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Descriptions of samples should follow as closely as possible the style shown in
this volume. Each description should include the following data,, if possible in the
order given:
11. Laboratory number, descriptive name (ordinarily that of the locality of collection), and date expressed in years B.P. (before present). The standard error following the date should express, within limits of ± 1 Q, the laboratory's estimate of the
accuracy of the radiocarbon measurement, as judged on physicochemical (not geologic
or archaeologic) grounds.
2. Substance of which the sample is composed; if a plant or animal fossil, the scientific name if possible; otherwise the popular name; but not both. Also, where
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abbreviating names of periodicals, etc.
9. Comment, usually comparing the date with other relevant dates, for each of
which sample numbers and references must be quoted, as prescribed above. Technical
matters, e.g. chemical pretreatment, special laboratory difficulties, etc., should be included here.
Illustrations should be neat and legible and should include explanation of symbols
used. They should be capable of reduction to not more than 41/a by 7 inches, all lettering being at least 1/16th inch high after reduction. Line drawings should be in black
India ink on white or blue. Photographs should be positive glossy prints. Illustrations
should be numbered consecutively through each article. In general, originals of illustrations should be submitted, but photographic reproductions of line drawings are
sometimes acceptable, and should accompany the manuscript in any case if the
originals exceed 9 by 12 inches in size.
Reprints. Thirty separate copies of each article will be furnished to the author free
of cost; these will be without a cover. Additional copies will be furnished at cost.
Printed covers can be furnished, if specially ordered.
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PttEI1AtE
Plans for this SUPPLEMENT were substantially complete by April 1958,
arid a printed announcement of the fact was sent to all laboratories known to
us to be engaged in the measurement of natural radiocarbon. The first major
date list published outside the pages of Science and the New Zealand Journal
Broecker, printed, as proof
0` Science and Technology was that of Olson and
:style, in the January 1959
preferred
the
of
example
as
an
and
intention
of our
issue (Volume 257, Number 1) of AMERICAN JOURNAL OF SCIENCE, and reprinted here with pagination unchanged. Other papers, accepted as late as
March 15, 1959, are published here for the first time. Papers submitted by
January 1, 1960 will be considered for Volume 2 of the SUPPLEMENT, scheduled for publication in May 1960. For the present a single annual volume is
planned.
We hope that the 'SUPPLEMENT will serve !henceforth as the medium for
primary publication of all radiocarbon measurements, or at least of radiocarbon date lists. If necessary to insure completeness, we will consider republication of date lists that may be published elsewhere in the future. A checklist of
all earlier date lists, assembled by Frederick Johnson, is printed in this volume;
additions and corrections for it should be called to our attention.
As readers and as users of dates we have found many published descriptions to be so deficient in information as to make the dates nearly worthless.
As editors we have tried to improve the standards of presentation, but we
realize that we have succeeded only partially, and we would welcome suggestioris for further improveemnt. So far as possible, the form, kind, and quantity
of information required have been worked out in collaboration with Radiocarbon Dates Association, Inc., of Andover, Massachusetts, so that descriptions
of samples can be transferred with minimum effort to the punch-cards distributed by that organization. We ask the authors of date lists to follow the
Instructions to Contributors printed on the inside front cover of this SUPPLEMENT, and we expect them to be responsible for obtaining adequate information from those who submitted the samples.
There is, of course, no objection to the republication of dates with fuller
discussion in articles in other journals, and material published here may be
used by geologists, archaeologists, arid others without restriction of any kind.
We anticipate that many dates, released by laboratories to interested persons,
will appear in many places, sometimes before they are formally printed in the
SUPPLEMENT or on the punch-cards. We consider, 'however, that the release of
such dates in advance of publication constitutes a "private communication
and should be treated as such by authors and editors. In particular, quotation
of such dates withoutattribution to the laboratory concerned, without sample
number, or without description of any kind, we consider as irresponsible as it
is confusing.
The Editors of AMERICAN JOURNAL Oi` ScIENcE join us irr acknowledging
the generous action of the National Science Foundation in awarding Grant
No. G-654$, which makes it possible to offer this SUPPLEMENT as a service to
all interested in radiocarbon.
EDWARD S. DEEVEY,

JR.

RICHARD FOSTER FLINT
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LAMONT NATURAL RADIOCARBON
MEASUREMENTS V*
EDWIN A. OLSON and W. S. BROECKER
Lamont Geological Observatory (Columbia University)
Palisades, New York

This article reports the radiocarbon age measurements made at the
Lamont Geological Observatory between February 1957 and July 1958. For
convenience the sample ages have been classified into the following categories:
I Geologic Samples---North American glacial geology
Table
Table IT Geologic Samples--Pluvial lake levels
Table III Geologic Samples-Relative sealevel changes
Table IV Geologic Samples-Oceanography
Table V Geologic Samples-Miscellaneous
Table VI Archaeologic Samples
Table VII Check Samples
Within each table are subdivisions according to geographic origin.
As an aid to those who do not care to scan the entire seven tables, the contents of each are summarized in the following paragraphs. Following this summary, three final items are discussed: ('1) age calculations, (2) new methods
of chemical pretreatment designed to detect and overcome possible sample contamination, and (3) the effect of material type on the reliability of a radiocarbon date.
Table 1 consists primarily of samples submitted by the Geological Survey
of Canada and the United States Geological Survey. Of particular interest are
the Quadra Beds in British 'Columbia (L-221A, B and L-424B, C, E : 25,000 to
30,000 yr), the Cook Inlet sea bluff exposure in Alaska ('L-117L, L-163A,
L-434: ages from 3650 to >44,000 including a finite age of 39,000) and the
Port Talbot deposits on the north shore of Lake Erie (L-370A and L-440, both
so old as to exceed the counter's sensitivity). For these and other sites, details
are to be found in the references cited in the various sample descriptions. Other
important samples are the Don interglacial beds near Toronto (L-409) and a
buried soil near Richmond, Indiana (L-414), both exceeding 40,000 years in
age.

Table 11 includes tufa samples from terraces surrounding Lake Bonneville
(L-435 series) and Pyramid Lake (L-420). Shells from an elevated beach near
Lake'Kivu, Belgian Congo, are also listed (L-349) .
*

Lamont Geological Observatory Contribution No. 321.
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Table 111 is for samples which indicate times in the past when land and
sea stood at different relative positions. The new relative positions have resulted
from glacial rebound, melting of glaciers, or crustal movements. Included in
Table III are samples from Alaska (L-297B, E, G), Hudson Bay (L-433A,
L-441A), British Columbia (L=3911D, E, F; L-441B), Lower California
(L-438A), Madagascar (L-403C), and Morocco (L-398A).
Table IV consists entirely of ocean sediment cores except for a carbonate
sample (L-389A) dredged from the top of the Atlantis seamount. Cores are
from the Cariaco Trench in the Caribbean Sea ('L-430C) , from the Mediterranean Sea (L-392), and from the South Atlantic Ocean off the west coast of
Africa (L-421). All samples were collected by the Lamont research vessel
VEMA.
Among the miscellaneous geologic samples listed in Table V are three
buried soils from Alaska (L-400A, B, C) , oolite samples from the Bahama
Banks (L-418 series), and wood buried by ash ejected from the Santorin
volcano on the Greek Island of Thera (L-362).

Numerous archaeologic sites are reported in Table VI. These include the
following:
Manakaway, Conn. (L-339)
Chiapa de Corzo, Mexico (L-427)
Castle Windy, Fla. ('L-377, L-405)
Chanquillo Fortress, Peru (L-404A)
Modoc Rock Shelter, Ill. (L-3810)
Grotte du Renne, France (L-399D)
Twenhafel, Ill. (L-431C)
Grotte de la Garenne, France (L-340)
Signal Butte, Nebr. (L-385)
Grotte de Taforalt, Morocco (L-399E)
Midland, Texas (L-347)
Marquesas Islands (L-394, F, J)
Kalambo Falls, N. Rhodesia (L-395B; L-399A, B, C)
Those sites with radiocarbon ages indicating the greatest antiquity of man are
Kalambo Falls (>40,000), Midland (20,400), and Grotte du Renn.e (15,500).

The 'final table (VII) contains several samples measured in order to obtain interlaboratory comparisons or checks with other methods of datingnamely, historic records and the ionium-uranium age method. Samples L-292
and L-432 are checks, respectively, with the Groningen and Michigan laboratories. In both cases there is agreement within the experimental error. Additional positive interlaboratory checks have resulted as byproducts of other
studies and these are reported in Table I (L-369A, L-370A, L-440, L-397C,
L-397E). Besides Lamont, the other laboratories involved are Washington
(U. S. Geological Survey), Yale, and Saskatchewan; all employ gas counting.
Several cases in which Lamont black-carbon dates have not been substantiated
by subsequent gas-counting dates are included in the Table I descriptions of
samples L-117L, L-163A, and L-434.
A valuable historical check included in Table VII is sample L-371E,
charred bread remains found during excavation of ash-covered Pompeii. Destruction of the city took place in A.D. 79 or about 1880 years ago.. The measured C14 age is 1830 ± 50; it is based on 1890 oak wood as the modern
control material, corrections having been made both for radioactive decay and
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C13/C12 isotopic ratio slightly diffor the fact that 1956 Italian wheat shows a
ferent from the oak. Such corrections avoid the presently competing H-bomb
and Suess effects which make today's organic materials unacceptable in fixing
the modern control value.

Samples L-423A and L-423'B in Table VII consist of calcium carbonate
obtained from drill holes in Eniwetok atoll in the Pacific Ocean. Both have
been dated by radiocarbon analysis and by the ionium-uranium age method
( Sackett, 1958) . Results are as follows :

Sample No.
L-423A.
L-423B.

Radiocarbon Age
4900
23,500

±
±

150
1000

lonium Age
4,000
10,000

Most of the difference between the above results is probably due to younger
secondary calcite cementing the original aragonitic material. Particularly is
this important in sample L-423B which would require only 5.5 percent of
modern calcite cement to drop its age from 132,000 to 23,500 years. Using
cement-free carbonate material recently obtained, additional analyses will be
made as a further check between the two dating methods.
Three final matters now to be discussed are age calculations, new methods
of chemical pretreatment, and material type as it seems to affect reliability.
Except where specifically mentioned in individual sample descriptions, the
modern control value used to calculate ages is obtained from oak wood grown
C13/C12 ratio, this wood, after correction for
in 1890. Normalized to the same
C14/C12 ratio than the
C14
decay, has a 3.7 ± 0.7 percent lower
68 years of
of Standards. Details
Bureau
National
oxalic acid standard designated by the
to be found in a preare
used
counters
the
gas
of the calculation methods and
1956).
Tucek,
and
Kulp,
(Broecker,
list
date
Lamont
vious

Because a radiocarbon age can be altered by the entrance of contaminatirig organic solutions into a sample from its environment, two chemical techniques have recently been employed in attempts to isolate a contaminant-free
sample portion. These methods have been applied to wood, peat, charcoal, and
burned bone and are described in detail by Olson and Broecker (1958). The
first method is to employ an alkaline leach to remove so-called humic acid, the
most logical contaminant in a soil environment. The second technique, limited
to peat and wood, involves isolating cellulose and lignin fractions by appropriate chemical methods, the expectation being that the contaminant either will be
eliminated or will follow one fraction or the other. A part of both chemical
techniques is an acid leach to remove possible carbonate contamination.

At the Lamont radiocarbon laboratory, treatment for humic-acid removal
standard practice in handling organic samples. In the course of this
work, about a dozen samples have yielded sufficient humic, acrd for dating (in
this date list, samples L-117L; L-163A; L-368; L-391B; I, L-397E; L-3990;
L-400A, B, C; L-414A, B; L-424B). In only two cases-soil samples L-400A
and L-400C (Table V) -has there been a significant difference between the
treated sample and its humic acid, the latter being younger; hence, in the
majority of cases the humic acid recovered is derived from the sample itself
is now
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and is not a contaminant. In this date list, every sample treated for humic-acid
removal is so specified.
When several hundred grams of a sample are available and that sample is
expected to be old, cellulose or lignin isolation is desirable. Ages of cellulose
and/or lignin fractions of the following samples are reported here: L-221A,
B; L-369A, B; L-370A; L-399B; and L-409. In several cases, the value of
the chemical treatment is clearly demonstrated.

Inasmuch as a given percentage of modern contamination is of greatest
significance in the case of old samples, contamination studies must go hand in
hand with efforts to extend the radiocarbon range through C14 isotopic enrichment and increased counter sensitivity. Cases in point are samples L-399C
(Table VI, 43,000 yr) and L- 163A (Table I, 39,000 yr) . These were assigned
finite ages only because both were pretreated and because the humic-acid fractions of both were datable and gave ages identical to the treated sample. Even
so, such old ages should be used in a conservative manner.
The question is often asked, "What materials are best for radiocarbon
dating?" Certain dates reported here contribute toward an answer, providing
favorable evidence for shells and both favorable and unfavorable evidence for
buried soils and bone. Because shells are chemically ionic, the possibility of
carbon exchange with the atmosphere or ground water must be kept in mind.
That this has not occurred in sample L-391E (Table III, 12,350 yr) is evidenced by a similar age for associated wood. In addition, the 25,000-yr age
on shells of sample L-438A (Table III) indicates that any exchange that may
have occurred was limited; nevertheless, the age must be considered a minimum. Another sample of carbonate material showing negligible exchange is
L-4030 (Table III), coral limestone with an age exceeding 30,000 years.
In the case of buried soils, samples L-414A (Table I) and L-400B (Table
V) demonstrate that such soils can be sealed off for thousands of years without
contamination. Soil samples L-400A and C (Table V), on the other hand, show
that contamination has occurred. Similarly, the bone carbonate of sample
L-431C (Table VI) is consistent with archaeologic evidence, but the two
burned-bone samples from Signal Butte, Nebraska (L-385C, E; Table VI) are
a thousand years younger than associated charcoal.
Thus, the following conclusions seem warranted: (1) shells are gaining in
stature as more dates accumulate, (2) soils and bone are less desirable but
often usable, particularly if pretreated, and (3) wood and peat are superior
dating materials. The third conclusion is based on the consistent humic-sample
checks reported here, on the ease with which possible carbonate contaminants
can be removed, on the inherent chemical variety which allows fractions to be
isolated, and on the non-ionic nature of wood and peat.
ACKNOWLEDGMENTS

The authors express their thanks to James Hubbard and Marylou Zickl
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SAMPLE DESCRIPTIONS
I. GEOLOGIC SAMPLES-NORTH AMERICAN GLACIAL GEOLOGY

A. Alaska

L-117L.

Nikishka No. I, Kenai Lowland, Alaska

>44,000

Salamato Beach, Kenai Lowland, Alaska

39,000 ± 2000

Abraded, lignitized log in lowest 1 ft of organic lake silt section, 8 ft
thick, overlying iron-stained and contorted gravel exposed near base of Cook
Inlet sea bluffs (600 51' N Lat, 151° 24' W Long), 2.5 mi S of Naptowne
end moraine at East Foreland, Alaska. The log is transported and could have
been either derived from vegetation growing at the time of initial lake deposition or reworked from the subjacent older gravel unit of pre-Naptowne age.
The antiquity and lignitized character of the sample suggest derivation from
the underlying gravel. The geology of the area is described in a U. S. Geological Survey report now in preparation (T. N. V. Karlstrom, personal comC14 samples,
munication) . Sample L-117L is part of a group of Cook Inlet
which were
till,
Naptowne
beneath
directly
including material collected from
and sugB.P.
22,000
and
14,000
between
method
black-carbon
the
by
dated
gested a late-Wisconsin age for the Naptowne glaciation (Karlstrom, 1952, and
in Pewe and others, 1953). All these samples have been rerun by the more
accurate gas-counting methods. All gave ages of >32,000 B.P., indicating that
the early black-carbon results in this finite older age range were spuriously
young, and requiring a revision in the correlation of the Naptowne glaciation
of Cook Inlet with all, not just part, of the type Wisconsin deposits (Karlstrom,
1955, 1957). 'Coll. 1951 and subm, by T. N. V. Karlstrom, U. S. Geological
Survey. Comment: sample L-117L was previously dated by the black-carbon
method at 19,200 ± 1000 yr as reported by Kulp and others (1952). The
sample reported here was treated for humic-acid removal.
>44,000
L-117L. Residue after humic-acid removal
>40,000
L-117L. Humic acid
Other related Cook Inlet samples dated by the black-carbon method include samples L-101B (14,300 ± 600) and L-117J (15,800 ± 400) as reported by Kulp and others (1951) ; L-117A (19,100 ± 900) as reported by
Kulp and others (1952) ; and L-163A (22,000 ± 2000, previously unpublished
black-carbon result). Reruns by the gas-counting methods of samples L-101!B,
L-117A, L-117J, and L-163A gave ages respectively of >38,000 ('W-535;
Robert Miller, U. S. Geological Survey, personal communication), >32,000
(W-76; Suess, 1954), >32,000 ('W-77; Suess, 1954), and 39,000 ± 2000
(L-163A; this paper).

L-163A.

Iron-stained lignitized log collected from silt, sand, and gravel unit conformably overlain by coarse gravel, and unconformably overlying contorted
gravel and silt unit as exposed in upper part of Cook Inlet sea bluffs (60° 40'
N Lat, 151° 23' 'W Long) about 3.5 mi S of the Naptowne end moraine at
East Foreland, Alaska. The sampled intermediate stratigraphic unit is traceable
northward in the sea bluffs up to and beneath Naptowne till at East Foreland
('Wisconsin till according to Karlstrom) and apparently represents in large
part lacustrine and fluvial sedimentation during the advancing phases of an ice
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tongue from Alaska Range sources, across Cook Inlet into the vicinity of East
Foreiancl during Naptowne time Karlstrom. i'epOi't in preparation) . This
sample is the first from Alaska to be finitely dated in this age range. Its stratigraphic position and apparent age give promise that the interval preceding the
last major glaciation in Cook Inlet. Alaska may be datable in the extending
40,000 to 60,000-yr C1' range. Coil, 1951 and subm, by T. N. V. Karlstrom.
Comment: sample L-137D (Broecker and others. 1956), collected near Kenai
from a comparable stratigraphic position in the sea bluffs but closer to beach
level, was dated by the black-carbon method at >24.000. Sample 163A itself
was previously dated by the black-carbon method and gave an age of 22,000
+ 2000. The age reported here is based on two portions of the original sample:
the residue after humic-acid removal and the humic acid itself. Of six measurements, only two differed from average background by less than four times the
standard error of the background; and these two exceeded the background by
twice its standard error.
L-163A. Residue after humic-acid removal
39,000 2600
L-163A. Humic acid
39,000 2000
(

L-434.

