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In western New Yori, sand-sized neavy minerals are a
far-travelled and eveuly distributed constituent of glacial
drift. This suite serves as a useful criterion for the inter-
pretetion of processes of transportation and devosition of
tills and slaclofluvial materials,

Variability of this assemblage in the tills 1is determined
by petrographic and sedimentologlcal examination of composite
samples from selected sites in Livingston, Allegany, Ontario,
Yates, Stuben and gchyler and Chemung counties.

Varlations in size distribution in the heavy mineral
suite througnout tnls area indicate that systematic size
reduction does not resuvlt from transportation processes.
Also, the heavy mineral suite in the tills 1s indicated to
be more stable with respect to disintegration than in the
related glaci ofluvial devosits.

The factor wnicn most afiects the interpretation of
variability in the heavy mineral fraction is baéal con-
tamination. Additions to the sand-sized heavy mineral
assemblage are caused by pre-existing concentrations, broucht
about by glaciefluvial and/or solely fluvial action.

The findings generally relate to the known zlacial
geology of the region. The results illustrate an effective

application of heavy mineral studies for provenance

11



determination and process analysis. The technigue may prove
of particular value in supplementinzg knowledge in re-lons
where geomorphlc evidence alone is inadequate for a complete

understanding of the glacial history.
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IWTRODUCTION

Glaclatlion in western ‘ew York state has been an
laportznt factor in development of the present topozraphy.
This 1s an area in which many studles of glacial geolo:y have
been undertaiten and where siznificant contributions have
been made. Such papers include’ those by T.C. Chanberlain in
1883, W.J. ¥iller in 1914, V.E,., lonnet in 1224, H.L., Fair-
child in 1232, and more recently, those by P. MacZlirtoc:
and T.A. Apfel (154%4) and C. Holmes (1952).

e cf stvdy
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The purpose of this study i1s to examine selected
samples of glacial till for the purrose of determining tae
rature of depositional and post depositionasl processes tnat
have been operative cdurias the most recent glaclal gnd
intra-glacial staces of tne Flelstocene. ZParticularly, it
is intended to determine the degree to whilch each process heas

~

been importznt in producing the presernt distribution of the
rmaterials in zlacial drift.

The sard-cized fraction of tne heavy mireral suite in
the drift is a far-traveled erd evenly dlstrituted con-
stituent., Lizhter materizcls, dominantly composed of rock
particles show greater local variestiou. ZFor tils reason the

sand-sized heavy zineral frzction has beern chosen as the

sublect of tuls analysis.,



Four pos:zible causes of areal variability in the heavy

mineral cssecblaces are considered. (1) proveacnce,

-~ ~ n

(2) distarce and wmode of traznsportation, (3) effect of

pas
bt

pre-zlacizl toperrzpny, =ad (4) eflects of multiple
glaciation.

Previous wor”

Little research has been czrried out on the distrivution

of heavy minerals in tills. o such investigation has been

p

previously conducted on tne tills in the Fincer Lakes rezion.

-

As will be shown, it

Y

s possible to determine peneral
veriations over the arez end to relate these to present
knowledge of the glacial history. The relations found here
ray allow zpplication of the heavy mineral techinique in the
interpretstion oI cglacial geolozy in recions where previous
geonorphological studies are not zs extensive, or wiere
adequate geomorznolozical evidence 1is lackin_:.

Numerous attempts to mep the claclial derosits in central

and western New York have been carried out since 7.C. Cheamber-
lain's description of tue "terzinzl moraine" in 1383. Eut
detailed leboretory anslysis of the drift nas not been done.
A field classification or pebble count has usually been
considered adequate. (MacClintoci: and Apfel, 1944; Holmes,
1952).

Quantitative studies of heavy minerals in drift have been

made in Ontario and adjacent regions by Dreimanis, Rezvely,



Cook, Knox =nd Moretti (1957). Their purpose was to
differentiate drift associated wita major lobes of Pleis-
tocene ice. The result was niznly successfvl, since each
lohe contained an assewblace reflecting a different pro-
venance.

Semples of stratified drift in the Finger Laxzes rezion
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

Somplins method

Tield sa2:pling was accomplished by samples from a
number of loczlities. vThe saliple sites were cnosen to
coincide as nearly 5s poscible to a grid of fifteen minutes
of latitude by fiftesen minutes of longitude. This cor-
responds to one location for each fifteen minute quadrancle -
i.e. a sampling pattern considered appropriate for the
determnination of broad zreal patterns in the distribution
of heavy minerals in the tills. In many locelities, lack
of exposure of fresh, unwezatnered till prevented the grid
distribution from beings fully realized. iWhere exposures
of undisturbed till were abundant, the szmples were obtained
at sites providing siznificent areal distribution.

To zssure that local veriations in the till could not
affect the randomness of sanpling, four szmples were taken
from each location. The necessity of tiis procedure was
borne out, in terms of size distribution, ty the subsequent
mechanical analyses.

Sarple localities

Sanples of till were collected from parts of Livin_ston,
Allezany, Ontario, Yates, Stuten, Schyler, and Chemung
counties. These all lie in the western pcrt of the Finger
Lzkes rezion, extendiag from Lalkke Ontario, scuthward to close

to the Pennsylvania State Line (Ilop Flate 7.). In this region,



five and possibly seven recessional sub-ages of the Wisconsin
Glacial Asze from Lower Cary to post Port Euron (enkato) are
represerted.,

Tarouchout the region the trend of major striae and the
orientation of streamlined forms, such as drualins, is from
N20°W to N25°E. (Plate 19). Connally (1959) cites various
lines of evidence to indicate that durins Valley Heads
(Upper Cary) glaciation and 21l subsequent readvances of
late Glacial tire, the mass transfer of ice was toward the
southwest. As opposed to this, the geoiorpnic evidence cited
in the following paces and tne related data on heavy mineral
distribution sug-est tnat the ice movement was dominantly
toward the southeast.

Site descriotions

Descripntions of the samuple sites follows. The character-
istic color of the till given in these descriptions 1s based
on an artitrary fleld classification. When compared witn the
“unsell Color Chart in the laboratory, the colors do not
necessarily correspornd. The field colors are listed as g
primne guvide to identity. The color chart comparison is
noted in parenti:eses at thc end of eacn description.

Site 1.

Stream-cut bluff formed bty a small tributary to Bradner
Creek, one mile norta of Byersville. Seventy to 80 feet of
silt-loam till exposed. Tne lower 35 feet of till very firnm
and blue-gray izn color. The upper 40-45 feet oxidized browm
ti1ll with no obvious stratigrapnic.break with the lower

portion. This ti1ll contains many pebbles gznd cobbles up
to 8 inches in diameter. (N 5.0).



Site 2.
Tuls location not used i1 present analysis.

cite 3.

