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A STUDY OF VARVES.

INTRODUCTION,

It hes only been within very recent years that geologists have
turned their attention to a detailed atudy ef the processes and products
of sedimentetion. One phase of sedimentation, the seasonal banding of
post « glacial elays and the value of thia banding in esteblishing the
dufation of post = glacial time, has been rather fully investigated by
Swedish ﬁerkers. _

In 1841, Hitcheaek ™ discussed the banding of the clays in the
Valley of the Connecticut and pelnted out that invariably the coarser
meterial was at the bottom of each band, and that there was a gradual)
increase in fineness upwards, until at the top of the band there was
exceedingly fine elay, He suggested that each iayer might represent an
annual deposite

| (2)
Baron de Geer s in studying the banding of the post &« glacial

1

clays of Sweden was the first to give preef that each band represented a -

year a‘depoaitlon t consequently by correlating the annual layers in

different parts of the eountry and countlng the tetal number he wes able

to give a correct estimate of the duration of post s glacial times He

found that approximately 12,000 years were required for the ice to leave

Southern Sweden.
The name varve, from the Swedish word varv meahing a periodic
iteration of layers, has been applied by Baren de Geer'ta such‘annuall

layers of clay and silte.

1. Hitchcock, Eo Final Report on the Geology of Mass. 2 vols.
Amherst, Northampton, 1841,




Sayles (3) hes confirmed Hitcock's statement that thé banding of
. the clays of the Valley of the annsc@icut represent se;;onal deposition,
but he further states that the clays werevlaid down in a glacial lake
and aleo suggests a similar explanatien for the banding of the Squantum
tillite of Bostone. Recently numerous attempts have been made to explain
similar periodic banding in old consolidated rocks, as being due to
seasonal depositions
- () () .
Seurame and Antevs » Who were students of de Geer's, have
edded valuable,confributiqna to our knowledge of varve structure. Sau{gmo
was able to work out the ratg of retreet of the ice frem_Séuihern Finlend
‘and to give'asl§ geaera1 1&6& of the climatic,ehangea that teck place
during thé retreat of the ices Anltevs made a similar_sku&y;;pf th§ varve
sediments of the New England States and found thgt the average rate of |
retreat of the last ice sheet from these states was one mile 1nvtwenty bt
two years. At a later date he eentinued these studies in Canada, and
publiéhed a memoir (6) in which he gives a theoretical discussién'qf the

method of origin of varved glacial claye. In eonciuding his discussion,

2, Geer, Gerard de, A Geochronology of the last 12,000 yearse
Gométe ren&ua longs Geol..iﬁtern. 11, 1910, 1912, p.241 = 253,

3« Sayles, Re W Mem. Mus. Comps Zool. Harvard, 47, 1. 1919,

4, SAu:amo, Me Bull, No; $0; Cormd 881 on Geélegeqﬁq dé”Fiﬁiaﬁ&e.'

5, Anteig,vﬁ§l The Réceaa;én of the last 139 shee£k1n New England,'.
Americen Geographical Society Research Series, No, 11¢

6. Antevs, E. The Retreat of the last ice sheet in Eastern Canada,

Mem., 146, Canadien Geologicel Burveye




Antevs states that " the role of each condition and factor for the formation
of the varved glacial clay is not well known e »

In the_following paper, certain analyses end results are presented
and discussed in an attempt to aseertain the relative values’of some of
the facto}s which affect the formation of varved glacial clay. In order
to carry out this investigation it was thought neceseary to first make a
chepical and mechanicaliatudy of varved materisl, so that the relations

ship of the two bands might be better understoode

1. THE  NATURE OF VARVES,

Ao Gallection of Samples.

‘Samples of varved clay were obtained from £WO locaiities; #he
Trapper claim on Herd lake, and from‘thejnortheaet shore of Cross lake,
These varved clays are both due to deposition in Lake Agessize The
localities are 400 miles apart, and no correlation can be attempted in
the light of the present knowledge of'depositién in that lake, The
elevation at Cross lake is 1050 feet, and at the Herb lake occurence
it is 945 feet, but the present elevation does not indicate the relative
positione at the time of depositien, as there has been a differential
uplift of the northern aree since the ice retreated,

The section obtained from Herb lake wae 48 inches long, 215
varves wefe ceunted in a section of 38 inchee, the section above this was
badly céntorted. The average thickness of each varve was approximately
+2 inches of which about 1/3 wae Pine materiale There wes a considerable
variation in the size of the varves, thoso at ths bottom of the section
being considerably thicker than those at the top.

The Cross lake varves were much thicker, varying from 1/2 to
/4 of an ineh in thickness, of which about 1/10 of an inch was fine

material,




The material was sempled as followss
Sample 1. Included the lower 3 inches of the Herb lake section,
_ Sample 2.‘Taken 15 + 18 inches fram the bottom of the Herdb
lake section,
_ Sample 3, Taken 30 ~ 33 inches from the bottom of the Herd
lake sections

Sample 4. Was a representative sample of the Cross lake section.

B (Chemical Analysise

Equal emounte of each sample were taken and separated, as well

as ecould be done by edye, inﬁe the light and derk portions. The separate

portions were then levigated in an agate mortar, théroﬁghly mixed and
dried at a temperature of 1i0°G. After drying the samples were preserved
in a desiceatore.

~ The system of analysis followed was that prescribed by He S.

Washington in his bbok, "The Chemical Analyeis of Rocks",

Cs Results of Chemical Analysis.

Semple. 1 2 3 4
A B c D E F ¢ H

510, 50,30 0.8 50.04 50,0k 49,30 50.22  69.38 54.65

FegOs 7,50 8,46  7.48 8,45 7,16 7.5 3,90  6.94
| A150, 13,67 15,48 17.18 18,05 17,55 20.06 15.76 20.94

Ca0 9.76  7.68 7.64  6.48 7.82 4,96 4,38 2,84

Mg0 4,62  5.18 = 5,37 5,01 3,94 3.79 85 2.69

K0 2,47 2.7h 2.86  3.09 2,66 2.78 2;11 2.29

Ne0 .39 Sh 1,28 1.4 1.36 1.42 2.1 1.20

Ignition 11,21 10,20 8,91  7.25 9.80 8.46 2.00 8.16

100,01 100412 100,76 100466 99,59 99.28 100.46 99,71



A, 0, E, G are the lighter or coarser parts of the varves.

Certain general differences in composition between the coarser
and finer bands arévworthy of notees The finer fraction of the varve
contains>a larger percentage of ferric oxide, alumina, And potash, and has
1esslime than the corresponding coarser fraction. The silica content
seems variable, as does that of the oxides of magnesium and sodiume
In the sample from Cross lake the high percentage of silica in the
coareer‘fraction is due to the large amount of quartz silt in the sample.
There is a greater loss-by ignition in the cba:ser ffaction, except in
thefcroagviake sample, ﬁhere the low 1oss,eﬁ ignition is piobably due tov
the high silica content of the samples

Do Discussion of Chemical Analyses.

