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AESTRACT

In western New York, sand-sized heavy minerals are a

far-travelled and evenly distributed constituent of glacial

drift. This suite serves as a useful criterion for the inter-

pretation of processes of tranSportation and deposition of

tills and glacio fluvial materials.

Variability of this assemblage in the tills is determined

by petrographic and sedimentological examination of composite

samples from selected sites in Livingston, Allegany, Ontario,

Yates, Stuben and schyler and Chemung counties.

Variations in size distribution in the heavy mineral

suite throughout this area indicate that systematic size

reduction does not result from tranSportation processes.

Also, the heavy mineral suite in the tills is indicated to

be more stable with reSpect to disintegration than in the

related glacicxfluvial deposits.

The factor which most affects the interpretation of

variability in the heavy mineral fraction is basal con-

tamination. Additions to the sand-sized heavy mineral

assemblage are caused by pre-existing concentrations, brought

about by gflgaciefluvial and/or solely fluvial action.

The findings generally relate to the known glacial

geology of the region. The results illustrate an effective

application of heavy mineral studies for provenance

ii



determination and process analysis. The technique may prove

of particular value in supplementing knowledge in regions

where geomorphic evidence alone is inadequate for a complete

understanding of the glacial history.
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INTRODUCTION

Glaciation in western Sew York state has been an

important factor in develOpnent of the present tepography.

This is an area in which many studies of glacial geology have

been undertaken and where significant contributions have

been made. Such papers include/those by T.C. Chamberlain in

883, N.J. Killer in 1914, V.E. Eonnet in 1924, H.L. Fair-

child in 1932, and more recently, those by P. MacClintocn

and E.A. Apfel (1944) and C. Holmes (1952).

3

Purpos .d scope of study(
0

(
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3
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The purpose of this study is to examine selected

samples of glacial till for the purpose of determining the

nature of depositional and post depositional processes that

have been Operative during the most recent glacial and

intra-glacial stages of the Pleistocene. Particularly, it

is intended to determine the degree to which each process has

been important in producing the present distribution of the

materials in glacial drift.

The sand-sized fraction of the heavy mineral suite in

the drift is a far-traveled and evenly distributed con-

stituent. L ghter materials, dominantly composed of rock

particles show greater local variation. For this reason the

sand-sized heavy mineral fraction has been chosen as the

subject of this analysis.
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Previous work
 

Little research has been carried out on the distribution

of heavy minerals in tills. No such investigation has been

l
,
—previously conducted 0. the tills in the Finger Lakes region.

As will be shown, it i. possible to determine general(
0

variations over the area and to relate these to present

knowledge of the glacial history. The relations found here

may allow application of the heavy mineral technique in the

interpretation of glacial geology in regions where previous

geomorphological studies are not as extensive, or where

adequate geomorphological evidence is lacking.

Numerous attempts to . Bap the glacial deposits in central

and western New York have been carried out since T.C. Chamber—

lain's description of the "terminal moraine" in 1883. Put

detailed laboratory analysis of the drift has not been done.

A field classification or pebble count has usually been

considered adequate. (KacClintoch and Apfel, 1944; Holmes,

1952).

Quantitative studies of heavy minerals in drift have been

made in Ontario and adjacent regions by Dreimanis, Beavely,



Cook, Knox and Koretti (1957). Their purpose was to

differentiate drift associated with major lobes of Pleis-

tocene ice. The result was highly successful, since each

lobe contained an assemblage reflecting a different pro-

venance.

Samples of stratified drift in the Finger Lakes region

have been studied by Connally (1959) with reSpect to heavy

mineral content. The results of this investigation will be

noted as they relate to findings in the present treatment.
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FIELD DATA

 

Field sampling was accomplished by samples from a

number of localities. ‘The sample sites were chosen to

coincide as nearly as possible to a grid of fifteen minutes

of latitude by fifteen minutes of longitude. This cor-

reSponds to one location for each fifteen minute quadrangle -

i.e. a sampling pattern considered appropriate for the

determination of broad areal patterns in the distribution

of heavy minerals in the tills. In many localities, lack

of eXposure of fresh, unweathered till prevented the grid

distribution from being fully realized. Where eXposures

of undisturbed till were abundant, the samples were obtained

at sites providing significant areal distribution.

To assure that local variations in the till could not

affect the randomness of sampling, four samples were taken

from each location. The necessity of this procedure was

borne out, in terms of size distribution, by the subsequent

mechanical analyses.

Safiple localities
 

Samples of till where collected from parts of Livingston,

Allegany, Ontario, Yates, Stuben, Schyler, and Chemung

counties. These all lie in the western part of the Finger

Lakes region, extending from Lake Ontario, southward to close

to the Pennsylvania State Line (13p Plate 7.). In this region,



five and possibly seven recessional sub-ages of the Wisconsin

Glacial Age from Lower Cary to post Port Huron (Hankato) are

represented.

Throughout the region the trend of major striae and the

orientation of streamlined forms, such as drumlins, is from

Ngoow to N250E. (Plate 19). Connglly (1959) cites various

lines of evidence to indicate that during Valley Heads

(Upper Cary) glaciation and all subsequent readvances of

late Glacial time, the mass transfer of ice was toward the

southwest. As Opposed to this, the geomorphic evidence cited

in the following pages and the related data on heavy mineral

distribution suggest that the ice movement was dominantly

toward the southeast.

Site descriptions

Descriptions of the sample sites follows. The character-

istic color of the till given in these descriptions is based

on an arbitrary field classification. When compared with the

Hunsell Color Chart in the laboratory, the colors do not

necessarily correSpond. The field colors are listed as a

prime guide to identity. The color chart comparison is

noted in parentheses at tho end of each description.

Site 1.

Stream-cut bluff formed by a small tributary to Bradner

Creek, one mile north of Byersville. Seventy to 80 feet of

silt-loam till exposed. The lower 35 feet of till very firm

and blue-gray in color. The upper 40-45 feet oxidized brown

till with no obvious stratigraphic.break with the lower

portion. This till contains man pebbles and cobbles up

to 8 inches in diameter. (N 5.0 .



Site 2.

This location not used in present analysis.