Third Bay, Kenai Lowland, Alaska

3700 ± 150

Wood from beaver-gnawed debris in a beaver-house pocket immediately
beneath a 5- to 9-ft peat unit in a surface bog deposit exposed in Cook Inlet
sea bluffs of Third Bay (60° 47' N Lat, 151° 12' W Long) within 1 mi, and
E, of the Naptowne end moraine at Boulder Point, Alaska. The geology of the
area and stratigraphy of the coastal bogs are described in a U. S. Geological
Survey report now in preparation (T. N. V. Karlstrom, personal communication) . Coll. 1950 and subm, by T. N. V. Karlstrom. Comment: this sample was
treated for humic-acid removal. Under the number L-163C a portion of this
sample was dated by the black-carbon method as 3100 ± 400. Related samples
include L-117N (Kulp and others, 1952; 3800 ± 400) of spruce wood collected from the basal peat 1 ft above sample L-434; and L-163E and F (3550
± 170 and 3950 ± 200; previously unpublished black-carbon results) of
spruce and birch wood collected respectively 6 in. above and from along the
contact of the same stratigraphic horizon in another coastal bog 6 mi E of
the L-434 and L-117N-collecting locality. Results from these four samples,
within statistics, are consistent with each other and with stratigraphic position.
Samples L-163B and L-1170 (8650 + 450 and 8200 ±: 900; previously unpublished black-carbon results) are wood and organic silt near the
base of a lower 4-ft peat bed overlain by organic silt in the same bog and collected by Karlstrom about 9 ft below sample L-434. These results compare with
wood and organic-silt samples L-137D and L-163D (9500 ± 600 and 9200
± 600; Broecker and others. 1956) and wood samples W-602 and W-603
(8470 ± 300 and 8950 ± 280; Karlstrom, U. S. Geological Survey personal
communication). Coil, by Karlstrom just beneath and along comparable stratigraphic horizons exposed in three bogs in the Turnagain Arm sea bluffs near
Point Possession 40 mi NE of Boulder Point.

L-301.

Kogosukruk River, Alaska

>36,000

Larch wood from a bank in a cut of the Kogosukruk River (69° 45' N
Lat, 151° 40' W Long), Alaska. Sample came from a gravelly layer in the zone
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of contact between the uucoilsolidated Gubik Formation and the Cretaceous
Colville Formation. Probably of marine origin at this site, the Gubik is thought
to be Pleistocene in age. Coll. 1953 by J. C. F. Tedrow; subm, by Boston University Physical Research Laboratory. Comment, : sample was first given a
finite age of 24,000
2000. Since the geologic evidence suggested an age beyond the range of the Lamont counters, a new sample portion was measured;
the above age of > 36,000 was then obtained. Whether field or laboratory con-

±

tamination caused the finite age has not been determined.

L-368. Nelehina River, Alaska
8450 + 200
Peat with high silt content from north bank of Nelehina River (61° 57'
N Lat, 146° 57' W Long) 3 mi S of milepost 137, Glenn Highway, southwestern
Copper River Basin, Alaska. Buried 8 ft below the surface, the sample provides
a minimum date for (1) contorted gravel at base of the section, deposited as
Nelchin a Glacier retreated (its terminus now lies 14 mi S) and (2) stratified
lacustrine sand and silt above the contorted gravel but below the dated material. Geologic report is in preparation. Coll. 1954 and subm, by J. R.
Williams, U. S. Geological Survey. Comment: this sample was treated for
humic-acid removal and enough llumic acid was recovered for dating.
L-368. Residue after llumic-acid removal
7550 ± 500
L-368. Hum is acid
8450 ± 200
The hurnic-acid age is preferred because the amount of CO2 recovered from the
treated residue was quite small, requiring dilution with CO2 from anthracite
coal. A peat sample (L-237B, unpublished) collected by Williams in 1952 from
the same section as L-368 but 16 ft below gave an anomalously young age
whicli has not yet been explained. Three separate measurements were made:
L-237B. Untreated (black-carbon method)
600 ± 240
L-237B. Untreated (CO2 method)
950 ± 200
L-237B. Residue after humic-acid removal (C02)
900 ± 300

L-297A.

Lemon Creek Glacier, Alaska

10,300

± 600

Basal ligneous peat from a depth of 18 ft in muskeg (58° 23'' 30" N Lat,
134° 25' 20" W Long) 6 mi N of Juneau, Alaska. Sample was obtained at a
750-ft elevation, about 1000 ft from the position attained around A.D. 1750 by
the lower tongue of Lemon Creek Glacier. The sample age is the earliest postglacial date thus far obtained in this district and indicates that the 1750
glacier position has not been exceeded for at least the past 10,000 years. Coll.
1955 and subm. by C. L. Heusser, American Geographical Society. Comment:
the same age was obtained for basal sedge peat collected several miles away
(L-297D; Broecker and KuIp, 1957)

..

B. Canada

Avalon Peninsula, Newfoundland
7400 ± 150
Basal peat from a bog (47° 29' N hat, 52° 16' W Long), 17 ft thick, on

L-3911.

Avalon Peninsula, Newfoundland. Sample gives a minimum age for deglaciatiou of the St. John's, Newfoundland area. Coll. 1956 by E. P. Henderson;
subm. by Geological Survey of Canada. Comment: sample was treated for
humic-acid removal and enough material was recovered for dating.
L-391!. Residue after humic-acid removal
7400
150

L-3911.

Humic acid

7350

300
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Edwin A. Olson acid W. S. Broecker

St. Pierre les Becquets, Quebec

>44,000

Wood from a peat bed exposed in a stream bank, 90 ft high, near St.
Pierre les Becquets (46° 29' N Lat, 72° 12' W Long), Nicolet County, Quebec.
The geology of the area is described by Gadd (1955) . Coll. 1954 by N. R.
Gadd; subm. by Geological Survey of Canada. Comment: this sample has been
dated by three laboratories in the past (Rubin and Suess, 1955, W-189;
Preston and others, 1955, Y-242; Broecker and Kulp, 1957, L-190A) ; all ages
have exceeded counting range. The age reported here is for lignin isolated
from wood.

L-369B.

Missinaibi, Ontario

>42,600

Wood from between two till sequences exposed in a bank cut by the Missinaibi River (50° 19' N Lat, 82° 42' W Long) about 6 mi upstream from its
confluence with the Soweska River, 125 mi SW of James Bay, Ontario. Sample
is from base of non-glacial beds, 17 ft thick, containing wood, peat, and organic
silt and sand. The wood was separated from the remainder of the non-glacial
sequence by a lens of till-like material, 3 ft thick, probably colluvium. The nonglacial beds overlie a complex of till and gravel and are overlain in turn by
till. Sample probably dates a non-glacial interval with climate there much like
that today. The geology of the area is described by McLearn (1926). Coll.
1954 by 0. L. Hughes; subm. by `Geological Survey of Canada. Comment: the
above age supersedes the four finite ages (37,700 to 38,900) reported by Olson
and Broecker (1957) for cellulose and lignin fractions of the wood and the
peat above it. The age reported here is for a re-count of the wood cellulose.
Untreated wood yielded an age of >40,500.

L-391A.

Coulson Township, Ontario

3450

± 300

Fresh peat from a depth of 8.65 to 8.80 ft at the base of a bog impounded
behind a Lake-Barlow-Ojibway bay-mouth bar located in Coulson Township
(48° 38' N Lat, 80° 21' W Long), Northern Ontario. Sample indicates the
minimum age for the bay-mouth bar. Coll. 1956 by 0. L. Hughes; subm, by
Geological Survey of Canada.

L-391B.

Cochrane, Ontario

4750

± 250

Peat from a depth of 386 cm at the base of a bog (49° 2' N Lat, 80° 59'
W Long) resting on gray silty clay 1.5 mi SE of Cochrane, Ontario, on the
Ontario Northland Railway. Sample age indicates the beginning of peat formation following the close of the Lake Barlow-Ojibway episode. Coll. 1956 by J.
Terasmae; subm. by Geological Survey of Canada. Comment: sample was
treated for humic-acid removal and enough humic acid was recovered for
dating.
L-391B. Residue after humic-acid removal
4750 ± 250
L-391B. Ilurnic aci(
4650 ± 180

L-4330.

Cochrane, Ontario

5300

± 120

Peat from a bog exposed on the south side of Highway 11 near Cochrane
(49° 3' N Lat, 81° 6' W Long), Ontario, about 1.65 mi E of bridge over
Frederick House River. Sample comes from the lowest 1 in, of the bog profile.
Sample age indicates the time of earliest peat formation following the Lake
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Barlow-Ojibway episode. Coll. 1957 by J. Terasmae; subm, by Geological
Survey of Canada. Comment: sample was treated for humic-acid removal.

L-409.

Don Valley, Ontario

>46,000

Wood from an exposure of the Don Beds in the Don Valley Brick Yards
near Toronto, Ontario (43° 41' N Lat, 79° 22' W 'Long) . Sample was found
3 to 4 ft above the contact with the Dundas Ordovician shale and limestone.
Sandwiched between two distinct tills above and one below, the Don sands contain warm-climate fossils. Watt (1954) judged the Don beds to be of Sangamon age; thus the age of the enclosed wood should exceed the range of the
Lamont counters. Coil. 1957 and subm, by A. K. Watt, Ontario Water Resources Commission. Comment: cellulose and lignin fractions were isolated.
Without such isolation, a finite age would have been given for the sample. The
appearance of the younger contaminant in the cellulose rather than in the hgHill is inconsistent with the postulate that the contaminant is humic acid.
>46,000
L-409. Wood lignin
40,200 1600
L-409. Wood cellulose
43,100 3000
L409. Untreated wood

L-370A.

Port Talbot, Ontario

>40,000

(;\Tttja from lens in silt exposed on the shore of Lake Erie, about 0.5 mi
SW of Port Talbot, Ontario (42° 38' N Lat, 81° 23' W Long) . Beneath the
silt are varved clay and sandy till; ai)ove it are several tills and lacustrine
deposits. Glacial geology is described by Dreimanis (1957, 1958) who considers the gyttja to have formed shortly after the Early Wisconsin sub-age.
Coll. 1956 and subm, by A. Dreimanis and W. S. Broecker. Comment: other

radiocarbon dates for the area are summarized by Dreimanis (1957) ; among
them are ages of four samples correlative with L-370A, all of which exceed the
radiocarbon-counting range of the three laboratories reporting the ages. In addition, L-440 (this date list) is the age of wood from the till above this sample.
Gyttja sample reported here was measured in two ways:
33,000 ± 1500
L-370A. Untreated
>40,000
L-370A. Cellulose

L-440.

Port Talbot, Ontario

>29,500

Coniferous wood from gravelly till (no. 2 of Dreimanis, 1957) in the
shore cliff of Lake Erie (42° 38' N Lat, 81° 23' W Long). Found with a
mastodon tusk and beneath two other tills, the wood may indicate a glacial advance breaking up the big interstadial period between Early Wisconsin glacial
time and the 25,000-year-old main Wisconsin glacial time. The geology of this
area, with other radiocarbon dates and definitions of chronologic terms, is discussed by Dreimanis (1957, 1958). Coll. 1957 and subm. by A. Dreimanis,
University of Western Ontario. Comment: this sample was a 13-gram piece of
wood whittled clean of slightly moldy outside material. It was treated for
humic-acid removal. There is a distinct possibility that the sample has a finite
age. Five 1000-min counts were made, one of which was 0.1 cpm below background, each of the other four exceeding background by at least 0.4 cpm. If
the single low count were excluded, the sample age would be 33,000 ± 3000.
Even including the low count, the average net sample count equals twice its

Edwin A. Olson and W. S. Broecker
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error. Because the same wood has been dated by the University of Saskatchewan as > 34,000 (5.46; Dreimanis, 1958) , it seems wise not to quote a finite
age until a larger sample becomes available for further measurement. Below
this sample in the stratigraphic column is L-370A (this date list) with an age
exceeding 40,000; above it in the next-younger till are L-185B (28,200 ±
1500) and L-217B (24,000 ± 1600) (Broecker and Kulp,1957) .

L-391H.

High River, Alberta

4200

±

150

Wood from 1 ft above the base of a 15-ft section (50° 35' N Lat, 113° 52'
W Long) of floodplain silt overlying gravel near High River, Alberta, in the
abandoned valley of Little Bow River. Sample age indicates the minimum time
elapsed since diversion of Highwood River from Little Bow Valley to its present
course northward from High River. Coll. 1955 by A. M. Stalker; subm, by
Geological Survey of Canada. Comment: sample was treated for humic-acid
removal.

Quadra Beds, British Columbia
In the Vancouver Island area, Quadra marine and fluvial beds unconformably underlie Vashon glacial sediments, the latter having been deposited during
a single major Wisconsin glaciation. From field evidence alone it appeared
that Quadra carbonaceous materials should have ages exceeding 40,000 years.
However, the samples listed below indicate deposition 25,000 to 30,000 yr B.P.
Geology is discussed in detail by Fyles (1956).

L-221.

Dashwood Cliff, Vancouver Island, British Columbia

Wood and peat from the base of the Quadra sediments exposed at Dashwood (49° 22' N Lat, 124° 31' W Long) near Qualicum Beach on Vancouver
Island, British Columbia. Both samples were from a peat bed, 40 in, thick, in
sediments thought to correlate with similar deposits throughout the Georgia
Basin. Coll. 1953 by J. G. Fyles; subm. by Geological Survey of Canada.
Comment: both peat and wood were previously dated by the black-carbon
method (Broecker and others, 1956) as >24,000 and >26,000 respectively.
The dates reported here are for chemical fractions isolated according to techniques described by Olson and Broecker (1958).
L-221A. Wood cellulose
25,900 ± 300
L-221A. Wood lignin
25,850 ± 500
L-221B. Peat cellulose
23,450 ± 300
L-221B. Peat lignin
25,050 ± 300

L-424B.

Denman Island, British Columbia

30,200 ± 1300

Peat exposed in the lower part of the Quadra sediments in the northwesterrl part of Komas Bluff (49° 36' N Lat, 124° 49' W Lone), Denman
Island, British Columbia. Coll. 1957 by J. G. Fyles; subm, by Geological Survey of Canada. Comment: sample was treated for humic-acid removal and
sufficient humic acid was obtained for dating.
L-424B. Residue after humic-acid removal
30,200 1300
L-424B. Humic acid
32,300 1800

L-4240.

Denman Island, British Columbia

29,300

1400

Wood from a sand lens in Komas Bluff (49° 36' N Lat, 124° 49' W
Long), Denman Island, British Columbia. Lens forms part of the silt-gravel-
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peat unit located in lower Quadra sediments. Coll. 1957 by J. G. Fyles; subm.
by Geological Survey of Canada.

L-424E.

Denman Island, British Columbia

30,000 ± 1200

Wood from the silt-gravel-peat unit of the Quadra sediments, homas Bluff
(49° 36' N Lat, 124° 49' W Long), Denman Island, British Columbia. Coll.
1957 by J. G. Fyles; subm. by Geological Survey of Canada. Comment: sample
was treated for humic-acid removal.

L-428.

Thelon River, Northwest Territories

5500

± 250

Leaves of Ceratophyllum demersum collected 3 ft below the surface in a
gullied pingo (64° 19' N Lat, 102° 41' W Long), adjacent to the Thelon River,
Northwest Territories, Canada. Numerous laminae of the plant material are
encased in the silt, which probably accumulated in a small pond or on a floodplain. Age of the sample sets a lower limit on the duration of postglacial time
in this region. Coll. 1955 by B. G. Craig; subm, by Geological Survey of
Canada.

L-300A.

Mackenzie Delta, Northwest Territories

>33,000

Driftwood from a pingo, 130 ft high (69° 27' N Lat, 133° 04' W Long),
in the Mackenzie Delta, Northwest Territories, Canada. Sample was found below deposits of apparently glacial origin; these in turn were overlain by lake
deposits containing mollusk shells. It was hoped that the sample age would pro-

vide better evidence concerning the maximum period for postglacial pingo
formation, a period known to be less than the several thousand years since
glacial retreat in the area, but the age is too great to be of value. Muller (in
press) describes the pingos of the region. Coll. 1955 and subm. by F. Muller.
Comment: another sample of driftwood from the same pingo and from the
same stratigraphic section (10 ft higher but still below the glacial deposits)
was dated by H. Oeschger, University of Berne, 'Switzerland, at 28,000 ±
2000 years (F. Muller, personal communication.)
C. United States

L-380.

Worcester, Massachusetts

>30,000

Peat from a road cut (42° 12' N Lat, 71° 47' W Long) exposed during
construction of the Massachusetts Turnpike near Worcester. Having almost the
consistency of lignite, the peat comprises a layer, 1 to 2 ft thick, interbedded
No
between underlying shallow-lake sediments and about 65 ft of till above.
subm.
and
1956
Coll.
bedrock.
Paleozoic
regional
the
other till exists above
by E. S. Barghoorn, Harvard University. He (personal commulllcation) behis study of the
lieves the till represents the last ice advance in the area. From
that in Eastern
resembles
closely
flora
the
that
peat microfossils, he concludes
On this
climate.
warmer
slightly
a
possibly
representing
today,
Massachusetts
for
treated
was
sample
basis, he judges the peat to be interglacial. (]olllment:
llumic-acid removal.

