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INTRODUCTION

Radiocar?on investigators have long looked with suspicion on
dates obtained from analysis of carbonate in fresh-water limestone,
particularly spring-deposited travertine (e.g. Broecker and Walton
1959). This is because ground water typically contains a high
proportion of old carbon, a result both of the actual 014 age of
the water fhat has been moving underground, perhaps for tens of
thousands of years, énd because carbonate in ground water exchanges
readily with "dead" carbbnate from limestone bedrock.

C14

The apparent reliability of ages of travertine samples

from the Great Basin (Broecker and Kaufman, 1965) indicates that
there has been sufficient exchange of COZ between the atmosphere
14/012

and surface water to bring about equilibration of'the C ratio

in the water to the atmospheric value between the time that ground
water emerges at the Earth's surface and the time that CaCO3 is
precipitated from it in the surf zone around the margin of a
pluvial lake.

It is the goal of the proposed study to measure empirically
the distance of surface flow required for emerging ground watér |
to achieve such equilibration. The experiméntal procedure will be
to measure the apparent C]‘4 ages of travertine samples collected
along the length of Havasu Creek, Arizona, and to date independently
the same samples by their close association with dead wood. The

14 activity in the wood by incor-

extent of possible depletion of C
poration of old carbon will be closely approximated by comparing 1its

carbon-isotope spéctrum with that of wood of known age.

1,



The following discussion of available radiocarbon ages of
travertine will underline the uncertainties in the data and will

demonstrate that the equilibration described above must occure.

AVAILABLE RADIOCARBON DATA

A perusal of the first ten volumes of Radiocarbon demon-
strates conclusively that travertine is a suspect material. It
is difficult by a statistical manipulation of the data compiled14
there to arrive at a realistic estimate of the reliability of C
ages of travertine, however, as not all workers who have dealt
with the results of such determinations have been aware of the
uncertainties. Nor is it simple to categorize the different types
of fresh-water carbonate deposits as to material or environment of
deposition, as each sample represents a problem unique in itself,
and not all descriptions of dated samples are sufficiently compre-
hensive. Assessments of probable validity of individual ages by
those who submitted the samples are not entirely reliable, as the
most-often-quoted criterion for validity is consonance with
stratigraphy, which in many cases has been itself established on
the basis of Cl4 ages of travertine.

In the brief discussion that follows, available 014 determin-
ations are considered under the following arbitrary categories:
La COZ in ground water.

2. Carbon in vegetation and CaCO3 in travertine at spring.
orifices or in wells.

3. CaCO3 in caliche zones in soils.
4, CaCO3 deposited as dripstone in limestone caves.

5. CaCo

g deposited as travertine around the margins of pluvial
lakes.

Ground water

Of 265 C14 analyses of COp in ground water in the southwestern
United States, Germany, Venezuela, and Saudi Arabia, fully 247 had
Ccl4 gctivities lower than that of modern water (normalized to pre-
bomb Cl%4 activity). Eight samples had activities equivalent to
modern water, within limits of experimental error. Anomalously high
cl4 concentrations, presumably the result of contamination by bomb
carbon, were reported for six.




Springs and wells

Measurements of 014 activities of aquatic vegetation growing
in springs indicate that spring vegetation extracts much of its COZ
from the water and typically yields apparent ages that are
anomalously old, but often somewhat less so than the water itself.
Only a very few ages have been determined for travertine being
precipitated in or near the actual spring orifice, and all of these
have yielded apparent ages somewhat older than predicted by the
estimated stratigraphic age of the spring. A crude correction of
2,500 years was subtracted from travertine ages at the Tule Springs,
Nevada, site, and the counting error was arbitrarily increased to
+ 1,000 years "to allow for the uncertainty in Cl4 activity at zero
age" (Radiocarbon, v. 6, p. 319; UCLA-503, UCLA-641, UCLA-642).
While it was apparently felt that a correction of such magnitude
was reasonable, there was no independent determination of its

validity.