A srmall cutbank 1n Sprian-water Creek, 2 miles norta of
Wayland or 5 miles nortahwest of Dansville., TFive feet of till
is exposed. The lower 2 feet is blue silt-loam till, with
cobbles 1 to 6 inches in diameter. Some cobbles show slight
strean roundianz. The till becomes finer upward and is over-
lain by 2 feet of lacustrine silt or silt till. The upver
silty layer contains few pebbles, and incorporates cobbles
at 3 up to 12 inches dimension. The till is calcareous and
the cobbles exnibit the "brisht litholo~y" described by
‘acClintock and Apfel (1944, pp. 1155-1156). Oxidation
extends to a depta of 2.5 feet. Ioderate leaculng has
occured in the upper 2 feet., Tifty feet dowastream from
this sectlon, 2 drsb zravel 3.5 feet thick appears to over-
lie the till. The «ravel 1s leached and oxidized.
(10.07R4/2) .

Site 4.

A pebtly gray till exposed in a T-foot cutbank one-half
mile west of lloneoye. The clasts range in size from less than
1l inch to more than 12 inches in diameter., The till is firm
and calcarecus. O0Oxidation extends to 5 feet, leacninz to 3.5.
All semples token below the oxidized zone and over a lzateral
distance of about 100 feet. (10.0YR4/2).

Site 5,

A 10-foot bPluff on a north tributary of the Canisteo
River with exposed till of olive-brown =ppearance., Sligatly
calcareous and with a clay-lozn matrix. uch local fragmzeatal
meterizal 1s incorrorated with a creat many streaxn-rounded
pebbles and cobbles. Oxidation extends to about 4 feet, thouzn
slump cover has obscured tils observ.tion. (2.5YG/4).

Site

Cut bank on a small tributary west of Deerlick Run,
2.5 mlles north of Wheeler. Tuls slte can be seen on the
rap (Plate 7) about 5 miles west of Keuka Lake., The bank
1s 12 feet hich, the upper 10.5 feet 1s covered with slump
debris. The lower 1.5 feet had teen fresily undercut, at
the time of observstion, expocsins a pebbly chocolate-
colored, calcareous till. (2.5Y5/4).

Site 8,

A 40-foot cutbank 1.5 miles south of Snort Tract. This
can be seen near the center of the map of Plate 7, about 4
riles east of the Genesee River. The lower 20 feest conslists
of deternatin~ cross-bedded sands and cravels. Tne uprer 20



feet is blue, calcareous, unleached till with silt matrizx.
Oxidation extends downward 12 iaches. (5.0Y4/2).

Site O.

Cutbank 1 mile west of Greenwood in Christian Hollow
is about 25 miles west of Coraninc (Plate 7). 4 ten,
calcareous, pebble-ricnh silt till is exposed in a bank
7 feet hi-h. The upper 4 feet 1s oxidized till. Leaching

<

has been effective to a depth of 2 to 3 feet. (2.5Y6/2).

Site 10.

An 8-foot cutbank on Trappins Brook, 1 mile ezast of
Wellsville in the southeastern corner of the study area
(Plate 7). A pebble-rich tlue till, 2.5 to 3 feet thick,
incorporates much local materizl. Tne bank had beean fresnly
cut at the base but was badly slumped above, at the time
of observation, thereiore depth of oxidation®Bot determined.

(5.0Y4/2).

Site 11.

Ten-foot cutbank on Salt Creek 1.5 miles nortneast of
Retsof, or 3 miles north of Geneseo on River Road (7 miles
west of Conesus Lake, Plate 7). Iicht feet of firm purple,
calcareous and very pebbly till is exposed; the lower 4
feet 1s fresh, unoxidized; the upper 4 fect oxidized but
unleacned. Two feet of colluvium overlies the till.
(5.0TR4/2).

Slte 12,
A 20-foot cutbank 1 mile west of Buc:bee Corner (10 miles

southwest of Rochester, Plate 7), exposes firum, purple-brown,
calcareous pebbly till., Tacustrine sands are intercallated
towvard the top. (5.0YR4/2)

Site 13.

Construction site for a shopplag center 1 mile northwest
of Pittsford, sout-esst of Rocuester (Plate 7). A composite
tulciness of about 20 feet of firxm, purple, pebbly sand till,
with lacustrine sands, gravels and silts 1s exposed.®* A 12-
foot embankment discloses purpls till as the basal member with
intercallated sand layers with some cravel. The upper 6
feet of the bank shows a firm sandy browm till. Samnples
were taken from the lower unit. (75YR5/4).

Site 14,

Toirtr-foot bluff 2 miles east of Tioodhull on the south
Branch of Tuscarora Creek (15 miles west of Corninz, Flate
7). The lower 10 feet is slump covered, above is 10 to 15
feet of drab, olive, pebble-rich clay-loan till. Above the
t111 is a layer of banded, oxldized sand, up to 8 1nches

~

*This descriptlon was thrcuzh tue Jolant effort of G.G.
Connally (personal coimunication) 223 tie autior.



tihick. Above the sand layer 1s another till, 15 to 30 feet
thick, of wilch the upper 15 feet is oxidized. The till

can be seen to incorporate the underlyinz sand layer, partially
destroyinc the beddin-. DBauples were taken froa the lower
till. (2.5Y5/4).

Site 15.

A 10-Tfoot cutbank on ileads Creelz at tne Junction wita
Dry Run, 3 =2illes west of Coopers Plains and 7 miles north-
west of Corning (Plate 7). The lower 5 feet is firm,
olive-colored petbly till with loem matrix. The drab
lookins pebble litnolosy and abseace of "bricit" meterials
(ilacClintock and Ap~el, 1944), sus-est Olean aze. The
t11ll is overlain b zbout 5 feet of massive oxidized sznd.
(2.5Y5/4).

Site 16,

A 40-foot cutbank one-hzalf 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
t111l, overlain by Olean-type gravel. The till contains a
failrly large amount of "Binghamton-type" (ifacClintock and
Aofel, 1944) pebbles, including chert and red sandstone,
(5.0Y4/2).

Si

Located 4 miles north of Hammondsport, oa the west side
of Xeuka Lake. A 30-foot cutbank with 3 feet of fresh,
gray, pebbly silt-loam till exposed near tine top. The
renainder of the bank, when observed, was covered by slump
material, mostly till, indicating considerable tnickness,
Samples taken from top of the unit. (N5.0).

Site 18.

Cutbank on Flint Creeix one-half mlle west of Seneca
Castle, 5 miles west of Seneca Lake (Plate 7). The bluff
is 30 feet high with 3 till units exposed. The lower
unit is a firm, gray, petbly silt till, extending up to
5 feet. Above 1s 25 feet of firm purple sandy till with
"Binghamton lithology." This unit contains logs apparently
of interglacial origin, althouch Jonnally (personal
communication) suggests that they may be later con-
taminants. At approximately 10 rfect from the top, this
unit grades into a firm, sandy loam till. ©Sand lenses
are found locally throuzuout the upper two units. Thecse
lenses are usually oxidized, probably as a result of
recent ground water micration. Samples were taken from
the middle unit. (5.07YR4/2).