" The silica, alumina, and igqn,oxidé nmay have been transported
in the form of a silicate, as a colloid, or boths The portion carrieﬁ
as a silicate would be distributed in the two fractions accedding to
the size of particle, whereas the portion carried colloidally would
remain in suspension until flecculated, Tamm (& has found that there

is'a concentration of minerals such as blotite in the fine fraction'of

the varve. This might explain the increase of alumina and iron oxide

- in this layere If a large percentage of the eilica”ia;garried colloid~-

- ally, there ahbuld be a concentration of it in the fine layere. This

concentration however , would be offeet by the deposition of quartz
eand in the coarser fraction, The deduction from the analyses is that
the silica, other than sand, is combined, presumbably in thg hydrated

form, at least with the alumina and probably in part with the limeo

An exception to this is the Cross lake material, in which the silice,

8 ‘éamm, Olof, Experimental Studies in Chemical Processes in the
Formetion of Glacial Clay. , Sveriges Geologiske Undersokning,
Awsbok 18, 1924, Wio 5. o



egpgg;ally in the coarser portion, is present as quartz 8illt or sand.
/ The larger percentage of potash in the fine band is due to 1ts
absorption by the fine, probably colloidal material in this layero
A considerable percentage of the calcium is present as the
carbonate, as is shown by the ready effervescence of the clay when

treated with hydrochloric acide It is noteworthy that the lime content

of the Herb lake varves is higher than that of the Cross lake material.

"Both are outalde the limestone area, but the Herd lake sediments may

have received more direct contrlbutlons‘frpm the glacial scourings

- from the limestone lying west of Hudson Bay.

Theré‘is no apparent variation in chemical composition from

top to bottom of the Herb lake section.

Eo Meckan;cal Analxpig.

For this énalyaia representative éamples of samples 1,3, and &4
were taken,

Fi#e grem samples were placed in bottles conteining diatilled water
to which 5 mecs. of ammonia had been added. These were placed in a mech”
anieal agltater and shaken for six hours. The clay portions were
separa@ed by centrifuging, the silt by elutriation and the sands by
éeresns. For the sand grades, 50 gram samples were takene

The partlcles of each grade were measured microacopically end

few varied from the following 31269.

Coarse sand, - over 0,5 mms,
Fine sand . W05 = ’.5 "
silt, o 005 - .05 °
Ooarse clay. 001 - L0085 "

Fine '019.}’. 0000 - «001 "



F. Results of Mechenical Analysis.

Coarse sand. o s i oty tmbimom oo e Gt gt ‘frace e o i
Fine sand. 2.85 1,99  1.96 1.60 6.34  1.00
Silte 54.52 30,64 32,18 16.21 82,26 4,83

Coarse clay, 24,11 20,35 25,96 27.32 6.69 26,66
Fine clay., 18.55 47.08ﬁ 39.83% 55.45 4,76 67.87

o . i 22 T e O o o o w0 o o s v

100,03 100.06 99.95 100,58 100.05 100.36

G, Digcussion of Resultsse

-iﬁggé analyéeévshow that therevis a grading betweenvthe
coarser and finer;fraétions of the varve. Thé differeq99~in
‘mechenical camposition 15 not so marked”in ﬁhe Hérb‘laké ééctionq,
which are composed of Pine material, but.is very noticeable in the
coarser Cross lake varves."In 2ll the samples there is a.definite
concentration of the fine clay in the upper §r finer fraction; In
the Cross lake sample this grading is very definite, not only in the
fine and coarse cley fractions bﬁt even in the silt and sand fractiomse
These mechenical analyses represent the physieal.state of the
cley at the time of examination. While seme of the particles may have
~ increased in aize since the time of deposiﬁion, it ia unlikely that any

have become smaller. Gonsequently this grading into»fine and coarse

portions 1s due to processes operating during the period of deposition,
and not to any subsequent changes,

From these analyées curves have been drawn.in which thelogarithmic
value ef'the.size of grain is plotted against total percentages;:vfhis"
method of representation has been adopted in plotting mechanical
analyses because it'gives a clearer representation of the finer fractions

then is ordinarily abtgined.
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For cemparison with the above analyses, there is given in

Graph 1, curves for mechanical analyses of a typical lake Wimmipeg

(9) | (10)
clay s 8 gray drift clay from Hutchinson, Minn,,

and
(11)

a typical unlamineted leke clay from Heron lske in Minn.

A comparison of these curves definitely proves that there is a

' grading in varved material that does not exist in other ty pes of

deposits., This grading is well illustrated in the Cross lake varves
where for the coarser fraction the curve ascends neérly vertically
within silt limité, whereas in the finer fraction it ascends within
the'fine clay limits. This grading is present in the Herb lake
materlal although there is not such a marked difference in the size of
particle in the two bandm. The typical lake Agassiz clay ‘does not show
grading. Instead the curve continues uniformly through the silt, coarse
clay, and flne clay areas. This clay, however, is finely laminated so
thet such an analysis really represents the average of the two fractionse
The curve for the gray drift definitely shows a leck of grading in thet
materiale This sample has a larger percentage of coarse and fine sand
then is found in the varved clayse The curve for the Heren lake clay -

showe some grading in the silt fractionm,

9. Meynard, JoB., The Olays of the Lake Agassiz Basin,
" M.Sc. Thesis, April 1925,
10. Grout, FeFo, Relation of Texture and Composition of Clays,
Bul, Gegl. Socq of Ams Vol. 36, 1925, p. 393.
11, Ibid, |
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A consideration of the analyses of the Herb lake material shows
“that if a comparison of the average mechanical composition of sample 1
with sample 3 is made, there is a definite increase in Pfineness of

material towards the top of the section, The figures are as given,

Semple 1 (A B)  Sample 2 (E F)

Coarse sand, e o i
Fine sands 2 042 1. 78 :
Silt. 42,58 24,19
Coarse clay. : 22423 26.64
Fine claye 32.81 : 47.64
B o
100004 : 100 25

This would apparently indicate a withdrawal of the ice front,
~with consequently less deposition of material, from the locality at
whieh this materigl was sedimenting. This coarse material is ordin~
arily deposited shortly after entering the lake and only the finer
material is carriéd to the distant parts of the lake.

A count of the varves in this section indicates that 160 seasons

elapaed between the time that the last varve was deposited in sample 1
and the flrat varve deposited in sample 3, This time would be sufficient

for a considerable w1thdrawa1 of the ice front, under suitable elimatic

cenditions. The ev1dence of a retreat of the ice front is further borne

out by the size of the varveso Those of sample 1 average o57 inches

in thickness, those of sample 3 average about +19 inches.