Carbonate scraped from a wooden bathtub, patently of historic
age, at the orifice of a hot spring at Bridgeport, California, con-
tained only 2.0 T 0,.,8% of the activity of the oxalic-acid standard
(ibid. v. 3, L-487P). A sample of travertine-coated twigs from a
hot spring in Idaho yielded apparent ages of >39,000 (ibid. v. 6,
W-1225) for the travertine and <200 (ibid. v. 6, W-1226) for the
wood. Lime crust collected from living aquatic vegetation in
Queechy Lake, Connecticut, was found to be anomalously old (ibid.
v. 3, Y-754B), as was the pond vegetation itself (ibid. v. 3, Y-7544).
Four tufa samples from Panamint Valley, California, were separated
into organic and inorganic fractions, and each fraction was dated
separately (ibid. v. 8; UCLA-1110-I, UCLA-1110-0, UCLA-1118-I,
UCLA-1118-0, UCLA-1121-I, UCLA-1121-0, UCLA-1123-I, UCLA-1123-0).
In each case, the age of the inorganic portion was significantly
older than that of the organic portion.

Caliche

Numerous Cl4 ages are available from carbonate in caliche soils
in the southwestern United States; some such ages have been inter-
preted in terms of local Pleistocene history (e.g. Rightmire, 1967),
with recognition of the fact that the actual mechanism of formation
of caliche is not well understood. Enough is known of the post-
formation behavior of caliche to testify to its vulnerability to
contamination by older carbon derived from limestone bedrock in
rising ground water and by younger carbon carried into the Cqg zone
by percolating rain water. A number of localities (e.g. Radiocarbon,
ve 5, A-248, A-249; A-272, A-273; A-277, A-278, A-279; Rightmire,
1967) indicate that the apparent age of caliche is proportional to
depth below the ground surface; this supports the hypothesis that
caliche originates by precipitation from descending rain water which
derives its carbon-isotope spectrum from COZ in the atmosphere and

~



in the soil air. Correction of apparent 014 ages after determin-
ation of the relative abundance of the stable carbon isotopes (see
discussion p. 6 ) has led to adjusted Cl4 ages of caliche horizons
that can be applied with some confidence to the solution of ‘
Pleistocene stratigraphic problems (e.g. Rightmire, 1967).

Caves

Dates from travertine (dripstone) deposits in limestone caves
are prone to similar uncertainties; two studies of the rate of
accretion of annular layers of cave stalactites and stalagmites
(Broecker, Olson, and Orr, 1960; Geyh and Schillat, 1966) defined
rates of prﬁcipitation of cave travertine by measurement of the
relative Cl% activity of successive accretionary layers, but only
maximum ages of the cave features were cited, as the authors felt
that contamination by old carbonate had been significant. In a
similar study of rate of accumulation of dripstone in a cave in
France (LaBeyrie, DuPlessy, DeLibrias, and LeTolle, 1967), correc-
tion for in&tial concentration of Cl4 was attempted, and yielded
adjusted cl4 ages consistent with a climatic history deduced from
other data. A sample of dripstone carbonate encrusting a piece of
lumber carried into Crystal Cave, California, by miners around the
year,1880 was found to be anomalously old (Radiocarbon v. 3, L-451C).
A cl% date of the lumber itself was essentially modern, as expected.

Pluvial lakes

A comprehensive study by Broecker and Kaufman (1965) of the
radiocarbon chronology of Lakes Lahontan and Bonneville II, in the
Great Basin of the southwestern United States, has confirmed the
validity of the radiocarbon-based chronology (Broecker and Orr, 1958)
by demonstrating the essential identity of values so obtained with
uranium-series isotope ages o£ maEerials in equivalent stratigraphic
contexts, Measurements of cl /ClZ ratios in fish, mollusks, and
subaqueous plants taken alive from various Great Basin lakes and
from their supply rivers (Broecker and Walton, 1959; Broecker and
Kaufman, 1965, p. 539; see also Thurber and Broecker, 1969), and
comparison of such ratios with that of atmospheric COp, led to the
conclusion that carbonates formed in Lakes Lahontan and Bonneville
had Cl4/Ccl2 ratios of .94 Tt .06, representing an apparent age of
500 years for lacustrine carbonate at the time of its precipitation.
The chronology presented by Broecker and Kaufman (1965? is based
on Cl% ages so corrected, and as presented affords a wholly reason-
able correlation with the chronology of glaciation of the North
American mid-continent region.

Summary

With the exception of the several studies_cited above, most
dating of travertine that has been undertaken in the past has been



of single specimens whose ages, it was hoped, would offer signif-
icant documentatign to specific sites. It is apparent that the
reliability of Cl%# ages of travertine is related to the length of
time the water has been in contafz with the atmosphere before pre-
cipitation takes place. Thus, C ages of travertine deposited
adjacent to spring orifices are typically anomalously old, but ages
obtained from travertine deposited along the margins of pluvial
lakes can, with minor corrections, be used to document a realistic
Pleistocene stratigraphy.