Site 19,
A roazd cut on the southeast side of the village of

Newark (lap, Flate T7), eXposinrg 20 feet of firm, red loan



till that is slizhitly calcareous. The upper 12 inches is
oxidized. Tuae till is petbbtly and coutains a number of
erratic boulders. (5.07R4/4).

Site 20.

Cutbenk on tributary to ilud Creek 1.5 miles soutnh of
Vincent, and z2bout 6 miles west of Canandaigua Lake (Plate 7).
The bluff is 30 feet hich and exposes a cray silt-loam till.
The t1ill contains many lenses or pods of sand wnich appear
0xXidized and to serve as channels of ground water migration.
The till is firm, containing many pebbles. any striated
boulders are found a2lonc the banik and in the creek bed. Thae
till is oxidized throushout the upner 8 feet. (¥5.0).

Site 21,

Drainace ditch south of Sheldrake Creek, 4 miles
southeast of Ovid, bvetween Cayusa and Seneca Lakes (Plate 7).
5ix feet of firm, browa, c-lcereous, pebodly loam till is
exposed. The till is unoxidized and unleacned. (7.5YR4/4).

Site 22.

A 30-foot road cut 1 mile southeast of Italy, about 10
niles west of Zeuka Lake (Plate 7). The lower 8 to 10 feet
exposes dlue silt till, wnilcin incorporates mucan of the
local bedroci:i. An 8 to 1l2-foot sandy layer overlies the
blue till and contains rany 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
%oam ;ill 1s exposed. ©Sacxples tzlten from tiie lowest urnit.

T4.5).

Site 23,

A fresnly eroded stream cuannel locally revorted to have
resulted from floodinz three montns nrevious. It is located
near Canacserasa Creek, in the west central portion of the
map area showa in Plate 7. A 20-foot bluff exposes 15 feet
of blue silt-loex till. The till is pebbly, includiaz both
local shale a2nd a larze nunber of erravicce. It is over-
lain by 6 feet of varved sand, silt a2nd clzy. Avove the
varved rmaterial lies zbout 10 feet of mottled gray to brown
loam till. (X5.0).

Site 24,

A 00-foct stream-cut bluff located on tihe nortn side
of Glen Creekx, 5 nriles west of iiatkins Glen, near tie scuth
end of Seneca Lake (Flate 7). At the base of the section
about 5 feet of lacustrine silt is exposed, followed bty
10 feet of trowvm, pettly, lozx till znd 15 to 20 feet of
fira grey-brova pebily cilt-loo. till (saspled). Overlyics
tae till is 10 feet of coarse, oxidized Zravel and 1 foot
of brown, oxidized loam till. (5.0Y4/2).
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With recrect to tre foreszoing descrinticns, witn thne

excention of sites 13, 12, 21 and 22, e2ll s=nvles vere

from roatural exvosures resvltizns frem strecn erosion.

most samples are from the sites of precent-day

valle s, witn tiie zbove-noted four rerpresentinc present-

day interfluvial arees.
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LASORATORY FRUCIDURE

Followirz is a description of the zethods and rrocedures
used in the leberatery, preparatory to the ca:iple analyses.

Mechanical analveis

Sixteen spot samples from four collecting sites were
selected for mecnhanical analysis of the sandéd fraction.
The purrose was to deteruine tne sizz chzracteristics of
the till and to fiand a size grade conteining tne largest

amount of mater

Disagrrezation was accomplished by means of a wooden
roliinz pin and a rubbter vnestle. The one guart spot sexples

were quartered to avproximately 100 grens by means of a
Jones sanvle splitter. The scuples were tuen separated into

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

)

seives placed on a Ro-Tap snak ing machiiue. TIFifteen
minvtes of operation per szuple was sufiicient for the
separation.

Disaxz-re~ation and distercion of sanuvples

In order to fiznd a gquicxk but adeguate metnod to
disagzregete and disperse the sznples, and to detersine
a size grade countelniung a naximum nuanber of heavy minerels,
portions of the same 16 spot samuples were =eparately trsated
with ¥ hydroculoric acid, 1/100 sodium oxalate, N/50 sodium

carbonate, 1I/20 sodium carvonszte, 1I/20 sodium nydroxide,

and water. Each treatment was subjected to 10 to 20 minutes
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of stirring and from 10 to 15 hours of shaling in a
reciprocal cuzlker, After drying, ezch szivle was examined
under a binocular microscope for degree of dilsag rezetion
and oxide stain. The most effective and least tire-con-
sumins procedure was 10 ninutes of stirriig, followed by

) . )

wet sievinz and 10 minutes of boilin~s in 1:4 HZ1l., There
= [}

i1s no evidence to suzmest that thls procedure could

nlficantly alter the distributions of heavy ninerals,



figure 1. low usneet of laboratory rrocedure,
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Ficure 1. 1s a flow sheet showin: the procedure used

for all sazuples. Approximately 200 crams of till were placed

in tne sodiuz oxalate solution and stirred. To insure that
no encrustation of clay occurred on tne szad gralns upon
dryineg, and to elinian=te the coarse fraction, the sodium
oxalate solution was wet seived throush 2.0 and 062 mm

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

Seavy nineral sevparation

The heavy minerals were separated Ifrom the liziht
fraction by means of bromolfornm (CHBrB), Ww.lcn has a
specific gravity of 2.89 =t 20° centicrzde. The method
used is that outlined by Kruabein and Pettijoan (1938, p. 335).

After =2cid treatinent, each sauple was dried and reduced
to approximately 30 grams with an electrlc vibrating xticro-
split. The sauple was welghed on an anelytical balance
before browmoform separation. After serarztion, tihe heavy
mineral fractioan was weighed and the weights recorded. From
these values, percentazes by weignt of hneavy minersls were
calculated. The results are listed on Table 4,

The lizat fractions were stored for reference and tae

neavy fractions separated into tne five vWentwert. sond-size

r~—

Iy

grades., Thc size separation of tiae heavies was accompiished
witn a nest of snall, 3-iacia disseter sieves. The sieves
were azitated using the electric vilbrator of the micro-

£plit. Use of the sxall sieves 1n this way minimized loss
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of the mineral graians durin> serparation. acn size grade
vas welghed on an axalytical balance and the welzh:t recordad.
In every case, tae rcreatest frecuency of nkeavy mineral greins
occurred in the 1/8 - 1/16 nm. frzction.