A small cutbank in Springwater Creek, 2 miles north of

Wayland or 5 miles northwest of Dansville. Five feet of till

is exposed. The lower 2 feet is blue silt-loam till, with

cobbles l to 6 inches in diameter. Some cobbles show slight

stream rounding. The till becomes finer upward and is over-

lain by 2 feet of lacustrine silt or silt till. The upper

silty layer contains few pebbles, and incorporates cobbles

at 3 up to 12 inches dimension. The till is calcareous and

the cobbles exhibit the "bright lithology" described by

KacClintock and Apfel (1944, pp. 1155-1156). Oxidation

extends to a depth of 2.5 feet. Koderate leaching has

occured in the upper 2 feet. Fifty feet downstream from

his section, a drab gravel 3.5 feet thick appears to over-

lie the till. The gravel is leached and oxidized.

(10.0334/2).

Site 4.

A pebbly gray till eXposed in a 7-foot cutbank one-half

mile west of Eoneoye. The clasts range in size from less than

1 inch to more than 12 inches in diameter. The till is firm

and calcareous. Oxidation extends to 5 feet, leaching to 3.5.

All samples taken below the oxidized zone and over a lateral

distance of about 100 feet. (l0.0YR4/2).

Site 5.

A 10-foot bluff on a north tributary of the Canisteo

River with exposed till of olive-brown appearance. Slightly

alcareous and with a clay-loam matrix. Huch local fragmental

material is incorporated with a great many stream-rounded

pebbles and cobbles. Oxidation extends to about 4 feet, though

slump cover has obscured this observation. (2.5Y6/4).

Site I,

Cut bank on a small tributary west of Deerlick Run,

2.5 miles north of Wheeler. This site can be seen on the

map (Plate 7) about 5 miles west of Keuka Lake. The bank

is 12 feet high, the upper 10.5 feet is covered with slump

debris. The lower 1.5 feet had been freshly undercut, at

the time of observation, exposing a pebbly chocolate-

colored, calcareous till. (2.5Y5/4).

Site 8.

A 40-foot cutbank 1.5 miles south of Short Tract. This

can be seen near the center of the map of Plate 7, about 4

miles east of the Genesee River. he lower 20 feet consists

of deternatin: cross-bedded sands and gravels. The upper 20



feet is blue, calcareous, unleached till with silt matrix.

Oxidation extends downward 12 inches. (5.0Y4/2).

Site 9.

Cutbank 1 mile west of Greenwood in Christian Hollow

is about 25 miles west of Corning (Plate 7). A tan,

calcareous, pebble-rich silt till is exposed in a bank

7 feet high. The upper 4 feet is oxidized till. Leaching

has been effective to a depth of 2 to 5 feet. (2.5Y6/2).

Site 10.

An 8-foot cutbank on Trapping Brook, 1 mile east of

Wellsville in the southeastern corner of the study area

(Plate 7). A pebble-rich blue till, 2.5 to 5 feet thick,

incorporates much local material. The bank had been freshly

cut at the base but was badly slumped above, at the time

of observation, therefore depth of oxidatiofiaiot determined.

(5.0Y4/2).

Site 11.

Ten-foot cutbank on Salt Creek 1.5 miles northeast of

Retsof, or 5 miles north of Geneseo on River Road (7 miles

west of Conesus Lake, Plate 7). Eight feet of firm purple,

calcareous and very pebbly till is exposed; the lower

feet is fresh, unoxidized; the upper 4 feet oxidized but

unleached. Two feet of colluvium overlies the till.

(5.0‘34/2).

Site 12,

A 20-foot cutbank 1 mile west of Buckbee Corner (10 miles

southwest of Rochester, Plate 7), eXposes firm, purple-brown,

calcareous pebbly till. Lacustrine sands are intercallated

toward the top. (5.0YR4/2)

Site 15.

Construction site for a shopping center 1 mile northwest

of Pittsford, southeast of Rochester (Plate 7). A composite

thickness of about 20 feet of firm, purple, pebbly sand till,

with lacustrine sands, gravels and silts is eXpose .* A 12-

foot embankment discloses purple till as the basal member with

intercallated sand layers with some gravel. The upper 6

feet of the bank shows a firm sandy brown till. Samples

were taken from the lower unit. (75YR5/4).

Site 14.

Thirty-foot bluff 2 miles east of Woodhull on the south

Branch of Tuscarora Creek (15 miles west of Corning, Plate

7). The lower 10 feet is slump covered, above is 10 to 15

feet of drab, olive, pebble-rich clay-loam till. Above the

till is a layer of banded, oxidized sand, up to 8 inches

 

*This description was through the joint effort of G.G.

Connally (personal communication) and the author.



thick. Above the sand layer is another till, 15 to 50 feet

thick, of which the upper 15 feet is oxidized. The till

can be seen to incorporate the underlying sand layer, partially

destroying the bedding. Samples were taken fron the lower

till. (2.5Y5/4).

Site 15.

A 10-foot cutbank on heads Creek at the junction with

Dry Run, 5 miles west of Coopers Plains and 7 miles north-

west of Corning (Plate 7). The lower 5 feet is firm,

olive-colored pebbly till with loam matrix. The drab

looking pebble lithology and absence of "bright" materials

(IacClintock and npfel, 1944), suggest Olean age. The

till is overlain by about 5 feet of massive oxidized sand.

(2.535/4).

Site 16.

A O-foot cutbank one-half mile southeast of Catlin

(5 miles northwest of Elmira, Plate 7). The bottom 1 to

1.5 foot eXposes firm, very pebbly, olive-colored loam

till, overlain by Olean-type gravel. The till contains a

fairly large amount of "Binghamton-type" (fiacClintock and

Apfel, 1944) pebbles, including chert and red sandstone.

(5.0Y4/2).

Si

Located 4 miles north of HammondSport, on the west side

of Keuka Lake. A 50-foot cutbank with 5 feet of fresh,

gray, pebbly silt-loam till exposed near the tOp. The

remainder of the bank, when observed, was covered by slump

material, mostly till, indicating considerable thickness.

Samples taken from top of the unit. (N5.0).

Site 18.

Cutbank on Flint Creek one-half mile west of Seneca

Castle, 5 miles west of Seneca Lake (Plate 7). The bluff

is 50 feet high with 5 till units eXposed. The lower

unit is a firm, gray, pebbly silt till, extending up to

5 feet. Above is 25 feet of firm purple sandy till with

"Binghamton lithology." This unit contains logs apparently

of interglacial origin, although Connally (personal

communication) suggests that they' may be later con-

taminants. At approximately 10 feet from the top, this

unit grades into a firm, sandy loam till. Sand lenses

are found locally throughout the upper two units. These

lenses are usually oxidized, probably as a result of

recent ground water migration. Samples were taken from

the middle unit. (5.0YR4/2).

Site 19.