STABLE CARBON ISOTOPES

Numerous measurements of 013/012 ratios in natural materials

are now avallable:

TABLE 1

cl3 abundances in various natural materials
(after Craig, 1953; Ingerson and Pearson,
1964; Friedman, et al, 1970)

carbonate sediments

marine plants and
animals

land plants
land plantsl i
atmospheric CO, (%]
marine HCO5~ b

‘soil co, 2 ’ ||

-30 =20 -10 0 +10

| | l | [

& cl3 ©/00 PDB (Craig, 1957)

lRightmire, C.T., pers. comm. 19703 Craig, 1954.
2Rightmire, C.T., 1967; pers. comm., 1970,




The consistency of the measured C13/012 ratios for marine
limestone and for land plants has led to the technique used
successfully by Pearson (1966 a; b, "Pearson and White 1967, Ingerson
and Pearson 1964), among others, to approximate the proportion of
the carbon in ground water that is derived from exchange with
ancient carbonate. Wheh the C14 activity is normalized to the
equivalent of full concentration of atmospheric COZ in the sample,
realistic water ages are obtained which, when divided by the
distance between recharge area and sampling station, give rates
of ground-water movement that are consistent with those obtained
by more unwieldy, conventional methods. Direct measurements of

C13/C12 ratios in soil air (Rightmire, 1967; pers. comm. 1970)

cl3

indicate that a realistic & value for soil COZ might be closer

to -17 than to -25, particularly in arid or semi-arid environments.
13/012

The value of -25, used by most workers, is based on C ratios

in lénd plants grown under normal (i.e. humid) conditions, on the
assumption that no fractionation of the carbon isotopes occurs during
root respiration or during oxidation of dead vegetable material, and
on the &ClB value of -23.2 measured by Broecker and Olson (1960) on
CO, from a humid soil. The correction applied by Pearson (1966)
does not correct for the age of the water, of cdprse, since that is
the desired information, but the age of the water represents a sig-
nificant source of contamination of travertine ages.

Once it appears at the Earth's surface as a flowing stream,

14

ground water, presumably of low C"  activity relative to the atmos-

phere and of 013/012 ratio intermediate between that of marine lime-




stone and soil COZ' begins to mix with the atmosphere and to
exchange its CO2 with atmospheric COZ’ with a“ 6Cﬁ3 value of

~-7. A travertine sample precipitated from such a solution,
13

then, would have.a &C"~ somewhere between 0 and -25, but a value
of -7 would be no assurance that total equilibration had taken
place. Furthermore, the demonstration (Craig, 1953) that 01202
is preferentially extracted from the atmosphere at the water
surface adds yet a fourth unknown to a situation describable, at
best, in terms of ohe vague expression, Additional, possibly
biogenic, fractionation might occur in the process of precipi-
tation.

Thus it seems unlikely that a study of the stable isotopes
of carbon in a travertine sample will, in itself, determine the
extent to which the spring-derived surface water from which the
travertine was precipitated had equilibrated with the atmosphere,
and even when supported by measured 014 activity can not be used
to demonstrate conclusively that the carbon-isotope spectrum in

the water was the same as that of the atmosphere at the time that

‘a given specimen of CaCO3 was precipitated.

MODERN ANALOGS

14

No systematic attempt has been made to measure C activity

in travertine being deposited in streams under modern conditions,
C14

except to establish that apparent ages are considerably older

than ages of the samples established from other data (see p. 3).

Any such study would, of course, be enormously complicated by the




anomalously high and locally variable levels of Cl4

activity added
to the contemporary atmospherlc carbon reservoir as a result of
neutron radiation from atomic bomb exp10510ns made during the last
20 years.

An appropriate setting in which to examine the equilibration
of surface water with atmospheric CO, would be one in which traver-
tine precipitated prior to 1950 could be independently dated by
some means other than analysis of the isotope spectrum of the car-
bonate. The difference between the independently determined date
and the Cl4 age of the travertine, then, would be a measure of the

disequilibrium at any point. Such an independent calibration of

travertine ages can be achieved in Havasu Canyon, Arizona.

