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FOREWORD

The Place of Time

Does time pass, or does it take place? This was one of a series
ol spontaneously emerging questions that {ed me to propose
this exploratory themc issue of Nebraska History quanterly.
Though the timing is later than onginally intended—and the
scope somewhat differeni—we mighl now jusl as well allow
the synchronous yuxtaposition of this number of the quartecly
with the turn of the millennium. Whatever the fascination wilh
the appearance of so many zeros in a dale, this conjunction
certainly provides an oppoitunity o refiect upon the concepl
of Time.

On the surface, time is the spectal province of history. But it
s also a special concern of us all. We all exist in time and our
time becomes an intimate part of us. While we mark our per-
sonal times using the same numerical system as histortans, and
we might even think in terms of personal histories, “ew us us will
probubly consider our lives as history, at least in the s.ame scnse
as we have. say, Willa Cathei's or William Jernings Bryan's.

Bul neilber histary nor time, as such. were (he impetus jor
this project. One impulse is outlined in my owa essay in this
collection; another came about from a realization thin my
memory of time past—the internal “record” of my nwu per
sonal history—was sel in places, iot 1in limes. Al lzast it wasn't
set in the absolule Time that is measured by clocks and calen-
dars. Recognizing (nat there could be inany reasons why I do
not remember experiences 10 ienns of dates, The quesiion thal
opens this inlroduclion was nonetheless one that emerged.
The phrasing of the question does seem Lo capture lwo quile
dilferent but fairly common ways uf characlerizing lime: Is it
just a “passing” out there somewhere thal we fiave somehow
ligured oul how to measure with clocks and calendars, or is it
instead a kind of emplacement?

I posed the question, “Is there a place for lime?,” 10 a lew
people of vaned perspective lo see il | might elicit some inter-
est in this theme. The essays of those who were in a posiion
to write their thougnts are presetiled here. They are diverse
enough. and they raise soine provocalive issues.

Bob Diffendal recounis the evolution of western percep-
tions of time in his bistoriographical essay on (e cevelopnien)
of various 1means ol measuring Earth history Wrough geology
He concludes with graphic examples that show how the conr-
Iext of history has bzen changed by the accumulated spatial
evidence of time in Earth. Paul Olson Lurns his essay on the

Proustian notion ol simultaneity and uses a p2rsonal experi-
ence to peer inta the essence ol time, which he concludes is
spalial. He then invesligates four historical visions of time, not-
ing how Plains architecture cither directly reliccted a lime-
space simulianeity, or atlempted to establish such a sense
through ihe use ol “quotalion” from buildings of other times.
His narrative establishes a context within which to review o
curent paradigm of absolute Time as a linear progression.
Finally, | summanze how western culture created the artifact
of linear time from the cosmic cycles—and the concept of flot
space from the Euclician geometry—lhen attempt a non-
mathemalical explanation of the Einsteinian concept of
spacetime. | conclude by searching for ways Lo bring the
spacelime notion “down 10 Earth,” and find that place. as an
experiential matrix of spaces-and-times, provides an authentic
point-of-departure for further exploration of this new paradigm.

Interspersed with the major essays are two others that were
mitially conceived as sidebars. Their lopics worked so well
will) the themalic question of this issue, &5 it developed, thal
they were expanded imo historical articles. One by lanet
Jleffries shows how space was used to mark time in Crete,
Nebraska, alter nationwicde Standard Time had replaced local
time and rendered local synchronizalion obsolete. Her article
provides a briel history ol the Boswell Observatory at Doane
College, the functions of its varinns clocks. and the nse ol iis
time ball. In the other. Gene Thomsen shows how Lime was
used by U.S. Government suiveyors (o eslahl sh thetr lacation
in space. His article details how stars were used as iming sig-
nals, and the role that they played in laying Nebraska's west-
emn borders down upon (he land.

I want (o thank all of the authors for many interesting ex-
changes, and for enduring the longer-than-grticipated process
ol assembling this issue. Much deserved tharks is also due to
iy colleagues here—including individuals whaose discussions
unwitlingly raised the question—but primanly to those in the
Research and Publications Division Special appreciation
does 10 James E. Polter. cditor of the quarterly, and assisiant
editor Patricia C. Gaster. Their patience with this project has
been extraordinary, not only in dealing wilh delays bul in
working lhese arlicles (o compietion.

