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Dating Methods

of Pleistocene
Deposits and
Their Problems Ii.
Uranium-Series
Disequilibrium
Dating
]

Henry P. Schwarcz
Department of Geoiogy
McMaster University
Harmilton, Ontario L85 4M1

Abstract

U-series dating makes use of the
tendency of the shori-hved daughters
of 238) and 2*5U to be chemicaliy
separated from their parents durnng
sedimentary processes. Ages of sam-
ples are determined either from the
decay of initial excess of daughter
(Daughter Excess, DE, dating) or
growth of initially deficient daughter
(DD) into secuiar equilibrium with the
parent. DE dating is applicable to
marine sediments where initial exces-
ses of 22°Th and 2*'Pa are observed.
DD dating is useful on chemically
precipiated CaCQs and some
biogenic carbcnates. By DD dating of
travertinegs associated with varicus
types ot geomorphic features, abso-
lute dates for the evolution of land-
forms through the Quaternary can be
obtaned. DD dated spelecthems also
yield stable isotopic records of past
climate.

introduction

Uranium serigs dating is based on the
measurement of the relative radio-
activities (disintegraticns per unit time

per gram of sample) of uranium and
its daughter isotopes. The basic
principles are as follows:

1) In any natural material which
contains uranium, and which has been
undisturbed for a few milion years, the
activities of the daughters of uranium
will equal the activities of the respec-
tive parent uranium isotopes. We
describe such a sample as being in a
state of secular equilibrium with
respect to the uranium decay series
(Fig. 1).

2) When a sedimentary deposit is
formed, there occur various geochem-
ical processes capable of separating
the parent U isotopes frem some of
their daughter isotopes. Thus, a state
of disequilibrium between parent and
daughter 15 initiated.

3) I, subsequent to deposition the
sediment is left undisturbed and not
subject lo diagenetic changes or other
processes that could cause migration
of radicisotopes into or out of the
sediment. then at some subsequent
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Figure 1

The radioactive decay series for #*%U and
238 The longer-lived isctopes of interest in
this paper are outhned in boxes. Nole that
the activity of 28U and its daughters 1s Yaz
that of the 23%{/-senes i1sotopes. #'°Pb has
heen used i dating of recent sediments.
226R4 15 generally expected to be in secular
equiltbrium with #3°Th and can be used as
an afternative measure of the latter's
abundance

time it is possible to determine the
date of deposition by measuring the
extent to which the sediment has
returned to a state of secular equilib-
num.

There are two general cases that
are commonly considered. First, the
parent isgtope may be deposited
without any of its daughters, or a
daughter deficiency or known extent
may be established at the ime of
deposition. This is called daughter
deficiency (DD) dating; age is deter-
mined from the extent of growth of the
daughter into equilibrium with its
parent. The principal examples of this
class of methods are 23°Th/?*4J and
2311pg/235| ) dating of carbonzates {(Fig.
2). Uranium is relatively soluble in
water as carbonate and phosphate
complexes of the uranyl (UO3") 1on,
whereas both thorium and protac-
tinium are quite nsoluble in sea-water
and fresh-water, and are quickly
precipitated out or adsorbed onto clay
minerals after they are produced by
decay of uranmum. Therefore biogenic
and chemically precipitated calcium
carbonate are commonly deposited
with 0.1 to 5 ppm uranium ang no
common thorium. They are thus ideally
suited for this type of dating, since the
230TH /234 ) activily ratio s initially zero
and grows with time to a limit of 1.0. If
239Th had been wmitially present as a
contam:nant in the sample, it would
normally have been accompanied by
long-lived 2*2Th. The abundance of
232Th can sometimes be used to
correct for initial 23°Th (Kaufman,
1971).

The second class of methods are
the daughter excess (OE} technigues
in which the daughter nuclide 1s
initially present in excess of the
amount of its parent. The main
examples of this are the use of #°Th
and 2¥'Pa in the dating of deep sea
sediments. Uranium-234 is present in
sea water in slight excess with respect
to 2281): attempts have been made to
use this disequilibrium in order to date
corals (Thurber et af., 1965).

The details of the methods of age
determination have recently been
summanzad by Ku (1976). Basically,
U, Th or other nuclides are chemically
extracted from the sample, purified,
and therr activities are determined
using alpha-particle spectrometry or
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Figure 2 paths for samples initially deposited with

Relation between 438 and 23°Th /{4
ratios for closed systems initially free of
230Th, The subhorizontal curves are decay

234( 1228} ratios equal to left-hand
(23°Th/#*4U =0) intercepts. The steep
curves are isochrons, in years.

beta counters. Isctopic spikes are
used to correct for the variable
chemical yield of the different nuc-
lides. The purpose of this paper is to
describe the proven and potential
application of these methods to the
dating of continental and marine
Quaternary events.