L-397C.

Dayton, Ohio

20,000 ± 500

Wood from within the Camden moraine (39° 39' N Lat, 84° 11' W
Long), 6 mi S of Dayton, Montgomery County, Ohio. Sample was entirely en-
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cased in till and lay beneath 19 ft Gary till and sand. Goll. 1947 arid subm.
by R. P. Goldthwait, Ohio State University. Comment: sample was dated previously by Suess (1954, W-37) and gave an age of 20,700 ± 600. Lamont
secured an additional portion for humic-acid removal and the treated sample
age is that above. The check between the two laboratories indicates absence
of humic-acid contamination in the original sample.

L-397E.

Germantown, Ohio

>44,000

Wood from a cut of the Twin Greek River (39° 37' N Lat, 84° 21' W
Long) near Germantown, Montgomery County, Ohio. Sample came from a peat
layer, 8 ft thick, overlying till and itself overlain by 60 ft of calcareous till. According to Goldthwait (1958). the peat layer antedates the upper till by a considerable time. Coll, by E. Orton; subm, by R. P. Goldthwait;. Comment:
sample was dated previously by Suess (1954, W-96) and gave an age of
>34,000. Lamont secured an additional portion for humic-acid removal. The
age given above was obtained on the humic acid extracted because the sample
residue was too small for dating.

L-414.

Darrah Farm, Indiana

>41,000

Humus-rich humic-gley soil with included wood from the Darrah Farm
(39° 47' N Lat, 84° 59' W Long) 5 mi SW of Richmond, Indiana. This buried
soil, about 23 in, thick, is overlain by 28 in. of leached sand covered by calcareous till considered by both Gamble (1958) and by J. Thorp and A.
Gooding (personal communication) to be of early Wisconsin age. Numerous
buried soils in the area seem to correlate with the Darrah Farm soil but have
not been G14-dated as yet. Coll. 1957 by E. Gamble and A. Gooding; subm.
by J. Thorp, Earlham Gollege. Comment: both the soil and the included wood
were treated for humic-acid removal. In each case enough humic acid was recovered for dating.
L-414A. Soil residue after humic-acid removal
>34,000
L-414A. Soil humic acid
>41,000
L-414B. Wood residue after humic-acid removal
>29,000
L-414B. Wood humic acid
>33,000
This site was previously dated by Broecker and others (1956) at 30,000 +
8000, using calcium carbonate prepared from soil organic by the U. S. Dept.
of Agriculture, Beltsville, Maryland Station.
II. GEOLOGIC SAMPLES-PLUVIAL LAKE LEVELS

A. North America

1420. Pyramid Lake, Nevada

19,100 ± 700

Crystals of thinolite tufa collected on the western shoreline of Pyramid
Lake (39° 58' N Lat, 119° 38' W Long) about 3 mi N of Sutcliffe, Nevada.
Samples were taken from the surface of an exposed mud flat about 3 ft from
the water's edge; the crystals were oriented perpendicular to the surface. See
Radbruch (1957) for a discussion of the origin of thinolite tufa. Coll. 1957
and subm, by D. H. Radbruch, U. S. 'Geological Survey. Comment: the age of
this sample was calculated using the G14/C12 ratio in dissolved bicarbonate
from Pyramid Lake ('Broecker and Walton, in press).

13

Lamont Natural Radiocarbon Measurements V

L-435.

Provo Terrace series, Utah

Tufa samples collected from Provo Terrace (alt. 4880 ft) at the north end
of the Oquirrh Mountain Range (40° 42' N Lat, 112° 20' W Long) opposite
Great Salt Lake. Presumably tufa was formed during high-water phases of
Lake Bonneville. See Broecker and Orr (1958) for a radiocarbon chronology
of Lakes Lahontan and Bonneville based in part on tuf a samples. Coll. 1957
and subm, by W. S. Broecker and A. Walton, Columbia University. Comment :
all samples were pre-treated with acid to remove a thin outer layer. The problem of tufa contamination by postdepositional exchange with atmospheric and
water-dissolved CO2 is discussed by Broecker and Orr (1958). Although they
conclude that atmospheric contamination is not likely to occur to a significant
degree, only limited data are presented for the case of exchange with waterdissolved CO2. The modern control value recommended by them has been used
in calculating the age of the L-435 series.

L-435D.

Provo Terrace, Utah

14,800 ± 600

Massive tufa directly overlying the bedrock into which the terrace was
cut. The 4-in. tufa horizon from which the sample was taken is covered by a
more recent layer of similar tufa.

16,400 ± 400
L-43'5K. Provo Terrace, Utah
cut. This gravel
was
terrace
Provo
the
which
into
gravel
Tufa cementing
± 280 yr
15,530
of
age
radiocarbon
a
with
tufa
pure
of
layer
a
by
is overlain
(Broecker and Kulp, 1957; L-363E).

11,300 ± 250

L-4356.

Provo Terrace, Utah

L-435F.

Provo Terrace, Utah

L-4350.

Provo Terrace, Utah

10,600 ± 300

L-435B.

Provo Terrace, Utah

13,100 ± 250

Tufa cementing gravels that form part of the terrace.

9150

± 200

Relatively pure tufa from beneath the gravels from which sample L-435G
was taken. The material leached from this sample yielded an age of 8500 ±
200. The age is anomalously young, suggesting that it was contaminated by
recent leaching of the gravels.

Tufa from a 6-in, layer covering a portion of the Provo Terrace. The material leached from the surface of this sample yielded an age of 9050 ± 200 yr.
Tufa cementing coarse gravel into which the terrace was cut.
B. Africa

L-349A.

Lake Kivu, East Africa

12,450 ± 350

Shells from a terrace 330 ft (100 n1) above the level of Lake Kivu at
Kisenyi (1° 42' S Lat, 29° 16' E Long), Ruanda. Sample was imbedded in a
sandy-clay bed interstratifrcd with coarse sand and volcanic ash at the former
mouth of the Sebeya stream. Apparently the shells date a high level of the lake.
Coll.1955 by A. Meyer; subm. by the Director of Geological Survey of Belgian
C'4
Congo. Comment: the age of the shells was calculated assuming that the
C12 ratio in the lake is equal to that in the atmosphere. Sample L-349B (reported in this date list) was originally submitted as a control sample but ap-
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pears to be fossil rather than recent. Since the C1'/C'2 ratio in the lake may
have been less tharl that assumed for the age calculated, the age should be
considered a maximum.

L-349B.

Lake Kivu, East Africa

14,000 ± 600

Lamellibranch shells from Kirotshe beach, Belgian Congo (1° 36' S Lat,
29° 02' E Long) at the northwest corner of Lake Kivu. Originally, it was
thought that the shells should be modern, but the old radiocarbon age is consistent with two facts pointing to the shells being ancient: (1) no living lamellibranch mollusks have been found in the vicinity, and (2) excavated pits in
the area show a nearly continuous buried shell layer. Thus the shell age probably dates a former level of the lake close to the present level. Lake Kivu must
have passed the present level before reaching the high level dated by sample
L-349A. Coll. 1955 by A. Meyer; subm, by the Director of Geological Survey
of Belgian Congo. Comment: the age is based on an initial C'4/C'2 ratio equal
to that in atmospheric CO2 and hence must be considered maximum.
III. GEOLOGIC SAMPLES-RELAT1V'E SEALEVEL CHANGES

A. 11'ortli America

L-189B.

Coquille, Oregon

350 + 150

Charcoal buried under 7 ft of floodplaiil silt deposited by the meandering
Coquille River about 1 mi S of Coquille, Oregon (43° 10' N Lat, 124° 11' W
Long) . Charcoal is associated with mussel shells, fireplaces, and artifacts.
Since sample lies at a sharp sand-silt boundary, its age provides chronologic
information as to the time when the velocity of the Coquille River decreased,
perhaps owing to relative rise of sealevel. Coll. 1952 and subm, by L. S.
Cressman, University of Oregon. Comment: because of the unexpectedly young
sample age, additional charcoal (L-388A) from the same site was dated following treatment for humic-acid removal, and essentially the same age was
obtained.

L-297G,E,B.

Juneau, Alaska

This is a sequence of basal heats from muskegs situated at various elevations below the limit of late-glacial and early postglacial marine transgression.
As a result of glacial rebound, this limit in the Juneau district is now elevated
to as much as 500 ft above present sealevel. Since the sampling area has an
annual rainfall of about 100 in., peat should begin forming almost immediately
after emergence. On this basis the ages of basal pats at higher elevations
should exceed those at lower elevations. The ages of the following samples show
this to be so. Further support comes from the fact that pollen profiles at the
40-ft and 10-ft elevations (samples L-297E and B respectively) lack a basal
section present in the profile at 150 ft (L-2976) : this points to peat forming at
higher elevations while the lower areas were inundated. Hence, this sequence
of radiocarbon dates provides a chronology of both emergence and uplift.
Samples coll. and subm. by C. J. Heusser, American Geographical Society.

L-297G.

Montana Creek Road

7800 + 300

Ligneous peat from a 19.5-ft depth at site along Montana Creek Road 11
mi NW of Juneau, Alaska, elevation about 150 ft (58° 25' 20" N Lat, 134°
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36' 40" W Long) . The pollen record indicates the sample age to be early
Hypsithermal (see Deevey and Flint, 1957), Till with marine fossils is present
in the Upper Montana Creek valley at elevations up to 400 ft, showing that the
sample site was once beneath the sea (Twenhofel, 1952) . Comment: sample
L-297D (Broecker and Itiulp, 1957) is of basal sedge peat (elevation 750 ft)
from another locality along the Montana Creek Road about 8 mi from L-297G.
Since the pollen of L-2971) is early pine, its age of 10,300 ± 400 gives an
approximate date to the recession of the last area glacier. If this date is taken
as the time when glacial rebound began, the average rate of emergence between
elevations 400 ft and 150 ft was about 10 ft per century-.

L-297E.

6650

Glacier Highway

± 250

Sedge peat at a 9.6-ft depth near milepost 11.5 along Glacier Highway
NW of Juneau, Alaska, elevation about 40 ft (58° 22' 30" N Lat, 134° 36'
40" W Long) . The sample age, together with the content and stratigraphy of
pollen in the overlying section, indicates that muskeg formation began during
the Hypsithermal interval. Comment: based on the ages of this sample and
L-297'G above, average rate of emergence between 150-ft and 40-ft positions
approximates 10 ft per century.

L-297B.

6100 ± 300

Sunny Point

Sedge peat from a 15.8-ft depth on Gastineau Channel at milepost 7.5
along Glacier Highway northwest of Juneau, Alaska, elevation about 10 ft (58°
21' 35" N Lat, 134° 31' 40" W Long). The sample age is also Hypsithermal.
In combination with pollen content and stratigraphy of the overlying peat, the
sample age indicates that sealevel has not risen above the present 10-ft elevation
within the last 6100 years. Comment: based on the ages of this sample and
L-297E above, average rate of emergence from elevation 40 ft to 10 ft approximates 5 ft per century. Within the last 6100 years, the rate has dropped to
almost nothing, averaging about 2 in, per century.

L-391D, E.

Parksville, Vancouver Island

Wood and shells from the bottomset sand and clay of a delta of the
Englishman River near Parksville (49° 17' N Lat, 124° 02' W Long) on the
east-central coast of Vancouver Island, Canada. The delta, thought to mark a
marine stand, is now 170 ft above sealevel. Coll. 1956
J. G. Fyles; subm.
by Geological Survey of Canada.
12,150± 250
L-391D. Wood
12,350 ± 250
L-391E. Marine shells
Comment: the agreement between these two dates is evidence for the reliability
of dates on marine shell.

.by

L-391F.

Fanny Bay, Vancouver Island

11,850

± 300

Wood from bottomset sand of a delta of Wilfred Creek at Fanny Bay (49°
29' N Lat, 125° 49' W Long) near Courtenay on the east-central coast of Vancouver Island. The delta, thought to mark a marine stand, is now 70 ft above
sealevel. Coll. 1956 by J. G. Fyles; subm. by Geological Survey of Canada.

L-433A.

Fort George, Quebec

3700

± 130

Wood from the bank of the Fort George River 36 mi E of Fort George
(58° 44' N Lat, 78° 11' W Long), Quebec. Associated with marine shells, the
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wood lay beneath 15 ft of surface sands and 40 ft of stony clay. Since the top
of the stony silt is now 175 ft above sealevel, this sample dates an ancient sea
stand and indicates the magnitude of glacial rebound. Coll. 1957 by H. A. Lee;
subm. by Geological Survey of Canada. Comment : sample was treated for

humic-acid removal.

L-438A.

El Pulmo, Mexico

25,400

± 1000

Shells of Glycymeris maculata taken from fossiliferous beds approximately
12 ft above sealevel at El Pulmo (23° 26' N Lat, 109° 25' W Long), Baja
California, Mexico. Beds are thought to be of late Pleistocene age and to have
been uplifted rather than deposited during a higher stand of sealevel. The basal
portion of this sequence represents the foundation rock for the coral reef at El
Pulmo reported by Ricketts in Steinbeck and Ricketts (1941) . Coll. 1957 and
subm. by D. F. Squires, American Museum of Natural History. Comment:
shells were preleached with acid in order to remove possible contamination.
Since there is no assurance that more recent carbonate was completely removed, the age must be considered a minimum.

L-441A.

Great Whale River, Quebec

3020 ± 120

Wood from terrace, elevation 20 ft, at settlement of Great Whale River
(55° 16' N Lat, 77° 43' W Long), Quebec (Hudson Bay). The wood came
from silt containing marine shells 6.5 ft beneath the surface of a terrace cut
into the marine deposits by the river. The marine deposits enclosing the wood
probably correlate with the 90-ft strandline found throughout the area. Coll.
1957 by H. A. Lee; subm, by Geological Survey of Canada.

L-441B.

Denman Island, British Columbia

11,500

± 200

Marine shells from Komas Bluff (49° 35' N Lat, 124° 49' W Long), Denman Island, British Columbia (Strait of Georgia). The shells were collected
from a postglacial beach 120 ft above sealevel. Coil. 1956 by J. G. Fyles; subm.
by Geological Survey of Canada. Comment: samples L-391D, E, and F (reported in this date list) represent similar shoreline positions in the same region.
B. Africa
L-398A. Rabat, Morocco
800 ± 200
Charcoal fragments imbedded in an alluvial terrace of the Bou Regreg
Valley (34° 02' N Lat, 6° 50' W Long) near Rabat, Morocco. Sample was associated with Neolithic (or younger) pottery debris about 9 ft below the surface of the lowest alluvial terrace. The alluvium of that terrace unconformably
overlies estuarine clay which is associated with fine-grained littoral shell sands
and is believed to be of Flandrian age (Gigout, 1954). The date confirms
that the last alluviation was postAltithermal (3500 to 7500 B.P.), and, because
the terrace is 7 ft above present mean sealevel, it points to a late Recent stage
of high sealevel and/or high rainfall in Morocco. Mean sealevel 1000 yr B.P.
was probably 3 ft above the present (see "Rottnest" terrace of Fairbridge,
1958), but contemporary fluvial deposits could, of course, build up higher
Coll. 1956 by M. Gigout; subm. by R. W. Fairbridge, Columbia University.

L-403C.

Ambanja, Madagascar

>30,000

Coral limestone from a buried coral reef near Ambanja (13° 39' S Lat,
48° 26' E Long), Madagascar. The coral (madreporarian) grew in situ when
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sealevel stood somewhat below its present level. Specimen came from a well
sunk in the innermost part of the Sambirano delta, from a depth of 55 to 60 ft
beneath the delta plain, and about 5 to 10 ft below mean sealevel. A dating in
the postglacial range would have indicated the mean rate of delta growth and
also the time of a former sealevel in this rather stable region. Coll. 1957 by R.
Battistini; subm. by R. W. Fairbridge.
1V. GEOLOGIC

SAMPLES-OCEANOGRAPHY

A. Atlantic Ocean

L-421.

Walvis Shelf, South Atlantic Ocean

Organic material from a diatomite layer in a core (V-12-64) taken in the
South Atlantic Ocean off the west coast of Africa (22° 34' 12" S Lat, 14° 12'
00" E Long) along the continental shelf. The diatomite layer is underlain by
a mixture of sand and coarse shell fragments. Coll. 1956 and subm, by R.
Menzies, Columbia University. Comment: sample ages are computed using the
C14/C12 ratio measured for plankton that was collected in the same area in
1957. The Plankton has a C14/ 12 ratio 7.8% below that in age-corrected
1890 wood.

L-421B.
L-421A.
L-389A.

0 to 80 cm
240 to 300 cm

Atlantis Seamount

3380 ± 200

± 200
8600 ± 350
4130

Lithified carbonate material (A152-Dr108) dredged from the surface of
the Atlantis Seamount (34° 09' N Lat, 30° 14' W Long) at a depth of about
540 m. Sample was one of a large number of cobbles dredged up. Coll. 1948 by
M. Ewing; subm, by B. C. Heezen, Columbia University.
B. Caribbean Sea

L-4300.

Cariaco Trench, Atlantic Ocean

10,730

± 250

Organic material from a depth of 440 to 450 cm in a core (V-12.97)
taken in the Cariaco Trench (1.0° 35' N Lat, 65° 04' W Long) N of Venezuela.
Sample comes from just above contact between an organic-rich muck, which
forms the upper portion of the core, and steel-gray organic-free clay. The
sample should date the time of stagnation of the trench. Coll. 1957 and subm.
by B. C. Heezen. Comment: a modern control value 3.2% less than agecorrected 1890 oak wood was used in the age calculation. This figure is based
on the average C14/C12 ratio for dissolved bicarbonate in Caribbean surface
water together with a correction for an assumed 3.5% discrimination against
carbon- 14 during the formation of the organic material.
C. Mediterranean Sea

L-392.