A road out on the southeast side of the village of

Newark (Hap, Plate 7), eXposing 20 feet of firm, red loam



till that is slightly calcareous. The upper 12 inches is

oxidized. The till is pebblv and contains a number of

erratic boulders. (5.0YR4/4 .

Site 20.

Cutbank on tributary to Iud Creek 1.5 miles south of

Vincent, and about 6 miles west of Canandaigua Lake (Plate 7).

The bluff is 50 feet high and exposes a gray silt-loam till.

The till contains many lenses or pods of sand which appear

oxidized and to serve as channels of ground water migration.

The till is firm, containing many pebbles. Many striated

boulders are found along the bank and in the creek bed. The

till is oxidized throughout the upper 8 feet. (h5.0).

Site 21.

Drainage ditch south of Sheldrake Creek, 4 miles

southeast of Ovid, between Cayuga and Seneca Lakes (Plate 7).

Six feet of firm, brown, calcareous, pebbly loam till is

exposed. The till is unoxidized and unleached. (7.5YR4/4).

Site 22.

A 50-foot road cut 1 mile southeast of Italy, about 10

miles west of Keuka Lake (Plate 7). The lower 8 to 10 feet

eXposes blue silt till, which incorporates much of the

local bedrock. An 8 to 12-foot sandy layer overlies the

blue till and contains many pebbles and cobbles which are

more abundant toward the base. The next 10 to 15 feet of

the section is not visible, but near the tOp a firm tan

loam till is exposed. Samples taken from the lowest unit.

(x4.5).

Site 25.

A freshly eroded stream channel locally reported to have

resulted from flooding three months previous. It is located

near Canaseraga Creek, in the west central portion of the

map area shown in Plate 7. A 50-foot bluff exposes 15 feet

of blue silt-loam till. The till is pebbly, including both

local shale and a large number of erratics. It is over-

lain by 6 feet of varved sand, silt and clay. Above the

varved material lies about 10 feet of mottled gray to brown

loam till. (35.0).

Site 24.

A O-foot stream-cut bluff located on the north side

of Glen Creek, 5 miles west of Na kins Glen, near the south

end of Seneca Lake (Plate 7). At the base of the section

about 5 feet of lacustrine silt is exposed, followed by

10 feet of brown, pebbly, loam till and 15 to 20 feet of

firm gray-brown pebbly silt-loan till (sampled). Overlyihg

the till is 10 feet of coarse, oxidized gravel and 1 foot

of brown, oxidized loan till. (5.0Y4/2).
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LABORATORY PRCCEDUEE

Following is a description of the methods and procedures

used in the laboratory, preparatOIy to the sample analyses.

Sixteen Spot samples from four collecting sites were

selected for mechanica- analysis of the sand fraction.

The purpose was to determine the size characteristics of

the till and to find a size grade containing the largest

amount of material.

Disaggregation was accomplished by means of a wooden

rolling pin and a rubber pestle. The one quart Spot samples

were quartered to approximately 100 grams by means of a

Jones sample Splitter. The samples were then separated into

Wentworth sand grades (ratio X2) by means of a nest of

seives placed on a Ro-Tap shaising machine. Fifteen

minutes of operation per sample was sufficient for the

separation.

Disarrremation and disnersion of samples

In order to find a chick but adequate method to

disaggregate and disperse the samples, and to determine

a size grade containirg a maximum number of heavy minerals,

portions of the same 16 Spot samples were separately treated

(
0

with N hydrochloric acid, N/lCO sodium oxalate, N/5O odium

carbonate, E/2O sodium arbonate, N/2O sodium hydroxide,

and water. Each treatment was subjected to 10 to 20 minutes
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of stirring and from 10 to 18 hours of shaking in a

reciprocal shaker. After drying, each sample was xamined

—
Iunder a binocular microscope for degree of disaggregation

and oxide stain. The most effective and least time-con-

suming procedure was 10 minutes of stirrinm followed by
C,

wet sieving and 10 minutes or boiling in 1:4 H31. There
s)

is no evidence to suggest that this procedure could
-“

.

u

significantly alter the distributions of heavy minerals.
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Figure l. is a flow sheet showing the procedure used

for all samples. Approximately 200 gra31s of till were placed

in the sodium oxalate solution and stirred. To insure that

.‘ra1118 upon5...
L.)

no encrustation of clay occurred on the sand

drying, and to eliminate the coarse fraction, the sodium

oxalate solution was wet seived through 2.0 and .062 mm

screens. The and fraction was retained and boiled in acid.

Heavy mineral separation

The heavy minerals were separated from the light

fraction by means of bromoform (CHBrB), w i011 has a

Specific gravity of 2. 89 at 200 centigrade. The method

used is that outlined by Krumbein and Pettijoh (11938, p. 335).

After acid treatment, each sample was dried and reduced

to approximately 50 grams with an electric vibrating micro-

Split. The sample was weighed on an analytical balance

before bromoform separation. After separation, the heavy

mineral fraction was weighed anad the weights recorded. From

these values, percentages by weight of heavy minerals were

calculated. The results are listed on Table 4.

The 1Mit fractions were stored for reference and the

heavy fractions separated into the five Hentworti sand—size

grades. The size separation of the heavies was accomplished

with a nest of saall, 3-inch diaheter sieves. The sieves

were agitated using the electric vibrator of the micro-

split. Use of the small sieves in this way minimized loss
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of the mineral grains during separation. ach size grade

was weighed on an analytical ba ance and the weight recorded.

In every case, the greatest frequency of heavy mineral grains

occurred in the 1/8 - 1/16 mm. fraction.

hagnetite was removed from the fine sand grade

(1/8 - 1/16 mm.) with a small hand magnet. neichts of the

magnetics were determined and recorded (Table 4) and the

weicht percentages of magnetics calculated. The remaining

non-magnetic fractions were then mounted for microscopic

examination.

Iounting and identification

Tie on-rmgneti 0 heavy minerals in the l/8 to 1/16 mm.

grade size were mounted on glass slides for petrographic

examination. Piperine was chosen as the mounting medium

because of its relatively high index of refraction (1.68).

Since most heavy minerals have hiher indices of refraction

than do most of the lighter minerals, a medium with an index

above that of Canada balsam (1.52) is necessary to be of

value in identification. The higher index is particularly

useful for the deterzninations of amphiboles and pyroxenes.

A petrographic microscope was used for identification.