David Murphy
Senior Research Architect



Development of the Ideas of Geologic Time and History

Forward and backward | have gone. and
for me it has been an immense journey.
Loren Eiseley
The Immense Journey

Geology is an historical science. It deals
with the three-dimensional Earth and its
development through time, the fourth
dimension of this piece. | cannot re-
member when | was first introduced to
the idea of geologic or deep time, but
the introduction occurred early in my
childhood. | know that this was unusual
in my homelown in weslern Maryland,
and probably was unusual in most
American homelowns in the 1940s and
1950s. My intevest in genlogy and its sub-
discipbnes was first sparked in the
spring of 1950 by an accidenlal find on
the grounds of a local industrial plant,
before the advent of the EPA and the
ban on open dumps and open burning.
By the age of len. several friends and |
had developed inlerests in science. We
thought that the sciences were ex-
iremely interesting (“neal,” as we said
in those days) aad tried to lind ways to
conduct all kinds of experiments. Alter
school we olten stopped al a factory
lhat made science sets {or children. In
back of the factory was an open dump
where the business discarded old,
flawed, and, to it, no longer saleable
chemicals, glassware, microscope parts,
and all sorts uf olher materials gt were
useful to vs. We acquired hundreds of
dollars worth of chemicals and equip-

R F Diffendal, Jr., is a professor ar the University
of Nebvasia-Lincoln. who has onthored many
articles and maps about Nebraska geology He

1s a life member of the Nebraska Stale Historical
Suciety.

By R. I Diffendal, Jr.

menl from thal dump thal none of us
had the money to buy on our own.

One day we happened upon ao in-
verled, conically shaped mound ol
pieces of whal we took for “rack.” The
mound, as | remember it, was about
four or five leet in diameter and about
three feet high. There were many differ-
enl kinds of “rocks” in the pile, and
maosl of these had small pieces of paper
with numbers pasted to their sides. |
\houghl they were very inleresting and
ook home as many diflerent kinds as |
could find over 1he next few days. | then
stopped by he factory salesroom to see
what I had collected. The pieces of
“rock™ turned oul to be minerals, and
the factory siill stocked them and sold a
book explaining how to ideatily them.' |
saved my money, boughl the book, and
became an instant expert at school on
mineral and rock identification, subjects
that no teachers taught in the local
schools in those days. | soon staited on
the Boy Scout geology meril badge, and
must have had my first introduction to
geologic time at some point belween
the first day with my book and the work
on the badge. From my reading, | had
no trouble understanding the notion of
a very long earth history. lt seemed like
a perfecily reasonable idea.

Changes in ideas and in technology
can come aboul as slow incremental
imodilications, as well as by najoy para-
digrn shifts. In the case of the develop-
menf of the ideas of geologic history
and time, | will Iry 1o present these
changes broadly and then look at how
some of these have aflected inlerprela-
tion of Nebraska geology. Changes of
view on three [ronts were important in
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(he development ol geotogic history and
lime concepls.

First is the question of 1he nature of
time.* Is time cyclic or is it linear? The
Greco-Oriental cultures had a world
view based on cosmic cycles, but the
Judeo-Christian world view was more
linear and reflected the historical nature
of the Bible. Cosmic cycles bad a re-
peating pattern with na begiuning or
end to the cycles. In the linear view
ime, the universe, the Eanb. and its
creatures had a beginning point and are
moving to an end. The age of the Earth
differed in these wo views as well. Cos-
mic cycles were multiple and repeti-
tious. Each wok a long lime (12,000
years in one Indian cycle).

In contrasl the Judeo-Christian view
of the Earth started with the Crealion
and ended with the Last Judgment.” The
age of the Earth in this view was only
aboul 6,000 years, calculated in the sev-
enteenth century using Biblical ac-
counts of the numbers of generalions
since the Creation. The time and dale
of the Earth's creation were calculated
as noon on October 23, 4004, B.C.E.
(derived in 1850 by James Ussher, arch-
bishop of Armaugh, according 1o
Stephen Gould), or 8:00 a.m., Oclober
26, 4004 B.C.E. (derived in 1654). How-
ever, other similar dates were also circu-
lating.' All of these had in common a
shott dmation and linear history of the
Earth Ussher’s latler date was included
as a marginal note in an early edition
(and in suhsequent editions ) of the
King James Version of the Holy Bible,
and thus came to be the most widely
cited. (Readers inlerested in questions
about when a millennium ends. or
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thoughts on the stgnificance of new mil-
lennia, may find Gould, Questioning the
Mittennium, of interest.)