. Chemical and Mechanleal Differences between the Twe Bands of a Varve,

1;, There is a deflnite increase of ferric oxide » 8lumina, and potash
in the finer fraction.

2. There is a definite decredse in lime in the finer fraction,

3¢ Sodium oxide and Bagnesium oxide appear to increase in the finer

fractionq
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4, Silica appears variables
5« There is a very definite grading in the two bands,

Accordingly when the origin of vafved clay is considerod, it is
necessary to look for processes which will give fhese differences
between the two bands. |

1. The Conditions that Control Varve Depositions

In the above paragraphs , chemical and mechanical analyses of
typicalfvarved clays have been presented. From these analyses differences
of both a chemical and mechanical nature have been shown to exist between
the two bands that compose & varves The next problem to be considered is
that of the nature of the factors which affect the formation of varvess.
What are the oonditiono that control the deposition of varves? In the
following paragraphs , experimentel work is presented.in an offort to
ascerﬁain the nature and value of some of the factors affecting varve

. Pormation.

‘Experiments on the Sedimentation of Boulder and Varve Glay.

1. " A quantity of boulder clay was passed through a 20 mesh screen
to remove all coarse materia1¢ The clay was then ahaken in distllled
water to which some ammonia had been added. This material was then
div1ded, balf of it being pleced in a'glaas cylinder 14 inches high,
thich contained distilled water, the other half in a similar eylinder
containing tep water. The contents of the cylinders were then well shaken
and pleced in a room at 24°C. In 47 days the sedimentatlon we.s practically
complete although the liquid above the deposit was still slightly turbide
In the cylinder containing distilled water the deposit showed an
indistinet color division et about the middle. The bottom helf of the

deposit was darker and coarser than the upper halfe The deposit



1;1,. . o .

appeared gradational frém coarser particles at the bottom to finer
ones at the topg ‘ _

| In the other eylinder no color diviéion could be made in the
deposit although the send at the bottom of the cylinder éppeared darker
than the rest of the deposit. The material was the ssme color as the
origignal boulder clay, . There was apparently a perfect gradation in

in size from the coarse material st the bottom to the fine at the topo

24 A quantity of vérved matefial was treated in a similar manner.
The material in the cylinder containing tap water appeared to eettle
much more rapidly, this difference in the rate of settling being most
noticesble for the finer sizes. 68 deys later the depOBita were
examined, V |

In the cylinder of tap water the sedimentation had been cqmpleﬁedo
A color division could be made about the middle of the deposit, the
darker coarser material Fforming the bottem half of the deposit.

The cylinder of distilled water: was gtill turbid, but an ink
mark on a piece of paper could be readily seen through the euspenazon.
The deposit appeared gradational in composition with no indication of
varvidlty. The color division was not as distinct as in the other
. cylinder. | | ﬁ ‘

| In these experiments the following conditions existed. The clay
wa.s only‘partially deflocculated, and was in a condition somewhat
comparable to that of clay being carried in euspenqiqn by riverso. The
wa@er in which the deposition occured, had a2 low céngentration,~or else
was relatively fre; from electrolytes. The sedimentation occured at
fairly high temperatures, The processes of deposition were undisturbed:
by any currents in the water, except possible convection currents caused

- by slight differénces in temperature in diffeient parte of the cylinder.
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B. GonelueiOnev |

1. Twmder these conditions the order of settling of the clay particles
is a function of their sizeg |

2, Depoaits‘formed under tﬁese conditions showed no indication of
settling in two or more parte, rather, the deposit showed a contin=
uousl& increasing fineness upwards,

3. The eedimentation was more rapid in.tep water than in dietilled water,
especially for the finer sizes. The presence of electrolytes in the

tap water would cause flocculation and preclpltatlon of the flner

material, -
4, With this material and under these cenditions the coarser material

wes darker in color,

B. Experimenxs on the Settliggkef Various:Sized Sand Particles under

- Different Temperature Conditions.

When particles settle in an uﬁdieturbed‘liquid at constant
temperature, they rapidly attain a constant maximum veloeiﬁy, when the
acceleration of normal falling is balanced by the resisteance of the liquid,

.’Their velocity of fall does mot follow any mathematicel formula but varies
with their dens%:gi size, shape and the temperature of the water,

Holmes  gives the follow1ng approximate formulae for some

of the eiZeag"

For grains larger than .5 mms. V2 d( 8.6, ~ 1 Je

i

- For grains smaller ﬁhan 2 ms, V = a2 ( 5.6, ~ 1),

Where V is the velocity of fall, d the disméterand S.G. the
specific gravity of the particle.
Grains between +5 and ,2 mme settle with a velocity which agrees

with neither of the theoretical formulae given.
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Ao »Apparatua,and Material.,

In order to obtein some information regarding the effect of temp-
erature on the velocity of settling, the follbwing‘apparatus waé constructed,
A atraight glass tubé five feet long with an imner diameter of 1.5
cms. was placed in an outer glasé tube five feet long having an inner
diameter of 345 ems. In the lower end of the outer tube was placed a
-iﬂi rubber cork through which a piece of glass tubing and a nail passed, The
nail fitted into a small hole in the cork of the inner tube, thus
steadlng the inner tube. The inner tube was held at the upper end by a::

cork whlch fltted tightly into.the outer tube. Through this stopper

wes passed a glass~tubeo Water at constant temperature;was pumped~through
thé outer tube. By adjusting the temperature in the Quppiy ﬁank it wag
found possible to keep a constant temperature in the inner tube,.

It was found that particles dropped 1nto the water in the inner
iuhe attalned & constent veloeity before reaching the_first mark on the
tube, the mark being about twelve inches from the upper end of the inner
tube. Tests were made on the velocity of Pall of a sand grain over one
foot intérvals, at differeﬂt positions along the tube, and were found to
be in very close égreement.

The sand selected for use was from Black island in Lake

‘Winnipeg. This sand contains 96.5 = 98 5 % ail:ca. T4 | was the best

rounded sand, in each and every grade, obtainable. 4 quantity of this
sand was passed through a series of screens. The greatest diameters
in each grade were measured microscopically and the average size

caleulated, Thebsizes used weres

12, Hc;mes, A., Petrographic Msthods and Galculations,.pn 205,
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Sand Size in Spaces Average Siie in Millimeters.
Stopped by 40 mesh screen. 44 - 25 34,5 A36
60 25 ~ 17 21,0 «266
80 | 17 - 13 15.0 190
100 12 - 10 11.5 . 145
150 10 = 7 8.5 - » 107
. 200 7 - 6 6.5 W082

Under the microscope one space equals 01266 mms.