Mineralogic properties considered, in addition to refractive

index, were color, pleochroism, diapersion, optic Sign,

birefringence, elonigation, extinction angle, crystal form,

habit, and 2V. To ssure posit:ive identification, many
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grains were exanined in oils of known index. This allowed

a more prec1se det nation of indices and permitted theI
.
.
.
)
o

(
D

In;

grains to be freely rotated, so that more than one index

could be observed. References used in conjunction with

the identifications are: Larson and Berman (1954), Bloss

(1961), Rogers and Kerr (1942) and Wahlstron (1955).
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'he reason for carrying on a limited mechanical

analysis of the tills was wo-fold:

1. To determine if different spot .amples taken

from a single till exposure or horizon would have

a uniform over-all size composition.

2. To determine whether or not systematic variations

extend between different collecting stations.

A chi-squared test was used for the first of these. The

weight percentage of each phi sand class interval was

compared with the mean percentape for the four spot samples.

In fifteen of the sixteen samples analyzed, the hypothesis

Of equal means between SDOt Samples was rejected at the

95 per cent confidence limit.

Histograms and cumulative curves of tie size distri-

bution are show1 in Plates 1, 2, 3 and 4. It can be seen

that the middle sand grade (-1 to 2 on th ¢ scale; 3 m1.

to % mm.), in every sample, contains only a very small

proportion of the material (3 to 11 per cent) and is in

relatively con31stent proportion between snot samples for
J-

H

a given till. nxccptions to this consistency, even in this

limited portion of the curve, can be noted. Sample lS-A is

disproportionately high. as both extremes of sand size are

‘

oacned, the corresgondence becomes even less. The{
0

H'PP

difference in percentage conposition between Spot samples

0

in the coarse fraction (-2, -1 ¢) is from a maximum of 42.o
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per cent in sample 22, which is the greatest difference, to

a maximum difference of 8.3 per cent in sample 10, which

is the smallest (Table l).

 

Table 1. Difference in per cent composition of -2, -1 ¢

grade size.

Sample no. Greatest % Least % Differences in g

, rwithin grade

10 17.45 9.13 8.32

11 15.05 1.63 15.42

15 54.48 36.83 17.65

22 55.65 12.81 42.84

A similar heterogeniety in size distribution is found

in the fine grades-—the 3, 4¢ nterval. Here, however,

the smallest difference between Spot samples is found in

sanple 22 as opposed to the greatest difference in the

coarse grade.

The cumulative curves shown in Plates 3 and 4 are used

to determine the first, second and third quartiles and the

phi quartile deviation (QDd). These values are given in

Table 2. The quartile deviations show, as do the histo-

grams, the very high degree of variability both within and

between the tills.

The conclusion reached from he mechanical analysis is

that individual Spot samples do not show adequate correlation

cross mechanical analrsis of the sand fraction.be m ans of v . - ;

The fact that uniform size distribution does not extend even

for a few feet, within the same deposit, testifies that long-

1

distance correlation, between exposures is n t feasible or
V

t“ }.
J
. 4—‘ d(w m , n

5;) ..;e ‘JLLO O



Table 2.

10—A

10-3

10-0

10-D

ll-A

11-3

11-0

ll-D

lB-A

15-B

15-0

lS-D

22-A

22-B

22-0

22-D
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Qi¢ M92

083 3002

1.67 2.80

1.80 3.05

1.15 2.95

.29 2.50

-.84 1.92

O 2.48

2.77 3.10

-1.06 -0.10

"1.82 -0015

—1.60 -1.20

“-1.62 ‘0031

0.73 2.84

~0.63 2.12

-l.70 1.30

~2.00 ~1.30 

Quartile measures for size frequency distribution.

 

   

93¢ QD¢ Average

. 3 1.200 ’

3.35 .840

3.42 .810

3.31 1.080 .982

3.42 1.855

3.35 2.095

3.24 1.620

3.45 .340 1.477

3.08 2.070

3080 2.810

0.70 1.150

3.40 2.510 2.135

3.14 1.205

3.24 1.960

3.07 2.385

2.68 1.440 1.747  
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Identification and description of minerals

The minerals identified for all sample localities

are given in Table 3. A description of the minerals

identified is also included in this table. The minerals

found in the till, in their approximate order of abun-

dance are: hornblende, magnetite, pyrite, hypersthene,

leucoxene, clear garnet, monoclinic pyroxene, titanite,

red garnet, enstatite, zircon, tremolite, rutile

and muscovite. Those found only as a trace in a few

samples are pigeonite, sillimanite, chlorite and epi-

dote. The latter are not considered adequately abundant

to represent their true statistical distribution.

Table 3. Heavy minerals identified.

 

Mineral Indices yescrintion

Chlorite o‘l.57 Green to light green plates with low

birefringence.

Y 1.68 Produced off-center optic axis figure

with small 2V and incomplete extinc-

tion.

Epidote °<1.72 Greenish-yellow irregular grains.

(pistacite) High birefringence.

“.75 Biaxial negative, 2v large (n900).

Most grains produced centered optic

axis or typical "compass needle

figure.

Garnet n 1.79 Colorless, purple, pink and red

varieties. Isotropic, irregular

fragments with conchoidal fracture.

Colorless to purple varieties were

counted as a group and pink and red

as another.



Table 3 continued.

Hornblende «1.60

X 1.70

Hypersthene«1,69

71.70

Kuscovite «(1.5

yl.6o

Pigeonite e<l.68

Yl.75

Horocllnlc¢<1.65

pyroxene rl.75

Rutile "2.9

Titatite «K 1.31

(Sphene) )12.03

Tremolite °‘1.6O

2'1.63

«1.99

A3

\4

./

Zircon
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Green to brown pleochroic, prismatic

elon3ate.

Oblique extinction, biaxial negative.

2V 600 90°, positive elongation.

Some grains nearly opque being trans-

lucent o-fly near the edges.

Li-ht green to pink pleochroic; pris-

:1atic,stucby to acicular, parallel

exti'ctioa, biaxial ne'ative 2V 60°-

80 , positive elongation. Enstatite

and bronzite, two menbers of the same

isomorphous series, were found in

minor qwantities.

Colorless cleavage flakes which pro-

duce a centered Optic axis figure.

Colorless, low birefringence, biaxial

positive, small 2V arid extinction

an3le, positive elon3ation.

Iostly diopside with sore augite.

Colorless to liht green. Prismatic

elonjate to irregular worn fragnents

with dentate ends. Extilotion an3le

380- 600. Biaxial positive, 2v 55°- 60°.

Red and yellow prismatic grains. Some

diSplay striae parallel and transverse

to the l ength .

Colorl s 3,

parallel extinc tion.

fibrous, biaxial positive,

2vzaoo.

