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Seasonal Records of Geologic Time 
A ~OTED I~ A~N AL RIXG OF TREER, BA::.l'DED GLACIAL CLAY , AND 

CERTAI DEPO IT, l\IADE DURI~G PERIOD OF ARID CLil\IATE 

BY CHE TER A. REED 
Associate Curator of IO\·ertcbrate P aLLontology, American :\Iuseum 

WE are all im pre ed with the 
variable daily amount of light 
and heat received from the 

un and with the recurrence of day 
and nirrht cau ed by the revolution of 
the earth on its axis every twenty­
four hour . We are not unmindful, 
too, of the gradual pa ing of the 
ea on , pring, ummer, autumn, and 

winter, and the accompanyinrr varia­
tion in temperature and moi ture, a 
the earth completes its annual circuit 
about the sun. The que tions natu­
rally arise : what is the net result of 
these seasonal fluctuation , for how 
many years have they been goinrr on, 
and what will be their tendency to­
morrow? We turn to the past record 
for an indication a to the future. We 
know that there have been seasonal 
variations for the thousands of years 
that man has been keeping his calendar 
and writing hi tory. We also have 
good rea5on to assume that they were 
true for prehistoric man, who kept 
no tangible records, as well as for the 
great eon of time that preceded the 
advent of man upon the earth. 

Tho e of us who have ob erv d 
nature in one or more of her varied 
pha es are greatly impressed with the 
effect of the seasonal changes upon the 
plants, which have adapted their 
growing periods to spring and ummer, 
and their resting or maturing tages to 
autumn and winter. The researche of 
Dr. Ell worth Huntington and Prof. 
A. E. Douglass on trees and climate are 
e pecially interesting in this connection. 

In the tree the easonal change are 
recorded in the annual rings. oft 
whit cells o-row at a rapid rate in the 
pring. This growth is dependent upon 

the relative amounts of nowfall and 
rainfall of the preceding winter as well 
a. upon the porous or compact nature 
and depth of the oil. In the autumn, 
due to lowered temperature or dimin­
i hed water upply, there is a gradual 
ce sation of the activity of the tree. 
This change i recorded by the depo i­
tion of denser and darker material in 
the cell walls. During the winter, 
growth practically stop . 

Occa ionally, due to two stages of 
growth in one year, superfluous rings 
may arise, or, due to the lack of a 
spring development, two or more 
autumn ring may merge together and 
an apparent omission of rings will 
occur. To detect a po ible error in 
count inrr the e abnormal ring , group 
of rings in different trees are compared 
and "cross-identifications " are thus 
e tablished . Years deficient in rainfall 
or lowered temperature are more 
noticeable and more widespread than 
favorable year , for a deficient year is 
characterized by an individual ring 
that is small compared to those beside 
it. Large ring are more apt to come in 
groups and are not so extensive geo­
graphically a mall rings. 

Variation in climate can thus be 
detected in the growth rings of trees. 
Succe ive year are not all alike, for a 
factor like rainfall may be variable; 
be ide , more than one factor may 
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A port ion of a fos il quoia t ree of 1iddle Tert iary (Miocene) ao-e from the Yellow­
tone Xational Park, showing annual rino-

affect the tree rino- , uch a rainfall, 
temperature, and length of growmg 
sea on. In reo-ion where tree have an 
abundance of moi ture there i often 
not iced a beaut iful rhythm of annual 
ring which matche with the un- pot 
cycle of 11.4 year . Other cycle. of 6 
year , 22 year , 35 year , and 100 year 
have been noted. In fact, different 
cent urie may have different combina­
tion of climatic cycle . When they 
are better known, they may give us a 
ba i for long-range weather fore­
ca~t ing. ome of them have been 
u ed by Profe or Dougla._ ind termin­
ing t he relative date of pr hi toric 
ruin in northern r ew 1\1exico.1 

1 ee the article entitled " Dating Our Prehistoric 
Ruins." by A. E . Douglas. NATt.:RAL H1 TORY, J anu­
a ry-February, 192 1, pp. 27-30. 