HAVASU CANYON, ARIZONA

Geologic setting

Havasu Creek, a tributary of the Colorado River on the South
Rim of the Grand Canyon (map, fig. 1) rises from springs near the
base of the Supai Formation of Permian age. The creek is 15-30
feet wide, and falls .1,450 feet in the course of the 10 miles it
flows to the Colorado (long profile, fig. 2).

Precipitation of travertine begins in Havasu Creekfyz% miles
downstream from the springs, as a result of turbulence which drives
off CO2 and renders CaCO3 less soluble. Travertine first appears |
on boulders lying on the stream bed, alon% the shores of the stream
where turbulent eddies form, and on twigs, leaves, and roots of

streamside trees that disturb the water's surface. Precipitation
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of travertine as a result of the turbulence created by such pro-
trusions typically results in increased turbulence which enhances
further precipitation. Massive deposits of travertine thus .
accumulate which typically assume the form of arcuate dams which
may come td span the width of the streém in a festooning, step-like
configuration. The creek consists of a series of pools behind
dams which may grow to 20 feet in height and are remarkably
resistant to the stress imposed by the water rushing over them.
The growth of a travertine dam may divert Havasu Creek to a
new course, in the process flooding part of the bank. Contihued
upward growth of a dam may eventually render it architecturally
unstable and it may be undermined, perhaps during a time of flood
runoff when the water is briefly undersaturated with respect to
CaCO3. By whatever mechanism, it is aﬁparent that Havasu Creek is
continually altering its course within the confines of its. narrow,
steep-walled valley; and is continually inundating sections of its
banks. Trees growing on the banks are thus drowned, are coated
with travertine around submerged parts of their trunks, and event-
ually fall, often into the creek, where they may become coated with_
travertine and sink to the floor of‘one of the pools, or may float
downstream to become lodged in one of the dams, to which they are
rapidly cemented by the continuing process of precipitation. Many
pools are floored with a dense mat of tightly intertwined, traver-
tine-coated branches, and some dams fairly bristle with wood
fragments, securely locked in the travertine, and crudely identi-
fiable as to relative age by their stratigraphic position in the

wall of the‘dam.




At least two generations of older travertine, presumably
precipitated under similar conditions in the past, have been
identified; céntemporary wood has been observed only in the

younger of the two. \

RESEARCH PROGRAM

This study will include the following procedures:

1. Samples‘of travertine-coated trees, killed before the be-
ginning of atmospheric bomb tests, will be collected at
frequent intervals along the length of the creek. Both
the outermost layer of wood and the adjacent layer of

4, thereby establishing at

travertine will be dated by C1
each station the extent of contamination of the CaCO3 by
old carbon. This will be done for the modern generaﬁiou
of travertine, and for the older material, if possible.

2, If it can be shown that trees in the canyon respond to
seasonal or yearly variation in precipitation, despite the
abundant ground water, an attempt will be made independently
to fix the age of the wood samples by dendrochronology.

 This study will be used to approximate the extent of alter-
‘ation of wood ages as a result of incorporation of carbon
from gréuhd water in tree metabolism. |

3. A measure of the possible depletion of C14 activity in
the wood by incorporation of old carbon will be estab-
lished by dating wood of known age collected from full

sections cut from living trees. This information will

complement. the data  obtained from  procedure
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2, and will represent the only empiric measure of total
wood contamination if procedure 2 is unsuccessful.
4. Selected samples of travertine will be dated by thermo-
luminescence; it is anticipated that modern travertine
may be too low in radioactive substances to have stored
much thermoluminescence, but the technique may be effec-
tive for the older travertine, particularly for the
oldest generation in which no wood has been observed.
5. 013/012 analyses of dated samples will be conducted routinely

14 ages for fractionation. The carbon-isotope

to correct C
spectrum of selected specimens will be considered critie-
ally in an attempt to establish 1) the extent of
contribution of carbon from the several sources, and 2) the
nature and extent of fractionétidn during equilibration
and/or precipitation.

6. A detailed\stratigraphic study of the travertine sequence
in Havasu Canyon and in nearby tributaries of the Grand

14 gating will

Canyon will be undertaken. Samples for C
be collected outside Havasu Canyon from localities judged
likely to yield meaningful ages.

Discussion .