Yellow-brown, slightly roundflgrains

with extremely hi3h birefrinence and

consequent inco:plete e:tinction.

Biaxial positive, 2V small.

Colorles , prriSI1.atic to irre3ular.

Hih birefrrirn3ence extinction angle

15°— 200. Bia}:ial negative with

sitive elongation.

Colorless, prismatic euheedra, usually

with numerous inclusions. Lay show

a fair degree of rounding. Unaxial

positive, parallel extinction,

positive elongation.



Table 3 continued.

Opaque minerals

'Pyrite

Leucoxene

Hematite

and

Limonite

Dark Opaques

Cubic, octahedral, dodecahedral and

Spherulitic forms were observed. A few

grains of marcasite were counted under

this headin3.

Leucoxene was counted under the heading of

white Opaques, as seen in reflected light.

Host occurred as rounded grains with a

rou3h or pitted appearance. A few 3rains

were somewhat yellowish in color.

Red, red-brown, and 3rey metallic grains of

hematite were counted with oran3e and red-

orange grains of linonite. All occurred as

irre3ular 3rains.

This headin3 included all of the black or

nearly black grains that appeared completely

opaque. They were relatively rare and are

thcu3ht lar3ely made up of magnetite which

may have escaped removal by the magnet.



 

Table 4. Percent by weight of heavy minerals in tills.

Sample Sample Weight We13ht Percent Percent

weight Heavies £a3netics Heavies Magnetics

grams (grams) (grape)

1 36.655 1.114 .0187 .030 .017

3 36.069 1.380 .0379 .038 .027

4 35.501 .869 .0134 .024 .015

5 23.838 .180 .0035 .007 .019

7 20.992 .208 .0048 .010 .023

8 26.227 . 85 .0059 .018 .012

9 18.087 .116 - .006 -

10 24.932 .307 .0007 .012 .002

11 28.838 .992 .0389 .034 .039

12 38.610 1.581 .0597 .041 .038

13 35.188 1.415 .0618 .040 .044

14 33.177 ..133 .0005 .004 .004

15 29.793 .152 .0022 .005 .014

16 26.212 .48 .0151 .019 .031

17 28.321 .619 .0203 .022 .032

18 32.724 1.206 .0444 .037 .037

19 36.351 1.278 .0631 .035 .049

20 29.274 1.386 .0324 .047 .023

21 28.006 .709 .0326 .025 .046

22 38.776 .998 .0275 .026 .027

23 33.310 .682 .0135 .020 .020

24 25.204 .445 .0054 .018 .012
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neavg mineral percentages my weight
 

Sample wei3ht and percenta3es of heavy minerals and

ma3netics are listed in Table 4. Plates 5 and 6 are

isopleth maps snowin3 tLe relations between weight per-

centa3e of heavy minerals (without ma3netics) and the

wei3ht percentage of ma netics.
3

These maps show a well defined north to south decrease

in the over-all abundance of heavy minerals. The only

deviation from the essential simplicity of this meridional

pattern is the steep gradient between the hi3h percentage

at site 20 and the relatively low percenta3e at site 4.

This is interpreted as a high percenta3e lobe centering

around Canandai3ua Lake and a lobe with a correSpondin3

low percentage of heavy minerals north of Dansville. These

lobes do not show well marked correlation with morainal

termini (Connally, 1959, 1961; KacClintock and Apfel, 1944;

Denny, 1956). The general trend of the percentage contours

across the southern one-third of the area is related to

morainal lobations only as both were affected by pre-

existing topo3raphy.

Six lines were chosen which intersect a maximum

number of sample sites, with two lines bein3 parallel to

striae trending H 15 W and N 20 W. These striae were

found near Lanoka Lake (Flate 7.), to the southeast of

Keuka Lake. The mean deviation of the wei3ht percenta3e
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or the "mean absolute deviation from the mean" (Dixon

and Massey, p. 75) was calculated for the points along

each of these transects. The mean deviation is expressed

as the sum of the absolute difference between the weight

percentage and the mean weight percentage.

M X weight percentage

N X : mean wei3ht percenta3e

N = number of points on line

Values for the mean deviation can be read from the table

in figure 2. The same figure shows these graphically as

lines with proportional lengths.

 

.015 1

X - X

Line N

I .012 .010 ‘

IV .011

III .009

V .007 .005

II .006

B .004     
I IV III v E

.01 unit of mean deviation : 1 inch

Figure 2. Weight percenta3e mean deviation

These lines are oriented on the map in Plate 7 in their

respective directions. This illustrates the relative

uniformity of wei3ht percentage with reSpect to direction.

It can be seen that the percenta3e distribution is least

uniform in the inferred direction of 31acier movement
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(i.e. two sets of striae), and becomes increa1n3ly uniform

as the an3le from this direction is iLcr seed. The fact

that the 3reateet d.eviation points in the direction of the

striae indicates the probability of direct effect by trans-

portation. When co1sidered in view of the information

presented in the next section, it can be seen that the

variability shown here is the result of dilution of the

heavy mineral suite. This, however, does not invalid te

its sefulness as a: indicator of the direction of former

ice movement.

The distribution of ma3netics is quite similar to that

of the wei3ht percenta e of heavy minerals. Again, the

pattern is particularly well dev;loped at sites 3 and 4.

This well defined north-south pattern shown by the

percenta3e of marnetics su33ests tha 3eonhysical methods
k: .

esurine ma3netic deviations in drift can be of value
x.)

T _

O H
)

E
:

(
D

of tis re3ion. GeOphysical studies of

7?

this type have been conducted by T.A. Lawler and Dr. w. .

YT.

ninze over the lower penninsula of:-ichi3an (personal

..,. - p ‘ w. .2 - A 4.3. a ,1 .1

heavy minei1s i dentiiiec, their relative asundance,

and the total number counted for each sample site are 3iven

9
3

in Table 5. The order of the sample sites, listed in the

table, is from north to south.
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The percentages of heavy minerals calculated from the

entire assemblage reveals that the quantity Of Opaque

minerals generally increases toward the south. This

increase, however, is rather sporadic. Connglly (1959)

has reported that stratified drift is also diluted by

Opaques in the southern part Of the area studied. In

the present investigation the mineral percentages are

calculated with reSpect to all heavies and also without

the Opaques. The latter is done to eliminate the effects

"
1

mOf dilution and to eXpose gos ible systematic variations

r

in the renainin3 assenblage over the study area.