The longe t record of tree growth i 
that found in the "big tree " of 

alifornia , the equoia washingtoniana. 
ome of the e tree have lived for more 

than 3000 year . In the J up collec­
tion of orth merican wood in the 
American 1\1u eum, th re i a cro 
ection of a large equoia tree which 

wa cut in 1 94. According to the 
count of the annual ring thi tree 
tarted to grow in A.D. 550. Recently 

Doctor Huntino-ton ha added to thi 
xhibit a climatic curve ba ed on the 

variable grow h in the equoia and ha 
indicated the ri e and decline in 
re pon e to climatic variation of the 
great government of the countrie 
bordering the Medit rranean from 1300 
B.c. to the pre ent. Thi~ compari on i 
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possible since a study of the countries 
bordering the Mediterranean show 
that t he climatic pulsations felt there 
were similar to those indicated by the 
" big trees" of California, and indeed 
the climate of the two regions is still 
of the same type. 

From the trunks of fossil t rees it is 
probable that a very much longer 
record will be obtained. Trunks of 
fo sil Sequoia trees occur in the Yel­
lowstone Nat ional Park, in t he eastern 
foothills of the Rocky 1\1.Iountains, and 
el ewhere, in places where the trees do 
not now grow. The cross section of the 
silicified wood ample, p. 372, shows 
ninety-t wo well marked ring with a 
thickness of abou t one millimeter each. 
Fossil woods exhibiting annual rings 
have been found in rocks of various 
age from the Upper Devonian Period 
t o t he present, that is, as far back as 
18,000,000 years ago, but only com­
paratively few have been collected 
and are accessible . 

A longer annual record than t hat 
afforded by the living Sequoia trees 
ha been obtained in Sweden from the 
glacial clays deposited in fresh-water 
lakes which laved the retreating ice 
front of the last continental glacier . 
The stratified clays of the Hudson, 
Hackensack, and Connecticut river 
valleys and of many other points in 
America were likewise deposited in 
fre h-water lakes which followed t he 
retreating ice border of the last great 

orth American ice field. 
On close inspection these glacial 

clay deposits show distinct seasonal 
layer or bands : a summer layer, 
which is the thicker, of more sandy 
material, and of lighter color, usually 
gray; a winter layer, which is the 
thinner, of very fine clay, and of darker 
or reddish color, depending upon the 
color of the rock from which t he fine 

clay part icles were derived. I n passing 
upward from a dark winter layer to the 

Banded glacial clay (varve clay)from New 
Haven, Connecticut, showing seven dark;·win­
ter layers and six lighter summer layers (nat­
ural s ize) . An annual deposit consisting of a 
summer layer and the succeeding winter 
layer is called a varve. Collected by:Dr. E . 
An tevs, 1922 



Postglacial banded clay expo ure at Dunning Poin t on the Rud on River near Beacon, 
New York . Photograph by the aut hor, September, 1922 

Varve clay from clay pi t one-quarter mile north of Mountain View, New Jersey. The 
deposit was made on the bottom of the former glac ia l lake, Pa aic. Photograph by the 
author, eptember, 1922 
4 



SEASONAL RECORDS OF GEOLOGIC TI~IJE 

coarse gray summer layer, the change i 
abrupt; from the summer layer to the 
winter layer, however, the change i 
gradual in all cases. The coarse sum­
mer layers have very fine wavy lines 
of bedding while the fine winter layers 
are homogenous and uniform in appear­
ance. These seasonal layers alternate 
in position without exception through­
out the deposits. A pair of such layers 
is called a varve, or annual deposit. 

In different years different quantities 
of sediments were carried to the glacial 
lakes and consequently there arose 
variations in the thickness of the 
varves. Over the several areas of sedi­
mentation, however , the varve for a 
particular year is approximately of 
the same relative t hickness. Another 
circumstance of considerable note is 
that the varves overlap each other very 
much like the shingles on a roof. This 
was brought about by the amount of 
summer melting and the annual re­
treat of the ice northward. The loca­
tion of the northern limit of each varve, 
that is where it touches the bed rock, 
thus enables one to determine the posi­
tion of the ice for a particular year as 
well as the rate of retreat. 

In Sweden the rate of glacial retreat 
was irregular; in Scania and Belecking 
about 75 meters a year. Before reach­
ing the two great Fennoscandian 
moraines near Stockholm, which repre­
sent distinctly adverse climatic condi­
tions, it increased to 100 meters or a 
littl_e more. North of the great 
moraines the retreat fluctuated from 
100 to 300 meters or more a year and 
only occasionally was it interrupted by 
a stoppage or small advance. 

