. Loss 35.6 33.6 34.18 34.6
CO, 33.3 31.3 NR 324

*The analysis covers only the upper 69 feet 10 inches of the
formation. The Pamelia Formation becomes increasingly siliceous
downward and is most siliceous at the base.

TThe average silica content is unusually high because of an ex-
tremely siliceous zone 20 feet 4 inches to 30 feet 4 inches below
the top of the formation. Without this zone the average silica
content is 12.8 percent.

Table 23

Average Composition of the Lowville Formation in Percent

Alf. 143 Alf. 142
[Section 12} [Section 11)
Lowville Pamelia-Lowville Compined Lowville Pamelia-Lowville Combined

sensu-stricto Transition Average sensu-stricto Transition Average
SiOa 5.93 8.66 7.3 5.1 9.12 7.1
Al2 03 2.27 2.0 2.14 1.97 2.15 2.06
Fes O3 0.92 1.11 1.02 1.06 1.22 1.14
P205 0.93 0.1 0.62 0.16 0.146 0.153
MgO 1.81 5.7 3.76 0.81 3.56 2.19
CaO 475 41.28 . 44.39 50.29 438 47.05
Total S 0.026 0.1 0.063 0.03 0.084 0.058
503 0.064 0.254 0.16 0.81 0.20 0.561
Na, O 0.45 0.37 0.41 0.479 0.494 0.487
Ko0 1.66 2.68 217 1.41 1.77 1.58
Insol. Res. 8.59 12.04 10.32 8.93 12.82 10.88
Ign. Loss 39.99 3812 39.086 39.89 38.38 39.14

CO, 38.03 35.70 36.89 38.51 36.74 37.63



Table 23 Continued

Alf. 143 Alf. 144)
(Section 9) [Section 8)
Lowville* Pamelia-Lowville Combined Lowvillet
sensu-stricto Transition Average sensu-stricto
Si0, 5.06 7.58 6.32 7.1
Aly04 1.76 3.3 253 2.48
Fe; O3 1.08 1.13 1.105 1.08
P, 05 0.169 0.18 0.175 0.16
MgO 0.93 2.7 1.82 1.46
Ca0 48.64 43.92 46.28 47.:M
Total S 0.016 0.022 0.019 0.033
503 0.044 0.058 0.051 0.083
MNa, O 0.15 0.226 0.188 0.232
K20 2.77 2.6 2.69 1.69
Insol. Res. 7.77 10.42 9.1 9.95
lgn. Loss 39.2 38.34 38.77 38.59

€O, NR NR NR NR

*Analysis covers only the lowest 69 feet 3 inches. The entire unit
measures 81 feet 5 inches at this locality.

tAnalysis does not include the highest 5 feet 7 inches or the lowest
4 feet 3 inches of the unit.

Table 23 Continued

Alf. 141
(Section 3)
Lowville* Pamelia-Lowville Combined

sensu-stricto Transition Average
Si02 7.3 9.9 8.6
Aly Og 3.2 4.1 3.65
FEQO:; 1.1 1:2 1.15
P203 0.08 0.07 0.075
MgO 1.86 4.2 3.03
CaO 47.05 41.95 445
Total S 0.035 0.035 0.035
S04 0.09 0.08 0.085
Nas O 0.23 0.26 0.245
K20 1.7 1.6 1.66
Insol. Res. 9.2 128 11.0
lgn. Loss 3.9 379 38.4
CO, 371 35.9 365

*Excludes the highest 10 feet 8 inches of this unit.

Table 24

Average Composition of the Chaumont Formation
in Percent

Alf. 145 Alf, 143 Alf. 142 Alf. 144
(Section 13) (Section 12) (Section 11) (Section 8)

Si0, 2.35 1.3 1.0 193
Aly O3 0.48 0.42 0.1 0.08
Fe,03 052 0.41 0.46 0.465
P,0s 0.17 0.1 0.126 0.195
MgO 0.8 0.64 0.24 1.1
Ca0 53.5 53.0 54.5 53.6
Total S 0.035 0.04 0.023 0.035
S04 0.09 0.095 0.06 0.09
Na, O 0.16 0.46 0.35 0.21
K0 1.25 1.45 1.4 2.1
insol. Res. 4.3 2.4 1.9 2.7
Ign. Loss 421 43.1 43.3 a1.1
co, NR 40.85 415 NR
Table 25

Average Composition of the Rockland Formation

in Percent
Alf, 145 Alf. 143* Alf, 1441 Alf. 140+

(Section 13) (Section 12) (Section 8) {Section 2)
Si0, 8.3 856 11.37 10.4
Al2 03 24 1.6 ) 3.49
Fe,O3 11 1.1 1.04 1.54
P>05 017 0.098 0.12 0.1
MgO 1.83 1.9 1.73 1.76
Ca0Q 47.0 46.8 44 .4 44.3
Total S 0.033 0.04 0.023 0.026
S03 0.09 0.095 0.54 0.06
Na, O 0.33 0.39 0.19 0.24
K20 1.4 1.3 2.26 1.9
Insol. Res. 9.4 11.0 14.9 12.7
lgn. Loss 38.1 39.2 36.8 37.0
CO4 NR 37.9 NR 34.7

*Analysis covers only the lowest 39 feet of the formation at this
locality.

tRockland and Kirkfield formations undifferentiated.