Percentage profiles have been drawn along lines

parallel and transverse to the assumed direction Of

glacier movement. The minerals considered are hornblende,

hypersthene and garnet. (Plates 3, 9, lO, and 11). There

is a general but irregular decrease in hornblende from

nnrth to south. A good correSpondence exists between the

proportions for the southern part Of I - I' (sites 20, 22,

17, and 15). NO such correSpondence is apparent along

III — III' (Plate 10).

Along the northernmost east-west line (A - A',

Plate 8) there is close ccrreSpcndence between percentage

Of hornblende and hypersthene. Garnet, however, shows

an inverse relationship. The more southerly Of the east-

west lines, (C - C') does not show the hornblende and

hypersthene correSpondence, but it does reveal the inverse

relationship between hypersthene and garnet.
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Table 5. Distribution and frequency 0
"7“
1.11
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To determine if these values constitute a pattern

relating to a direction of ice movement, a statistic is

calculated that measures the degree of regularity Of

change in the prOportion of heavy minerals over the entire

area. This is then compared to the sane statistic along

given lines. The statistic used is Pearson's Coefficient

Of variation (Koroney, p. 64)defined as:

v = 100 S where v : coefficient of variation

X S : Standard deviation

X : Sample mean

i

This statistic shows the deviation about the mean, in

prOportion to the size of the sample. It thus provides a

measure Of variance by which the different minerals can be

 

  
 

 

 

compared. The coefficients Of variation are listed in

table 6.

Table 6. Coefficient Of variation of heavy mineral

percentages. 3:3

all Along Along Along Alon

Mineral sagples V - V I - I A - A C - C

Hornblende 11.3 9.4 15.3 7.9 10.6

Monoclinic pyroxene 43.3 35.4 61.3 20.3 35.9

Hypersthene 37.8 15.1 17.1 25.5 34.9

Clear garnet 35.2 28.3 25.6 17.1 15.5

Red garnet 52.5 2.6 28.7 67.5 42.3

Titanite 51.1 43.2 49.7 51.2 34.4

Total 231.2 134.4 197.7 189.6 182.6

Mean 38.5 22.4 32.9 31.6 30.4     
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In comparing the values for the coefficient of

variation for all samples with those along Specified

lines in conjunction with the four profile lines, it is

apparent that the variations are not sufficiently con-

sistent with areal distribution to have ariseri from

purely mechanical effects of tranSport. Distribution of grain

size and shape further indicate that in the drift tranSpor- .

tation effects are non-systematic. Similar results have

also been shown by Connally (1959).

When considered with respect to the glacial strati-

graphy of the study area the heavy mineral percentage

profiles do not show clear-cut relationships to the drift

sheets as delineated by Connally, (1961).

Along north-south line I - I' there is a linear

decrease in hornblende. This is true only across the

northern half of the region (sites 13, 20, and 22). At

site 22, however, the percentages of the three minerals

plotted are nearly identical to those at site 15. In con-

trast, those at site 17 are nearly the same as at site 20.

Examination of the map in Plate 7 shows that site 17 is well

above the terminus of Valley Heads glaciation. Site 22,

however, is positioned near the terminus. The low content

of heavy minerals, here, would at first view seem to

indicate a possible relation to older tills to the south.



It is probable that this apparent correlation between

proportions of heavy minerals in the till and known

glaciations is coincidental since it does not hold true

for a large number of samples. The evidence is "incon-

clusive and there are many exceptions. If such a cor-

relation does exist, it is more likely due to erosive and

depositional conditions during the respective glaciations.

The pattern along III - III' is not as well diSplayed

due to the high garnet percentage at site 4, and the

relatively high hornblende percentage at site 9. Site 4

occurs again along line A - A', causing the same apparent

inverse relationship between garnet and the other two

minerals, hornblende and hypersthene. This relationship

is further diSplayed along line C - C' at site 7, with

reSpect to garnet and hypersthene.

The percentage is0pleth map of garnet distribution is

given in Plate 12. This was drawn from data including the

Opaque minerals. It shows a distribution with a general

alignment in a north-northwest/south-southeast direction,

and an over-all north to son h decrease. Yornblende,

(Plate 13), the most ab‘ndant and uniformly distributed

mineral when similarly calculated, shows a north-south

decrease with only a stall high percentage lobe in the north.

Hypersthene, Plate 14, in this case does n t appear

to be distributed by any sensible pattern.



When the Opaques are subtracted and the percentages

deterzined on tIe basis of non- oyactes only, the influence

of the north—south decrea-‘e in total percentage is reLuced

garnet percentages hcs oeen drawn (Plate 15) to Show that

a COTTGQpOQQEH“ relation be,ween heavy mineral distribution

and drainage lites is strongly suggested. This correSpon-

dence tray not be as close as is surgested by he has.
v J

Altern te contouring methods could cause this relation hi

to be les L
I
)

obvious but not elininate d. lany more stations

would have to be examined to deternite h w close a cor-

respondence truly exists.

V o .L. 0 ’- .—- A 4-1 n- -1,-\ .

The dleIrisition or h ;-rsuxene, when “e-calculater
(a

Iornblende, with dilution by :aoues elininated, is

very evenly distributed over the area of study as shown

in Plate 17.

The sanple fro; si‘e 14, has been stnozrl' influenced

by an exotic heavy mineral suite. It has, therefore, been

- J W V'- ~ ‘w ~. «M, - ~. ‘ ‘v 3‘ ‘ -\- ,.. *

and n perstnene. rhese nI1eralo have oenn so stronllv

diluoed that their percentage frequency is misleadfn .
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Three possible causes of variability

mineral assemblages are attrition durin

portation, post-depositional alteraticI o

1 .x. a.
CC 11 'o’d- -llocal

anon; heavy

$130101 trans-

minerals,

and . a 3i

with reierence to the western Finger Lakes region.

1. attrition: Attrition of heavy mineral graits, if
 

ant factor,

in the proportion 3f one or more minerals

7110 re

this

bution w uld be either a linear or an exponential

in the direction of ice movenent. It should also be

or less uniform parallel to the glacier front. In

investigation, the relationships between mineral content

at sanple sites show no such distribution pattern.

 

out that in goiz: from older to younger s

geoligic column, heavy mineral suites app

)

C
D7 " ".)

V- eralJ

. , r.
. .l 1’]LOB}

«

a kin complexity.

H

v

b

rocks is in reverse order of their chenic

deternined by other

Bowen reaction series).