Karnetite was removed from the fice saud grade
(1/8 - 1/16 mn.) witn a2 small hand macznet. Veights of the
ragretics were deterzmirzed and recorded (Table 4) and the
welght percentazes of magrnetics calculated. Thne remaining
non-nagnetic fractions were then mounted for microscopic
exanination.,

Yovrtine and identification

o

The non-macnetic heavy mirerals in the 1/8 to 1/16 mm.
grzde size were mounted on “lass slides for petrographilc
exanination. Pilverine was cnosen as tne mountinz mediun

By

hish index of refraction (1.68).

oy

because of 1ts relatively
Sinice most heavy minerals hesve nicner indices of refraction
than do most of the lighter m'nerals, a medium with an index
above tiuzt of Canada balsam (1.52) is nrecessary to be of
value in identification. Tre hi-her index is particularly
useful for the determinations of ampniboles and pyroxenes.,

A petrozravhic microscope was used for identification.

Mi-erelosic properties considered, ian addition to relfractive

index, were color, pleochroism, dispersion, optic si:cn,
birefringence, elonsation, extiunctlon arsle, crystzl form,

habit, and 2V. To assure positive identificetlion, many
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srains were exautined in oils of known irdex. This z2llowed

a more precise deter.iration of indices and perumitted the
grains to be freely rotated, so that more than one index
could be observed. Heferences used in conJurction with
the identifications are: Larson and Eerman (1934), Bloss

(1361), Rogers and zerr (1942) and Wahlstrom (1955).
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ATAIVIICAL HISULTS

IS NS Y eIy

“ecaanicsl anal-rsis

e reasoxn for carry'ns on a lirited mechanical
analysis of the tillls was two-fold:
1. To determine 1f different spot sainples talken
from a single till exposure or horizon would heve

a uniform over-all size comvosition.

2. To deterrine wiether or not srystenatic variations
extend between diferent collecting stations.

A chi-squared test was vsed for the first of these. The
welght percentare of eachh phl sand class interval was
compared with the mean percanta_e for the four spot samnples.

In fiftecen of the sixteen sanples analyzed, the L pothesis

of equal means between spot semples was rejected at the
S5 ver cent confidence 1linit.

Tistograms and cumulative curves of the size dlstri-
bution are shown in Plates 1, 2, 3 and 4. It can be seen
that the middle sand grade (-1 to 2 on the ¢ scale; 3 mm.
to + mm.), in every sample, contains oxnly a very s»zall
vroportion o7 the material (3 to 11 per cent) and is in
relatively concistent troportion between spot szmples for
a given till., ZExceptions to thils consisteincy, even 1n this
limited vortion of the curve, czan be noted. OSaxple 15-4 1s
dis»roportionately ui n. As bothh extremes oi sand size are
approac:ed, thes corres_onueance bzeco.es evea less. Thne
difference 1n vperceanta~e coinositlon between snot sarples

in the coarse fraction (-2, -1 ¢) is from a maxizua of 42.3
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per cent in sexple 22, waicn is the greatest difference, to
a maxinum diflerence of 8.3 ner cezt in sanple 10, which

is the snallest (Talle 1).

Difference in per ceat composition of -2, -1 ¢

Sample no. Greatest 7 ILeast § Differences in &

within crade

10 17.45 9.13 8.32
11 15.05 1.63 13.42
15 54,48 36.83 17.65
22 55.65 12.81 42,84

A similar ceterozeniety in size distribution is found
in the fine grades--the 3, 4f interval. Here, however,
the smallest difference between s;pot sarples 1s found in
se:zple 22 as ovnosed to tne zreatest difference in tae
coarse grade.

The cumulative curves shown in Flates 3 and 4 are used
to determine tie first, second and tiird cuartiles and the
phi quartile deviation (3DZF). These values are —iven in
Table 2. The quartile deviations show, as do the histo-
grans, the very nish degree of veriabllity both within and
between the tills.

The cornclusion reached from the mechanical analysis is
thet individual spot samples do not siuow adequate correlatlon

~roas nccnanical analrsis of the sand fraction.

be weans of 2 ¥
Tne fact thet uaiiors size distribution does not extend even
for a few feet, within the sone devosit, testifiec tuat lounz-

distance correlatior, betwezn excoscures is not fearcible by
’ < v



Table 2. Quartile measures for size frequency distribution.

Q14 M Qgg QDZ  Average
10-4 .83 3.02 3. T.200 *
10-3B 1.67 2.80 3435 .840
10-C 1.30 3.05 3.42 .810
10-D 1.15 2.95 3.31 1.080 .982
ll-A 029 2050 3042 10855
ll-B "084 1092 3035 2.095
11-C 0 2,48 3.24 1.620
11-D 2.77 3410 3.45 « 340 1.477
15"'.A. "'1006 -0.10 3008 2.070
lS"'B "1082 -0015 3080 20810
15-C -1.60 -1.20 0.70 1.150
15-D -1.62 -0.31 3.40 2.510 24135
22-4 0.73 2.84 3.14 1.205
22-B "'0063 2012 3024 10960
22-C -1.70 1.30 3.07 2.385
22"D "2.00 "1030 2068 1.440 10747
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Tdentification 2nd descrivtion of minerals

The minerals ideantified for all saxzple localities
are given 1n Table 3. A description of the minerals
identified is also included in thls table. The minerals
found in the till, in their eapproximate order of abun-
dance are: horatlende, magnetite, pyrite, hypersthene,
leucoxene, clear garret, 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 distributionr.

Table 3., Heavy minerals identified.

Mineral Indices Description
Chlorite e<1.,57 Green to lignt green plates with low
birefringence.

v 1.68 Produced off-center optic axis figure
with small 2V and incomplete extinc-
tion.

Epidote x 1,72 Greenish-yellow irregular grains.
(pistacite) Oich birefrinzence.
Y1.75 Biaxial negative, 2V large (n909).

Most grains produced centered ogtic
axis or typical "compass needle
figure.

Garnet n1l.79 Colorless, purvle, pink and red
varieties. Isotropic, irreguler
fragments wita coungholidal fracture.
Colorless to purple varieties were
counted as a group and pink and red
as another,



able 3 contiru=d,.

Tornblende 1,80

Y 1.70

Hrperstienesl .62
v1l.70

Yuscovite <1,
y1.6o

Piceonite «1.69
Y1.75

Yoroclinicexl,65

pyroxene rl.75
Rutile < 2,2
Y2.62
Sillicanitoxl.65
n. 68
Titanite «1.91
(sphene) p2.03

Tremolite e 1,60

Zircon <l1l,29

-21-

Green to browa plecchroic, prisrzatic
eloacate.,

Ob110U9 extinctioan, blaxial nezative.
2V 60%- 909, positive eloncation.
Some :rains ne2rly orgue being traus-
lucent ouly near the edges.