Mediterranean Sediment Core

Samples from a large-diameter (8 in.) core (V-10-LDC64) taken at a
depth of 1167 fathoms in the Mediterranean Sea (34° 23' 30" N Lat, 24° 6' 9"
E Long). The core contains a layer of organic-rich material overlain by several
layers of organic fill-sediment. Coll. 1956 by M. Ewing; subm, by R. Menzies.
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L-392A.

8 to 15 cm, fine

Fine fraction

L-392B.

(<74)

8 to 15 cm, coarse

Coarse fraction

5650 ± 400

calcium carbonate from a depth of 8 to 15 cm.

(>74)

5870 ± 300

calcium carbonate from a depth of 8 to 15 cm.

8700 ± 1000
L-392C. 23.5 to 28.5 cm, coarse
Coarse fraction (>74) calcium carbonate from a depth of 23.5 to 28.5
cm (the organic-rich layer).
L-392D. 23.5 to 28.5 cm, fine
7400 ± 200
Fine fraction (< 74µ) calcium carbonate from a depth of 23.5 to 28.5
cm (the organic-rich layer).
L-392E. 23.5 to 28.5 cm, organic
8400 ± 250
Organic material from a depth of 23.5 to 28.5 cm (the organic-rich layer).
V. GEOLOGIC

SAMPLES-MISCELLANEOUS

A. North America

5150 ± 200
L-372A. Lake Washington, Washington
Fibrous peat from a core taken in the northern part of Lake Washington
(47° 45' 02" N Lat, 122° 16' 07" W Long) 0.5 mi S of the mouth of the
Sammamish River in the State of Washington. Sample is from the base of a
5-ft fibrous-peat layer, which overlies stratified sand and gravel and is overlain
by 2 ft of limnic peat; obtained from 7 ft beneath the lake bottom and 27 ft
beneath the lake surface. Since fibrous peat is a marginal lake deposit, the
sample dates a lake level about 26 ft lower than now. The subsequent rise in
level has resulted chiefly from building up of the Cedar River delta at the south
end of the lake; the delta separates the lake from Puget Sound. Coll. 1955 and
subm. by H. R. Gould, Humble Oil Company.

L-400A.

Point Barrow, Alaska

3000

± 130

Arctic brown soil collected 1 mi S of the Arctic Research Laboratory (71°
20' N Lat, 156° 36' W Long), Point Barrow, Alaska. Sample taken from the
Al horizon, 1 to 5 in, thick. Tedrow and Douglas (1958) conclude that the soil
was formed in place and that the great sample age indicates equilibrium with
the environment; hence little likelihood of podzol development with time. Profile description is given by Drew and Tedrow (1957). Coll. 1956 by L. A.
Douglas, subm, by J. C. F. Tedrow, Rutgers University. Comment: sample was
treated for humic-acid removal. Enough humic acid was recovered for dating.
3000 ± 130
L-400A. Residue after humic-acid removal
2100 ± 180
L-400A. Humic acid

L-400B.

Gubik Formation, Alaska

10,900 + 350

Upland tundra soil included in Pleistocene Gubik sediments 1 mi S of the
Arctic Research Laboratory (71° 20' N Lat, 156° 37' W Long), Point Barrow,
Alaska. The site is about 20 ft above sealevel. Sample taken from organic-rich
layer, 23 to 24 in, thick, which is about 1 ft down in the permafrost. Drills
and explosives were used in sample collecting. Tedrow and others (1958) and
Tedrow and Douglas (1958) suggest some possible origins. Coll. 1956 by L. A.
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Douglas, J. C. F. Tedrow, and J. O'Sullivan; subm. by Tedrow. Comment:
sample was treated for humic-acid removal and enough humic acid was recovered for dating.
10,700 ± 350
L-400B. Residue after humic-acid removal
11,050 ± 350
L-400B. Humic acid

L-4000.

Umiat, Alaska

8720 ± 200

Organic matter from upland tundra soil profile located 2 mi N of the
Umiat Air Strip (69° 23' N Lat, 152° 11' W Long), Alaska. Site is approximately 360 ft above the Colville River. Sample taken from a 46 to 48-in. layer
which is permanently frozen, in which ground ice comprises over 50% of the
volume, and below which organic matter is absent. Drills and explosives were
used in sample collecting. Tedrow and others (1958) and Tedrow and Douglas
(1958) suggest some possible origins. Coll. 1956 by J. C. F. Tedrow and L. A.
Douglas; subm, by Tedrow. Comment: sample was treated for humic-acid removal and enough humic acid was recovered for dating.
8720 ± 200
L-400C. Residue after humic-acid removal
5400 ± 180
L-400C. Humic acid

L-418A, B.

Sandy Cay, Bahama Islands

Oolite sand from an intertidal area 3.25 naut, mi N 7° E of Sandy Cay
(79° 12' N Lat, 25° 28' W Long), Bahama Islands. The oolites average 0.42
mm in diameter and consist of cryptocrystalline aragonite nuclei surrounded
by concentric layers of aragonite. Coll. 1957 by E. Purdy; subm, by N. Newell
and J. Imbrie, Columbia University. Comment: D. Thurber of the Lamont
staff isolated sample fractions by acid leaching. Ages were computed using the
average C14/C12 ratio in N. Atlantic surface water as a control. This is 1%
above age-corrected 1890 oak wood.

225 ± 100
L418A. Surface
Surface layer (first 10% removed by acid leaching).
2350 ± 100
L-418B. Nucleus
acid leachby
removed
been
had
80%
Nucleus (residual material after
ing) .

L-4180.

Great Bahama Bank, Bahama Islands

1650

± 100

Oolite sand from beneath 20 ft of water in the northwest lobe of the Great
Bahama Bank about 22 mi SE of Orange Cay (78° 48' N Lat, 24° 46' W
Long), Bahama Islands. The oolites average 0.3 mm in diameter and consist
of cryptocrystalline aragonite nuclei surrounded by concentric layers of
J. Imbrie. Comaragonite. Coll. 1957 by E. Purdy; subm. by N. Newell and
C14/C12 ratio in N.
average
the
control
a
as
using
ment: ages were computed
Atlantic surface water. This is 1% above age-corrected 1890 oak wood,

L-418D, E.

Andros Island, Bahama Islands

Aragonite ooze from a 30-in, core ('A-3) taken on the west coast of Andros
Island (78° 17' N Lat, 24° 46''W Long) in the Bahama Islands. Although now
2 ft above sealevel, the material was probably deposited in shallow water. Coll.
1957 by J. Imbrie; subm. 'by N. Newell and J. Imbrie. Comment: ages were
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computed using as a control the average C14/C12 ratio in N. Atlantic surface
water. This is 1% above age-corrected 1890 oak wood.
L-418D. 0 to 3 in. (top)
2330 100
L-418E. 27 to 30 in. (bottom)
2660 100

L-425.

Labrador Iron Ore Deposit

>40,000

Lignitized wood removed from iron-ore deposit in Ruth Lake Ore Body
(54° 48' N Lat, 66° 50' W Long), Labrador, Canada. J. L. Usher believes
wood to be either Populus or a member of the family Cupressaceae. Fossil
leaves accompanying the wood identify it as late Cretaceous or early Tertiary,
but well-preserved nature of the organic material first suggested a much younger age. Coll. 1956 by Iron Ore Company of Canada; subm. by J. L. Usher,
Queen's University. Comment: sample was treated for humic-acid removal.
B. Europe

L-362.

Thera Island, Greece

3370

±

100

Charred wood from beneath the bottom pumice layer in a quarry (36°
25' N Lat, 25° 25' E Long) at Fira, Thera Island, Greece. Found with the
wood were human bones and teeth and ceramic art objects, the latter indicating
a civilization stage of 1800 to 1500 B.C. On the basis that the pumice (which
charred the wood) resulted from a volcanic explosion accompanying or preceding the formation of Santorin Caldera, the age of the charred wood gives
a maximum age for the caldera. Coll. 1956 and subm, by A. G. Galanopoulos,
University of Athens. Comment: sample was treated for humic-acid removal.
vi. ARCHAEOLOGIC SAMPLES
A. North America

L-339.

Greenwich, Connecticut

Shells and charcoal (associated with potsherds and other cultural material) from the Manakaway shell midden, located on the southeastern tip of
Greenwich Point (41° 0' 9" N Lat, 73° 34' 2" W Long), Greenwich, Conn.
Archaeologic details are discussed by Suggs (1958) and a complete report of
the excavations (Bull. 29 of the Connecticut Archaeological Society) is in
press. Coll. 1955 and subm. by R. C. Suggs, American Museum of Natural

History.

L-339A. Charcoal
750 ± 130
Charcoal from Hearth no. 1 on sterile till at the base of the shell midden.
Associated potsherds are of the East River tradition, probably variants of the
Bowmans Brook Stamped type.
L-339B. Shell
730 ± 100
Oyster and clam shells from the 6- to 9-in, level, Unit N30 E55. Associated
with potsherds of both the East River and Windsor traditions.

L-273.

Smithfield, Virginia

<100

Shingle from Old St. Luke's Church in Smithfield, Va. Church, constructed
in 1632, is the only original Gothic church remaining in the United States.
During the planning of the restoration the question arose whether the roof
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shingles were the originals. The C14 measurements suggest that they were not.
Coll. 1955 and subm, by J. G. Van Derpool, Columbia University.

L-377.

Castle Windy, Florida

L-405.

Castle Windy, Florida

930 ± 100

Charcoal from a depth of 14 ft in an Indian shell midden at the Castle
Windy site (28° 53' N Lat, 80° 48' W Long) on the east side of Mosquito
Lagoon 15 mi SE of New Smyrna Beach, Florida. Sample came from the base
of the middle or "crushed coquina" zone. Associated pottery at all levels is of
the St. Johns Check Stamped type. Regional chronology is described by Goggin
(1952) and the site itself is described by Bullen and Sleight (in press). Coll.
1956 and subm. by R. P. Bullen and F. W. Sleight, Florida State Museum.
Comment: other radiocarbon dates for the Castle Windy site are L-405A and
B (this date list).
°
Charcoal from each of two levels in the Castle Windy Shell Midden (28
53' N Lat, 80° 48' W Long), Volusia County, Florida. Other archaeologic
material found in the midden includes artifacts and shells together with animal,
bird, and fish remains. The archaeology of this site is described by Bullen and
Sleight (in press). Coll. 1957 by R. P. Bullen and F. W. Sleight, subm, by F.
W. Sleight, Central Florida Museum.
650 ± 100
L-405A. Charcoal from 18-in, level
910 ± 100
level
L-405B. Charcoal from 14- to 17-ft
been dated
has
site
this
from
list)
date
this
(L-377,
sample
Comment: another
at 930 ± 100 years. Both the above charcoal samples were treated for humicacid removal.

7000 ± 170
L-381'C. Modoc Rock Shelter, Illinois
(38° 3' N
Shelter
Rock
the
Modoc
ft
in
to
20
19
of
depth
a
Charcoal from
Lat, 90° 4' W Long) 2 mi N of the village of Modoc, Randolph County, southwestern Illinois. This site has been excavated to a depth of 26.5 ft; some five
from
zones, all containing implements, have been delineated. This sample comes
including
site,
this
of
archaeology
The
(H).
zone
within the next-to-bottom
several radiocarbon dates, is described by Fowler and Winters (1956) and
Deuel (1957). Coll. 1956 by M. L. Fowler; subm. by T. Deuel, Illinois State
Museum. Comment: sample was treated for humlc-acid removal. Other radiocarbon dates for the Modoc Rock Shelter are reported by Libby (1954) and
Crane (1956).
1440 ± 100
L-431C. Twenhafel Site, Illinois
InTwenhafel
the
of
Mound
Weber
the
from
Unburned bone and teeth
artifacts
Contemporary
Illinois.
Long),
31'
W
89°
Lat,
N
40'
dian Site (37°
indicate the site to be Hopewellian. Coll. 1957 by M. L. Fowler; subm. by T.
Deuel. Comment: CO2 released by acidification of the bone was used in the
age determination. In the age calculation, the modern count was obtained by
increasing the age-corrected 1890 oak wood count by 1.9% in accordance with
slight C14 enrichment in bone as reported by Rafter (1955).
L-385.

Signal Butte, Nebraska

Contemporaneous bone-charcoal pairs from the Signal Butte paleo-Indian
site (41° 48' N Lat, 103° 54' W Long), Nebraska. All samples are from the
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lowest horizon, no. 1; within this horizon, level A is the lowest and level C the
highest, while level B, separating them, is sterile. Kulp and others (1951) reported radiocarbon ages for other Signal Butte samples (L-104A,B) and gave
several site references. Coll. 1956 lay R. G. Forbis; subm, by W. D. Strong,
Columbia University.
L-385B. Horizon 1A, charcoal
4550 220
L-3850. Horizon 1A, burned bone
3400 150
L-385D. Horizon 1C, charcoal
4170 250
L-385E. Horizon 1C, burned bone
2850 350
Comment: all samples except 385E were treated for humic-acid removal. The
ages reported are consistent stratigraphically if the bone and charcoal samples
are considered independently. But the difference between stratigraphically
identical samples indicates that, despite pretreatment, one sample type is subject to ground contamination; owing to its porous nature, the bone is more
likely to be in error.

L-347.

Midland, Texas

20,400

±

1200

Carbon extracted from caliche found in the Scharbauer site (31° 55' N
Lat, 102° 12' W Long) near Midland, Texas. Sample was buried 18 to 24 in.
within the Gray Sand deposit which also contained fossil human remains. It
appears that the caliche was used as fire bricks so that the included carbon was
apparently produced by charring of fats and oils which seeped from food
cooked by early man. Wendorf and others describe the site in The Midland
Discovery (1955). Coll. 1955 and subm. by F. Wendorf, Museum of New
Mexico. Comment: calcium carbonate from the caliche itself has an apparent
age of 23,500 yr. Since the initial C14 concentration in caliche is difficult to
estimate and since the caliche may be contaminated with more recent calcium
carbonate, the caliche age is difficult to evaluate.

L-427.

Chiapa de Corzo, Mexico

2730 ± 150

Charcoal from an excavated pit outside Chiapa de Corzo (16° 42' N Lat,
93° 01' W Long), State of Chiapas, Mexico. Sample rested upon sterile sand
at the base of a cultural deposit representing a mixture of the earliest and
second earliest phases of the Early Pre-Classic at Chiapa de Corzo. Coll. 1956
by G. W. Lowe; subm. by T. S. Ferguson, New World Archaelogical Foundation. Comment: this sample was treated for humic-acid removal. Other portions
of this sample were dated by the Groningen Laboratory as follows: GRO.1172,
2885 ± 60; GRO-1512, 2770 ± 50 (Ferguson, personal communication).
B. South America

L-404A.

Chanquillo, Peru

2300 ± 80

Wood (Pithecellobium sp.) from a lintel in the hilltop fortress of Chanquillo (9° 30' S Lat, 78° 15' W Long), Casma Valley, Peru. According to D.
Collier, this elaborate stone-walled structure was formerly thought to date from
the Coast Tiahuanaco period (ca. A.D. 900). But the ceramic collection made at
the site in 1956 included a substantial number of sherds that were not of
Tiahuanaco type. They resembled instead the plain ware of the Puerto Moorin
period in Viru Valley, which dates at about 500 B.c. Present evidence suggests
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the reoccupation in the Tiahuanaco period of a structure first used during the
late Formative stage. The lintel date indicates that the major construction occurred during the first occupation. Coll. 1956 and subm. by D. Collier, Chicago
Natural History Museum.
C. Europe

L-340.

Grotte du Renne series, France

Charred-bone samples from an Upper Paleolithic cave (Grotte du Renne )
near Arcy-sur-Cure (47° 37' N Lat, 3° 43' E Long) (Yonne), France. Coll.
1955 by A. Leroi-Gourhan; subm, by H. L. Movius, Jr., Harvard University.
11,400 250
L-340A. Level V, Upper Perigordian
10,900 250
L-340B. Level VII, Aurignacian
L-340C. Level IX, Lower Perigordian
15,700 ± 400
(Chatelperronian)
L-340D. Level X, Lower Perigordian
15,350 ± 400
(Chatelperronian)
Comment : Movius considers these ages too young. Samples L-3400 and
L-340D, he believes, should be greater than 35,000 yr in age, L-340B approximately 30,000 yr, and L-340A approximately 20,000 yr in age. Because of the
small amount of material available, the samples were given no pretreatment.
The C'dates must thus be considered minimum ages.

L-399D.

Grotte de la Garenne, France

9500 ± 500

Burned bone from a cave hearth (Foyer II) in Grotte de la Garenne, near
Saint Marcel (46° 34' N Lat, 1° 30' E Long) (Indre), France. Sample found
in an extension of the cave which had been separated from the main part by a
rock sill; in the extension, conditions for preserving perishable materials were
much better than in the main cave where the occupation layer was overlain by
a thick rockf all. Since archaeologic materials are late Upper Paleolithic
(Middle Magdalenian), the sample dating throws light on the age of the
Magdalenian in Western Europe. Coil, by J. Allain; subm. by H. L. Movius, Jr.
Comment: sample portions were treated in several ways for dating:
9580 200
L-399D. Bone carbonate
9150 230
L-399D. Untreated sample
L-399D. Residue after removal of humic acid and
9500 ± 500
hone carbonate
Other dates from the Middle Magdalenian layer in this cave (main section)
were obtained by Libby (1951) as follows: C-577, burned bone from a hearth,
11,109 ± 480; C-578, ashy material from same hearth as C-577, 15,847 ±
1200; C-579, burned hone originating outside above hearth, 12,986 ± 560. In
addition, a date of the Late Magdalenian occupation at the Grotte de la Vache
near Tarascon-sur-Ariege is relevant (L-336C, unpublished: 11,650 ± 200).

I). A/rica

Kalambo Falls series, Northern Rhodesia

In old lake beds adjacent to the Kalambo Falls (8° 35' S Lat, 31° 15' E
Long) on the Kalambo River near the south end of Lake Tanganyika in North-
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ern Rhodesia, Africa, Clark (1954, 1956) has discvovered a prolific archaeologic sequence extending from the Early Stone Age to historic times. Coll. J. D.
Clark; subm. by H. L. Movius, Jr.