+Analysis covers only the highest 64 feet 10% inches of the forma-
tion at this locality.
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Table 26

Average Composition of the Kirkfield Formation

in Percent

Alf. 145* Alf. 140

{Section 13) {Section 2)
$i0, 9.4 5.76
Al,03 356 3.6
Feg 03 1.5 1.2
P,Os 0.16 0.11
MgO 1.86 1.65
CaOQ 45.4 47 .1
Total S 0.028 0.024
S05 0.082 0.063
Ma, O 0.49 0.25
K,0 1.6 1.6
Insol. Res. 10.83 9.14
lgn. Loss 36.9 39.0
co, NR 36.5

*Analysis covers only the lowest 62 feet 11 inches of the formation.

Table 27

Average Composition of the Shoreham Formation

in Percent

Alf, 144 Alf, 148

(Section 8) (Section 15)
Si0s 11.2 6.9
Al O3 36 3.9
Feg 03 1.55 1.1
P20s 0.085 0.035
MgO 1.75 1.656
CaO 43,35 46.6
Total S 0.05 0.02
503 0.125 0.05
Na, O 0.22 0.15
K,0 2.3 15
Insol. Res. 14.75 11.4
lgn. Loss 36.65 325

CO, NR NR

Table 28

Average Composition of the
Denmark and Cobourg Formations

in Percent
Alf. 148* Alf. 148t Alf. 147+
{Section 15) (Section 15) (Section 14)

S5i04 7.57 12.8 9.07
Al; 03 3.36 4.9 4.5
Fe, 03 1.27 18 1.4
P-05 0.024 0.02 0.1
MgQ 1,67 1,66 1,66
CaO 46.89 42.6 44.92
Total § 0.04 0.08 0.268
SO3 0.098 0.25 0.68
Na, O 0.49 0.6 0.31
K20 1.95 25 2.23
Insol. Res. 11.61 17.66 14.37
lgn. Loss 37.30 33.23 35.66
COo, NR NR NR

*Analysis covers the “Upper Member” of the Denmark Formation,

tAnalysis covers the lowest 28 feet 3 inches of the Cobourg
Formation at this locality.

+Cobourg and Denmark formations undifferentiated.



Table 29

Summary of Chemical Determination as to Formation (Maximum and Minimum)

Values Given in Percent
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Formation

Cobourg-Denmark

Shoreham

Kirkfield

Rockland

Chaumont

Lowville
Lowville sensu-stricto
Pamelia-Lowville Transition

Pamelia

Si0; Al,O4 Fe,04 Ca0 MgO
4.2-14.8 1.4 8.6 0.90-2.2 39.7-53.8 1.3 - 2.1
6.3-11.3 3.1 -4.7 1.5 -1.6 43.2-47.3 1.3 - 1.9
4.3-13.6 2.4 -5.1 1.1 =19 42,7-49.3 1.5 - 2.4
6.1-16.8 1.0 -4.2 0.85-1.7 40.2-495 1.2 - 24
0.5- 3.2 0.04-0.51 0.33-0.63 51.9-55.2 0.24- 15
2.3- 8.6 01 - 44 0.50-1.8 45,3-62.3 0.1 - 3.0
3.2-21.1 1.0 - 8.1 0.86-1.9 29.7-49.7 1.2 — 8.2
3.2-38.5 0.8 -12.9 0.24-4.2 18.5-49.0 2.3 -11.3

Table 30

Useful Conversion Factors for Carbonate Rocks'?

To convert

Ca to CaO
Ca to CaCOg
Ca to Mg

Ca to MgD
Ca to MgCO3

Mg to MgO
Mg to MgCOs5
Mg to Ca

Mg to CaO
Mg to CaCO4

CaO to Ca
CaO to CaCOs5
Ca0 to Mg
Ca0 to MaO
CaO to MgCQO4

MgO to Mg
MgO to MgCO3
MgQ to Ca
MgO to Ca0
MgO to CaCOs

CaCOj to Ca
CaCO3 to Ca0
CaCOj; to Mg
CaCO3 to MgO
CaCO3 to MgCO3

MgCQO3 to Mg
MgCO3 to MgO
MgCO3 to Ca
MgCO3 to CaO
MgCO3 to CaCO4

Multiplied by

1.40
2.50
0.61
1.01
2.10

1.66
3.48
1.64
2.3
412

0.7
1.78
0.43
0.72
1.50

0.60
2.09
0.99
1.39
2.48

0.40
0.56
0.24
0.40
0.84

0.29
0.48
0.48
0.66
1.18

12I'\u"lcldified after National Limestone Institute, Inc.
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