Second, the development of modern
genlogic thought originaled in Europe
partlvas a resull of the {ong develop-
ment there of perspective art. Mullipaint
and aerial perspective were mastered
by northern Curopean artists durinyg the
Renaissance.> This mastery of a three-
dimensional technique and way of
viewing things had a major impact, be-
ginainyg in the mid-1600s, on the think-
ing uf early scientists there who contrib-
uled to the development of three-
dimensional views of the transformation
of the Eartli through time.

Third. 1hi seventeentli and ¢igh-
leenth centuries wilnessed the develop-
ment of ideas regarding how to find
places on the Earth. Observatious of the
apparent movement of the Sun aud
other celestial bodies had heen used to
determine latitude posttion norith or
south of the equator with seme preci-
sion long before this, Bul delerrmining
longitude reltably, particularly al sea,
remained inipossible until solar tables
and chronometers (clocks that would
lose only a few seconds a inonth) were
developed in the 1700s." Knowing Lhal
the earlh averages one complete rola-
fion about its axis in respect to the sun
in lwenly-four hours, the distance east
or west of any north-soulb imaginary
line passing across the Earih’s surface
from the North to the South Pole could
be determined (Fig. 1) To do this the
chronometer was set al noon at lhe de-
parture poinl and the ship then de-
parted. After sailing a distance, noon
time on the ship was determined by not-
ing the time when the sun reached its
zenith and comparing this time 1o the
time at the prime meridian. If the two
times were lhe same, the ship was still
located on the prime meridian. but if
the times diltered, then the dilference in
posilon easl or wes! of the prime merid-
ian could be calculated. if the chronom-
eter was running (ast or slow the calcu-
lated position could be off by many
miles, so the timepiece had to keep

almost perfect lime to be useful.

John Harmson, a self trained clock-
maker. invenled the first successful
chronometer (from Greek words mean-
ing "measure of time™) and used it in a
sea trial lo determine the longitude of a
ship lor \he first time in 1736. From this
date on, locating oneself geographically
and making maps became increasingly
accurate and precise.

- . - 1

- - y %}

Flg. 1 Prime meridlan, Royal Observatory,
Greenwich, England, UK. The imaginary 0°
norh-south line of longitude was chosen
to run through this place in 1884. ANl illus-
trattons courtesy of author, except where
nofed.

By the 1600s, European scholars
were seeking answers to al) sorts of
questions regarding measuring space
and time, and nonhermn European artists
were creating landscapes and portraits
with perspective ralher than flat look-
ing. Iwo-dimensional renditions. Among
them was a natural scientist, Nils
Steensen, a Dane who changed his
name ro Nicolaus Steno. In 1671 he pub-
lished some observations on he forma-
tion of strata and fossils which have be-
came guiding principles of geologists to
Lhe presenl.’” Three of these are com-
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monly known as the principles or laws
of superposilion, original horizontalily.
and lateral continvity (Figs. 2A-D; 3).
Sieno recognized that strata were de-
posits of fluids and thal they contained
fossils or remains of past life. He ob-
served lthat when any siratum was depos-
ited. ils lower and lateral suriaces corre-
sponded to the surface of the depression
upon which it rested, but that its upper
surface was horizontal or nearly so. All
sirata above this lower one were depos-
ited as horizontal or neatly horizontal Jay-
ers upon the first (law of original
horizomality). He also noted that strata
which are perpendicalar 1o oy inclined
from the horizonial were al one time
horizonta!. Sieno further observed that
when the lowest stratum was formed
none above il existed (law of superposi-
tion). Finally he remarked that. when a
stratum was formed, it was either en-
closed on (he base and sides hy another
solid substance, or else covered the
earth's surface (law of lateral continuity),
Steno’s work laid the foundations for
all later work of geclogists rying lo piece
logether (he history of the stratified
Larth. Since the principles were first in-
troduced exceptions have been found to
each. Superpositon has an exception
when a molten layer is intruded between
sedimeniary strata. In (hat case a
younger stratum would underlie an older
one. Some strata were deposited with
sometimes considerable original inclina-
tion as for example sediments deposited
on the floor of a steeply stoping valley.
And some slrata are continuous, but
were deposited from one place 10 an-
other over a long lime span and thus are
nol the same age everywhere. Geologists
have learned what these and other ex-
ceplions are ang can recognize them,
By the mid-1700s scientists had ob-
served the stars and planets and noted
many facls aboul them. Based on these
observations somne felt that the Earth
was originally molten and cooled from
that slafe to its present condition. In
1774 Georges Leclerc, Comle de Buffon
(his name is often shortened to Buffon),
published the results of experimenls he
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made on (he cooling of moiten bodies
of different diameters and scaled these