Application to the Quaternary
Geochronologists are interested in
extending the time scale for climatic
and geolegical events backwards
beyond the range accessible 1o the
more conventional methods of 14C
dating. In principle, U-series dating
allows us to date suitable depaosits
whose ages range from as young as a
few thousand years tc as old as
500,000 years (for the #39Thy2340)
method).

1) Continental deposits. The man
questions which geologists have
raised about the evolution of the
surface of the earth during the last few
hundred thousand years relate 1o the
intense changes in climate that have
accompanied continental glaciation.
Some of these changes have left
records which are datable by the
methods of disequilibrium dating.
Unfortunately the most direct evi-
dence, namely the deposits left by
retreating glaciers are not datable
excep! in fortuitous instances.

Chemically precipitated deposits
of calcium carbonate can be dated by
DD methods. Such deposits com-
monly contain traces of uranium but
essentially no thorium since the latter
element is relatively insoluble in
ground and stream waters. The de-
posits may be superimposed on
alluvial terraces which have them-
selves been formed by changes in
supply of sediment or water as-
sociated with glacial or fluvial cycles.
Furthermore, the activity of the stream
or spring itself, especially in semi-arid
or arid terranes, may be tied to the
occurrence of higher rainfalls during
pluvials, For exampie, in the Negev
Desert, Israel, many fossil spring
deposits exist where today no spring
activity is observed; these tufa
mounds are thought to date 1o a wetter
period in the climatic cycle of that
region. In the upper Danube valley in
Hungary there are a series of traver-
tine beds at successively higher levels
above the present valley floor, ele-
vated by uplift of the Buda hills.
Th-230/U-234 dates an some of these
travertines confirm that successivety
higher deposits are progressively
older (Pécsi, 1973). Work in my
laboratory is under way to date
travertines in the Hot Springs district of
central Wyoming, where river terraces
whose deposition can be tied with
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glacial events, have been encrusted
with travertine mounds by the action of
hot springs (G. Richmond, pers.
commun., 1877).

Another type of chemical carbo-
nate deposit is speleothem, formed by
seepage waters in karstic caves. Such
deposits, like spring-deposited traver-
tings, contain traces of uranium in the
calcite or aragonite crystals, but are
essentially free of thorium or protac-
tinium at the time of deposition. Unlike
spring deposits which are subaerial
and therefore subject to contamination
by dust and alluvial detritus, cave
deposits are generally quite pure.
Even though they have been sub-
jected to long-term showering by the
same waters which originally depo-
sited them, stalagmites and flowstones
of caves appear to behave, in general,
like closed systems with respect to
migration of U and its daughters
(Gascoyne et al., 1978). Paleoclimatic
information can be obtained from such
deposits by study of their stable
isotopic composition and that of the
fluid inclusions of seepage water
trapped in them during growth
(Hendy, 1971; Schwarcz et al., 1976;
Harmon et al., 1978a). During lowering
of base level in the surrounding
terrane, watertables are iowered,
draining phreatic passages and allow-
ing speleothem deposition ta begin in
them. Th/U dates on these oldest
deposits can give information about
the rate of downcutting of the adjacent
river valleys (Ford et al., 1972,
Atkinson ef al., 1978). Where alluvial
deposits have accumulated in the
caves durnng penods of higher-than-
average stream flow. subsequent
incrustations of speleothem allows
these deposits to be dated:; in some
cases these flood events may corre-
late with melt-water flow from nearby
glaciers or increased rainfall during
pluvials.

In alpine caves during glacial
periods the soil is generally frozen to a
considerable depth. Therefore, perco-
lation of recharge waters ceases and
no speleothem growth occurs. Har-
mon et al. (1977) have shown that the
time of the last two interglacials in the
Rocky Mountains can be defined on
the basis of the distribution of ages of
speleothems from caves in the West-
ern U.S. and Canada (Fig. 3).
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Figure 3

Histogram of cumulative data on growth
periods of speleothems (stalagmites, flows-
tones, etc.) from caves in the Rocky and
Mackenzie Mountans, U.S. and Canada.
Curve ‘a’ represents the number of
samples whose observed or extrapolated
growth period, plus or minus one standard
dewiation, falls within the givent 10%
interval; curve 'b’ shows the number of

samiples whose growth periods lig within
the 104 year interval neglecting errors in
age determination. For comparison at
boltom s shown the § "0 record for
planktonic foraminifera in deep-sea core
V-28-238 {Shackleton and Qpdyke, 1973)
The shaded portons represent periods of
low global ice volume, i.e., interstachals and
intergiacials (from Harmon et al., 1977).