Bo-‘Method'and ReSultso

Representatlve samples of each grade were taken for the experiments,

 For the larger sizes an individusal grain was dropped 1nto the inner tube

and the time taken by it to settle the lower four feet in the tube was
measureds Twenty five measurements were taken for each grades. With thev
finer sizes & small number of grains were dropped into the water and one
moving at about the average rate was timed. These measurements were first
carried out at a temperaturd of 2.7°C., then at 10.6 and 20.0°Cs The

results obtained are tabulated,

Size of. Particle Average time , im seconds, te fall four fed;o
[P
66 - 29,2  27.8 26,4
+ 150 5246 47.4 41.5
¢+ 145 976 84,2 7343
o107 , 131,06 109.4 93.0

082 197.5 1690 146.0



15,

These values were first plotted using the time of fall as
ordinate and the temperature as abscissas It was found that the yalues
for each size fall on a straight line, none of the values varying from
thisiline by more than 5 seconds, except for size 107 mms. at 10.600»
with an error of 2 seconds, Ffom the graph it appeared that the time
ef‘fall for any size would have a meximum value at Oo_and continuously
decrease to 2Q°Co o |

For compactness a second graph was constructed. In this the

differences in time of fall for each size at different temperaturea

‘fwere plotted as. ordlnates and the temperatures as abscissaes In this

graph the slope of the llne for each size gives a ‘measure of the amount

of retardation produced by a ehange of temperature.
Tp prove the absence of a maximum retardation at 4°0,, some
measurements for the finer sizes were made at 4° and at 6.2°, The

values obtained were as follows.

Size, . Average time, in seconds, to fall four feet,
082 _ - o 183.7
«107 126.5 122.3

«145 ‘ 91,5 90.5

o Ce  Discussion of Results.

These values fall on the etraight lines already plotted and prove
conclueively that there is not a maximum retardation at 4°, but that it
occurs atvo°c. This proves that density of the water is not the controll=

ing factor in the retardation of the fall of these particles, since the

- density curve has a maximum at 4°, Tt would appear that the viscosity of

the water is an important factor in determining the velocity of the

falllng particle. The epecific surface of a particle, i.0,,
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The absolute surface of the entire disperse phase

The total volume of the disperse phase

1ﬁcreases direetly as the size decreases. Hence with decreasing size of
particle, the resistance to its fall by the water becomes proportionally
greater,

The retardation observed for any particular size is probably due
to the difference in the viscosity and density of the water at different
temperatures, If the entire group of particles are taken into consid=
eratwon, the differenceﬁln retardatlon for different sizes is probably
8 combined effect due to increasing denslty and viseosity of the water
together with the increaeing resistance,of the water ; to the settling
of the particle which has an increasing specific surface as the sigze
decreases, | |

In the next graph is plotted as ordinate the elope, i.e.,

Difference, in seconds, of time of fall
s> of the lines in the previous

,Temperatﬁre
. graph, and the size of particle as abscissa,
This curve appears to have two asympototic branches., As the size
v of partlcle decreases the retardation appears to become ‘increasingly
greater until the colloidal sizea are reached, when the particle remains
indefinltely suspended. Wlth coarser sizes as the specific surface decrease s
the temperature retardation becomes smaller end smaller until it becomes
relatively negligible. N

It is interesting to note that the sizes of material dealt wiﬁh

in this experiment, are all within the limite,in size, of £ine sand,
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C. Experiments en the Settling of 8ilt and Clay Particles under

Different Temperature Oonditions.

‘Ao Apparatus and Materiasl.

Despite the magnifying effect of the sedimentation tubes it was
found impractiesl to measure the time of fall of particles much smaller
then .082 mms, by this method, since the difficulty of following the
course of a single particle was too great to permit of accurate results, -
w&th the purpose of obtaining comparative results for the smaller grades
of material the fellowing apparatus was constructedo

| A diagram of the apparatus is given in figure 1. A emall glass
bucket 9/16 in. in diameter,with very thin edges,was suspended on a
very sensitive spring in a glass cylinder 14 inches high, having an inside
diameter of 1 7/8 inches, The bucket was attached to the spring by

meens of a fine steel wire which hdd a pointer fastened to it., This

pointer extended over a millimeter scale. 100 ccs, of water was piaced

in the cylinder, forming a column of liquid 2 6/16 inches high. The
wire holding the bucket wag adjucted so that the bucket was suspended
26 mms. from the surface of the 1iquid and in the center of the cylinder,

Vhen a ﬁaif gram alumlnum weight was placed in the bucket s the pointer

,registered a sinking of 22‘8 mms, Ou.earefully testing'thé:apparatus it

waa found.that thee expansion of the efring, as recorded by the change in
position of the pointer, was directly proportional %o the tension ,
( Hooke's Law ), over limits sufficiently wide for the purpose of this
expefiment.A

"~ A quantity of varved clay was thoroughly deflocculated by shaking.,
By means of the ordinery and supercentrifuge for the finer sizes and

sedimentation in tall eylinders for the larger sizes, samples were obtained
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which consisted of particles of the following sizes.

Bilt 05 =~ L0005

Cearse“clgy 005 = LOO1

Fine Clay 001 ~ 000

These sizes were carefully messured with a microscopes. ‘The size
of the silt and coarse clay fractions could be determined accurately,

and it was fouand that the particles were all within the limiﬁa given, with

the exception of a few mica flakes which were larger. The fine clay was

more difficult to separate and measure, but few of its grains were

'largervthan +001 mmsQ

These samples were made up to standard suspensions having the

same amount of solid, ,0567 grams, per cubic centimeter,

B. Method,

- 100 cc. samples at 2000., of these suspensions were ueed in
making determinations, Care was taken that the materiallwas deflocculated
before the e¢ xperiment began. The cylinder and sample were placed in a
thermostat adjusted to the required temperature, When the-contentg of

the eylinder had attained constant temperaturé, the material wés thoroughly

‘shaken, the cylinder replaced in the thermostat and the bueket mumg in the

gﬁepension. The»wgter bath wase conetantiy stirred and the cylinder fixed

80 that there was no vibration. At deflnite time 1ntervals, readings of

- the p01nter were taken with the ald of a magnifying glass, end recorded

in millimeters. Experiments were carried out at 250, 20° and c°c.

Ce Results.
Gréph 4 shows the results of five successive determinations made

on one sample of silt. This sample did not contain the same emount of




518, 40
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material as the stendard suspensions. After each determination the
spring and buckel were removed, the silt retained in the bucket was
returned to the cylinder, and the contents shaken for three minutes.
Twenty four readings were made at one minute intervals.