up lo cooling of a malten object the vol-
ume of the Earth. He calculated that the
Carth had taken 74,832 years to cool to
its present state, thus suggesting an age
for the Earth far older than any worked
oul from the Biblical chronology. The
debate among scholars on the Earth's
age from the time of Archbishop Ussher,
which continued ior more than two cen-

Flg. 3 Volcanic ash beds (whitish) deposited in an ancient gully lllusirate Sieno’s
principles; the hammer is positioned near the boftom of the gully.

FIg. 2 Cross sections showing Steno's principles and Hulton’s Principle of Cross-cutling
Relationships: A. Stream runoff carrles sediment into o lake where il begins to sink to
the lake floor; B. Sediment accumulates as layer 1 on the floor of the lake—Steno’s
Principle of Lateral Continuity (note bottom of layer 1 fiis iregutar lake floor, but top of
layer 1 Is nearly horizontal); C. Second period of siream cunoff carries new sediment
into waters of lake; D. New sedimenl accumulotes on top of layer 1 and forms layer 2—
Steno’s principles of Supecposition, Original Horizontality, and Lateral Continuity; E
Movement along earthquake fault cuts rocks beneath lake and layers 1 and 2, offsel-
ting them Irom one another across the fault (arrows indicate relative movement on
either side of lauth—Hutton’s Principle of Cross-cutling Relatlonships.

turies, has been the subjecl of a nurnber
of excellent works *

By the lale 1700s there were many
scholars discussing the Earlh, its age,
and other ideas about its origin and de-
velopment. Many of these ullimatery
proved to be sidetracks that led no-
where, or were incorporated in part into
other ideas. One idea, however, became
a major coninbutor to the budding sci-
ence that would be called geology
James Huiton of £dinburgh, Scolland,
studied the Earth and its development
and published several works in the
1780s outlining his theory of the Earth.*
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Hutton viewed the Eanh as if it worked
like a machine. Rocks were formed. up-
lilted, and eroded. Their decomposition
producis were transporled, deposiled,
hardened into rock, and uplifted again.
Molten rock was intruded into these
rocks and solidified at different hmes.
This last idea led to the development of
ihe principle or law of cross-cutling rela-
tionships (Fig. 2E), which states that any
geologic feature that cuts across an-
other must be the younger of the two.
For example, an earthiquake lauit that
disrupis rock is younger than the rock it
cuts (Figs. 4-6).
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Fig. 7 Cambrian trilobites, Nevada.
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Fig. 8 Dinosaur footprints, Jurassic Morrison Formation
Flg 6 Folded strata, Appalachian Mountalns, western Maryland. near Denver, Colorado (digitally modifled).
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The concluding paragraph of
Hution's 1788 article, “Theory ol the
Earth,” is worth inspection because il
led to other major ideas and contnb-
uted 1o the development of yet others,

We have now got ta the end of our reason-
ing: we have no dala further 1o conclude
immediately from that which actually 1s.
But we have got enough; we have the sat-
isfaction to find, that ih nature there is
wisdom, system, and consistency. For hav-
ing, in the natural history of this earth,
seen a succession of worlds, we may from
this conclude that there is a system in na-
ture: in like manner as. from seeing revo-
lutions of the planets, it is concluded, that
there is a system by which they are in-
tended to continue those revolutions. But
il the succession of worlds is established
in the systemn of nature, if is in vain to look
for any thing higher in the origin of the
carth. The result, therefore, of our present
enquiry is, that we find no vestige of a be-
ginning.—no prospect of an end (empha-
sis added.™

These words were and are a powerful
statement of a cyclical view of the
Earth’s history and oi a very long history
indeed. The theory behind the words
was also powerful. Some geologists later
hypothesized that the cycles were of uni-
form rate and duration while others de-
fended the ideas that rates and durations
varied. Either way, in these geologists'
view the cycles occurred in sequence
wilhin a basically linear time line.