L-395B.

Early Iron Age

1080

+ 180

Charcoal with associated pottery from gray sands and clays near the
middle of the Iron Age deposit (6.5 to 7.0 ft in depth) at Site Al. Since sherds
throughout the deposit are essentially of the same type, the sample should
roughly date the Channeled Ware culture. Because the date does not indicate
the complete time range of the culture at this site, Clark's prediction (personal
communication) that this culture extends back to between 1500 arid 2000 B.P.
is not inconsistent. Comment: date given above is for a sample portion treated
for humic-acid removal. An untreated portion gave an age of 1010 ± 100.

L-399C.

First Intermediate Culture-Sangoan
43,000

± 3300

Wood from beneath the third occupation floor, i.e. under Middle Stone Age
occupation and over Early Stone Age layers at Site A. Sample comes from the
roots of a tree that apparently grew on a land surface developed on the lower
levels of the Earlier Stone Age beds after the upper levels had been removed by
erosion. The tree then was buried by material upon which the third or Middle
Stone Age occupation floor developed. The sample is believed to date the
time of the Sangoan Culture. Comment: sample was treated for humic-acid
removal and enough was obtained for dating. The ages of the two fractions
are based on three 1000-min measurements apiece. In both cases, all individual
measurements exceed average background; in addition, both average net
sample counts are three times the standard errors of the net counts. These ages
are the oldest reported thus far by the Lamont Laboratory. Until additional
fractions are isolated in an effort to study contamination further, these ages
should be used in a conservative manner.
L-399C. Residue after humic-acid removal
43,000 3300
L-399C. Humic acid
42,000 3000

L-399A.

First Intermediate Culture-Sangoan

>40,000

Wood from a clay-filled gully cut in current-bedded sands and believed to
be of approximately the same age as samples L-3990 and L-399B. A finite date
would fix the beginning of a rise in lake level provisionally identified by Clark
(personal communication) as contemporary with the onset of the Gamblian
Pluvial period. Comment: sample treated for humic-acid removal.

L-399B.

First Intermediate Culture-Sangoan

>42,500

Wood from the fourth occupation floor at Site B. Associated cultural material was sparse but sufficient (in the form of picks) to be sure that it is postChelles-Acheul and belongs wltll the Sangoan. The general agreement among
samples L-399A, B, and C indicates a date in the region of >40,000 for
the Sangoan Culture. In addition, if the beds containing the Acheulian Culture
floors are of Kanjeran age rather than of early Gamblian age, the same date
holds for the onset of the Gamblian Pluvial period. Comment: sample was first
measured without treatment and a finite age was obtained. Sufficient material
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was available for isolation of cellulose and lignin, however, and the age was
then shown to exceed the Lamont dating range.
32,500 ± 2800
L-399B. Untreated wood

>38,000
Wood lignin
>42,500
Wood cellulose
Floor 5 (Acheulian) in the Kalambo sequence has been dated as >35,000
(L-271A, Broecker and others, 1956) and as >52,000 by the Groningen
Laboratory (Clark, personal communication).
L-399B.
L-399B.

L-399E.

Grotte de Taf oralt, Morocco

11,900 ± 240

Charcoal from a hearth in Grotte de Taf oralt (34° 49' N Lat, 2° 24' E
Long), Taforalt, Morocco. Sample came from the top level which, with the two
below it, represents the Oranian culture of Upper Paleolithic-Early Mesolithic
times. Materials of the Mousterian culture are also present in the cave. Subm.
by H. L. Movius, Jr. Comment: Lamont radiocarbon dates for the Capsian
culture (thought to be essentially contemporaneous with the Oranian culture)
are reported by Kulp and others (1952, L-133B, L-134), Broecker and others
(1956, L-240B) and Broecker and Kulp (1957, L-240A) ; all dates fall between
6800 and 8400 yr B.P. Samples above and below L-399E have been dated by
Centre Atomique de Saclay (Movies, personal communication) ; the sample
above gave an age of 10,800 ± 400, the sample below 12,070 ± 400.
E. Pacific Islands

L-394.

Marquesas Islands, French Polynesia

Charcoal from fire pits in two sites in Uea valley or Bay Marquisien on
the southwestern coast of Nuku Hiva (8° 56' S Lat, 140° 11' W Long). Both
sites are small rock shelters, NBM-1 being situated at the base of the "Roche
remarquable, 200 m. environ", shown on the south side of this valley on Map
3931, Service Hydrographique de la Marine, Paris, 1883, and NBM-5 being
situated at the extreme south side of the beach. Archaeologic details are given
by Shapiro (1958). Coll. 1956 by H. L. Shapiro and R. C. Suggs; Subm. by
Shapiro, American Museum of Natural History.

480 ± 100
L-394F. Site NBM-1 Unit 55-5
Charcoal resting on bedrock at a depth of 20 in. Simple and compound
shank hooks are associated with the charcoal.
270 ± 100
L-394J. Site NBM-5 Unit-X
Charcoal from base of large earth oven on bedrock at depth of 36 in. Associated with simple hooks.
VII. CHECK SAMPLES

L-292.

Groningen, Netherlands

1250 ± 150

Wood from the Walburg Church in Groningen (53° 12' N Lat, 6° 36' E
Long), Netherlands. This sample has been used as a standard for interlaboratory comparison. The Groningen radiocarbon laboratory (de Vries and
Barendsen, 1954) has obtained an average age about 1000 yr based on a large
number of measurements. Coll. 1950 and subm. by 'Hl. de Vries, University of
Groningen. Comment: the difference in the Lamont and Groningen ages results

Edwin A. Olson and W. S. Broecker

26

largely from the fact that no Suess-effect correction was applied to the Groningen age. According to de Vries, such a correction would raise his age to about
1200 yr (personal communication).

L-371E.

Pompeii, Italy

1830

± 50

Carbonized bread from a storehouse of ancient Pompeii (40° 50' N Lat,
14° 30' E Long), Italy. Still retaining the appearance of a baker's roll that
seemingly was overdone, the material was charred by the volcanic ash fall that
buried the city in A.D. 79, roughly 1880 years ago. Although precise information is not available concerning how long grain was stored at that time, the
consensus is that the period did not exceed 2 years. Hence, this sample provides
an excellent historic check of the radiocarbon method of age determination.
Supplied by A. Maiuri; subm, by J. Bird, American Museum of Natural History. Comment: in order to obtain the best possible modern control for use in
the age calculation, freshly sprouted wheat and live poplar twigs were collected
near Rome by L. Lodl on November 7, 1956. Identical radiocarbon contents
and C13/G2 ratios were found for the two materials. On this basis, it was concluded that the usual Lamont control, 1890 oak wood, was acceptable once a
minor correction was made for a slight difference in C13/C12 ratio between the
oak and the twigs and wheat. As always, an additional 68 years were added
to the calculated age in order to allow for the decay of radiocarbon in the
1890 oak wood.

L-423.

Eniwetok Atoll, Marshall Islands

Carbonate material from drill holes in Eniwetok Atoll, Marshall Islands.
Purpose of the radiocarbon age determinations was to provide a comparison
with ages determined by the ionium-uranium method (Potratz, Barnes, and
Lang, 1955).

L-423A.

Parry Island

4900 ± 150

Sample of cuttings from a 40- to 45-ft depth (no. E-1, 40-45) in drill hole
on Parry Island (11° 24' N Lat, 162° 22' E Long), Eniwetok Atoll, Marshall
Islands. Coll. 1952 by H. Ladd; subm. by H. Potratz, Washington University
of St. Louis.

L-423B.

Mujinkarikku Island

23,500 ± 1000

Sample of cuttings from a 34 to 36-ft depth (no. Mu 7.13) in drill hole
on Mujinkarikku Island (11° 39' N Lat, 162° 15' E Long), Eniwetok Atoll,
Marshall Islands. Coll. 1950 by H. Ladd; subm. by H. Potratz. Comment:
the corresponding ionium-uranium ages are 12,000 ± 4000 and 132,000 +
10,000 respectively (Sackett, 1958). Most of the difference between the respective pairs is probably due to younger secondary calcite cementing the
original aragonitic material. Recently obtained cement-free material will be
run in the near future.

L-432.

Interlaboratory Check

2200 + 200

Black-carbon sample sent by the Geochronology Laboratory of the University of Arizona. This had been dated by both Michigan and Arizona, and
a 1500-yr difference obtained for the two measurements. Arizona's date was
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3980 ± 160 (U.A. 21 and 22; Wise and Shutler, 1958), Michigan's date,
2400 ± 200 (M-540; Crane and Griffin, 1958). The Lamont measurement
supports that of Michigan. Why Arizona's result was high is unknown. Fissionproduct contamination would produce the opposite effect; further, there seems
to have been no overestimation of the sample carbon content. Currently, the
Arizona laboratory is converting its system so as to measure CO2 gas instead of
solid carbon.
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230. Page 2, the reference to Grotte de la Cayenne (14,200) now reads:
Grotto du Uenne X15,500).
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RADIOCARBON DATES OF PEATS
FROM NORTH PACIFIC NORTH AMERICA*
CALVIN J. HEUSSER
American Geographical Society, New York, N. Y.
ABSTRACT. Ages are presented for 17 late-Pleistocene peat samples from sections that
range from Karluk on Kodiak Island, Alaska to Port Orford, Oregon. Pollen and peat
stratigraphy of the sections is used to interpret the environments prevailing at and since
the time of sample deposition. The late-glacial at more southerly Pacific coastal Alaskan
sites is dated at ca. 10,800 R.p. and the postglacial at ca. 10,000 R.P. At northerly coastal
sites these intervals begin somewhat later. Regression rates for sealevel are given for a
number of sites along this coast. Sample ages from two Oregon lakes suggest eustatic
transgression ca. 5000 n.P. during the Bypsithermal interval.
INTRODUCTION

In the course of obtaining peat sections for a pollen- and peat-stratigraphic
study, entitled "Late-Pleistocene Environments of the North Pacific Coast of
North America" under Office of Naval Research contract, 17 samples were
collected for dating. The collection was made to lay the base for a chronology.
A grant from the National Science Foundation provided for the age determinations which were made by Isotopes Inc., Westwood, New Jersey in 1958.
The method of dating each sample is essentially that described by
Broecker and others, 1956. In short, sufficient sample, estimated on the basis
of carbon content, is burned, and the CO2 evolved is processed to remove impurities. Radon, one of these, is removed by converting purified CO2 CaCO
through reaction with CaO at 750°C. The CO2 is re-evolved and stored or
counted. Counting is proportional counting of CO2 at 2 atmospheres pressure,
and each sample is counted at least twice. Accuracy of the determination of C4
content is believed to be correct to within 3% or less. Counting error contributes about 2%, and other errors, such as measurement of pressure and
temperature, amount to less than 1%.
Samples range from near Karluk on Kodiak Island, Alaska to the vicinity
of Port Orf ord, Oregon. All were gathered with a Hiller sampler except
I (AGS) -5 from Alaganik, Alaska which was taken from an exposed section.
All sampling was done between July and September 1956 by the author and
A. C. Hawbecker. This collection of samples was planned to date the lateglacial and postglacial along this coast and late-Pleistocene events such as
glaciation, volcanism, and changes in land-sealevel relations. A large portion
of the samples is from the Alaskan "Tertiary Province" between the mouth of
the Copper River and Icy Point. These were taken with the object of dating
the prominent series of marine terraces found there. Pollen profiles for the
peat sections disclose the environment prevailing at the time represented by
the dated samples. III addition, they make possible stratigraphic correlatiotl
and age estimates of sections for which no dates are available. Other lists cotItaining particularly :interesting dates dealing with this coast have been prcpared by Lamont Geological Observatory (Kulp and others, 1951, 1952;
Broecker and others, 1956; Broecker and Kulp, 1957; E. A. Olson, personal
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communication), U. S. Geological Survey (Suess, 1954; Rubin and Suess,
1955, 1956; Rubin and Alexander, 1958). and. Yale Geochronometric Laboratory (Preston and others, 1955; Barendsen and others, 1957).
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SAMPLE DESCRIPTIONS
I ( AGS) -1. Karluk, Alaska
3470 ± 180
Moss peat from base of a 3.5-ft section of muskeg located on a bench just
E of Karluk (57° 34' N Lat, 154° 28' W Long) on the south side of the lagoon
at the mouth of Karluk River, alt, ca. 100 ft. Pollen profiles reveal inception
of muskeg resulted from change to cooler, more humid climate; the proportion
of heaths, ferns, and sphagnum mosses increases upward in the section whereas
alders and grasses decrease. Comment : sample age and succeeding climatic
trend show a relationship to southeastern Alaska on the basis of L-106B,
3500 ± 250 (Kulp and others, 1952) and peat and pollen studies (Heusser,
1953).
I ( AGS) -2. Kodiak, Alaska
8870 ± 300
Basal sedge peat from a 7-ft section in muskeg situated near Spruce Cape,
2.5 mi NE of Kodiak village (57° 49' N Lat, 152° 21' W Long), Kodiak
Island, alt. ca. 100 ft. A cool, moist early-postglacial environment is indicated
by a pollen record dominated by ferns, sedges, and umbellif ers. Three noteworthy volcanic ash strata lie above in the section, the uppermost, near-surface
stratum representing the 1912 eruption of Mount Katmai in the Aleutian
Range. Comment: age approximates the late-glacial-postglacial boundary and
may be compared with dates (this date list) from Afognak, Perry Island, and
Bering Lake.

I (AGS) -3.

Afognak, Alaska

9350 ± 320

Sedge peat from bottom of an 8.3-ft section in muskeg just NW of Af ognak
village (58° 01' N Lat, 152° 46' W Long), Afognak Island, alt, ca. 20 ft.
Pollen in the sample is very similar to that from Kodiak, although greater
proportion of sedges suggests the close of the late-glacial and an environment
that was cooler and drier. Three volcanic-ash horizons, stratigraphically correlated with those at Kodiak, overlie the sampled level. Sample age and peat
and pollen strat lgraphy of entire section show that nearly mantic tit'aters have
not Iransgressed the site since peat sedimentation 1egan in 'the early post glac al.

I (AGS) -4.

Perry Island, Alaska

9440 ± 350

Bottom limnic peat from a depth of 13.2 ft in bog-muskeg just E of the
larger of the two bays on the southern shore of Perry Island (60° 41' N Lat.
147° 54' W Long), northwestern Prince William Sound, alt. ca. 50 ft. Cooler
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and drier conditions were present at the time, interpreted as the close of the
late-glacial, as shown by the proportion of willow and birch in the pollen assemblage, the balance of which consists largely of ferns, sedges, and alders.

I (AGS) -5.

Alaganik, Alaska

10,390 ± 350

Sedge peat forming the base of a 6.6-ft section exposed by construction of
the Copper River Highway at Milepost 19 from Cordova (60° 27' N Lat, 145°
17' W Long), alt, ca. 20 ft. Late-glacial pollen in the sample consists of willows, heaths, and sedges and is representative of relatively dry, cold climate.
In view of the age of the sample, peat and pollen stratigraphy of the section,
and nearness of the site to sealevel, nearby coast has been quite stable for at
least the past 10,000 yr. Comment: sample age is earliest late-glacial for this
part of the gulf coast. This may be a consequence of early peat deposition from
plants that invaded the site from driftless area near Alaganik (Tarr and
Martin, 1914).

I ( AGS) -6.

Katalla I, Alaska

7650

± 330

Sedge and moss peat underlying slope muskeg at a depth of 7.6 ft, situated 0.5 mi N of Katalla village (60° 12' N Lat, 144° 32' W Long), alt.
ca. 180 ft. High proportion of alder pollen in the sample with higher percentages in horizons overlying in the section is interpreted as representative of
pre-early-Hypsithermal time. Comment: marine terraces or indications of
elevated former strandlines are present at Katalla at less than 100 ft altitude,
although regionally they may be present up to 200 ft or more (D. J. Miller,
U. S. Geological Survey, personal communication). Age, pollen spectrum, and
altitude of sample compared with ages, pollen spectra, and altitudes of samples
from Katalla II, Martin Lake, and Bering Lake (this date list) suggest that
Katalla I sample rests upon a former marine site and its age dates marine regression from the surface.

I (AGS) -7.

Katalla II, Alaska

3770

+ 200

Silty limnic peat from base of a 6.3-ft section in muskeg located 0.3 mi
N of Katalla village (60° 12' N Lat, 144° 32' W Long), alt. ca. 40 ft. Site interpreted to have been previously occupied by marine waters (D. J. Miller,
personal communication). Comparison of Katalla II pollen profiles with those
from Katalla I section reveals inception of the former deposit in the late
Hypsithermal. Comment: rate of marine regression is figured at ca. 3.6ft/100
yr between 180-ft and 40-ft altitudes in the Katalla district on the basis of
Katalla I (this date list) and Katalla II sample ages,

I ( AGS) -8,

Martin Lake, Alaska

6810

± 375

Silty sedge peat at the base of muskeg, 4.3 ft deep, on a peninsula on the
W side of Martin Lake (60° 21' N Lat, 144° 34' W Long), ca. 11 mi N of
Katalla, alt. ca. 100 ft. Alder is the predominant pollen in the sample, which
is of Hypsithermal age. Sample age is interpreted as approximately dating
marine regression from the site. Comment: taking into account the Katalla I
and II ages (this date list) and the age of the Martin Lake sample, the rate
of regression appears as follows in this district: ca. 80 ft in 840 yr since
ca. 7650 B.P. or a rate of 9.5 ft/100 yr; ca. 60 ft additional between 6810 and
3770 B.P. or 2 ft/100 yr; and ca. 40 ft in the last 3770 yr. or 1 ft/100 yr.
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Bering Lake, Alaska

9510 ± 475

Sedge peat underlying muskeg, 10.9 ft deep, situated ca. 0.5 mi from
NW shore and ca. 10 mi NE of Katalla (60° 19' N Lat, 144° 20' W Long),
alt, ca. 180 ft. Early peat deposition at this site, as indicated by age and proportion of willow pollen in dated sample, is the latter part of the late-glacial,
although climate does not appear to have been so cold or so dry during lateglacial time as at other localities given in this list. The upper limit of marine
transgression in the vicinity of this sample site is unknown.