The curves show en increasing rapidity of deposition with
successive sedimentation. This is probably due to partial floeccul*
ation ﬁhich was not entirely removed by the agitation given.
Determinations 4 and 5 show the reproducibility of the results, The
values for these two determlnatione are practlcally the same over the.
entire curve. It can be seen that the curve representing the first

messurement is the best representation of the rate of falling of

unflocculated 8ilte
In graph 5 are given the comparative rates of settling of silt
and coarse clay at 20° and 0°. The samples used contained equal amounts

of material. For the 0°C. detérminations an ice~water mixture was used.

13 )8 _Qdacu@sibnvof Resulte.

The retardetion by teﬁperature of the time of falling is not so
much more in the siit, especially the coarser sizes, at 0° then it is
at 20°, However in the finer fractions it attains considerable proportions,

This is shown by a consideration of the lastuparticlés-to fall into the

, buqket:when the pointer reaches 7.0 mus. on the scale. If e line is
drawn parallgl to the abscissa from the 7.0 mm, pointvon the ordinate,
1t will cut both the silt curves. At this point in each experiment the

bucket con#ained equal weights of material which had settled from columms

of suspension having the same diameter and height, The aseﬁmption is
made that the average particle falling into the bucket at this time has#
in each case, fallen the same distance and is the seme size.

Thg'maximum distance that such a particle can have fallen is 43
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rms., since the bucket is 10 mms deep, started 26 mmg from the surface of
the liquid and has settled 7 mms. At 20° the particles fell this
maximum distance in about 4 minutes whereas at 0° it required 6.8
minutes. This gives a difference in the time of falling of 2.8 min-
utes over a maximum distance of fall of 4% mms, If the retardation

in the time of fall between 20° and 0° is calculated for a‘diataﬁce

of four feet it is found to be:

48 x 25.4

X 2.8 2z 79«4 minutes or 4,764 seconds,
s o

since 1 inch equals 25.4 millimeterso o

Asséming an equal distribution of sizes ﬁhrdughbﬁﬁ thé rangé of
the silt and that these particles settle in the order of their sizes, the
particles falling on the bucket when it has settled 7 mms. should be
‘pariicles havihg the average velocity of fall of particles within the
silt linits, since the botel settling caused by the sample of silt was
14,0 mms. | | |

The curves for the coarse clay show that with low temperatures

the velocity of fall of thié material is much less than that of silt,

~As the fine sizes are approached the curves of the cqéraevclay diverge

greatl&, 80 that here the difference in the time of<faiiﬁ6f>ﬁhe_particles

would be vety consi&erable.

If the same assumptions and comstruction are made as for the silt,

then the particles at 20° fell in 13.8 minutes, while those at ¢° fell in

30,3 minutes, giving 8 difference between the two temperaturesybf 16,3

minutes,
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Using the same assumptions and calculating in the same menner as befqre;

the result is @

48 x‘25.4

X 16,5 = 437.3 minutes or 26,258 seconds,
46

retardation for g‘particle of the average size'of coarse clay,

Fine clay settled so slowly that measurements were not carried

out with ite

Eo Tabulation of Results. »
If the results so far obtained are tabulated aﬁd»brought to a
unit value as the difference in time of fall between temperstures of ©°

and 20°G° over a distance of one foot, Lthe remult is as given.

Size. » Difference,in seconds,
.456'ﬁnn$. 10
«266 , .75
+ 190 3.00
« 145 6+75
+107 ' 10.50
082 14,25
: Particleé of average - 1191;60 -
- 8ilt size.
TPafﬁicies of average ' 655§05°‘

coarse clay size.

Graph 5 shows that as the fingr pslzes are apéroached the curve
becomes more and more nearly parallel to the vgrticél axis; sdbthat_it is
to be 9xpected that the differences in the time of fall for the small
sizes will become very.great. A maximum is reached for particles of
colloidal dimensions sinee particles of this size remain indefinitely

~suspendede
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For the éilt and coarse clay éizes the figures glven are relative
and since there are so many asaumptiona necessary.for their'calculation,
the values given are approximate. Nevertheless they serve to give some
idea: of the very important effect that temperature hes on the velocity

of fall of small particles.

Do Experiments on the Settligg:of_Varved‘Glay under Different Temperature

Conditions.,
A sample of typical Herb lske varve clay was obtained. The

materialvwaavthoroughly deflocculated and_samples'madé up of approx«

‘ iﬁétély thévséms weight per cubic centimeter as those used in the

ppevious experiments.

This semple consisted mostly of clay, withvsome silt but very
little sand. " |

The regults'are'ploﬁted on greph 6, The curves soon begin to
diverge appreciably. For the smeller sizes the retardation becomes very
great, as can be seen by a comparison of the slopes of the two curves
towards the right hand side of the gréph. Because of experimental
difficulties,.the meapurements were not carried éut tq completion, but
were made over a period of ten hours only.

This graph shows very clearly the importent effect?that

,,tempe:gturg_hée on the deposition of claye The effect is not very

noticeable when the material is coarse, but for the finer grades
temperature is probably the most important fector affecting the

deposition of unflocculated clay particles.



?‘.Herb Lake Varve _lg_y
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E. Experiﬁentaﬂon the~Depoeition,ofrglgzigggpr Def;gite Temperature

Conditionss

Ao Apperatus.

A zinc tenk was made having a length of 24 in., width 12 in.,
depth 13in. Inside this tenk was constructed a second smaller tenk
with a length of 18 in., width of 12 in,, depth 7 in,, measured from
the tep of the outer tank. Through:the bettom of the inmer tank four holes
were cut of sufficient size to allow glass cylinders to be set on the

bottom of the outer tanke The space around the cylinders was then sealed

: and the'innér tank made watertight., An illustration of this apparatus

ies given in figure 2, where A and F are the outer and inner;tanks, E the
eylinderse. |
In each tank was placed an electric heater B and = thermocontrol C,

The one in the lower tank was ad justed to'4°0, the other to BOC, Vigorous

circulation in each tank was obtained by passing a stream of compressed

air through the airlines De

The apparatue wag Pilled with water and placed outside where the
temperature varied from 0 to «20°F, It was found that under these
conditions, jhe tanks were held at the required temper'tures by the
controls provided, and that the variatlons of temperature within the tank
%eré'ﬁery small. However it was necessary to adjugt the temperature
of the Upper tank to ,5°c. in order to prevent freezing of the meterial
in the upper pagt of the cylinders.

Three of the cylinders were filled with tap water and a fourth
with distilled water, and allored to come to constant temperaiﬁre. . The
temperature at various levels in the cyiinders was tested and found to be
the same as that of the outside bath, except for a region at the

boundary of the upper and lower tanks.
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 This apparatus was designed to reproduce as nearly as possible on an

experimental seale the temperature conditions of a glacial lake.