While these arguments were going
on progress was being made in anolher
area of geology. In 1799 William Smith
described the succession of plant and
animal fossils be observed in the strata
of Great Bntain. Certain fossils, Smith
found. occurred only in a certain stra-
tum or a sequence of strata and not in
others (Figs. 7-9). The distribution of
these fossils, combined with Steno’s
principles, couvld be used to place one’s
self within the stratified rock sequence
across any given land area and to plol
the surface dislribution of the sequence
on a map (Fig. 10). This principle. the
law of floral and faunal succession, was
used to develop a worldwide strati-
graphic column of rock strata.'' By this
method a sequence of events is estab-
lished. We know which event came first

Flg. 9 Jurassic marine ammonite cepbalopod shell in shale, Lyme Regls,
Dorsel, Englond.

and so on to the lasl event, but not how
much time was required for these
events to happen. This is an example of
relative, as opposed to absolute, geo-
logic dating.

Debate continued through the nine-
teenth century on the different concepls
of Earth history." But it was the naturalisl,
Charles Darwin, who added the next im-
portant theory lo the mix that brought vs
10 where we are loday. Darwin proposed
thal species were not unchanging, that
they changed through tine into other
species by means of natural selection
processes. (This was nol a new idea. See
Eiseley, Danvin's Century (1961). fora
wonderful review.) Darwin's The Ongin
of Species is a long work that is frequzntly
referred to, bul rarely read in total. Every-
one who lalks about Darwin’s ideas
should read the book to see thal Darwin
spent much time talking about breeding
experiments on plants and animals and
the results of those experiments. The con-
cluding sentence of the book sums up
Darwin's view of the history ol life and of
the Earth: “There is grandeur in this view
ol life with its several powers, having
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been onginally breathed inlo a few forms
or inlo one; and that, whilst this planet
has gone cycling on according lo the
lixed law of gravity, rom so simple a be-
ginning endless {orms most beauliful and
mos! wonderful have been, and are be-
ing evolved.™™

Here again we have Lhe difference
between 1he strictly linear view and the
view of cycles superimposed on a linear
trend, shown well between the ideas of
Smith and Darwin and those of Huttomn."
These two views are both incorporated
into today's outline of Earth history.

The time voyagers had (o have vast eons
in which 10 travel and ihey had. like the
earlier voyagers, (0 bring back the visible
spoll of strunge coasts to convince their
unwilling conternpuoraries.
Loren Eiseley
Darwin’s Century

Darwin and Hutton both called for a
long Earh history. A few thousand or
even a lew hundred thousand years
would not do to produce the cycles of
the earth and the evolution of life. In
1862-64 William Thomson, better known
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Fig. 10 Geologic bedrock map of Nebraska, with a geologic cross section along the southern Nebraska border.
1991; compiled by Raymond R. Burchett and Roger K. Pabian, ond dratted by Jerry P. Leach. The unconsolidated
sediments of recent and Pleistocene age, which cover the bedrock throughout much of the state, are not indicated,
University of Nebroska-Lincoln. Consarvation & Survey Divislon, and the Institute of Agricuiture and Naturol Resources

today as Lord Kelvin, began to publish
works on the age of the Earth based on
physical principles.'® Kelvin, like Bulffon
before him, assumed that the Earth origi-
nated as a fully molten body and cooled
1o its present state. Using improved con-
cepts of how fast this cooling proceeded,
Kelvin initially calculated an age of 98
million years with a range from as little
as 20 million years to as much as 400 mil-
lion years for the Earth since ils origin.
Over the years Kelvin revised these fig-
ures downward and others went even

farther, out the age was still in the muiti-
million year range. These dates were far
too long for some Biblical scholars and
far too shor for most geologists and evo-
lutionary biologists.

As noted earlier, John Hamson in-
vented a good chronomeler to help de-
termine longitude in the early 1700s. A
century and a half laler, other research-
ers began a search for accurate and pre-
cise “chronometers” to determine the
time that it had taken for the geologic
rock column to accumulate and for the

100

oceans to reach their present salinity;
and to establish the dates when miner-
als and rocks formed.