Lizat sreen to pinit pleociroic; pris-
ratlce, stvpbv to acicular, parzallel
°Ytl ction, blaxial necetive. 2V 60°-
807, rositive elonation. ZEustatite
and bronzite, two wmerbers of the same
isomorrzhous series, were found in
minor guantities.,

Coleorlecs cleavage flates wiich pro-
duce a centered ortic exis ficure.

Colorless, low birefrinzence, blaxial
positive, srall 2V and extinction
an-le, rositive elonsztion.

Yostly diopside with sove aucite,

Colorless to li;ht green. TFrismatic
elon~ate to 1rregular worn frazments
with dentate eunds. ZIZxtinctioa angle
330. 60°, Biazial positive, 2V 3350-60°,

Red eand yellow wnrismatic greins. S
displzy strize parzllel and transve
to tue lenzti..

onle
rse

Coleorlers,
parallel extinctio¢.

fibrous, biaxial positive,
2v=20°.

Yellow-brown, slichtly rounded-rains
with extremel" nion birefrin-ence and
rnsequent inco: nlete extinction.

Biax 2l positive, 2V snall.

Colorless, p
di-n birefri
159~ 20°., E
positive elox

m

isnatic to irregular,
cznce extinction anzle
axial negative with
—ation.

D

r
n
1

Colorless, pricizcetlic eunedrz
with nuzerous inclusions. “aj show
a fair decree of rouandianc. Unaxial
positive, parallel extinction,

positive elonzation.

, usually



Table 3 continuzd.

Ovnzaaque nminerals

“Pyrite

Leucoxene

Hematite
and
Limonite

Dark opzques

Cuvlc, octanedral, dodecanedral and
spuervlitic forms wezre observed. A few
crains of marcasite were counted under
thls headinr.

Leucoxene was couanted under the heading of
wnlte oraques, as seen in reflected lio-nt.
Yost occurred as rounded grzins with a
rougn or vitted appearance. A few grains
were somewnat yellowish in color.

Red, red-brown, and csrey metallic grains of
hematite were counted wita orange and red-
orance <rains of limonite. All occurred as
irregular grains,

This heading included all of the black or
nearly blaclt grains that appeared comnletely
opaque., Thney were relatively rare and are
theoucht larcely made up of magnetite which
may have escaped removal by tie magnet.



Table 4., Perceat Ly welgzut of heavy minerals in tills.

Sample Sample welght Jelsnt Percent Percent
welcnt Heevies ilasnetics Heavies 1ilagnetics
~rans) (~rans) (~ra=s)

1 36.655 1.114 .0137 .030 017
3 35,069 1.380 0379 .038 027
4 55.501 .8E9 0134 024 .015
5 23.833 .130 0035 007 .019
7 20,992 .208 .0048 .010 .023
8 26.227 435 .0059 .018 .012
9 18,037 116 - .006 -
10 24.932 « 207 .0007 .012 .002
11 28.838 202 .0389 034 «039
12 33.610 1.581 0537 041 .033
13 35,138 1.415 0618 .040 044
14 33.177 .el33 .0005 .004 004
15 29.7S5 152 .0022 .005 014
16 26,212 L4508 .0151 019 031
17 28.321 .619 0203 .022 .032
18 32,724 1.206 JO444 037 037
19 36.351 1.278 .0631 .035 043
20 29.274 1.326 0324 047 .023
2l 23.006 702 .03265 .025 046
22 38,776 2393 .0275 026 .027
23 334310 .682 0135 .020 .020

24 25.204 U445 0054 .018 .0l2
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Feavyr mineral vercento~es hr wej~hi

Samnle weicnt and percentares of heavy minerals and
macnetics are listed in Table 4. Plates 5 and 6 are
isopleth mars showing the relations between weizht per-
centace of heavy minerals (wit-out magnetics) and the
welznt percentasze of mapnetics,

These maps show a2 well defined north to south decrease
in the over-all atundence of heavy minerals. The only
deviation from tne essential simplicity of this meridional
pattern i1s the steep gradient betiieen the hizn percentage
at site 20 and the relatively low percentace at site 4,
This i1s interpreted as a nign percentaze lobe centering
around Canandaicua Laxe and a lobe with a corresvondingz
low percentage of heavy minerals nortlhl of Dansville. These
lobes do not snow well marked correlation with morainal
termini (Connally, 1553, 1361; IlacClintock and Apfel, 1044;
Denny, 1256). The general trend of the percentace contours
across the soutiern one-third of the area is related to
morainal lobations only as both were affected by pre-
existing topography.

Six lines were caosen wilcih 1ntersect a maximum

nunber of sanmple sites, witn two lines beinz parallel to

Py

T

striae trendins ¥ 15 W and ¥ 20 W. Tnese striae were
found near Lazoka Lzke (Flate 7.), to the southeast of

Keuxa Late. Tne mean deviation of the welgnt percentace
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or the "mean absolute deviation from the mean" (Dixon

and Massey, pe. 75) was calculated for the points along
each of these transects. The mean deviation 1s expressed
as the sum of the absolute difference between the weignt

percentage and the mean weight percentage.

[Z - g? L = weight percentage
N X = mean welsht percentage
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
IIT .009 ]
A 00T .005
IT .006
B .004

I IVIILY B
«0l unit of mean deviation = 1 inch

Pilgure 2. Veight percentaze mean deviation

These lines are oriented on the map in Plate 7 in thelr
resvective directions. This illustrates the relative
uniformity of weignt percentaze with respect to direction.

It can be seen tnat the percentaze distribution 1s least

uniform in the inferred direction of glacier movement



(i.e. two sets of strize), a2nd becomes increasinzly uniforn

=

jo 7
.

as the an~le from tiis direction is iuacrease The fact

that the createst deviation points in the direction of the

4

strize indicates the probabllity of direct efect by trans-

T

vrortation. When considered 1In view of tie 1aformation

[s]

presented in the next section, 1t con be seen that the
veriabllity showm a2z is the result of dilutioa of the
Feavy mineral suite, This, however, does not invalidate
its usefulness as an indicator of tie direction of foruer

1ce movenment,

Tne distribution of meznetics 1s quite sixilar to that
of the weizht verceatace of heavy minerels, Aczin, the
pattera is particularly well developed at sites 3 and 4.

Tuis well defired north-south pattern siiovm by the

perceatace of maznetics suzrests that geophkiysical methods

(SR

._Jo

of measuriaz nanetic deviations 1a érift cen be of value

in glacial mappinz of tnis rezion. Geopnaysical studles of
this type have been conducted by T.A. Lawler and Dr. WeJ.
Yinze over the lower penninsula of MNichizan (perconecl

cormurnication).