Be Hethod and Resultse

Cylinder 1. ‘This cylinder contained distilled water. A glass tube
extended about half way down the cylinder. Through this tube was passed
a gentle stream of air , sufficient to keep the contents of the upper
parf of the cyliﬁder in constant agitation., To this cylinder was added
e quantity of deflocculated Herb.lake clay containing a small emount of
- added sands 'Agitation in the cylinder was continued for 42 hours, then
stopped;.uAfter 192 hours the cylinder was removed from the tank and
examine&. ‘ | | o

The coarse material was at the bottom and was well sorted. Its
upper'boundary was'definiiely marked. Above this came a layer of finer
material wiﬁh a fairly distinct boundary between itself and a darker
finer grained layef above. The experiment would seem to show fhat when
there is a decided difference in the size of the particles in the supply
of material, there will be a complete separation, but when the sizes are
gradational, the deposit will be gradatiomal but will be much better

sorted than under ordinary temperate conditions.

Gylinder'2,, This cylinder contained tap water, 1o ii was-éddéd a
quantityybf’ciéy,Which was allowed to settle undisturbed for i92 hours,
On examination it showed a light colored lowgr band with a darker bend
above, the boundary between the itwo being fairly distinct. The cylinder
was placediin a room for a number of days. ZThere was a distiﬁci line
marking the change in conditions, the material subsequ?ntly depositing

- as a uniform band of light colored sediment,

Cylinder 3. This cylinder contained tap water.. At five successivé
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intervals quantities of deflocculated clay were added. The deposit showed
five distinct sets of bands, each set having a lower light and an upper
dark part., The contact between the light and dark bands of each set

was not as disiinct as that between the dark and light bands of different
selee Each set of one light and one dark bend correSpon&s to an addition
of material, It doul& be seen that the lower bend of each: set was
coarser than the upper darker band.

Experiments were carried on at room temperature, 20%., using
similar cylinders containing tap water and adding samples of the same
clay at succeeeive intervals, Bands could be dlscerned, each addition -
of materlal being marked by a depoait of cearse materlale ‘The deposit -
from each addition of meterial however, showed no indication of

e division into two components.

F. Experiments on Flocculation at Low Temperatures.

Ao »Materialg
As actual sea water was not readily available a solution was
made up according to analyses given by Grabau (15); This solution
conteined per 1000 ccs.
 Sodium chloride 27213 grans,

Magnesium chloride 3:807 @

Magnesium sulfate 14658 ®
Calecium sulfate | 1,260  *®
Potaséium sulfate 863 °
Oalcium carbonate .1257 "
Megnesium bromide 076 ¥

15 @rabau, A., Principles of Stratigraphy, p 147.
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Using this solution as a standard, cylinders were filled with
solutions havmg a salinity of 1, 1/2 , 1/4, 1/8, 1/16, 1/25, 1/32,
1/50, 1/64, 1/90, 0, that of normal sea waters

The clay used in the experiments was completely deflocculated,
Its composition was approximately 50% silt, 40% coarse clay, and 102
fine claye The cylinders were placed ins a tank having a temperature
of 4°C, Equal quantities 6f the clay were added toveach eylinder at
three successive intervals of one hour. After the last addition
sedimentation was allowed to procéed for 118 hours. On examinatian
‘the results were as Pfollows. |
Be Results. . , _

Cylinder of 0 salinity solution. The deposit consisted of two thick
layers, a whitish silt layer below and an upper dark iayer, with a
sharp boundary between the two, The lower silt layer showed three sets
of alternating light and dark bands, ;c,he boundary between en upper dark
band of ome set and the lower light bend of the aucceeding set being
much meré distinct than the boupdary betweén a light and dark bend of
the same get. Thebperiad of sedimentation between successive additions
waee not sufficlent to allow the eclay to setlile, so that it appeared in
a layer, showing increasing fineness upwards, above thevSilto The
suspension in the cylinder was very turbid 20 hours after the last
addition of material and remained so for several days. There was no

indication of floceulation in the deposit,

Oylinder of 1/90 salinity solution. There was a deposit of 1°mms.,
with 2 mms. of silt at the bottom showing two sets of bands, above this

the material was flocculated.
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Cylinder of 1/64 salinity solution. 1+5 mms. of silt showing indistinct
banding was at the boltome Above this was 345 mmse of darker clay, having
e lower sharp boundary with the silt. The lower parf of this layer appeared
hoﬁogeneous and very fine grained. If graded upwards into a layer of 1,5

mmse which comsisted of various sized flocculated massese

‘Cylinder of 1/30 salinity solution. A layer of about ‘mm, of 8ilt, showing
no indication of banding,'was on the bottom. Above this the material was
flocculatede The entire deposit, however, had a banded appearance, having
three sets of layers. These sets eonsiated of a lower'layer of light
colored, relatlvely fine grained appearing material, w1th an upper
component of darker colored material consisting of flocculated masses
which gave the deposit a coarse grained appearance, The boundary
between Iight end dark layers of one set was gradational, between dark
and light iayers of succeeding sets was sharp. Under the microscope the
material in the lower light colored band appeared coarser in grain than the
upper flbcculéted bend which cénsisted of flocculated masses of fine

grained material,

"Cylinder of 1£ 32 salinity solution. There was very little silt at the
bottom. A layer of 1§5 mms of homogeneous materidl graded upwards into

flocculated material indistinctly showing this floecculation banding.

Oylinder of 1/25 salinity soluiion, There was a deposit of 9 mme,, with
no silt at the bottoms The flocculation banding was very distinct. From
the bottom of the deposit the layers measured as follows. Light 1+75 mms.
Dark 1.25 mms.,, Light 1,75 mme., , Dark 1,25 mns., Light 1.75 ms., Dark 1 25

xms.

Cylinder of 1/16 salinity solution, Banded but less distindtly so than

in the previous eylinder. The lower two bands were fairly distinct.
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Cylinders of 1/8 and 1/4 salinity solution. Flocculation banding was

fairly distinet in the first cylinder but much less 80 in the second,

Cylinders of 1/2 and 1 salinity solution. The material appeared
fairly uniform throughout with little or no banding or apparent

arrangment of material,

G. Experiments on Flocculation at Low Temperatures using Partially

Deflocculated Materiale

‘Experiments were carried out under similer temperature
condltions as above, u81ng Cross lake material that was only partially
deflocculated. The suspension was added at succeesive intervals to
cylinders containing distilled water.

The materiasl sedimented very rapidlye The deposit showed no indic=
ations of banding éxcept for an irregular layer of black material marking“

the end of esch period of sedimentations This bleck material was undefloce~

ulated fine clay which constitutes the upper podtion of the Cross Iske varves.