Sediment deposition rates might be
one such measure by which to estimale
the length of time required for the
Earth’'s crustal strata to form. By the mid-
nineteenth century, vast amounts of
data were being recorded about many
phenomena worldwide. Assuming that
sediments were removed from the lands
at a uniform rale and deposited in the
seas and oceans, if you had an estimate
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Fig. 11 Varved loke sediments from so-called Lake Diffendal, Keith County, Nebraska.

of the annual volume of these sedi-
menis deposiled worldwide, and an esti-
mate of the total thickness of such de-
posits of all geologic ages. the lime
required for the rocks of the geologic
column to form could be calculated.
Following this deneral approach, John
Phillips of Great Briiain used available
data in 1860 to derive a very approxi-
mate estimate of 36 million years for the
formation ol the Eanh's sedimentary
rocks.”” In 1878 Samuet Haughlon, an
Irish geologist. using sonmewhat diflerent
reasoning and data, reported an esti-
mate of about 200 million years to accu-
mulate all of the fossiliferous rock strata
of the earth.'” John Goodchild of Scot-
land in 1896, using dilferent methods
deemed appropriate for different parls
ol the geologic column, calculated an
estimated time span for the accumula-
tion of the cofumun of over 700 million
years.” Other contemporary eslimates
differed widely, some much less than
thase reported above, but all in the
multimillions of years range. Unfortu-
nately these elforts did not produce the
needed “chronometer "

In 1884 G. DeGeer began a study of
rhytfunically layered lake sediment in
Scandinavia." Known as a varve, it con-
sists of two tayers of sediment: a thick

coarser-grained, light-colored layer de-
posited during periods ol high runolf
and precipitation in spting and summer;
and a lhinner, finer-grained. dark-col
orea layer formed in the fall and winter,
when the lake was frozen over and only
stedimnents suspended in the water
seltied onlo the bottom (Fig. 11).
DeGeer found that \hese varves varied in
thickness from year lo year because of a
number of lactors, but in general the
patlern of varve thickness change was
similar [rom one lake to another. Com-
patison of varve sequences from extant
lakes and from filled-in lakes could be
used lo date events in the lakes, and lo
corr2late evenits from one lake to an-
olher. DeGeer lirst published the resulis
of ths studies of varves in 1912,

Late in the last century, scientisls be-
gan to ask how old the oceans were. If
one assumed thal the earth was cooled
from a fully molien state, then at some
poinl the surface would be cool enough
for water vapor o begin condensing and
precipitating as rain. The oceans would
have formed as fresh water bodies and
would become progressively saltier
through time by dissolution of the com-
ponents of sall, mostly sodjium and chlo-
ride ions. from the decay of rocks on
land. Il you knew how much dissolved
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salt reached the oceans from land each
year, assumed thal all salt in the oceans
came from decomposition of rocks on
land. assumed that the land areas and
runoff had been the same throughout
eanh history, assumed no recycling of
salts, and knew the volume (which
would remain constant) of the oceans,
their age could be calculatid by sitnple
mathematics. John Joly. an Insh geolo-
gist, performed this calculation in 1899
and arrived al a general estimated range
of 90 million to 99.4 million years for the
age of the oceans.” Roth Joly's assimp-
tions and melhods werc attacked, and
the idea was discarded soon alter its
presentation.

We have reiched 1900, and scienlists
at that time were still luoking for the elu-
sive “chronomeler,” the measure of
time, lthal would ailow them (o produce
precise and accurate dales of geologic
events The clock was licking down 1o
the date of the invention of the lirst ab-
solute dating lechnique. In 1896 FHurnri
Becquerel discovered naturul radivac-
tivity Shortly thereufter, the scientific
view of the age of the eanl was altered
greatly. From 1900 to (he present. de-
vices have been invented to measure
abundances ol elements ang their iso-
topes. and lechmques have been devel-
oped to use (hese devices to date geo-
logic materials (Table 1). The advent of
dating can be traced to the Emest
Rutherford and Frederick Soddy discov-
ery and announcement of the radioac-
live decay law in 1902-3, which was
used to determine the half-lives of radio-
aclive isolopes of elements. This law
states that the number ol atoms which
decay during a given period of time is
directly proportional to the number of
atoms of the radioactive clement
present in the sample .~ Atoms of an iso-
tope of a radioactive elemeni break
down or decay into atuins of an isotope
of a non-radioactive element at a set
rate thal does nat vary through time.
The time required for hall of the atoms
of a mass of a radioactive isotope lo de-
cay into non-radioactive producls is
known as \he hall life ol the radicaclive
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Toble | Dates ol Inventions and Devetopment of Absolute Dating Techniques