Heavy minerals 1dentifiecd, trneir relavtive zbundonce,
and the total nurber counted For eacnh sa2nple site are “ilven
in Table 5., The order of the gcoxnle siter, ac licted in the

table, is fronm north to south.
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The percentaces of heavy minerals calculated from the
entire assenblage reveals that the quantity of opaque
minerals cenerally increases toward the south. This
increase, however, is ratkher sporazdic. Cornally (1959)
has reported tiat stratified drift is also diluted by
oraques 1n the southern part of the area studied. In
the present investigation the mineral percentages are
calculated witn respect to all heavies and also witnout
the opaques. The latter 1s done to eliminate the effects
of ¢ilution and to expose possible s ,steuatic variations
in the rewaininz asceaxblage over tne study area.

FPercentage profiles have been drawn alonz lines
parallel and transverse to the assumed direction of
slecier movezent. Tne minerals considered are hornblende,
hypersthene and garnet. (Flates S, 9, 10, and 11). There
is a general but irregular decrezse in norunblende from
north to soutn. A good corresnondence exists between the
proportions for the soutiern part of I - I' (sites 20, 22,
17, and 15). Yo such correstondence 1is apparent along
III - III' (Flate 10).

Alonc the nortiernmost east-west line (A - A',

Ilate 8) there is close ccrrespcndence between percentage
of hornblende and nyperstheae., Garnet, however, SiOWS

an inverse relationship. The more southerly of tine east-
west lines, (C - C') does not siow the nornblende and
hyperstinene correcspondence, but i1t does revezl the inverse

relationship between hypersthene and garnet,
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To determine 1if thesc values coanstitute a pattera
relatin~s to a direction of ice mcvement, a statistic is
calculated that measures thie degree of regularity of
cuange in the prooortion of neavy minerals over thne eatire
area. This 1s taen compared to the saze statistic along

given lines. The statistic used is FPearson's Coefficient

of variation (Joroney, p. 64)defined as:

v = 100 S vhere v = coefficient of variation
hid S = Standard deviation
X = Sample mean

\
Thnis statistic shows the deviation about the mean, in

proportion to the size of the sample. It thus provides a
measure of varlance by waich the different minerals can be
compared. The coefficients of variation are listed in

table 6.

Table 6. Coefficient of variation of heavy mineral
percentages,

all Klong | Along Iiong Afang

Mineral samples| V - V" [T - 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 3549
Hyperstunene 37.8 15.1 17.1 25.5 34.9
Clear garnet 35.2 28.3 25.6 17.1 15.5
Red garnet 5245 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 3044
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In comparing the values for the coefficient of
variation for 21l samples witn those alornz 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 arisen from
purely mechanical effects of transport. Distribution of grain
size and shape further indicate tnat in tre drift transpor- |
tatlion effects are non-systematic. Similar results have
also been shown by Connally (1959).

‘Wnen considered with respect to the glacial strati-
graphy of the study area the heavy mineral percentage
profiles do not snow clear-cut relationsinips to the drift
sheets as delineated by Connally, (1961).

Along nortn-south line I - I' there is a linear
decrease in hornblende. Thiis 1s true only across the
nortaern half of the recion (sites 13, 20, and 22). At
site 22, however, the percentazes 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 glaciatlion. 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 tue south.



It is probable tnat this avvarent corrélation between
pronportions of heavy minerals in the till and known
glaclzations 1is coincidental since it does not hold true
for a larce number of sawcples. The evidence is iacon-
clusive and there are many exceptions. If such a cor-
relation does exist, 1t 1s more likely due to erosive and
depositional conditions durinc tae respective glaciations.

The pattern z2long III - III' is not as well displayed
due to the hish garnet percentacze at site 4, and the
relatively high hornblende percentaze at site 9. Site 4
occurs azain alonz line A - A', causins the same apparent
inverse relationship between garnet and the otner two
minerals, hornblende and hypersthene., This relationsnip
is furither displayed alon: line C - C' at site 7, with
respect to garnet aad hynersthene.

The percentaze isopleth map of garnet distribution 1is
ziven in Flate 12, Tuis was drawn from data iacluding the
opaque minerals. It shows a distribution with a general
alicnrent iz a north-nortinwest/soutii-scutneast direction,
and an over-all nortk to souvth decrease. Tornblende,
(Flate 132), the most aburdant and uniformly distributed
mineral wihen similarly calculated, shows a nortin-south
decrease with only a s»all nhi~h percentaze lobe in the north.
Yypersthene, Plate 14, in this case does not arpear

to be distributed by any sensible pattera.
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when the opagues are subtracted and tae percentaces
deteriained on t.e basis of non-orzques only, the influence
of the north-south decreszsce in totzal pzrcenta-e 1s re.uvced
and tlie pattern stonds out mor: stron~ly. Tne a2y stowinz
carnet percenta2s ars beea drewa (Flate 15) to show taat

a corresnoncins relation between heavy miueral distribution
and drainace li-es is stron 1y suy exted., Tuls corresnon-
dence 1oy not be as close as 1s suz zsted by tie mar.
Alternate contouring metinods cculd cause tuls relation-uiip
to te les= otvious but not eliminated. Xany more stations

<o N - o =a,

to daz=2terzie now close a cor-

to elininate tie iniluence o opagque rinerals, ialicates
a voerlble east-west lobal pattern., The siowm
this pattera, 17 a2y, is no0oYt readily zoparcut (Flate 18).

Zornblends, with Jilution by orugques elizlzeted, is

very eveul; distributed over the are~ of study og shiowm

The scupls fro. =ite 14, oo besn stroi.l, i:lluenced

by an exotic nesvy minerel suite, It nez, therelfore, been
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Trhre oszible causes of vaerizavility 2.0 heavy

®
3

mineral sccertlorer are attrition deorias ~luociel trans-
portation, post-derositionzl alterotion of unstable rinerals,
and leoc=l ceateninatina. Zach ol these factors 1s consider:=d

with raference to the wastern Fin

t
2 significant foctor, would result in incrsase or decrcese
ia the »roportior >f one or more uinerals., The distri-
bution would be e’ tlier 2 linear or aa eiponentizl Tunction
in the direction of ice movezent., It should also be more
or less uniforn parallel to the clzcicr front. In tris
investigzation, the relatioansnips between mineral content
at saanle sites show no sucn distrivution pattern.

2. Cne-ical Alterztion: Fettijonn (1949,

P
out that in zoinz from older tn younrer sediments ia the

zeolicic colunn, heavy niner=l sultes apnpecar to increzacse

ne appenre.lce
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in complexity.

rocis is in reverse order of their chenical stability "as
deternined by otier independent observations" (e.s. the
Bowen rezcilon series).

Deczy by tue process of lntrastratal solution is

believed by Counzlly (1957) to nave taken place 2t an
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accelerated rate during the Ileistocene., P
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decowposition of heavy minerals in reverse order of tueir
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stability as a cause of minerzl freguency in stratified
drifts of western 2w Tork. In tae better csortzd and
7 coarse glaclofluvial dezosits, 1t anrears
that ranid decorposition can take place, wiile in dense,
reteroseneous tills, intrastratal sclution is zreatly
retarded.