10,820 ± 420
I ( AGS) -10. Munday Creek, Alaska
Bawl sedge peat from a depth of 23.4 ft in muskeg just W of Munday
Creek, ca. 1 mi from the beach and ca. 10 mi. NE of Icy Cape (60° 01' N
Lat, 141° 57' W Long), alt. ca. 230 ft. This peat, according to D. J. Miller
(personal communication), rests on a terrace, the uppermost of several definitely determined as marine in this district. Pollen in the sample is late-glacial
and consists predominantly of sedges with smaller amounts of other types
characteristic of late-glacial deposits, such as heath, willow, arid umbellifer.
These facts provide an approximate regression rate of over 2 ft/100 yr from
the late-glacial to the present sealevel stand. Comment: rate from a lower terrace at ca. 40 ft has been ca. 3.8 f t/100 yr as indicated by W-369, 1050 ±
160 (Rubin and Alexander, 1958). Sample age and pollen content may be
compared with Lamont dates and comments for North Pacific coastal samples
(L-2970, 10,850 ± 800; L-297D, 10,300 ± 400, 'Broecker and Kulp, 1957)
and for Alagnik site (this date list). Postglacial time ensued at this site ca.
10,000 B.P.

I (AGS) -11.

Grand Plateau Glacier, Alaska

1210

± 200

'Sedge peat lowermost at a 6.6-ft depth in muskeg ca. 3 mi SE of the
glacier, ca. 5 mi NW of the mouth of Sea Otter Creek (58° 57' N Lat, 138°
00' W Long), and ca. 0.5 mi from the beach, alt. ca. 30 ft. Site appears to
have been formerly a lagoon which became fresh as a result of rising land,
falling sealevel, or both. Regression rate for sealevel from this stand to the
present one is ca. 2.5 ft/100 yr. Comment: sample age and altitude show close
relationship to U. S. Geological Survey sample from Munday Creek at ca. 40ft altitude (W-369, 1050 ± 160; Rubin and Alexander, 1958).

I ( AGS) -12.

Northwest Lituya Bay I, Alaska

8140 ± 390

Bottom ligneous peat from a depth of 10.2 ft in muskeg resting upon the
upper of a pair of marine terraces located ca. 13 mi NW of Lituya Bay (58°
43' N Lat, 137° 4'5' W Long) and ca. 1.5 mi from the beach, alt. ca. 300 ft.
Fern spores dominate the plant microfossils in the sample which dates from
the early-postglacial cool, humid environment. Rate of regression of the ocean
from this position to its present stand has been ca. 3.7 ft/100 yr.

I ( AGS) -13.

Northwest Lituya Bay II, Alaska

6890 ± 350

Basal ligneous peat sampled from a depth of 7.3 ft in muskeg ca. 0.25 mi
SW of Northwest Lituya 'Bay I site (58° 43' N Lat, 137° 45' W Long), alt.
ca. 110 ft. Pollen stratigraphy of peat section indicates sample dates from
Hypsithermal time. Regression rate from this stand of the ocean is ca. 1.6
ft/100 yr. Comment: on the basis of this age and that of sample from North.
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west Lituya Ray I this date list), the relative position of land and sealevel
changed ca. 190 ft in 1250 yr or ca. 15.2 ft/100 yr.
(

I ( AGS) -14. Southeast Lituya Bay, Alaska
2790 + 250
Sedge peat from bottom of muskeg at a depth of 3.3 ft; site (58° 36' N
Lat, 137° 34' W Long) lies ca. 3 mi SE of the mouth of Lituya Bay, 1.5 mi
NW of Steelhead Creek, and 0.25 mi from the ocean, alt. ca. 100 ft. Muskeg
rests on what appears to be the highest of three marine terraces above the
present ocean stand. High proportion of sphagnum spores, abundance of pollen of arboreal conifers in the overlying section, and sample age suggest contemporaneity with post-Hypsithermal interval. Regression rate between this
and the present stand of the ocean is ca 3.6 ft/100 yr. Comment: regression
rate on the basis of a sample dated from a 150-ft marine terrace ca. 13 mi
SE of this site, W-405, 3250 ± 200 (Rubin and Alexander, 1958), is ca.
4.6 ft/100 yr. Comparison with the Southeast Lituya Bay sample age and
altitude suggests a rate of regression between the 150-ft and 100-ft stands SE
of the bay as ca. 10.9 ft/100 yr. Also, comparison of Southeast Lituya Bay
age and that from Northwest Lituya Bay II (this date list) (both sites at nearly the same altitude) reveals that the ocean withdrew from the latter site much
earlier. Such a difference between sites at practically the same altitude NW
and SE of the bay suggests variations in local tectonic activity.
I ( AGS) -15. Seaview, Washington
2950 + 150
Bottom sedge peat at a depth of 10.9 ft in muskeg (46° 19' N Lat, 124°
03' W Long) situated at the end of an abandoned dirt road that leads off the
S side of State Highway 12, ca. 1.25 mi E of Seaview, alt. ca. 10 ft. Location
is north of the mouth of the Columbia River in Pacific County. Pollen profiles
from section of the muskeg show an increase upward of lodgepole pine at the
expense of forest conifers Sitka spruce and western hemlock; fern and sphagnum spores also increase upward. A period of storminess and dune instability
and of cool, moist climate with variations is inferred to have occurred after
the time represented by this sample age. Muskeg resting at present sealevel
may have begun to form with the laying down of the southern portion of the
Long Beach spit, and, accordingly, sample age may date this event. Comment:
arboreal pollen profiles by Hansen (1944) from nearby Ilwaco show essentially similar form to Seaview profiles.
I ( AGS) -16. Devils Lake, Oregon
6300 ± 275
Peat consisting of limnic and ligneous remains from a depth of 38.6 ft
in section removed from a wooded bog found on the W shore of Devils Lake
(44° 58' N Lat, 124° 00' W Long), ca. 1 mi NE of the outlet, and less than
1 mi E of the village of Oceanlake, Lincoln County, alt, ca. 15 ft. Approximately 23 ft of the section are below present sealevel. Pollen profiles for the section
show a prominence of two brackish-water indicators, Ruppia and Chenopodiaceae, with two intervals of nondeposition of pollen, between ca. 20 ft and
ca. 30 ft. This portion of the section is interpreted as representing a time when
Devils Lake was a saltwater lagoon. Below the 30-ft level in the section, some
sediments appear to have formed in slightly brackish water, but above the
20-ft level, essentially freshwater conditions are manifest. Comment: sample
age and section stratigraphy suggest eustatic sealevel rise during the Hypsi-
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thermal, reaching a maximum ca. 500() yr B.P. between ca. 20 ft and ca. 30 ft
in the section. In addition, it appears likely that the inception of the Devils
Lake deposit is related to the early phase of the eustatic rise of the Pacific
Ocean that ultimately resulted in the formation of the Older Peron Terrace,
Australia, which dates from ca. 5000 B.P. (Fairbridge, 1958). If the two levels
of nondeposition of pollen at this site represent two separate transgressions,
the lower level may be related to the Older Peron Terrace whereas the upper
one may bear a relationship to the Younger Peron Terrace, dating from ca.
3600 B.P. ( Fairbridge, 1958).

I (AGS) -17.

6720 ± 250

Garrison Lake, Oregon

Basal limnic-ligneous peat from a depth of 42.9 ft in section from the NW
arm of Garrison Lake (42° 06' N Lat, 124° 31' W Long), less than 0.5 mi
from the ocean, 6 mi southerly from Cape Blanco, and 1.5 mi NW of Port
Orford, Curry County, alt, ca. 5 ft. Almost the entire section is beneath present
sealevel, and, although it is largely a freshwater deposit, pollen profiles disclose several possibly mildly brackish intervals of deposition with one strongly
brackish from ca. 33 to ca. 36 ft, this latter as indicated by the Ruppia profile.
Using the sample age as a datum from which to estimate, this strongly brackish interval is dated at ca. 5000 B.P. and suggests eustatic transgression. Comment: age of the sample and position of the Ruppia zone in the overlying sediments in this section generally corroborate data from Devils Lake (this date
list). If, in reality, two separate transgressions have occurred at Devils Lake,
pollen profiles from Garrison Lake suggest that the single Ruppia peak is related to the older transgression. There appears to be no evidence of a younger
transgression at this site.
REFERENCES

Barendsen, G. W., Deevey, E. S., and Gralenski, L. J., 1957, Yale natural radiocarbon
measurements III: Science, v. 126, p. 908-919.
Broecker, W. S., and Kulp, J. L., 1957, Lamont natural radiocarbon measurements IV:
Science, v. 126, p. 1324-1334.
Broecker, W. S., Kulp, J. L., and Tucek, C. S., 1956, Lamont natural radiocarbon measurements III: Science, v. 124, p. 154-165.
Fairbridge, R. W., 1958, Dating the latest movements of the Quaternary sea level: New
York Acad. Sci. Trans., ser. 2, v. 20, p. 471-482.
Hansen, H. P., 1944, Further pollen studies of peat bogs on the Pacific coast of Oregon
and Washington: Torrey Bot. Club Bull., v. 71, p. 627-636.
Heusser, C. J., 1953, Radiocarbon dating of the thermal maximum in southeastern Alaska:
Ecology, v. 34, p. 637-640.
Kulp, J. L., Feely, H. W., and Tryon, L. E., 1951, Lamont natural radiocarbon measurements, I: Science, v. 114, p. 565-568.
Kulp, J. L., Tryon, L. E., Eckelman, W. R., and Snell, W. A., 1952, Lamont natural
radiocarbon measurements, II: Science, v. 116, p. 409-414.
natural radiocarbon measurePreston R. S., Person, Elaine, and Deevey, E. S., 1955,
ments II: Science, v. 122, p. 954-960.
Rubin, Meyer, and Alexander, Corrinne, 1958, U. S. Geological Survey radiocarbon dates
IV: Science, v. 127, p. 1476-1487.
Rubin, Meyer, and Suess, H. E., 1955, U. S. Geological Survey radiocarbon dates II:
Science, v. 121, p. 481-488.
1956, U. S. Geological Survey radiocarbon dates III: Science, v. 123, p. 442-

.Yale

448.

Suess, H. E., 1954, U. S. Geological Survey radiocarbon dates I: Science, v. 120, p. 467473.

Tarr, R. S., and Martin, Lawrence, 1914, Alaskan glacier studies of the National Geographic Society in the Yakutat Bay, Prince William Sound and lower Copper River
regions: Washington, Nat. Geog. Soc., 498 p.

[AMERICAN JOURNAL OF SCIENCE RADIOCARBON SITPPLEMENT, VOL, 1, 1959,

P. 35-441

STOCKHOLM
NATURAL RADIOCARBON MEASUREMENTS II
H. GOTE OSTLUND
Radioactive Dating Laboratory, Geological Survey of Sweden, Stockholm

This paper is a list of the radiocarbon datings of geologic and archaeologic
samples made during 1958 after the dating apparatus had been installed at the
Geological Survey. It is a direct continuation of the first dating list (Ostlund,
1957a). Some of the results of geophysical interest, measurements of a few
sea water samples, have been published separately (Fonselius and Ostlund,
1.959) ; others will follow.
INTRODUCTION

Technique and standards.-The techniques used for the preparation of
pure carbon dioxide and the proportional counting setup have been described
earlier (Ostlund, 1957b) , but in addition some further operations have been
introduced. Tauber and de Vries (1958) and Olson and Broecker (1958) have
pointed out the danger of contamination of old samples in situ by the precipitation of younger humus. Following their experience, all samples which might
have been exposed to the slightest danger of that kind are boiled in 2% sodium
hydroxide solution, washed carefully, boiled in dilute sulfuric acid, and finally
washed again. This treatment has been considered to be especially important
for peat samples of greater age, but in a few cases it has been omitted, and
this fact is stated in the actual sample descriptions.
At present two proportional counters are in operation, the older 1-1 and
the new 0.5=1 tubes. The latter has a working pressure of 3 bar, a background
of 2.0 counts/min and gives 9.6 C1-counts/min from modern carbon. As previously, each sample is counted for at least two 20-hour periods, and most of
the samples have been run in both counters.
The modern 'standard is still oak wood grown about A.D. 1850 in Djurgarden, Stockholm (59° 20' N Lat, 18° 08' E Long), and its counting rate is
corrected for decay up to 1958. The age figures in this paper, as well as in our
first list, are thus unaffected by the industrial combustion of fossil fuels (the
so-called Suess effect) and nuclear bomb activity.
The U. S. National Bureau of 'Standards Natural Radiocarbon Standard
gives a counting rate which is 104.5 ± 0.5% of our age-corrected oak standard.
The C13/C12 ratio of each sample of purified carbon dioxide has been
measured mass-spectrometrically. The counting rate of each sample has been
corrected accordingly before calculating the age. All calculations were made in
the same manner as was described in our first dating list. In each error is included the statistical uncertainties of the measurements of the sample and of
related standard and background figures, together with the small error in the
C13 determination and the half-life of radiocarbon, 5568 ± 30 years.
ACKNOWLEDGMENTS

A generous grant from the King Gustaf VI Adolf Foundation for Swedish
35

H. Gote Ostlu-nd

36

Culture made it possible to move the apparatus into completely :repaired and
well equipped laboratory rooms, for which I would like to express my respectful thanks.
As usual I am indebted to Mr. Ryhage and his staff at Karolinska Institutet, Stockholm, for making the C13 determinations.
Most of the routine operation of the whole equipment has been made by
Miss Vivan Jacobson, and the work by her and the other members of the staff
is hereby appreciated.
The laboratory is run by the Royal Academy of Antiquities and the Geological Survey of Sweden, through supervision by the Swedish
Board.
The cost of the radiocarbon dating work is nearly covered by an annual grant
from public funds.

14

SAMPLE DESCRIPTIONS
I. GEOLOGIC SAMPLES-SWEDEN

A. Submorainic Samples

St-325.

Ale, Norrbotten

>24,000

A thin layer of peat, consisting of Tomentypnum nitens, below 5 m of till
and resting on fine sand, at Ale, 20 km W of Lulea, Norrbotten (65° 37' N
Lat, 21° 42' E Long), Sweden. The submorainic position and the fossil content of the peat, indicating a swamp in probably arctic environment, strongly
suggest an interglacial age, or possibly early Wurm interstadial (Fromm,
1958). Coll. 1957 and subm. by E. Fromm, Geological Survey of Sweden.
Comment: the limited quantity of the sample prohibited chemical treatment
for removal of younger humus. We thus prefer to give the minimum age in
spite of the fact that a definite C14 age could have been calculated.

St-324.

Froso, Jamtland

2820 ± 135

Charcoal from a layer of charred wood at Herke, SSE of the church of
Froso, on the island of Froson in Lake Storsjon, Jamtland (63° 10' N Lat, 14°
33' E Long), 'Sweden. The layer was 1 to 2 cm thick and covered by 80 cm of
moraine, which was supposed to he in primary position. Coll. 1944 and subm.
by B. Asklund, Geological Survey of Sweden. Comment: the result clearly indicates that the moraine had slid.

St-328.

Kil, Varmland

>34,000

Spruce wood (Picea) found at a depth of 30 m under glaciofluvial deposits in the delta at Fryksta, 2 km N of Kil, Varmland (59° 32' N Lat, 13°
20' E Long), Sweden. Coll. 1958 by E. Alsterlind, Kil ; subm, by Jan Lundgvist, Geological Survey of Sweden. Comment: the find is evidently interglacial
or possibly interstadial. A similar sample from the same locality has been dated
previously ('St-113, Ostlund, 1957a), also giving infinite age.
B. Postglacial Strandli-nes

St-339.

Hagared, Halland

1020

± 80

Sample of sand, containing a fraction of organic material, mostly mould,
and covered by a drift-sand dune at Hagared, 2.7 km S of the church of
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Tvaakra, Halland (570 01' N Lat, 12° 24' E Long), Sweden. The sample is
situated at the postglacial transgression limit, here at 16 m above present sealevel; formation of the dune was supposed to have begun in the 17th century.
Coil. 1958 and subm. by H. Tullstrom, Geological Survey of Sweden. Comment:
Evidently the C14 age does not apply to any of the known events, or else the
dune was formed earlier than expected. No attempt has been made to extract
humus by sodium hydroxide treatment, since the organic material itself seemed
to be humus. On the other hand, it is not likely that a modern contamination
could be completely responsible for the very low age in comparison with the
transgression.

St-379.

Fajans Tile-Works, Halland

8200

± 140

Sample of a humifled peat layer, 1.0 km E of Falkenberg, Halland (56°
54' N Lat, 12° 31' E Long), Sweden. The upper surface of the layer, 0.11 m
thick, is situated 4.64 m above the present sealevel. It is covered inter alia by
clay-gyttja and rests on 0.73 m of partly humus-containing silt with boulders,
which belong to a fossil strandline. The silt is underlain by weathered, varved
glacial clay. Coll. 1958 and Subm. by H. Tullstrom, Geological Survey of
Sweden.

St-333.