Radiometric Dating

Date Device Inveated Technique First Used

1907 First Mass Spectrometer Uranium/Lead

1908 Scintillation Counter

1912 Improved Mass Spectrometer

1912 Geiger Counter

1913 Uranium/Lead Methods
Used to Make Time Scale

1028 Geiger-Miller Counter

1938 Rubidium/Strontium (7Rb/*Sr)

1940s  Nuclear Magnetic Resonance

1946 Carbon-14 (*(C)

1948 Potassium/Argon (“K/"Ar)

1952 Neutron Activation Analysis

1962 Fission Track Dating

1970s  Accelerator Mass Spectromeler

1975 X-ray Fluorescence

1982 Laser Microprobe

1983 lop Microprobe

isotope. When a mincral conlaining at-
oms of a radioactive isolnpe lirst iorms,
almost no atoms of the stable decay ele-
ment are present in ils slructure; but al
the end of the first half-lile time the min-
eral has half of the original radicactine
atoms stll present and half of the stabte
decay element,

Devices capable of measuring the
amounts of ¢4 radioactive isotope and its
stable decay elemenl were soon in-
venled and put to use in daling radioac-
tive minerals, The fitst primitive rmass
spectrometer vsed to identify dilferent
isotopes and to measure their amaotints
was nvented inJ J. Thomson's laly in
1907 and used 1o measurt isotope ratios
in samples. In \he same yeur Bertrium
Boltwood reported a methaod of abso-
lute age dating using uranium/lead ra-
tios. In 1908 scintilalion counters were
invented. the Geiger couniur (also for
detection of radialion) and an im-
proved mass spectromelir fotlowed in
1912. Then Arthur Holmes of Great Bu-
ain began (o test the theories and 1o use

the hardware 1o devise Ihe first absolule
geologic lime scale using uramuny/lead
dating in 1913, Soon olher devices were
invented and other dating techniques
developed {Table 1)

Dating and refinement of Lthe lime
scale by Anthur Holmes and olhers has
continued since 1913, “*UFA"Pb (Ura-
nium/Lead), ““Th/Ph {Ihorium/
Lead), "K/*Ar (Potassium/Argon), and
"C (Carbon-14) daling mcthods were all
devised from 1938 10 1435 and have
been used to revise the geologic time
scale since their developmenl.?

| want to note four other forms of dal-
ing: tree-ring daring, an absolute dating
lechnique; fluorine dabing, a relative
dating technique: human cullural debris
dating, which can yield either relative or
absolute dates; and [ission lrack daling,
which yields absolule dates for much
older materials than leee rings yield.
Treering dating nr dendrochronology
was firsl apptied in 1925 to siudies of Lhe
ages of wood used in Native American
dwellings and other siles in the western
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United States. Species of trees with well
developed annual growth rings are stud-
ied (Fig. 12). Using wood lrom a lony-
Jived ljving tree, rings thai vary in widih
depending on growing canditions can
be compared Lo rings from unknown
samples 1o determine the oldest age ol
the unknown, rather like the varve dal-
ing mentioned earlier.

Fluorine daling was first used 1n
1949-50 o resolve the queslion nl ihe
aulhenlicity of the so~called Piltdown
Man of England.”* Fluorine vccurs natu-
rally in groundwater, and bones buried
in the ground have a natural affinity for
absorbing the fluorine. The longer the
bones are burted the more fluorine they
contlain. If the bones of a skeleton of an
animal are all buried at the same tirne,
they should al! have about the same
amounts of fluorine present in them per
unit volurne of bone. The bones of Pill-
down Man did not.

Archaeologisis have used anifacls for
refative dating of sites for a {ong time.
Charles Hun( wrote a nice little piece
detailing how bottles and cans could be
used o dale mining camps. This
method has also been uselully applied
at sites in Nebraska,

The method of fission track dating
was lirst described in 1962 by Price and
Walker.>" As radioactive isolopes decay
in minerals like zircon and in nalural
glasses erupted from volcanoes, they
emil alpha particles that produce tubular
openings in the glass, The older the min-
eral or glass the more of these tubes or
lission tracks are present in the sample.