This retreat of the last glaciation in 
Sweden, (see map) may be subdi­
vided and summarized as follows: 

(1) DANIGLACIAL-Part of Denmark, part 
of Scania, and north central Germany south 
of the Baltic Moraine. Time undetermined . 

(2) GoTIGLACIAL- Retreat from the termi­
nal moraines in middle Scania to the southern 
border of the great Fennoscandian moraines 
south of Stockholm, 11,600 B.c. to 600 B. c., 
or 3000 year . 
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Retreat stages of t he last glaciation m 
nor hwestern Europe. After Osborn and 
Reeds, 1922 

(3) FINIGLACIAL-The retreat from the 
southernmost of the Fennoscandian moraines 
to the part ing of t he land ice into two parts 
in the Ragunda district, 8600 B.c. to 6600 
B.c., or 2000 years. 

( 4) Po TGLACIAL of Swedish geologists, 
based on t he work of Liden in t he valley of 
the river Angermanalven, 6600 B. C. to 1900 
A.D., or 8500 years. The above figures give a 
total of 13,500 years for t he retreat of the 
last ice sheet from cent ral Scania to the 
present small ice caps in north central 
Sweden. 

The glacial clay studies in Sweden 
have been made chiefly by Baron 
Gerard de Geer1 and a number of 
younger men trained by him, particu­
larly Dr. R. Liden and Dr. E. Antevs. 
It was in 1878 that De Geer arrived at 
the conclusion that a pair of these 
seasonal layers constituted an annual 
deposit, or varve. De Geer also devel­
oped a method of correlating t hese 

1See the article entitled " Baron Gerard d e Geer and 
His Work" by J ames F . K emp. ATURAL HrsTORY , 
Yo!. XX I, pp. 3 1-3. 
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depo its not only in the ame region 
but also in different regions. 

tudie of glacial clay, depo ited 
during the retreat of the la t ice sheet 
in orth America, have been made by 
a few inve tigators, particularly Antev , 
1921- 22, who ha determined a e­
quence of varve clay repre enting 
4100 year for the retreat of the ice 
front from Hartford, Connecticut, to 
Saint John bury, Vermont, a di tance 
of 185 miles. The average rate of 
retreat was a little more than one mile 
in 22 year , but it was not regular. 
Between pringfield and Amher t, 
Ma achu ett , a distance of twenty 
miles, it was much lower, about a 
mile in 47.5 year . Then for 350 
year the ice front remained in the 
vicinity of Amher t, but at the 
termination of that span of years re­
treated more rapidly, about a mile in 
15 to 16 year . The result of Doctor 
Antev ' inve tigation have been pub­
lished in book form, under the title 
of The Reces ion of the Last I ce Sheet in 
New England, by the American Geo­
graphical Society, New York, 1922. 

Banded clays of an earlier glaciation 
were de cribed by Prof. R. ,v. Sayle 
in 1916 from the qantum penin ula 
near Bo ton, Mas achusetts. It i 
e timated that they are 13,000,000 
years older than the clay deposited 
during the retreat of th la t or 
Quaternary (Plei tocene) glaciation of 
northwe tern Europe and ea tern 

orth America. They are 00 feet 
thick and have been referred to the 
Permian Age, a period nearly one­
fourth the way down the geological 
scale ( ee p. 37 ) . ince depo ition 
the e ancient banded clay have been 
converted by dia trophic movement 
into late or argillite, but they till 
retain their original relation and char­
acteri tics. 

The mo t ancient glacial clay with 
varve so far noted appear near the 
ba e of the geological column and are 
e timated to be 37,000,000 years old or 
older. They exist as argillites as o­
ciated with the Huronian glacial drift 
depo its at Cobalt, Ontario, Canada. 
According to the late Prof. Jo eph 
Barrell, they occur at the outh end of 
Cobalt Lake; they are delicately 
banded and indicate rhythmic depo i­
tion. The band are grouped in series 
that show larger rhythm repre enting 
climatic fluctuations covering periods 
of years. 