Decay by tne process of intrastratal

‘ ~— .

ave taieibelieved by Connally (1959) to h

accelerated rate during the Pleistocene.

ofV composition

Alteration: Pettijohn (1949, p. o

independent observations

[:1 o ' L ‘ 1‘

euiients in the

m L ' ha

oar b0 llcreaue

s in younger

al stabilitv as

" (e.g. the

solution is

place at an

He has reported

heavy ninerals in reverse order of their



stability as a cause of mineral frequency in stratified

drifts of western Iew York. In the better sorted and

comparatively coarse glaciofluvial deposits, it appears

that rapid decofiposition can take place, while in

heterogeneous tills, intrastratal solution is greatly

retarded.

3. Contamination: Pro ressive dilution of the ligh

mineral fraction is well known to exist in glacial deposits.

According to Holmes (1952) in west central Hew York "more

1 A 4 D ‘ .1 _ fl 0 “I“.

than 90p 01 tie exposed driit was tranSported less than

50 miles." In the region investigated, the drift is

donin n3tlr composed of material derived from the under—

lying DevorLian sediments.

con ICWiwatwon

The bedrock of the western Finger Lakes region consists

largely of shales and siitstones which could not contribute

great amounts to a sand-sized heavy mineral suite. There

are, however, seven lithologic units which crop out in the

area of investigation that contain one or more sandstone

beds. These are the Sherburne Flagstone and the Ithaca

Shale members of the Genesee ormation. Also included are

arenaceous beds in the hatch and Griaes sands ones and

shales and the Kunda Sandstone, all 0:

Falls) Formation. Other arenaceous units are the Prattsburg

Sandstone, the Oneota Sandstone, Portage or Chemug in age



and the Wellsville Sandstone of Chemung age. It 18 not

inconceivable, then, that some contamination of the sand

fraction of the heavy minerals could occur from the local

bedrock. The local Devonian sed'men s may be the_source

of the increase of opaque minerals toward the south. On

this basis, the dilution effects of Opaque minerals

may be largely eliminated by re-calculation of heavy

mineral values excluding the Opaques.

It is not clear to what extent the remainder of the

heavy mineral assemblage has been altered by contri-

butions from the bedrock.

In a petrologic study of the sediments of the Genesee

Gorge in Rochester, Alling (1946) found that the formations

from the Queenston through the Lockport contained rather

large amounts of Pyrite, marcasite, leuconene, and

zircon, as well as, minor amounts of hypersthene, diop-

side, rutile, magnetite, garnet and other heavy minerals.

Many of these minerals do not, however, occur in sand—

sized mrains. The Grimsby does contain sand-sized mate rials

and some of the heavy minerals mentioned above. The over-

lying Thorold, thought to be re-worhed Grinsby, contains

a richer suite of heavy mine als, although somewhat finer

grained than the ur msoy.

Mica peridotite dikes have been found in the vicinity

of Ithaca and along the west side of Cayuga Lake (Williams,
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Tarnand Kindle, 1909). The emplacement of these dikes

is controlled by a generally north-south joint system.

Their strike is within the directional variation of

glacier movement previously mentioned. The original

peridotite has been highly altered (Johansen, in Williams,

Tarr and Kindle). Olivine has been altered to serpentine

or talc. One of these dikes, exposed in Glenwood Creek,

west of Cayuga Lake, has produced some alteration of

adjacent shale and sandstone. A similar intrusive might

be reSponsible for the unusually high mica content (10%)

at site 14. The sample at this locality also contains

the mineral tentatively identified as greenalite or

serpOphite. The latter could be an alteration product

of olivine.

Igneous bodies such as a pipelike mass in Syracuse,

reported as a possible diatreme by Apfel, Maynard and

Ploger (1951), could even provide other sources of

contamination if undiscovered similar bodies were to

occur in the area being considered.

From the available evidence, these possible sources

of drift contamination cannot be discounted.

The over-all distribution of heavy minerals in these

tills indicates basal contamination. It is suggested

that during phases of the multiple glaciation in the

western Finger Lakes region, the glaciers picked up and

transported sand-sized material from interstadial deposits





of glaciofluvial and/or fluvial sands and gravels. Such

deposits would serve as local sources of concentrated

P
.

Qsand-sized heavv m neral grains. Yearly the entire area

of this study is located in the northern portion of the

well-dissected Allegheny Plateau. The mature topography

of this plateau provided 'any valleys in which thick

deposits of sand and gravel formed. These conditions

are further suggested by the following:

VonEngeln (1929) described a fluvial gravel in

sandstone flutings in the Sixmile Creek valley, south-

east of Ithaca. He considered this deposit interglacial,

and the consequence of northward ponding of the stream

by glacial re-advance. Later erosion excavated most

of the channel filling. The gravel then became incor-

porated as part of the englacial debris, much of it

being re-deposited as till.

Another incidence of an interglacial gravel in

central New York has been cited by Schmidt (1947). This

deposit contains rounded till stones. A glacier, over-

(
.
0

riding such a deposit, would incorporate grain having

a degree of rounding commensurate with those which had

later been carried southward from their common pro-

venance. In the present considerations, such conditions

are borne out by the fact that nowhere is an increase in

angularity observed.



In summary the areal distribution of heavy mineralF

'
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|

percentages, their reletion-s ip to fluvial drainage

channels and to directions of former glacial movement

(as shown by is0pleth maps) are explained by the pro-

cesses of basal contamination in glacially tran orted,m

0 1

waterlaid sands and gravels.

Ratios between the percenta es oi heavy minerals are

calculated for the purpose of determining whether or not

the proc ss of intrastratal solution has been effective

in the rapid decoposition of the till. The abundance

of each mineral which occurs in sufficient quantity to

valid

be ons idred statis ticell;nis prOportioned to theO

abundance of every other mineral. In no case are the

heavy mineral ratios found to differ significantly with

the age of till. The chemicallyuunstaole anphiboles and

pyroxenes are found to be no less frequent with respect

to ga‘net in the older tills than they are in the youngest.
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in the area near the center of the ma (Plate 18). This

parallels, and is nearly super’nposed on, the area of

Honoye Creek and the Cohocton River. This area cor-

resnonds with that of the hi*h over-a1 garnet content

WiiCu has been discussed earlier (illustrated in



-40-

(Vw-T~-1'I-v—)1r ,~,-T mnwr THTA*.'r‘v

>..“./..-L. [L-L .. .5XL.J VJ... CLLD-LVLIQ

(
n

4..

L-.. i
—
.