Where saline lakes have receded
from former, higher levels associated
with pluvial periods, the high-lake
stands can be dated through U-series
dating of calcarecus tufas or marls left
by the higher lake stands. Kaufman
and Broecker (1965) applied this
method with timited success to the
deposits of extinct Lakes Bonneville
and Lahontan; later Kaufman (1971)
was more successful in dating the
Lisan series of marls in the Dead Sea
region of Israel. The marls were highly
contaminated with commaon thorium
but Kaufman was able to correct for
this by extrapolation on plots of
230Th /234 vg 232Th/23*U to find uncon-
taminated 23°Th/2**U values. Closely
related to such surface travertines are
calcareous crusts formed on top of
and inside of soil profiles in arid
regions. If the soil does not contain
clastic particles of limestone or dolo-
mite (which would have an apparently
infinite U-disequilibrium age) then the
carbonate formed in such soils can be
dated by U-series methods (Ku,
1975). Unfortunately, there will gener-

ally be a rather large contaminant of
230Th |eached from clays and other
non-carponate minerals in the soil
dunng analysis of the acid soluble
carbonate fraction of the soil. Some
archaeological sites can be dated by
U-series disequilibrium methods.
Skeletal remains or other traces of
human activity may be embedded in
traverting, either in the entrance facies
of caves where men sought shelter, or
in spring deposits which were visited
by early hominids. These deposits can
in some instances be dated by the DD
methods described above (Schwarcz,
1977 Turekian and Nelson, 1976).

Various attempts have been made
to date molluscs, both fresh-water and
marine, by DD metheds. The assump-
tion that molluscan carbonates are
deposited free of common Th can
easily be verified with modern shells. It
has been found, however, that the
uranium content of such shells in-
creases markedly during diagenesis
and burial of the shells, from initia!
values of around 0.1 ppm to values of
more than 2 ppm in fossil shells

(Kaufman et al., 1971). Although most
of this increase bappens shortly after
burial, this change in U content
suggests that molluscan carbonate
does not act as a closed system with
regard to radigisotope migration. In-
deed, grea! discrepancies between
20T/ 234 ) and '*C dates on mollusc
shells are commonly found, and much
doubt has been cast on the applicabil-
ity of DD methods (Kaufman et al.,
1971). Similar problems arise in the
dating of vertebrate bones. It has long
been known that the U content of
bones gradually increases during
burial (Oakley. 1970). While various
open system models for dating of
such materials such as that of Szabo
and Roshalt {1969) could be applied,
the initial work of Cherdyntsev (1956)
indicates that there is sericus question
about the method's reliability. Al-
though a number of dates have been
obtained including an estimate of the
time of occupation of the Swans-
combe site (Szabo and Collins, 1975)
such dates should be looked upcn
with great skepticism untii the evident
probiemns in the dating of bones have
been resolved.

2} Marine deposits. The most gener-
ally accepted absolute time scale for
the pre-"*C part of the Quaternary (the
part older than 50,000 B.P.) is that
obtained from the study of deep-sea
sediment cores, and in particular
correlated variations in the abun-
dances of varnous planktonic fauna
and flora, which are taken as indica-
tions of changes in sea-surface temp-
erature (CLIMAP, 1976). Absolute
rates of sedimentation have been
determined for the most part by DE
methods (e.g.. Broecker and Ku,
1977). The oxygen isotope record of
pianktonic toraminifera is principally a
record of changes in continental ice
volume (Shackleton and Opdyke,
1974) and therefore can be used as a
stratigraphic marker whose age can
be calibrated in the relatively few
DE-dated cores. Some of these infer-
red glacial events can be correlated
with the continental glacial record
(Shackleton, 1978).

Ancther conseguence of glacial
growth and retreat is change in sea
level. Past high sea levels can be
determined on tectonically stable
coastlines from the elevation of raised
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coral reefs. Corals still compoesed of
unrecrystallized aragonite, can be
dated by DD methods (Barnes et a.,
1956), and a time scale can be seen
better on coastlines subject to steady
tectonic uplift such as New Guinea
{Bloom et af., 1974). Molluscs in raised
beach deposits, have also been dated
to yield information on interglacial high
sea-stands, for example by Stearns
and Thurber {1965) in the Mediterra-
nean, critically reviewed by Butzer
(1975). Low sea stands can be
obtained by daling submerged
speleothems in caves which have
been "drowned” by post-glacial eusta-
tic sea-level rise (Spalding and
Mathews, 1972: Harmon ef al., 1978b).
The submerged speleothems give
minimum dates for the time of
recession of sea level below the depth
from which they are recovered.

Concluding Remarks

In this brief summary | have attempted
not only to review some of the past
achievements of U-series dating, but
to point out possible future applica-
tions in settings not yet fully explored.
Besides those methods mentioned
above, it is worth noting that dise-
quitibrium between 24U and 238U in
travertines formed in terrestrial envi-
ronments can be very great, with

2341 /298 ) ratios ranging up t0 6
{Harmon and Schwarcz, unpubl.). The
possibility has been noted of using the
decay of this disequilibrium as a
dating tool (G. Thompson et al., 1975)
although it must be approached with
great caution (Harmon et al., 1978¢). It
is hoped that future improvements can
be made in the application cf dise-
quilibnum metheds to molluscs and
vertebrate bones, as these are two
types of materials which would appear
at first sight to be premising candi-
dates, but which have led to much
frustrateachronologists.
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