It is anticipated that the discrepancy between the age of the
wood and the age of the travertine will decrease systematiéally
with distance from the source of the creek, as a function of exchange
of CO2 between the water and the atmosphere. The distance from the

springs at which the two values are first identical within limits
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of experimental error, if it ever occurs, thus empirically defines
the distance water must flow in Havasu Creek before equilibration
with the atmosphere is achieved. If total equilibration doesn't
occur before the Colorado River is reached, an extrapolation of the
observed convergence will be made to approximate the distance from
the source at which equilibration should be complete. It will be
instructive to compare such a convergence with a similar equilib-
ration curve for the oldér travertine, if such a curve can be

established.

PRELIMINARY RESULTS

A brief reconnaissance of Havasu Creek was carried out
by the principal investigator in May and June of 1969, that was
supported in part by Sub-Grant NSF-1G-69-10 of an NSF Institutional
Grant awarded to the University of Pennsylvania. At that time the
mechanism of precipitation of travertine was examined, a tentative
sequence of eérlier (Pleistocene?) travertine events was recognized,
and 80 samples of wood coated with travertine were collected from both
modern and ancient travertine features at frequent intervals between
mile 7.2, the start of precipitation of travertine. and mile 0.47,
the site of the most downstream sample of wood observed (because of
the difficulty of establishing the'point of origin of Havaéu Creek,
samples were identified by mile numbers measured from the Colorado
River in an upstream direction).

An attempt was made independently to fix the wood ages by
dendrochronology, but it developed that the cottonwood trees, which

make up the great majority of wood samples in the creek, show no
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systematic variation in width of rings as a function of climate.
Mesquite seems to be mdre responsivé to yearly variation in
available moisture. but so far only two of the samples collected
are mesquite. \

Full sections of both a 1living cottonwood and a living mesquite

were collected and will be dated.

14

Preliminary C results

14

ct™ activity measured in two samples collected in 1969 is

13/012 ratios. It is

presented in Table 2, along with measured C
fortunate that the wood is too old to have been affected by bomb
carbon, and too young to fall within the range of uncertain values
around 240-350 B.P. (Michael and Ralph, 1969, Stuiver and Suéss,
1966). The travertine ages indicate that equilibration is proceeding
with distance downstream, but too slowly to achieve total equili-
bration.in the creek. Until more dates are available, however, these
two samples simply indicate that 1) the wood is old enough to be
reliable, 2) the water is anomaldusly old, and 3) the convergence - |
"curve" is in the right direction.

It is difficult to interpret the significance of the 013/012
ratios without additional data. Each of the travertine samples
falls within the range of values expected for marine carbonate,
suggesting that no equilibration has occurred, but the difference
in the Cl4 ages indicates that equilibration is taking place. Minor
fractionation of the carbon isotopes during either equilibration or
precipitation could alter Cl3'va1ues by as much as 25 0/od, but would

14

not significantly alter the C~ -ages, as the corrected values in

"column 6 of Table 2 indicate.



14

TABLE 2: C~ Dates for Havasu Canyon, Arizona i
o (5,568 half-life; B.P. 1950)
Column No. 1 2 3 4 5 6
Univ. of Penn. ~ Sample No. Clafdate C13 Oak 013 Lime 014 Date
Lab. No. and material (years B.P.) standard standard Corrected for
_ (mils) (mils) cl3 (0ak St'd.)
P-1631 69-HC-0.47-W1 196 T 48 -0.9 181
- Cottonwood
P-1641 69-HC-0.47-T1 13,034 t 296  +25.2 <138 13,443
Travertine '
P-1632 69-HC-5,97-W1 137 T 42 +6.5 242
5 Mesquite
P-1642 69-HC-5.97-T1 17,006 * 569  +25.9 -0.9 VT Ak

Travertine

cl



GOALS OF THE PROJECT

The goals of the proposed study are the following:

1y  To ;haracterize the nature and extent of carbon-isotope
fractionation in the exchange of COZ between the atmos-
phere and surface water, and in the precipitation of
CaCO3 from such water.,

2, To approximate the rate of equilibration of surface
water with atmospheric COZ' at least for Havasu Creek,
and possibly for other localities.

14 ages of traver-

3. To place limits on the reliability of C
tine precipitated from flowing surface water.

4, To apply guidelines so established to a program of dating
of travertine within Havasu Canyon, and to contribute
thereby to the growing undersfanding of the history of
the Grand Canyon by presenting a dated sequence of

travertine-precipitating events during late-Plesitocene

time.

Guidelines established in the course of this project may be of
value in dating ancient travertine deposits, sediments indicative
of greater ground-water flux than is generated by the present
hyd:ologic cycie, that are significant features of desert and semi-

desert environments throughout the world.