\

U

The tills sampled in this inve "ation contain a

heavy mineral suite characteristic of the Grenville

J
J

aetasedimen s of eastern Ontario and the n iron ackf

thus inferred}
.
J
o

U
)

0 -, .- *r 3.. A. _. . -., -

10.“. OJ. -‘.€vf 40131. it COILh:.Ofl 'OLO'VED -JCe
J»

m

for the heavy minerals in each of the drift sheets con-

sidered. The drift of the western Finger Lakes re3ion

is related to that of the Erie-Ontario Glacial Lobe, as

differentiated from the Huron Glacial Lobe by Driemanis,

the distribution of component materials of he tills,

are summarized below:

A. The size frequenc33distribution of sand—sized
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material is norsystematie. supports previous

1

kn wledge that rapid cLange of materials in the lirht

fraction takes place durin“ transport.

B. Heavy mineral assemvlages byx eith can be

evaluated in terms of direction by means of calculatin3

the mean deviation of the percenta3e Dy weight alon3

chosen lines. 8301 analysis reveals the greatest mean

deviation in a south-southeast direction. This deviation
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becomes less as a line

C. Percentaes of specific heavy ninerals, as cal-

culated from the total heavy mineral assenMl-"e, reveal
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an inverse relationship between garnet and hypersthene

and a direct relationship between hornblende and hyper-

sthene (Plates 8, 9, 10, an? ll).

‘
m1 A V‘ o _ _o . o _ ,0 A ~ -... .

D. ine ;lctrLDhthfl or nea1y m nerals along(
\

F
}
.

specific map transects can be conpared with the regional

distribution by usin3 Pea son's coefficient of variation

The values are not sufficiently c nsistent with the

areal distribution to have resulted from purely mechan—

1

ical chanses due to transport. Nor do they reveal any
v

‘

relationship to anown ases of the drift.

E. The ratios between different heavy minerals in

undisturbed tills of Pleistocene age indicate that de-

composition of unstable minerals is taking place at a

much slower rate than in relatively coarse, waterlaid

glacicrfluvial deposits of the same age.

F. Patterns revealed by the heavy mineral isooleth

ZEEE can be placed in one of four categories:

1. A general north to south decrease in weight per-

centages: shown by both magnetics and non-

nagnetics (Plates 5 and 6) and by percentages

of hornblende to hypersthene as calculated from

the entire assemblage includin3 opaque minerals

(Plates 13 and 14).

2. North—northwest/south—southeast alignnent: revealed,

principal y, by the garnet distribution

(Plates 12, 15, and 18).

3. A more or less east to west variation: diaplayed

by hypersthene. This pattern is not well defined

(Plates 14 and 16).
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4. Random-uniform distribution: shown by the dis-

tribution of the most abundant mineral, horn-

blende, after eliminating the effect of dilution

by Opaques (Plate 17).

Although an element of subjectivity is involved in

the construction of contour maps from any such data, the

writer considers that the south-southeast alignment in

the percentage distribution of heavy minerals is never-

theless well justified. It is significant that this

alignment is eSpecially revealed in the distribution of

garnet, a relatively stable mineral. This indicates that

fluvial control of the distribution of heavy minerals,

by concentrating sand-sized material from former drift

channels,

in selective drainage” is probably the most important

factor in the present distribution. It is also compatable

with the findings to state that movement of ice has taken

place largely in a southeasterly direction; in conformity

with many of the geomorphic patterns, including some of

the bedrock striations.

On the Ontario Plain, to the north, a southwesterly

trend of glacial movement is indicated by the orientation

of drumlins. On the Alle3heny Plateau, however, deviations

from the dominantly southeastward trend were probably minor

and locally controlled. These somewhat Opposing directions

of movement in the two areas appear not unreasonable when

the influence of pre-glacial tOpography is considered.

The ice which emerged radially from the Ontario Basin
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(Holmes, 1952) streamed outward in a direction parallel

to the main drainage channels which today form Honeoye

Creek, the Cohocton and Oanisteo rivers and those streams

that were deepened and widened by the passage of ice to

form the present-day finger lakes of Cayuga, Seneca and

Hemlock.

The impermeable nature of the undisturbed tills

considered in this study, has prevented extensive per-

colation of ground water. The process of intrastratal

solution, which appears to have produced substantial

disintegration of unstable minerals in the more permeable

stratified sands and gravels studied by Connally (1959),

has apparently not occurred within the tills. It follows

that a3e dating of the glacial drift by meals of heavy

minerals must be confined to the better sorted glacio-

fluvial deposits.

In tills of western New York, important contributions

to the heavy mineral suite have been distributed and

concentrated in accordance with the main draina3e lines

and the regional topography.
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This study is considered preliminary to further

I

research in the distribution of materi'ls in glacial

tills. It illustrates that heavy mineral analysis of

tills can be useful in differentiating drift sheets of

different provenance.

The applicability f methods, such as the mean

deviation of the weightpercentage of heavy minerals

as an ndicator of direction of glacial tranSport, needs

verification by further analysis of carefully located

samples in areas where the d'rections of former ice

movement can be, or have b en determined by other

evidence.

Heavy minerals from closely-Spaced, carefully chosen

samples of till, obtained along lines of known glacial or

interstadial drainage, should yield detailed information

regarding the association of heavy minerals in tills

conditioned by earlier fluvial and/or glaciofluvial action.

Such knowledge can be of value in the reconstruction

of glacial history in areas where subsequent advances

producing later tills, have altered or destroyed other

lines of evidence.
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Elntp 2. Histograms of size frecuency distribution.
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ilete 5. ISOpleth map snowing percentage by weight of heavy

minerals. sample sites are indicated by number.
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flaitt 6o Isopleth mop snowing percentage by weight of megnfitics.
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Plate 12. Isopleth map of garnet percentage, including the

opaque minerals.

 

439- -

 

780 ' 7J7o '

    

«ROCHESTER

V'

WARK

 

 

 

-43°

 
 

 

  
 

lo o la 20 80

Mile.



-58-

Plate 13. Isopleth map showing gercent hornblende. Opaque

minerals included in calculation.
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Plate 14. Isopleth map of percent hype rstnene. Opaque minerals

included in calculation.

. 78, .

A 1 717

tin

 

'0 ROC ESTER

‘43:-

 

 
 

    
 

 

X X

to o

J .

l, .
78 Contour lnTerval=2.0°7. 77

lo 9 lo 20 :0

 

Mile.



-60-_

Plate 15. Isopleth map of g:rcent garnet, excluding opaque

 

minerals.
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Plate 16. Isopleth map of percent hyperstnene, excluding

opaque minerals.
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Plate 17. Isopleth map of percent hornblende, excluding

opaque minerals.
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Plate 18. Isopleth map of clear garnet-red garnet ratio (C/R).
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