)

H. Flocculation Experiments at Higher Temperatures.

S8imilar flocculaﬁion experiments were carried out at room
temperatures- u81ng the same type of material and the same concentratlons
' of electrolytes as those used for the experiments grouped under Fe
The flocculation bending was most marked at a salinity of 1/25
but was quite definite at a salinity of 1/150 and indicated at a
salinity of 1/8, Witk a salinity of 1/2 the deposit formed from the
first addition was banded but a#béeQuent deposits were homogeneous.
In the cylinders containing distilled water there was a division
‘ betweep the silt and clay components. Sets of bands could be distinguished
corresponding to the different additions of material, but there was not the

distinct boundaries between light and dark layers of each band that ére
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found in deposits formed at low temperature. The material remaining in
euspenaion after the Qoarser’grades had sedimented, Fflocculated and was
deposited>in a uniform layers

T§ a cylinder containing 500 cce. of 1/25 normel sea weter, 40
ccse of the clay suspension were sdded in a continuous stream over avperiod
- of fifteen minutes. ’The resul ting deposit showed distinctly the floccul=

ation banding.

I. Experiments on the Relative Rate of Flocculation at High and

- Low Temperaturese

A eylinder eontalnlng 500 ccse of 1/2 normal sea water wes placed
Outslde a window where the temperature was 4°0. A similar cylinder was
placed in a room &t 20°G. To each eylinder was added 17 ccse. of a clay
suspension and the cylinders shakens Papér tegs were placed on eéch cylinder
in similar p081t10nSo

For about 45 minutes the turbidity of the two cylinders appeared to
diminish ate &bout the same rate. At the end of this time the relative
rate of flocculation appeared to become slower in the cylinder at 40,

In 90 minutes the tag on the cylinder at 20° wae visible. The tag on the

cylinder at 4° was not vieible through the suspension for‘175 ninutes,
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113AApplicatien of Resultse

| - Glacial lakes differ from temperate lakes in several importent
features., Near the ice front at least, they have inverse temperature
stratification with the lower part of the lake at a temperature of 1Pg,
They are fed by glacial streams having a temperature little above 0°C.
The deposits in glacial lakes show little or no evidence of wave or
current erosion, indicating the lack of importent disturbences during
sedimentetion. The supply of material consists of fine crushed rock;

the mechanical analysis of this material shows thet it is unsoerted,

Moreover such fresh ground material is probably to a great extent

unflocculated at the time that it reaches the lakes Ii¥ia gene;élly
considered that the glacial lakes contain a low concentration of electrol“'.
ytes. Unde¥ these conditions the sedimentary processes would be undietur%ed
and the rate of settling df the material would not be influenced to any
degree by flocculatione

| It hes been shown that temperature hes a very important influence

on the rate of settling of particles. It seems reasonable to assume that

(14)

in glacial lakes where varves of the diatactic type are formed, the

ratevﬁf setiling of the particles ie a diréct function of their size and
the temperature of the watere The experimental work has shown thaf the
time of fall of the smaller sized partiqles is very ﬁuch increased by
low téﬁpefatures. Ag?in it has bheen shéwn thet as the paf£icles deerease

in eize, retardation increases very rapidly. In a glacial lake this

14. Studies in the Quaternay Varve Sediments in Southern Swedeno

Bull, Oom. Geol. de Finlande; N:o 60, p 1 = 164,

Sauramo éefines diatactic structure as the effect of sorting of the

‘materials of the varves eccording to sizes and specific gravity of the



310

factor would become very importents During the melting eeason there is
a continuous supply of matérialo_ The coarser sizes would settle relatively
repidly. The finer sizes would séttle very slowly, since the water in the
lake would be in the neighborhood of 4°C, This would allow a very definite
érading of the materials, At the close of the melting season the supply
of meterial would diminish to a relatively small amount, or probably be
almoet stoppeds The result would be that in a short ﬁime ﬁll of the
coarse meterial would be depositede The division between the lower end
upper parts of the var#e_would correspond to this chaagé’of conditionss

| Duriﬁg the winter season the finer material Qéuld slowly settle
forming the upper part of the varve. The manner of sedimentation of
the very fine material during fhe remainder of the wintér season ié not
so0 easily understood. In water at 4%¢, the fine clay would settle at an
extremely slow rete, so slow in fact tﬁat it is difficult to understand
its complete sedimentation before épring, unless flocculation takes places
The experimental data seem to show that flocculation and subseqpept
sedimentation ﬁake place much more slewly,aespecially'for the finér sizes,
in cold than in temperate waters. .The stillnese of the water during the

winter season coupled with the increase in electrolytes end: material in

vsaspension‘due té the formation of the ice would havg;the_effect of

particles, the'coaﬁgst at the bottom and the finest at the topo

Symminet structure is the name used to refer to clay deposited under the

control of an electrolytes, In this case;'the particles, larfe and small,

- go down together and form an unsorted mass due to flocculation‘of the

grainse
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increasing the rate of flocculation, ﬁuring the entire melting season
there may have been a slow flocculations It is known that the rate of
flocculation increases for increasing numbers of particles per unit
volume. As there is an increasing amount of material in suspension in
the lake as the season pfogresses, it is probable that the rate of flocow
#lation would increase towards the close of the melting 868.50N,

The meximum salinity perﬁitting.the formation of diatactic varves
seems to be about 1/50 that of normal sea water, although flocculation
appears at a salinity of 1/90 that of sea water. With increasing
cOncentratioﬁs, the flocculation becomes more rapid as is shown by the
decrease in the quantity of wflocculated silt deposited;ih ﬁhe bottonm
layer of the experimental eylinders. Around a concentration of 1/32
of normel sea water the flocculation and sedimentetion of some of the
material takes place as rapidly as the sedimentation of the coarser
materiai, so that the coarser material does not appear és an unflocéulated
deposit but is mixed with this flocculated finer maferialo Above this
cqncentration the flocculation of the clay tekes place in such a menner
as to allow the sedimentation of the flocculated coarse material to be

falrly complete Before the flner material becomes flocculated and

(15)

"deposited, Gallay - hasg po;nted out that a coarse~suspensmon is more

affected by an inerease of electrolyte than a fine one. Apparently the

coarse material has time to agglomerate and settle before the Piner
material is sufficiently flocculated to allow rapid sedimentation.
It is evident them, that in the férmstion of true diatactic

varves, flocculation plays little or nq'part, except possibly in the

15, Gallay, Rene, Studies in the Ooagulation of Clay,

Kolloidchemo Beinfte 21, p. 431 - 489, 1926,
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Pinest part., In the formation of a diatactic varve it is necessary to
have material containing at least two different sizes of partlcles,
sedlmentatlon in weter of low temperature, a low amount of electrolytee
i? the material is of such size as to be affected by flocculation and
material which is unflocculated at the beginning.of the proeese.