Sorevik, Blekinge

9000 ± 140

Layer of drift mud, principally consisting of pine wood, occurring 3.5 m
below surface of the bottom and 4.0 m below the present water level, at the
island of 'Senoren, Ramdala parish, in the Baltic Sea, ESE Karlskrona (56° 07'
20" N Lat, 15° 46' 24" E Long), Sweden. The layer of drift mud is only 5
cm thick, rests on sand, and is overlain by mud. Some 200 m farther out in the
sea the drift mud continued to a depth of at least 7 m below present sealevel.
According to pollen analysis, the zone boundary IX/VIII (Scanian system,
Nilsson, 1935) is situated immediately below the drift mud layer. Other data,
including diatom analyses, indicate that the boundary between Yoldia and
Ancylus zones is situated approximately at the same level. Subm, by Bjorn
Berglund, Department of Quaternary Geology, University of Lund.
C. Postglacial Climatic History

Husvalen, Anjan, and Northern Dalarna series
These series were made as a part of a study on postglacial variations of
the upper limit of the Pinus forest, caused by climatic changes. All the samples
consist of well preserved Pinus stumps revealed by erosion under the cover of
present vegetation and peat, at altitudes above the present forest line. The distribution of the present-day Pinus and its relation to the fossil material is too
complicated to be described here, but will be described elsewhere (Lundgvist,
1959). Coll. 1950-1958 and Subm, by G. Lundqvist, Geological Survey of
Sweden.
Husvalen. Pine wood on the alpine heath on the mountain Husvalen,
NE of Ljungdalen, Harjedalen (62° 50' N Lat, 12° 53' E Long), Sweden. Altitudes 800 to 850 m.
7780 120
St-308. Husvalen 1
5310 125
St-354. Husvalen 2
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St-357.
St-361.
St-362.
St-367.
St-356.
St-311.

Husvalen
Husvalen
Husvalen
Husvalen
Husvalen
Husvalen

150
105
105
130
190
140

3

4
5

6
7

8

Anjan. Pine wood on the alpine heath or in the upper birch (Betula)
forest on the mountains Skackerfji llen, NE of the Anjan tourist hotel,
Jamtland (63° 45' N Lat, 12° 38' E Long), Sweden. Altitudes 500 to 600 m.
100
Anjan 1
125
Anjan 5
125
Anjan 7
105
Anjan 9
130
Anjan 10
90
Anjan 15
Northern Dalarna (Dalecarlia). Pine wood from altitudes above the
St-380.
St-394.
St-395.
St-382.
St-383.
St-384.

forest limit on mountains at the northernmost tip of the County of Dalarna
(62° 10' N Lat, 12° 20' E Long), Sweden, Altitudes above 900 m. The locations are close to the places listed below.

St-396.
St-397.
St-398.
St-320.

Havlingsklappen
Lake Grotvallsjon
Grovelsjon, E of the tourist hotel

Mustvallen, Jamtland

± 130
± 140
± 170
4630 ± 100
7330
6840
6520

Stump of fir from a bog at alt. 820 m on Storfjallet in the Oviksfjallen
(Ovik mountains) 3 km W of Mustvallen, Jamtland (62° 57' N Lat,13° 57' E
Long), Sweden. The present forest limit is at 650 m at this point. The find indicates a warm period and may be considered together with the Husvalen,
Anjan, and Northern Dalarna series. Coll. 1957 and subm, by Jan Lundqvist,
Geological Survey of Sweden.

St-313.

Farsksjon, Blekinge

3910 ± 80

Pine wood from stubs in situ on the bottom of a bay in the NW part of
Lake Farsksjon, Jamjo parish, Blekinge (56° 09' 20" N Lat, 15° 51' 45" E
Long), Sweden. The depth of water is 60 to 80 cm. Pollen analysis is impossible, the stubs being situated above the sedimentation boundary, but evidently
the conditions indicate a change toward moister climate since the trees were
growing (Nilsson, in press). Coll, and subm. by Bjorn Berglund, Department
of Quaternary Geology, University of Lund.

Toppeladugard series, Skane
Sandy peat and clay-gyttja of Allerod age from Toppeladugard (55° 36'
N Lat, 13° 22' E Long), 14 km SSE of Lund, Scania, Sweden. The Allerod
layer consists of a thin layer of brown, sandy peat, "Allerod mould", overlain
by two layers of clay-gyttja or lime-gyttja, (upper and lower "Allerod gyttja"),
which are interbedded by purer clay. The Allerod layer is covered by Upper
Dryas Clay and underlain by clayey sand and boulder-clay (Holst, 1906,
1908; Nilsson, 1935, p. 430, 474, and in press). The "Allerod mould" may be
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assumed to date the beginning of the Allerod period. Coll. 1958 and subm. by
IN ilsson, Department of Quaternary Geology, University of Lund.

'Page

12,000 ± 200
St-341. Allerod mould
11,900 ± 180
St-345. Allerod gyttja, organic
Lower part of the upper Allerod gyttja. The organic fraction. Comment:

the C14 age is a little higher than expected, especially in comparison with
St-341, but this might be due to the fact that the sample consisted of lacustrine
sediments, i.e, largely remnants of living matter that incorporated carbonate of
the lake water.

St-342.

Aller¢d gyttja, carbonate

13,600

± 400

Carbonate of the same portion as St-345. (The age corrected to standardized isotopic composition.) Comment: the result makes it highly likely that the
carbon system of the former lake was "older" than contemporary air and terrestrial carbon. This is surely due to leaching of sedimentary carbonate minerals by the feed-water of the lake.
D. Recurrence Surfaces in Peat Bogs

Ockelbo series, Gastrikland
Samples of peat from a bog at Gammelboning, Ockelbo, 7 km N of Kungsberg, Gastrikland (60° 49' N Lat, 16° 30' E Long), Sweden. Dating of the
samples was made as part of a current investigation on the time-scale of recurrence surfaces in Sweden. Coll. 1957 and subm, by C. Larsson, Geological Survey of Sweden.

St-319.
1Vood from

830± 65

Ockelbo 4
a layer of stubs, 75

cm

below the surface, supposed to belong

to a recurrence surface.

St-351.

Ockelbo 6

1330 ± 80

Peat from a supposed recurrence surface 185 cm below the surface.
Comment: 1)0th of these results are in discordance with our knowledge of
similar cases. The work is being continued.
E. Various Geologic Samples

St-305.

Bohus, Vastergotland

820

± 65

Oak wood from the scar of a landslide, called "Jordfallet" ("The Soil
halls") at Bohus, Vastergotland, in the Gota Xlv valley (57° 51' N Lat, 12°
00' E Long), Sweden. The former soil surface was revealed 5 m under the
overthrust clay and contained large fractions of the stump of an oak, which had
apparently been growing at tile time of the earth slide and had been broken by
it. The outermost intact year rings were taken to date the event. Coil, and
snhm. by B. Jiirnefors. Geological Survey of Sweden.
11.

St-377.

GEOLOGIC SA1\ZPLES-OTHER COUNTRIES

Zagazig, Egypt

>38,000

Brown coal from a well at Wadi Pumping station near Zagazig, in the Nile
Valley delta, Sharkia Province (30° 33' 10" N Lat, 31° 38' 26" E Long),
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Egypt. The sample (Nr SH 43 at the Department of Geology, Faculty of Science, Cairo University) was -taken from a coal bed, 1.5 m thick, at a depth of
72 m below the derrick level of the well. The coal rested on a layer of medium
sand and was supposed to be of post-Lower-Paleolithic age. Coll. 1958 and
subm. by Rushdi Said, Department of Geology, Cairo University, Egypt.
III. ARCHAEOLOGIC SAMPLES-SWEDEN

A. Lappland and Neighboring Provinces

St-340.

Soukolojarvi

710

± 75

Wood from an "ackja" (snow boat, hollowed-out trunk sledge), exposed
by digging a ditch in the village of Soukolojarvi, Overtornea, Norrbotten (66°
29' N Lat, 23° 37' E Long), Sweden. Pollen analysis gives "Picea time," i.e.
younger than 1000 B.C. but older than latest Medieval (Wahlberg, 1956).
Subm. by A. Oldeberg, Museum of National Antiquities, Stockholm.

Saivorova series, Lappland
In the neighborhood of the Laponian sacrificial grove of Saivorova,
Gallivare parish, 25 km WSW Kiruna, Lappland, there are four pits, 1 m deep
(67° 48' N Lat, 19° 45' E Long), Sweden. In the bottoms of these were charcoal and fire-burned boulders, 10 to 30 cm in diameter. The pits are surrounded
by circular banks, consisting of brittle-burned stones and charcoal. The pits
have presumably been used as cooking pits, and the banks around each of them
have been formed by cleaning out the pit before each time of use. Thus the
coal underneath the bank indicates the time of its first use, and the coal at the
bottom of the pit originates from its last time of use. Charcoal from Pit No. 3
has been dated previously (St-152 Gallivare, Ostlund, 1957a). It has been included in the list below for the sake of completeness. Coll. 1954 and subm, by
H. Hvarfner, Royal Office of National Antiquities, Stockholm.

Pit No. l: Bottom of the pit
Pit No. 2: Underneath the bank
Pit No. 3: Bottom of the pit
Pit No. 4: Underneath the bank
Pit No. 4: Bottom of the pit
Nikkaluokta series, Lappland
St-393.
St-353.
St-152.
St-346.
St-349.

950
1260
1150

75
100
65

1.175

90

980

120

Charred wood from two of the pits between the House of the Club of the
Mountain Men and the Chapel in Nikkaluokta, Gallivare parish, 50 km W of
Kiruna, Lappland (67° 51' N Lat,19° 02' E Long), Sweden. The pits have not
yet been subject to careful archaeologic examination; they have been supposed
to be habitation sites, but there are also indications that they might be naturally formed. Coll. 1954 and subm, by E. Manker, Nordiska Museet, Stockholm,
and H. Hvarfner, Royal Office of National Antiquities, Stockholm.
St-347. Pit No. 1: Bottom layer
2075 85
St-352. Pit No. 2: Bottom layer
1.360
105

St-373.

Gaddede, Jamtland

4360 ± 105

Bone fragments of elk from the Stone Age settlement T61 at Lake
Kvarnbergsva'ttnet, Gaddede, Frostviken, Jamtland (64° 30' N Lat, 14° 09' E
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Long), Sweden. Archaeologic dating: not older than Neolithic time. Coll. 1947
and subm. by S. Janson, Office of National Antiquities. Charcoal (St-187
Gaddede; Ostlund, 1957a) from the same settlement was dated as 3115 ± 75
yrs B.P. Comment: only the organic carbon of the bone was used for analysis.
Any contamination in the bone would make the C14 age lower, since no lacustrine sediments were possible. From that point of view the radiocarbon age is
at least a minimum age. The habit of the Lapps of taking old, dry fir wood for
fire, together with the fact that the charcoal of St-187 was in very good condition, means that any possible error would make the settlement younger, not
older, than the charcoal. At the moment, the only possible explanation of the
discrepancy is that the settlement was inhabited either twice or continuously
during the long time span. Further samples from the settlement will he measured.

St-306.

655

Farila

± 65

Wood from a double canoe, found sunken by heavy stones at a depth of
3 m, on the bottom of Lake Breasen, Farila, Halsingland (61° 51' N Lat, 15°
40' E Long), Sweden. This highly unusual specimen deserved radiocarbon dating, in spite of lack of archaeologic connection. Coll. 1929 and subm, by A.
Viksten, Farila.
B.

St-372.

Southern Sweden

Bjornlunda, Sodermanland

1185

± 70

Wood from primitive wooden plough, found in the soil on the farm
Tibble, Bjornlunda, Soderrnanland (59° 06' N Lat, 17° 08' E Long), Sweden.
According to pollen analysis the sample belongs to the Iron Age. Subm, by R.
Jirlov, State College, Vasteras. Comment: another portion of this specimen has
been dated by the Uppsala C14 laboratory (U-45, 1125 ± 70; Olsson, 1959).

Fiskeby series, Ostergotland
Resin caulkings from various graves in a grave field at Fiskeby, 4 km
NW of Norrkoping. Ostergo'tland (58° 36' N Lat, 16° 06' E Long), Sweden.
The grave field includes 520 inhumations with finds which form a chronological series from the last phase of the Bronze Age to the second half of the Viking
Age. In addition to the resin caulkings, many of the graves contain only artifacts which cannot yet be dated archaeologically but which are of importance
for further work. In Sweden, however, there is a serious lack of archaeologic
material that can be connected with the first two periods of the Iron Age (500
to 100 B.C.). The resin was used as 'tightening material in bark boxes filled
with cremated bone. It is hoped that radiocarbon dating of the caulkings may
also answer the question whether the break in the series of finds indicates
an intermission in the use of the burial place or is caused 'by other reasons. Tlie
work oti the Fiskeby material will be continued. Time samples were collected in
1951.1952 and subm. by P. Lundstrom, Museum of NNa'tiotial Antiquities, Stockholm, who also made a preliminary description of the material (Lundstroni,
1952a, 1)).
2510 90
St-317. Fiskeby 1. Grave No. 248

St-321.

Fiskebyr 2. Grave No. 217

2505

85

42

11

St-326.
St-327.
St-385.
St-390.

Fiskeby 3.
Fiskeby 4.
Fiskeby 5.
Fiskeby 7.

Gote Ostlund

Grave No.
Grave No.
Grave No.
Grave No.

536
556
366
317

75
85
100
90

2025
2070
1980
2635

Comment: none of these datings indicates the first two periods of the Iron Age.

Algsjon series

Samples of gyttja from the bottom sediments of Lake Algsjon, Bjalbo,
Ostergotland (58° 24' N Lat, 15° 00' E Long), Sweden, taken to check the
continuity of agriculture by means of pollen and radiocarbon analysis. Subm.
by Staff an Helmfrid, Institute of Geography, University of Stockholm. Comment: the age figures should be used with caution, since the material has incorporated carbon dioxide of lake water, which might have been of high apparent age.

2070 ± 110
St-318. Algsjon A
From the 450-cm level at the beginning of the Secale curve, about 40 cm
above the beginning of the 1'icea curve.

860
St-309. Algsjon B
From the 280-cm level to secure the chronology of the diagram.
1800

St-366.

Roma, Gotland

St-374.

Stenbrohult, Smaland

±

110

± 100

Bone from horse, "Gotland russ," found by archaeologic survey of Roma
Airfield, Gotland (57° 30' N Lat, 15° 30' E Long), Sweden. No archaeologic
dating, but two thin-butted stone axes were found very close to the bones. Thus
it was interesting to know whether the connection between the horse bones and
the axes was real. Coll. 1957 and Subm. by Greta Arwidsson, Institute of Archaeology, University of Stockholm, and E. Nylen, County Museum of Gotland,
Visby. Comment: 'of the bones, which were in good condition, only the organic
carbon was used for analysis. This material being sensitive to organic contamination, the age figure is less reliable, but since possible contaminating material is younger than the sample, the C14 age may be accepted as a true minimum age.

905

± 65

Worked piece of wood, part of construction of unknown kind at a depth
of 1.2 m below the surface in a peat bog near Sannaboke, Stenbrohult, Smaland (56° 35' N Lat, 14° 10' E Long), Sweden. No archaeologic dating
(Oldeberg, in press). Coil, and Subm, by A. Oldeberg, Museum of National.
Antiquities, Stockholm.
C.

St-371.

Inriertt Buildings

Tingstad, Ustergiitland

845 ± 70

`Vood from a supporting log in the north portal of Tingstad medieval
church, Ostergotland (58° 32' N Lat, 16° 18' E Long), Sweden. From architectural-historical considerations, dated at the beginning of 15th century.
Subm, by K. von Schmalensee, Norrkoping.
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St-307.

Vadstena, Ustergotland

St-381.

Hossmo, Smaland

43

11

970

± 70

Fragment of a fir board, part of a window frame found during the restoration of the Vadstena Convent buildings, Ostergotland (58° 27' N Lat, 14° 53'
E Long), Sweden. The window belongs to a secular building, a King's Manor,
which was taken over by the Mother Convent of the Bridgittines on its establishment at the end of the 14th century (Anderson, 1958). The Manor is supposed to have been built early in the 13th century. Coil, and subm. by I.
Anderson, Museum of National Antiquities, Stockholm.

1020

± 75

Wood from an oak log in the Romanesque church of Hossmo, Smaland,
(56° 38' N Lat, 16° 14' E Long), Sweden. From architectural evidence, presumably dated at the end of the 12th century. Subm. by I. Anderson, Museum
of National Antiquities, Stockholm. Comment: the number of years that
elapsed between growth of the dated wood and cutting of the tree is unknown,
and the visible rings were rather narrow. Thus a number between 0 and 400
should be subtracted from the C14 age to give the age 'of the artifact.

IV. ARCHAEOLOGIC SAMPLES-OTHER COUNTRIES

St-315.

Forum Romanum, Rome, Italy

2525

± 75

Pieces of charcoal from a layer in the road foundation of Sacra Via, within Forum Romanum, Rome (41° 54' N Lat, 12° 27' E Long), Italy. The filling
material consists partly of remnants from the Gallic catastrophe of 386 B.C.
Subm, by E. Gjerstad, Swedish Institute, Rome, Italy.

St-338.

Erimi, Cyprus

4480 ± 150

Charcoal from Erimi, Cyprus (34° 40' N Lat, 32° 55' E Long) belonging
to the Erimi Culture, which has been archaeologically dated between 3200 and
2800 B.C. (Dikaios, 1953, p. 314-315). Coil, and subm, by P. Dikaios, Department of Antiquities, Nicosia, and transmitted to the laboratory by 0. Vessberg.
Comment: other samples from the same site have been dated earlier (Ostlund,
1957a) ; St-202, 4630 ± 80; and St-203, 4540 ± 80. All three radiocarbon
datings are close to their average 4570 ± 60 but, on the other hand, differ
appreciably from the archaeologic estimate.

Sotira series, Cyprus

Charcoal from two huts belonging to the Sotira culture in Sotira, Cyprus
(34° 42' N Lat, 32° 51' E Long). The period has been archaeologically dated
between 3400 and 3200 B.G. (Dikaios, 1953, p. 314-315). Coil, and subm, by
P. Dikaios, Department of Antiquities, Nicosia, and transmitted to the laboratory by 0. Vessberg.
5150 130
St-350. Hut No. 12

St-337.