O
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FACILITIES

RADIOCARBON LABORATORY

The Radiocarbon Laboratory at the University of Pennsylvania

‘was established in 1951 in the University Museum. In 1956 it was

moved to the David Rittenhouse Laboratory (Department of Physics)

and two gas proportional COZ counters were inétalled (in place of

the original solid-carbon screen'wall counter). The Laboratory
has been supported mostly by the University of Pennsylvania, but
the second counter (since 1958) ﬁas been supported by NSF grants.
The chief function of the Laboratory has been the dating of
archaeological samples that have been excavated by, or are of
interest to, the curators of the University Museum. It now has
the reputation of being one of the most precise and careful C-14
laboratories in thé world.

The NSF supports the second counter for the dating of tree-
ring-dated sequoia and bristlecone pine samples - for the deter-

mination of the causes and magnitudes of fluctuations in the

atmospheric inventory of C-14 in past times (Ralph & Michael, 1967;

Ralph & Michael, 1969; Michael & Ralph, in press).
These two projects occupy the counting facilities full-time

and the Laboratory usually has more than a year's backlog of

B U

samples waiting to be dated. The chemical processing train, however,

is adequaﬁe to supply three counters. Therefore, with the addition

of a third counter, 33 1/3% of the counting time could be devoted

to geological samples.




THERMOLUMINESCENCE (TL)

Thermoluminescence in pottery is due to the fact that radia-
tions from the traces of radioactive élements in pottery bombard
the other constituents of the clays and raise electrons to meta-
stable 1évels. When the pottery is heated, such as in firing,
enough additional energy is supplied to enable each electrqn to
fall back to its stable position and to emit a photon of light.

On being reheated, the amount of thermoluminescence observed (as
a glow curve) is, therefore, representative of the number of
metastable excited electrons and hence of the time elapsed since
the original firing of the pottery. The amountrof metastable
electron accﬁmulation is also dependent upon the rate of radio-
active bombardment and upon the susceptibility of the pottery to
irradiation, as determined by an artificial dose. Three measure-
ments are, therefore, involved -' the glow curves of natural TL,
of artificial TL (after being given a fixed dose of X-rays to
account for varying susceptibilities), and of the inherent radio-
activity. | |

Initial experiments directed toward the dating of pottery by
thermolﬁminescence were started by Elizabeth Ralph at the University
of Pennsylvaniarin 1959, The program has been.pursued more actively
by Mark Han since 1962, during which time it has been supported by
NSF grants. It has now been demonstrated that most types of
fired pottery can be dated by TL within a precision of 110%.

Our glow curve apparatus, even though designed for the measure-

ment of pottery, is extremely sensitive and flexible, and can




readily be adapted for use with other thermoluminescent materials.
One of the best features of our linearly programmed heating-
control systém is the Data-Trak Model 5300 Programmer (made by
R. I. Controls). By means of inexpensive changeable charts (made
of a conducting material) any program can be drawn. Our present
program for pottery dictates that heéting is first at the rate of
6.5°C/sec up to 170°C, then followed by a faster rate of 25°C/sec
up to 500°C. The flexibility of this programming unit makes it
much more suitable for these measurements than other types cur-
rently in use by other workers. Another unit - the Model 417
Picoammeter (Keithley Instruments) - with a dark current suppresor
has enabled us to use much greater sensitivity when requiréd.
Comparisons were made recently with our assembly of units and
a "packaged" commercial thermoluminescénce reader - namely, the
Harshaw Model 2000A TL Detector with the Model 2000B Automatic
Integrating Picoamméter. Even though this latter apparatus is
rated to have a maximuﬁ sensitivity of 10'12 amperes, its actual
response was only equivalent to 10'8A on our own apparatus. Since

9A for lower light

our assembly has a usable sensitivity of 10~
intensity measurements, it appears to be some ten times more sensi-
tive than this highly-regarded commercial instrument,

It is known that limestones emit 100 times more light (upon
héating) than potsherds. However, the extra sensitivity and
flexibility of our system may be useful for experiments with

travertines, especially when applied to very young samples in

which not much alpha decay has occurred.




The glow curve aparatus is available for part-time use, but
the three alpha counters (used to measure the inherent radio-
activicy due.to uranium and thorium) are used continuously due to
the long counting times required. Therefore, it would be

necessary  to purchase an additional alpha counter and associated

components for the experiments with travertines.
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