Z .

Je Contozingtioant! Fro_resczive dilutlios of the lizsht

mineral fractioa is well kaoow: to exist in clacizl decosits,
Accordincs to Tolmes (1952) in west central Ilew York "more
then 207 of the exposed drift was transported less than

50 miles." In the recion investi ated, the drift is
donivantly comnosed of wmaterial derived from the under-

evonian ssdiments,
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The bedrock of tne western rizer Lelles recion coaslists

m

lerely of sneles and si’ tstones wiichh could not coantribute
creat axzounts to a sand-sized heavy mlzeral sulte. There
are, nowevar, sevea litnolosic units waica crop out in tne
area of investigatioan that contain oxne or zore sandstone
beds., These are the Saerburne Ilagstone and the Ithaca
Shale members of the Genesee Forumation. Also included are

éstones and

m
; 3]
3

arenaceous beds ian the Hatch and Grimes s

A

snales end the Xunda Sandstone, 211 of the Fortaze (7ie

(¥

Talls) Formation. Other arenaceous units are tihe Frattsbursy

Sandstone, the Cneota Sandstoane, Portz_-e or Chemu 3 in aze
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and tne Wellsville Sandstone of Chemuny aze. It is rot
inconceivable, then, that some coataninction of the sand
fraction of the hzavy minersls could occur frcm the local
bedroclz, The locel Devonlan sediments may be the source
of the increase of opaque minerals toward tne south. Cn
this basls, the dilution effects of opazque minersls

may be lar-ely eliminated by re-celculation of heavy
mireral values exzcludinz the opaques.

It is not cleer to what extent the remszinder of the
heevy mineral ascemvlaie has been altered by contri-
buticns from the tedrock.

In a2 petrologic study of the sediments of tne Genesee
Gorse in Rochester, Alling (1546) found tnzt the formations
froo the Queenston through the Loc:iport coantalned rather
larce amounts of Pyrite, marcasite, leucoxene, and
zircon, as well as, minor zmounts of hypersthene, diop-
side, rutile, magnetite, garrnet and other hesvy minerals.
Yary of these minersls do not, however, occur in sand-
sized grains. The Grimsby does contain sznd-sized materials
and some of the neavy minerals mentioned above. The over-
lyinz Trorold, thousht to be re-woried Grimshy, contains
a ricrer sulte of heavy ninerals, althou h somewnat finer
grained than the Grimsbyr.
¥ica peridotite dikes have teen found in tne vicinity

of Ithaca and along the west side of Cajyuga Loke (willians,



-36=

Tarrdnd Kindle, 1909). Thae emplacement of these dikes

is controlled by a generally north-soutih Joint systea,
Their strike 1s witnin the directional variation of
clacler movement previously mentioned. Thne original
peridotite has been hizihly altered (Johansen, ia Williaas,
Tarr and Kindle). Olivine has been altered to serventine
or talc. One of these dikes, exposed 1a Glenwood Creelr,
west of Cayuga Lake, has produced soue alteration of
adjacent snale and sandstone. A similer intrusive mic=ht
be responsible for the uausually hizh mica content (103)
et site 14. The sample at this locality also contalns
the mineral tentatively identified as greenalite or
serpopnite. The latter could be an elteration product
of olivine.

Igneous bodies such as a pipelike mass 1n Syracuse,
reported as a possible dietreme by Apfel, llaynard and
Ploger (1951), could even provide otaer sources of
contamination 1f undiscovered similar bodies were to
occur 1an the area belnz considered.

From the availeble evidence, these possible sources
of drift contamination cannot be discounted.

The over-all distribution of heavy miinerals 1n thecse
tills indicates basal contauination. It 1s sugrcested
that durinc phases of the multinle glaclation in the
western Finger Lakes rezion, the zlacilers picked up and

transported sznd-sized materizl from interstadizl deposits






of glacilofluvial and/or fiuvial sands and gravels, Such
devosits would szrve a2s local sources of concentrated
sand-sized heavy mineral grains., Nearly the entire area
of tuls study is located in the nortnern portion of the
well-dissected Allegheny Plateau. Tae mature topography
of this plateau provided many valleys in wnich thick
deposits of sand 2nd gravel formed. Taese coaditions
are furtaer suztested by the following:

VorEngeln (1923) described a fluvial gravel in
gcandstone flutings in the Bixmile Creex valley, soutn-
east of Ithaca. He considered this deposit interc-lacial,
and the consequence of nortavard pvonding of the stream
by claciel re-advance. Later erosion excavated most
of tine cnannel filliaz. The gravel then beca.e incor-
porated as part of the englacial debris, mucih of it
beinz re-deposited as till.

Anotuer incidence of an interzlacial gravel in
central Yew York has been cited by Schmidt (1947). This
devosit contains rouanded till stones. A glacier, over-
ridinz such a deposit, would incorporate grains having
a degree of roundin~ comuensurate with thuose wiilchh had
later beea carried soutaward from t-eir common pro-
venance, In the present considerations, sucn conditions
are borne out by the fact tnat nownere is =2n increase in

aangularity observed.
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In summery the areal distribution of heavy mineral
percentares, thelr relationstiip to fluvial drainace
cnannels and to directious of foruer c~lacial movement
(as shown by isocleth uaps) are explained by the pro-
cesses of basal contanination in gslecially transported,
waterlald sands a2d gravels.

TE A rer vaf aaame T e
SeoVvT 1T . rotio

Le S

Ratlioc between the percentazes of heavy mlnerals are
calculated for the purrose of determining whether or not
the process of Intrastratal solution has been eflective

econpnosition of the till., The abundance

(o))

in the repid

neral which occurs in sufficient cuantity to

valid . .
nsidered statlsticall: als propertioned to the

Ho
1
i

of eacn o

be

Q
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avundance of every other mineral., In no case are the
heavy mineral ratios found to differ sisnificazntly with
the age of till. The chemically unstable anpniboles and
pyrozenes are found to be no less Irequent with respect
to garnet in the older tills than they ere in the Jounzest.
With the comnletely overlappiag ronze of values, no con=-
fidence 1lirit cau be chosen Tzt will si_nilicently
differentizte them.