The door to the past is a strange doty.
Loren Eiseley,
The Irmmense Journey

In 'he pasl one hundred years. a num-
ber of “chronometers” have been em-
played to tell Eanh's “deep lime." as the
author John McPhee called it. Some
have becn used io studies of Nebraska's
nalural history with greater or lesser suc-
cess. Sleno's principles, Hulton's prin-
ciple of cross-culling relationships, and
William Smith's principle of ftoral and
faunal succession have been used to
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piece together the geology of the state
and to fit it into the worldwide geologic
column. Dendrochronology was used 10
work out a tree ring record of precipita-
tion by Harry Weakley in the 1940s. Maore
recently Lawson and others employed
Lhis method at eastern Nebraska sites.
John Boellstorlf used the lisston track
method to date volcanic ash beds in Ne-
braska and adjacent siates. His work
revolutionized our concepls of the ages
and relationships of Ogallala Group and
younger sediments here. Boel(slorii cal-
culated dates for ihe Ogallala ash beds
ranging from 10.6 to about 5 miflion
years and clates for lce Age ashes ranging
from 2.2 to 0.6 miltion years

Carbon-14 dating has been employed
at Nebraska sites younger than 30-
40,000 vears old for many years. Re-
cently my colleague, Jim Swinehan, re-
ported C-14 dates of peat and other
plant materials in Sand Hills lake sedi-
ments and beneath the dunes and used
these to revise our thinking aboul the
ages ol the dunes and their relationships
to the lakes.” Carl Swisher, formerly a
student at the University of Nebraska-
Lincoln and now at UC Berkeley Geo-
chronology Lab, has dated volcanic ash
beds from the White River and Arikaree
Groups of western Nebraska, which re-
sulied in major changes in our thinking
about the ages of these sirata and how
quickly they were deposiled.® Swisher’s
dates for these deposits ranged from
31.8 10 28.3 million years. Paul
Johnsgard described reports on Lake
Difiendal, a large natural dune-dammed
lake hypothesized to have been in the
North Platte Valley [rom about 8,000 to
10.500 years ago roughly in the position
now occupied by Lake McConaughy.
And most recently, Michae!l Perkins has
studied the volcanic ash beds in the
Ogallala Group in Nebraska and for the
first lime correlated them to specific
enuptions of volcanoes on the Spake
River Plain in Idaho.*

Astronomers estimate that Earth
formed around 4.5 to 5.0 billion years
ago. The oldest rocks on Earth dated so
far using radioactive dating methods are

Fig. 12 Tree 1ings. Note variation in widths of ring couplets,

about 3.8 billion years old. Visualizing
time spans this great is difficuit. Science
wniters often use the year as a model to
explain how vast lhese dates are, in
companson o the length of human his-
tory. If one year represents 3 billion
years, then human history fits into the
last minute of that year.

Another way of visualizing this greal
span of time is to visit a big library sys-
tem such as the one at the Unjversity of
Nebraska-Lincoln {(UNL). There are
more than 2 million books and bound
periodicals in that hbrary's holdings.
Let's estimate that the average length of
each is 300 pages, making lhe total
holdings more than 600 million pages.
If the 5 billion years of Earth’s hislory is
represented by those 600 million pages.
then the 6,000 or so years of recorded
human history lills about 720 pages, or

2.4 books. The oldesl! fossils of recogniz-

able Homo sapiens found so far were
collected from deposits dated at about
150,000 years. Using the approach out-
lined above, this period of years is
equivalent to about 18,000 pages or
about 60 bound volumes in the UNL li-
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brary system. Walk into the UNL library
stacks and contemplate those ydeas and
the vastness of geologic time!

To some exient the argumenls about
a short Earth bistory of a few thousand
years versus a long hislory of billions of
years are slill going on today. Most natu-
ral scienlists support the long history.
However, some people including Rich-
ard Millon, John Whitmore, and Eddie
Zacapa support Ihe idea of a short one.
Many also think and write about time
and our place in it (e.g., G. G. Simpson in
The Dechironization of Sarn Magruder).*

My view, developed since the day that
boy | was iound a career on the discard
pile of a Maryland factory, is 1hat
Nebraska's geologic history extends from
rocks billions of years old buried be-
neath the surface 1o sediments accumu-
laling today. It is a story of volcanism,
fauiting flooding by ancient seas, ero-
sion of ecmergent Yands by rivers and gla-
ciers, winds moving sands and silts, and
shifting and ever-chang:ng landscapes.
To undersiand that geologic history, you
must be willing to think in four dimen-
sions and to take an immense journey.
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