Coarse suspensions, with particles of from (.03 to 0.1 MS e
in diameter are in general indifferent to flocculation and the other
influences affecﬁing fine sediments, and settle with a velocity
dependent on thelr size, degree of roundness and the temperature of

(16)

the water.

When the eupply of material contains such sized grains in

addition to finer sizes, & type of varve might exist whish is diatectlc
in the coarser portion and symminct in the upper part.

When the supply'of material is composed of particles'smaller
than 0.05_mme. and the cencentratien of the electrolyﬁe is Prom aboutb
1j32 eo 1/4 that of normal sea water, flocculation and eedimehtatien
take place in such a maener'as to give the flocculation bandinge. This
phenomenon appears to be one of concentration of electrolyte and eize of
ﬁaterial and is more or less iﬁdependent of temperature, at least for ﬁhe
31zes and temperatures used in the experiments. The method of origiﬁ of

v this banding has been explalned in a preceedlng paragrapho

Above a concentration of 1/2 normal salinity sedimente consisting -

of silts and clays are flocculated too rapidly to allow any bandlngo

L 4

>16. Wells, R.0s, Flocculation of Colloids,,

Report of the Committee on Sedlmentatlon, April 18, 1923, p. 50 = 52,
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These results hold for unflocculated meteriale The experimental
work on partially flocculated clays shows that such material dees not
form bended deposits, This is probably due to the fact thet in such materids
the perticlesvare not present in their true sizes, the finer ones
especially being agglomerated, and thet material once partially
flocculated is much more easily flocculated the succeeding times
than 1s unflocculated materiale |
The contrast in color between the lower and upper bands of a
varved deposit is an outstanding feature of such clayse It has been

found that quartz when ground in & mortar shows & perceptible

darkening as the grinding proceeds to ery smell sizea. This difference
in color for different sized particles is not‘marked‘eheegh to give ﬂhe
contrast that is seen in a varve. Ferric and ferrous sul phides would
cause & dark color if #hey were present in aﬁpreciable quentities in the
clay, Tests showed & trace of sulphides in the Herd lake material and a
small quantity in the Creas lake Clay. When the mechanical analyees
were made of this material the different grades were exsmined. It was
found that they varied in color from almost a white for the sild to &
‘dark brown for the fine clay. Temm (an has confirmed the statement,

made by meny investigators,that there is a large amount of mica in

glacial clay.‘ He found that the mica was concentrated in the finer grades,

The percentage of alumlna and iron is higher in the fine part of the
varve. These facts indlcate the probability that the dark color in the
fine part of the varve is partially due to the mineralogical nature of the
material, possibly a cencentration of those minerals high in aiumina and
iron, which frequenﬁly are dark colored minerals. The light color in the
coarser part of the varve is due to = predominance of quarts and feldspar
particlese

17. Bee reference no.8,
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K. Some Oonditions Essential for the Formetion of Diatactic Varves.

The nature and iﬁportance.of some of the factors affecting the
formation of varves have been determined in the expgrimental work
presented in the preceeding pages. Some of the conditions that have
been found essential for the formation of diatactic varves are as
followse
1o Unfleqcuiatéd material of assorted sizess
2, Sed;mehtation in water of low températuref Otherwise there is not

sufficient difference in the time of fall of the particles to give

the gréding thet is éharactéristic of diatectic vafveso

(19

3. Periodic supply of material, Vaf%es have been répbited by Sayles,
in which the lower part of the varve had an alternating series of
coarse and fine layers of silt and above this was the finer part of
the varvee. 'Banding'is_not necossarily seasonal when the materials
are coarse and’congequently seaiment rapidly. A daily variation
of supply would suffice to give a banding of deposits in shallow
water, if the material was coarse. With finer materials and deeper
waters a longer period would be requirede.

4, Yow concentration of electrolytes. Since floceulation takes place at

a salinity of 1/90 normal sea water it is doubtfulfif7diatactic varves

consisting of fine material could be formed at a much greater salinity

then thise

18. Sayles, R.¥., Report of Progress of Studies on Seasonal Deposition
in Glacial Bediments., Report of the Committee on Sedimentation,

Apiillzé, 1924, p. 33 = 39,
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SURIARY,

1« The finer fraction of a varve contains a greater percentage of

ferric oxide, alumina and potash, and less lime than the corresponding
coarser fractions The silica content seems variable as does that of the
oxides of magnesium and sodium. There is a greater loss by ignition

in the cosrse frection, except in the Cross lake samples

2. There is a definite difference in mechanical cemposition between

the coarse and fine paris of a varve.

3« The evidence indicates a withdrawal of the ice front during the

period that the Herb lake sample was being dep091ted.

h.  Temperature has an importent effect on the velocity of fall of
particles smaller than 5 mms in @iameter. As the temperature
decreases the velocity of fall of a small particle becomes less, until

a minimum is reached at 09C.

S5 As the size of the particle decreases, the retardation by

temperature of its velocity of fall becomes much greater.

6+ The reterdation by temperature of the veloecity of fall of small
particles is the factor which causes the definite grading seen in

varved deposits.

7+ Varve like deposits cen be reproduced in the laboratory, if
- unflocculated material is sedimented in fresh water near a temperature

Of lI-QC¢

8. Cley ausPensions are flocculated in water having a salinity 1/90

that of normal ses water. Around a salinity of 1/50 that of sea water
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the flocculation and deposition of the coarse materisl takes place much
more rapidly then thet of the Tine materiels The coarse material is
_deposited as a more or less uniferm layer. The fine materiel is
deposited on top of this as a layer of large floccules, The two layers
are fairly definitely divided. The name flocculation banding has been
given to thie type of deposit. The phenomenon appears to be independent
of températureo | |

9, Varve deposifs cammot be formed in water having a salinity much
greater than 1/4 of sea waters

‘10. Hatermal that has been flocculated is not likely to be sufficiently

deflocculated, by any natural process, to yield diatactic verves.

11 PFlocculation, especially of the finer sizes of material, appears

to take place more slowly at low temperatures.

12. Tha expefimental data obtained indicete. that the following conditions
are essential for the formatiqn of diatactic varveé.

A. A supply of unflocculated material pf assorted sizes. The only
readily available material of this nature appears to be the
products of glaeial erosione

Be Sedimentation in water of low temperature. ”

: ;c.’ A periodic»supply of materialc'  B
| D; A low coneentration of eiectrolytes.

Es Sedimentation in weter relatively free from disturbances such as
waves or currenbs,

13+ Under eertain conditions varves\dovnot neéeesarily reprgsent a year's
deposite
t4. It is suggested that the differenmce in color between the two bands

is partially due to a difference in mineralogicai compositione