Ty vlottiaz the ratio vzlues as isonleths, it is
arnarent thot neoct of them disnley =2 roullly inverse

attera to *he percentece of zarzet. The clear sarret/red

el



in the area near the ceater of the map (Plate 18). Tuils
parzllels, and is nearly superiirosed on, the area of
donoye Creck and tre Conocton River. Tiis area cor-
responds wilith that of the Bi_ kW cver-zll garret content
whteh hos been discussed earlier (illustrated ia

Tlate 15).
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The tills szmapled in this investligation contain a
keavy mineral culte characteristic of the Greanville
retasedlrents of eastern COntario z2zd the Adirozndack
lon of Tlew York. 4 comwon provenernce is thus inferred
for the reavy miuneresls iz each of the drift sheets con-
sidered. The drift of the westera Tincer Lales rezlon
lc related to tiat of the Irie-Cntario 3lzclal Lobe, as
differentiated froxm the Iuroan Glazclal Lobe by Driemwanis,
et. al. (1257) on the basis of heavy minerals.

Observetions made from the present study, resarding
the distribution of corveonent materials of the tills,
are swan arized below:

A, The size frecuency distribution of cend-sized

material 1s nonsystematic. This supports previous
nowledgze thot rarid chance of materials in the light
fraction talies placs duria tracsyort.

B. Heavy uineral assenblaces by wei~-ht caon be

evaluated in terms of direction by means of celculating
the mean deviation of the percecrtaze by wei nt clong
ciosen lines., Sucnh azelysis reveals the greatest zean
deviation in a south-southeast direction. This deviation
becories less as a line normael to thls directlion is epproacied.

Ce Tercentzces of enecific hegvy winer=ls, as czl-

culated from the total heavy minersl asseablagce, reveal
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t
aud a direct relatioansuip betweex hornvlence end nyper-

D. The cdistribvution of hecav: xinerals along

specific map transects can be co.pared witnh the regional

distribution by ucin; FPearscn's coefficient of veriation,

The values are not suflicieantly coznsistent with the
areal distribution to nzve resulted frowm purely mechan-

ical chaonces due to trznsport. Nor do taey reveal any

E. The retics between difTerent hneavy ninerals in

undisturbed tills of Pleistocene age iandicate that de-
composition of uunstabtle minerals is teking place at a
mucia slower rate taan in relatively coarse, waterlald
~laci o-fluvial devosits of tle ssue apge.

F. Patterns revezled bv tiie heavy sineral isopleth

-aps can be placed 1in one of four categories:

l. A generzl nortn to south decrease in weight per-
centasest snown LY botn magnetice and non-
marnetics (Flates 5 and 6) and by percentazes
of hornblende to nyperstaene as calculated from
the entire assemblaze including oraque minerals
(Plates 13 and 14).

2. Yorth-northwest/south-soutiezst ali nreat: revealed,
principally, by the sernet distribution

(Plates 12, 15, and 13).

3. A more or less east to west variatlon: displayed
by hyperstiene. Tiais pattern is not well delined
(Plates 14 2z2nd 1€).
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4, Random-uniform distribution: siown ty the dis-
tribution of the =zost abundant mineral, horn-
blende, after eliminatine the eflect of dilution
by opaques (Flate 17).

Althouzh an elereat of subjectivity is involved in

the coanstruction o coatour mavns from any sucun data, the
writer counsliders that the south-soutiieast alignment in
the percentaze distribution of heavy minerals is cever-
theless well justified. It is significant that this
aliznrwent 1s esyecially revealed in the distribution of
garnet, a relatively stable mineral., Thris indicates that
fluvial control of the distribution of heavy ninerals,
by concentrating sand-sized materisl from former drift
channels,
in selective drainag %/ 15 Probably the most important
factor in the present distribution. It is also compatable
with the firdincs to state that movement of ice has taken
place largely in a southeasterly direction; in coaformity
with many of the geomorpnhlc patterns, including some of
the bedrock striations.

On the Ontario Plein, to the north, a souvthwesterly
trend of glacial movement is indicated by the orientation
of drumlins. On the Allczheny Plateau, nowever, deviations
from the dominantly sovtheastward treand were probably minor
eand locally coantrolled. These soaewnat opposing directions
of movement 1in the two areas arpear not unreasonable when

the influence of pre-glaclal topogravhy is considered.

The ice whicn emerzed radially from the Ontario Basin
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(Holmes, 1952) streamned outward in 2 direction parallel
to the main drainaze channels whicnh today forn Honeoye
Creek, the Conocton and Canisteo rivers aad those streams
that were deepered and widered by the passaze of ice to
form the present-day fincer lakes of Cayuga, Seneca and
Femnlock,

The impermeable nature of the undisturbed tills
ccoeidered in this study, has prevented extensive per-
colation of ground water. The process of intrastratal
solution, which avpears tc have produced substantial
disintegratioh of unstable minerals in the more permeable
stratified sands and gravels studied by Connally (1959),
has anpareatly not occurred within the tills. It follows
that ace dating of the glacial drift by meens of heavy
minerals must be counfined to the better sorted =laclo-
fluvial deposlits.

In tills of western New York, important contributions
to the bheavy mineral suite hove been distributed and

concentrated in accordance with the main dralnaze lines

and the regional topographye.
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This study 1s considered preliminary to furtaer

D

research in the distribution of materiels in glacizl
tills. It 1llustrates that heavy mineral anclysis of
tills can be useful in diffcrentiating drift sheets of
different provenance.

Thne arzrlicatility of methods, sucn as thz mean
devintion of the weightpercentage of heavy minerals
as an 1Indicator of direction of zlacial transport, needs
verification by furthner anzlysic of czrefully located
samples in areas wnere tiae directionc of former ice
moverzent can be, or have beex determined by other
efidence.

Teavy minerals froa closely-cspaced, cerefully chosen
sanples of till, obtalned =2long lines of known clacial or
interstadial drainaze, should yield detailed information
regarding the asscclation of heavy minerals in tills
conditioned by earlier fluvial =nd/or slaciofluvial action.
Such xnowledze can be of value in the reconstruction
of zlacial history in areas where subsequent advances

producing later tills, have altered or destroyed otaer

lines of evidence.
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flnte 2, Hictograms of size Irecuency distribution.
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tizte 5, Isopleth mop siowing percentage vy weight of aeavy
ninerals, Jzmple sites are indicated by number,
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rlate 6. Isopleth mnp saowing pcercentage by wel,:nt of maans tics.
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Flate 12. Isopleth mzp of garnet percentage, including the
opaque minerals,
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Plate 13,

~C8a
Isopleth map showing percent hornblende, Opaque
minerals included in calculation.
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Flate 14. Isopleth map of percent hype rsthene. Opaque minerals
included in calculation.
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Flate 15. Isopleth map of p recent garnet, excluding opaque

434

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

opaque minerals.
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Plate 17. Isopleth map of @ rcent hornblende, excluding

opaque minerals.

78° 7J7 °

a3

CLYYPW

SNEWARK

-4.3°

!
78° Contour Interval =50% - 77°

10 ° [ 20 80

Mi.leo




_63_

Plate 18, Isopleth map of clear g-rre t-red garnet ratio (C/R).
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