Depo it made under arid climate 
sometimes show seasonal develop­
ments. According to R. Gorgey 
(1911) easonal bands appear in certain 
salt depo it of northern Germany. 
Varves repre enting 5653 year have 
been noted in the e deposit . The alt 
bed which exhibit thi banding are 
a sociated with red formation and 
gypsum of Upp r Permian age. nlike 
the varve clay , which formed under a 
moi t glacial climate, the e alt de­
posits were develop d from brines 
under a period of continued arid 
climate characterized by exce ive 
evaporation during th summer. 

Another example of ea onal bands 
formed under an arid climate i fur­
nished by the pecimen of Tria ic red 
sand tone shown on p. 377, which the 
author found in September, 1922, as a 
sporadic bowlder in the five feet of 
"yellow drift" . overlying the late 
glacial clays of the Quaternary (Plei to­
cene) Period in the vicinity of Little 
Ferry, ew Jer ey. The normal po i­
tion of the Tria sic rocks in thi region 
i beneath and on the margins of the 
Pleistocene clay . In cros ection this 
pecimen shows more than nineteen 

annual band of red sand. The summer 
layers are the lighter in color and are 
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relatively thick with moderately coarse 
sand; the winter layers are the darker 
and are thin, being composed of a 
finer grained sand than the summer 
bands. The varves are quite regular 
and show marked seasonal differences. 

From the instances cited it is appar­
ent that seasonal records of one kind 
or another occur at widely separated 

that is, the two extremes of climate. 
Furthermore, their presence is re­
stricted to the fresh-water lakes which 
laved the retreating ice front or to the 
vanishing lakes of arid regions. The 
marine formations, which constitute 
the greater portion of the stratified 
rocks of the earth's crust, show no 
varves or seasonal banding; hence 

Cross section of varves in a Triassic red sandstone bowlder from Little Ferry, New Jersey 

intervals in geologic time, in fact so 
early and so late and with sufficient 
frequency to justify one in assuming 
that seasonal changes took place 
regularly from year to year throughout 
all geologic history. Seasonal records, 
however, have not been preserved for 
every year, as a certain combination 
of circumstances must exist to bring 
about deposition. Sharply marked 
seasonal deposits were formed either 
under glacial or under arid conditions, 

deposits exhibiting varves form only a 
small part of the geologic record. 
Such deposits are of the greate t im­
portance, however, in the study of 
o-eochronology, climates pa t and pre-
ent, and the evolution of life. 

Where varves exist, they can be 
counted and the actual length of time 
involved in their depo ition ascertained. 
In the many instances, however, where 
they do not exist, the duration of time 
i uncertain; nevertheless, the thou-
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A CHART OF GEOL OGIC TIME 

The glacial epochs are shown by the shaded area (dotted where t he data are indirect) ; 
the arid climatic pulsation by a curved line (dotted where t he data are indefinite) ; and t he 
varve depo its by a V, placed on the left of t he ruled line where glacial action re pon ible 
and on the right of the line where the varve were produced by arid climate 
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ands of sedimentary beds represent 
millions of years for their deposition. 
Competent observers u ing different 
criteria have made various estimate a 
to the age of the earth. Some say that 
it may be 60, 100, 200, or even 750 
million year old. Whatever the true 
estimate may be, there are actual 

• beds of rock which represent a tre­
mendous length of time for their 
deposition. 

In recent years many rreologi t have 
concluded that the earth's climate ha 
pulsated back and forth and that a 
stable climate ha not prevailed for 
any great length of geologic time. 
There have been period when exten­
sive land areas, now comparatively 
free of ice, were covered with great 
ice heets. At other times arid to 
emi-arid or desert condition often­

time prevailed in the ame or even 
higher latitudes. To account for 
change in civilization at variou place 
in historic times, Prof. A. Penck and 
Dr. E. Huntington point to the hifting 
of climatic zone back and forth and 
cite example along the northern and 
outhern margins of the Sahara and So­

noran de ert . 
ow it may be observed that due to 

repeated o cillation of the climate 
during geologic time from one extreme 
to the other, life has passed t hrough 
ucce ive cri es and that each cri i 

was a step forward toward the e tate 
of man. The variou group of life 
which have been ucces ively dominant 
on the earth have been listed in the 
life column on p. 000. That these 
variou cla e of life are genetically 
connected is known (1) from the recapi­
tulation, in the embryological stages of 
the higher animals, of the types of life 
that have preceded them; (2) from 
the finding in the geological record of 
large number of fo il pecimen which 

bear witne s of this connection and 
development. 

Variations in climate hould not be 
regarded a the ole cau e of evolut ion 
but one of four or more contributing 
factors which Prof. H enry Fairfield 
Osborn ha con idered in his book, 
The Origin and E uolution of Lif e. It 
may be noted, however , that geologic 
and secular change of environment 
have preceded many of the most pro­
found changes in life. 

In the Archreozoic Era, which em­
brace the olde t rock , there is in­
direct evidence that unicellular forms 
of life were pre ent, al o that nothing 
higher existed. 

The Lower Huronian Period , with 
an exten ive glaciation in outhern 
Canada and other part of t he world, 
wa among t he first of the crit ical life 
period . The Archreocyathinre, coral- . 
like animal , appear in great numbers 
before the clo e of the period. They 
repre ent the olde t invertebrate 
known and an early tep forward in the 
evolution of life from the unicellular 
form. 

Toward the close of t he Proterozoic 
Era another pronounced glacial climate 
prevailed in variou part of t h~ world, 
the net result of which was t he sudden 
appearance in t he Cambrian rock of 
numerous examples of all cla e of 
marine invertebrate . It i al o prob­
able that the tendency toward verte­
brate life was initiated at this t ime, for 
primitive fo il fishes have been found 
in the Upper Ordovician rock of 
Colorado and ,v yoming. 

The next important cri i occurred jn 
the late Devonian when, due to t he 
rather extensive arid condition in 
many part of th world , there was an 
emergence of the earliest vertebrates 
from the water. Huntington ay it wa 
drought which apparently drove our 
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fi hlike ance tor out of the water upon 
the land. H con icier thi a mo t 
momentou tep, for only in the highly 
varied environm nt of the land does 
brain power develop rapidly. 

Glacial condition which were to 
have a far-reaching fleet upon life 
returned in the late Penn ylvanian and 
again in the Permian period . The 
Permian glaciation wa prominent in 
both the outhern and northern hemi­
spheres to within 30° of the equator. 
It wa during the e trying times that 
the warm-blooded mammals probably 
aro e. Their bones, however, have not 
been found earlier than the Upper 
Tria ic. According to Huntington, 
the transition from cold-blooded to 
warm-blooded animals represents one 
of the most profound developments in 
the hi tory_ of evolution. 

Throughout the Me ozoic Era the 
reptiles were the grand masters of the 
realms of land, air, and sea. During this 
time they waxed trong, deployed 
widely, and became adjusted to their 
environment. Then there came a 
great change over the land cape in the 
early Tertiary: the Rocky Mountains 
were uplifted, sea and marshy lowland 
were drained, glaciation returned, the 
reptile horde was dimini hed, and the 
mammals became the dominant cla s. 

The mammals in turn took on many 
diverse form and, like the reptiles, 
occupied all the media of land, water , 
and air during the millions of years of 
the Tertiary Period. When they had 
reach d a condition of complete domi-

nance and adaptation, they too w re 
udd nly wip d out in whole ale lot . 

Thi may be attributed directly or in­
directly to the evere climatic v1c1 -
itude of the Plei tocene or arly 

Quaternary glaciation . 
The Quaternary Period i called the 

Age of Man. In Europe outh of the 
fifty-third parallel evidence of Plei -
tocene man and even of a late Tertiary 
(Pliocene) man have been found. Suc­
ce ive types of men lived, truO'gled, 
and endured the privation of the 
glacial and interglacial epoch . Dur­
ing these times the cultural develop­
ment of man centered about the per­
fection of tone implement of chipped 
flint, the palreolithic stage; then during 
the short Postglacial tage, with it 
minor climatic o cillation , he pa ed 
rapidly through the neolithic into the 
hi toric and modern culture tage . 
According to Huntington, it wa 
apparently this Glacial Period which 
chiefly stimulated man' mental devel­
opm nt and cau ed his intelligence to 
dominate the earth. 

Y.l e pause on the thre hold of the 
future ; we dare not enter, for we have 
a profound respect for the pa t. We 
know that this is the Age of Man but 
we do not know what the next aO'e will 
be. We feel as ured that .. ea onal and 
climatic variation will continue in a 
pulsatory way a before, but a to 
man he will in all probability uccumb 
in time, a did hi ance tors, to the 
natural forces that cau ed him to ri e 
and conquer. 
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