Hut No. 29

5460

110

Comment: in contrast with the Erimi series above, the archaeologic and radiocarbon datings check well. Even the slight difference between the two dates
corresponds to stratigraphic order.
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INTRODUCTION

The radiocarbon laboratory at the University of Pennsylvania is sponsored
jointly by the University Museum and the Physics Department. In this laboratory our primary function is to date archaeologic samples from those four regions of the world in which the University Museum studies are concentrated,
namely, the Near East, South America, Central America, and the Arctic. Dates
for sites in the first two regions are included in this list, and a long series of
temple lintels from Tikal, Guatamala is now being processed. Dates for the
Arctic were obtained intermittently from 1953 through 1955 (with solid-carbon
counting) ; others, more recently. The materials for 'many of the Arctic dates,
however, were not reliable; that is, they were physically contaminated before
processing in the laboratory. We hope that better samples can be found for
future Arctic dating. Our Arctic dates which now furnish tentative age ranges
for Punuk, Birnirk, Kachemak Bay III, Okvik, Old Bering Sea, Ipiutak,
Norton, Dorset, Kachemak Bay I, Choris, Firth River (Early Mountain Phase),
Sarqaq, and Denbigh Flint Complex Periods have been submitted to American
Antiquity (Rainey and Ralph, in press) along with detailed discussions of
possible contaminations.
At the end of 1955 we changed to the proportional counting of pure carbon dioxide technique with equipment similar to that described by Fergusson
(1955). Our counter is filled with approximately 8 liters of carbon dioxide at
1 atmosphere pressure (corrected for our standard temperature of 25.85°C).
The background counting rate has decreased gradually during the last two
years from an initial value of 13 counts/min and is now 8.5 counts/min. The
maximum net rate for zero age is 32.3 counts/min. All organic samples are
pretreated with hydrochloric acid before combustion. The few comparison
tests with alkali treatment (as described by Olson and Broecker, 1958, p. 598)
which have been made on wood and charcoal indicate that humic-acid contamination is not a significant factor with these materials in the comparatively
young age ranges reported in this list.
As our early measurements in 1952 and 1953 indicated that modern
wood samples afforded unexpectedly low counting rates (Ralph, 1955), this
pitfall was avoided by basing our starting point for age calculations on a
series of determinations of archaeologically known age samples. For conveniellc;e for weekly control measurements we now use 10-year intervals of a
sample of 175- to 200-year-old oak (probably Quercus alba) from Hopewell
Township (40° 20' 30" N Lat, 74° 50' 0" W Long), Mercer County, New
Jersey, U.S.A. Counting rates 'of this oak, when corrected for age, agree with
an average curve drawn through our series of knowns and it is, therefore, be45
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lieved to have a representative C" content for archaeologic measurements. No
mass spectrographic determinations of C'3/C'2 ratios have been made.
The dates given are based on 5568 years as the half-life of carbon-14
(Libby, 1955, p. 42). The error quoted with each sample includes the standard statistical counting error of the particular measurement for the usual
counting period of 1000 minutes and the uncertainties in the zero age and
background control values at the time of the unknown counting run. These
last two are average values of the weekly control runs, variations of which are

normally within the statistical counting errors of individual determinations.
Fluctuations of anti-coincidence counting rates with changes in barometric
pressure are not apparent, although our shield consists only of 8 in, of steel
and 1 in, of mercury. The location of our laboratory below ground level in
the basement of a four-story building may afford a partial explanation of our
lack 'of barometric pressure fluctuations.
The B.P. dates in this list were recorded in 1958.
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SAMPLE DESCRIPTIONS
1.

EAR EAST

A. Turkey

Gordion series
Gordion (39° 45' N Lat, 31° 55' E Long), on the Sangarius River, 70
mi SW of Ankara, Turkey is the site of a Phrygian Kingdom which fell before
an invasion of Cimmerian barbarians early in the 7th century B.C. The town,
the City Mound, was rebuilt in the time of the Persian Empire, but most of
the numerous tomb mounds were undisturbed until excavations were begun
in 1950 by the University Museum of Philadelphia under the direction of
Rodney S. Young (Young, 1958a, b, c, d).
The largest of these mounds, which contained "Gordius' " Tomb, is the

biggest tumulus in Asia Minor. Samples P-127, P-128, P-133, and P-134 are
from "Gordius' " Tomb. It is situated at ground level but covered with a
mound of clay 174 ft high and 918 ft in diameter. The mound was excavated
and samples collected and submitted in 1957 by R. S. Young, who has determined the date 'of completion of the tomb by parallels with Assyriau objects
ill the time of Sargon II who reigned from 2680 to 2663 Ii.1'.
Samples P-135, P-136, and P-137 are from the City Mound which was
destroyed around 2643 B.P. as determined from traditional dates in Greek
literature, and built at least as early as 2708 B.P. as estimated by evidences of
stratification. Coll, and subm, by R. S. Young.
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P-134.

"Gorclius' " Tomb
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111

2606

Fragments of organic matter, possibly food, from bowl
"Gordius' " Tomb, Tumulus MM.

± 117

# 148

in

P-128.

"Gordius' " Tomb

2631

± 90

P-127.

"Gordius' " Tomb

2701

± 90

P-133.

"Gordius' " Tomb

"
Pieces of wool and linen blankets from foot of bed in "Gordius' Tomb,
Tumulus MM.

Juniperus drupacea from outer wall of "Gordius'" Tomb, Tumulus MM.
Sample was taken from outer part of this unfinished log.

2939

± 122

"
Pinus nigra pailasiana from squared beam of inner wall of "Gordius'
Tomb, Tumulus MM. This sample was taken from the outer surface of the
beam, but it is not known whether or not these trees grew large enough for a
hundred or so years of growth rings to have been removed in the shaping of
this squared beam by the builders of ''Gordius' " Tomb.

2623 ± 119
P-135. City Mound
Charred wood, possibly Pinus nigra pallasiana, part of roof beam from
the City Mound, Megaron 3. This sample was covered by debris of the city,
all of which was covered by 10 to 13 ft of clay. Coll. 1957. Estimated date of
destruction : ca. 2643 B.P.
P-136.

2690

City Mound

±

120

Charcoal from City Mound, Megaron 3, Phrygian level CC, from North
Room of Burnt House. Coll. 1955. Estimated age: 2658 ± 25 B.P.

P-137.

3113

City Mound

±

125

Charcoal, part of beam in deep trench, from City Mound, Megaron 3,
North Central Trench, Phrygian level IVa. Coll. 1950. Estimated: Hittite to
Phrygian, possibly 2860-2760 H.P.
B. Egypt

P-227.

Seti I

3055

± 91

Wooden beam with cartouche containing the name of Seti I who reigned
from about 3276 to 3256 B.P. This beam was supplied by the University Museum of Philadelphia. Its collection date and original location in Egypt are
not known. This is another portion of the same sample as P-5 which was
measured in 1953 by the solid-carbon method (3106 ± 280) (Ralph, 1955).

P-11.

Sarcophagus of Aha-nakht

3710 + 98

Wood (probably cedar) from outer sarcophagus of Aha-nakht, El Bersheh
(27° 45' N Lat, 30° 45' E Long), Egypt. Found in tomb which was covered
with earth. This coffin was presumably excavated by natives at the same time
as the El Bersheh coffins obtained for the British Museum by E. A. W. Budge
after A.D. 1895 (Budge, 1920, p. 358). University Museum 'of Philadelphia
Cat. No. E16218a-b. Accepted age: 3808 to 3958 B.P. (R. Anthes, personal

communication).
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P-216.

Pyramid of Sneferu

4082 ± 102

Cedar wood from the logs of the upper chamber of the Southern Pyramid
of Sneferu at Dahshur (29° 45' N. Lat, 31° 15' E Long), Egypt. Found in
superstructure of a stone pyramid by the Service des Antiquites of the Egyptian Government in 1947. Subm, by the British Museum. Accepted age: 4658
+ 150 B.P. (R. Anthes, personal communication).

P-215.

Tomb of King Zet, Saqqara

4594 ± 91

Wood from tomb of King Zet (or Waji), Saqqara (29° 50' N Lat, 31°
15' E Long), Egypt. Found in subterranean brick structures of tomb. Should
be a generation older than the grave of Den; 1st Dynasty. Accepted age:
4958 ± 200 B.P. (R. Anthes, personal communication). Comment: other portions of this sample were dated by the Groningen laboratory (Gro-1100, 4120
+ 60; Gro-1109, 4220 ± 55; de Vries and Waterbolk, 1958). Coll. 1953 by
W. B. Emery; subm, by the British Museum.

P-214.

Tomb of Hemaka, Saqqara

4447

± 150

Acacia wood (probably Acacia arabica) from tomb of Hemaka, Saqqara
(29° 50' N Lat, 31° 15' E Long), Egypt. Found in subterranean structure of
tomb, Ist Dynasty. Coll. 1937 by W. B. Emery; subm, by the British Museum.
Accepted age: 4958 ± 200 B.P. (R. Anthes, personal communication). Comment: another portion of this sample was dated by the British Museum (BM27, 4100 ± 150; Barker and Mackey, 1959).
General comment
C14

Our
dates for these five Egyptian samples are younger than their accepted ages by the following percentages:
General comment
Lab. No.

Jo Young

P-227.

± 2.94
4.46 ± 3.17
12.37 ± 3.89
7.34 ± 4.44
10.31 ± 5.04

P-11.
P-216.
P-215.
P-214.

Average Estimated
Age B.P.

6.46

Some of the discrepancy for samples P-216, P-215, and P214 can be attributed to the uncertainty of the accepted ages, but samples P-227 and P-11
have been placed in time with the benefit of an astronomical fix and are widely accepted as known within the tolerances quoted. I think, therefore, that the
Ci4 half-life value (5568 ± 30) and fluctuations
in the cosmic ray intensity
must be considered as possible explanations for the remaining discrepancy of
the order of 5%. We are now measuring a long series of known ages which
we hope will elucidate these questions or, at least, provide an effective value
of the C14 'half-life for archaeologic age determinations.
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111

Saudi Arabia

Ain Jawan Tumulus, Saudi Arabia

1926

+

92

Charcoal from a tumulus at Ain Jawan Quarry (26° 42' N Lat, 50° 0'
E Long), near Ras Tanura, al-Hasa Province, east coast of Saudi Arabia. Coll.
1951 by Frederico Vidal; subm, by R. H. Dyson, Jr., University Museum of
Philadelphia. This limestone tumulus contained a number of chambers with
gold and carnelian jewelry, glass and pottery objects of Graeco-Roman type.
Comment: the date agrees with the estimated age from the typology of the
objects.
D. Iran

Hasanlu Tepe series
Hasanlu (37° N Lat, 45° 28' E Long) is located near the town of Nagadeh in Azerbaijan province of Iran, about halfway between Nagadeh and the
south shore of Lake Urmia, just
of the small freshwater lake known as
Hasanligut or Shor Gol.Coll. 1957 by R. H. Dyson, Jr., director of the Joint
Expedition of the University Museum of Philadelphia and the Archaeological
Service of Iran, who submitted samples from the Citadel and Outer Town
areas of the mound. Three phases of occupation are represented by the samples
in this list, namely, the "Grey Ware Phase," the "Button Base Phase," and
the "Painted Orange Ware Phase." The most recent in this group, the "Grey
Ware Phase," with characteristic spouted pitchers, was ended by the sacking
of the site. The date of this would perhaps fit historically with a known Urartian campaign in the area at the end of the 9th century B.C. This phase overlies the "Button Base Phase" which is characterized by the presence of small
grey ware cups with loop handles and disk bases, and simple painted buff ware
vases with similar bases. This material is known elsewhere to fall in the middle second millenium B.C. Below this the "Painted Orange Ware Phase" occurs above virgin soil in three deep soundings (IV, V, VI) made in the Outer
Town area of the mound. All of the strata in this phase contain a particular
carinated bowl type and painted, grit-tempered pottery. The excavations are
described by Dyson (1958).
The radiocarbon samples consisted of occupation ash from house floor
levels or levels associated with walls. The material was too fine to permit specific identification, but much of it probably represented ash from animal dung
which is the chief local fuel along with some small brush.

P-186.

Hasanlu, "Grey Ware Phase"

2881

± 119

Ash from Citadel area, Oper. VII, section E-F. This sample overlies P-111
stratigraphically, and was expected to be younger than P-111. The lower end
of its tolerance (2762 yr), however, overlaps 'the date for P-111.

P-111.

Hasanlu, "Grey Ware Phase"

2770 ± 130

Ash from Citadel area, Oper. IT, stratum 3, ash below outer defence wall
of Oper. VII, section C-D.

P-187.

Hasanlu, "Grey Ware Phase"

2765

+ 117

Ash from Outer Town area, Oper. IV, stratum 3 'top, South Balk. Comment: the dates of P-111 and P-187 (average 2768 ± 124) agree closely
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wi;th the dating of the end of this phase suggested by historical evidence (ca.
2758 R.P.).

P-198.

Hasanlu, "Grey Ware Phase"

3083

±

122

Small lumps of charcoal mixed with ash from Outer Town area, Oper.
VI, stratum 3, above burial 13, East Balk. Comment: this is one of the earlier
burials and suggests a spread in time of about 300 yr for the "Grey Ware

Phase."

P-185.

Hasanlu, "Button Base Phase"

3000 ± 120

Ash from Citadel area, Oper. I, stratum 5d. Comment: although a little
younger than expected, this date may be correct for the end of this phase.

P-191.

Hasanlu, "Painted Orange Ware Phase" 4021

±

134

Ash from Outer Town area, Oper. VI, stratum 4, floor 2, West Balk.

P-188.

Hasanlu, "Painted Orange Ware Phase" 3981

+ 135

Ash from Outer Town area, Oper. IV, stratum 16, floor 8, West Balk.

P-194.

Hasanlu, "Painted Orange Ware Phase" 4115

+

136

Ash from Outer Town area, Oper. VI, stratum 6, floor 3, burned room.

P-189.

Hasanlu, "Painted Orange Ware Phase" 3960 + 134

Ash from Outer Town area, Oper. V. stratum 21.

P-190.

Hasanlu, "Painted Orange Ware Phase" 3960

+

134

Ash from Outer Town area, Oper. V. stratum 34 basal, above sterile sand.
Comment: no correlations with outside materials have yet been made to crosscheck these results, but the dates of these five "Painted Orange Ware 'Phase"
samples show a short duration for the period around an average date of 4007
± 134 yr.

Pisdeli Tepe series
Pisdeli Tepe (36° 29' N Lat, 45° 28' E Long) is a small mound NE of
Hasanlu, near Nagadeh, Azerbaijan, Iran. Coll. 1957 and subm, by R. H.
Dyson, Jr., University Museum of Philadelphia. Pisdeli Tepe yielded a collection of objects (plain straw-tempered pottery, painted pottery, obsidian blades,
clay spindle whorls, bone awls, and an animal figurine) typologically similar
to the Northern Ubaid culture of Iraq but of a local variety.

P-130.

Pisdeli Tepe, Islamic Level

927 ± 97

Ash from 8 in, below surface of Sounding I, contained in a hearth made
of Islamic bricks; bricks characterized by three diagonal grooves made by
drawing three fingers across the wet surface. Associated with plain, grittempered domestic pottery.

P-157.

Pisdeli Tepe, Pre-Islamic Level

5460

±

160

Ash (carbonaceous occupational debris) from 8 ft 2 in, below surface of
Sounding I. Associated with pottery typologically reminiscent of Ubaid pottery
in Iraq. Comment: this date supports the suggested relative correlation and
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places the material earlier in time than the "Painted Orange Ware Phase" at
Hasanlu, a position indicated by stratigraphic evidence at Hasanlu but not yet
demonstrated conclusively.

P-199.

4400

Geoy Tepe

±

142

°
Ash from occupational level from Geoy Tepe (37 30' N Lat, 45° 20' F
Long), slightly SW of Rezaiyeh, Azerbaijan, Iran. Coll. 1957 and subm, by
R. H. Dyson, Jr. Taken from SE corner of Pit I, 30 ft 10 in. below present
surface, approximating the interval 432.456 in the published west section from
a stratum lying in "K Period". ("K Period" is indicated between marks 240
and 504) Burton-Brown, 1951, fig. 2)). Comment: the youngest subdivision
of this period, K:, appears to be related to the "Painted Orange Ware Phase"
at Hasanlu.

E. West Pakistan

Kot Diji series

Samples from Kot Diji Excavations (26° 52' N Lat, 68° 30' E Long),
near Khairpur, in Sind, about 25 mi E of Mohenjo-daro, W. Pakistan. The
site was excavated and samples collected by F. A. Khan, now Director of
Archaeology, Pakistan. The site is a mound, 40 ft high and 600 ft long, in
which cuttings have revealed 18 to 20 successive layers of occupation. The
uppermost half-dozen represent a village or small town of normal Indus Valley
type. Beneath the Indus town lay a deposit of burnt material, and from that
point down to the bedrock was the piled accumulation of an essentially alien
culture (including a strongly fortified citadel) to which the specific name
"Kot Diji" has been given. The median date for this site is expected to be
within the vicinity of 4500 B.P. Kot Diji is described in the Illustrated London
News (May 24, 1958) and by Khan (n.d,).

P-195.

Kot Diji

3925 ± 134

P-180.

Kot Diji

4083

P-179.

Kot Diji

4161 ± 151

P-196.

Kot Diji

4421

Ash and charcoal mixed with burnt earth from Citadel area, square B
IV/l, layer 4, a thick band of ashy and charred material. Coll. 1958 and
subm, by F. A. Khan.

± 137

Charcoal mixed with sand from Citadel area, square B VI/6, layer 5.
Coll. 1957 and subm. by R. Curiel.
Ash and charcoal mixed with sand from Lower City area, square B V/7,
layer 5. Coll. 1957 and subm, by R. Curiel.

± 141

Ash and charcoal mixed with sand from Citadel area, square B IV/2,
layer 14, above early foundations of defences. Coll. 1958 and subm, by F. A.
Khan.

F. India

Nevasa series

Nevasa is a small Taluka town on the south bank of the Pravara River in
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Ahmadnagar District (19° 14' and 19° 43' N Lat, 74° 41' and 75° 13'' E
Long), Bombay State, India. The culture sequence of the site ranges from that
of the Chalcolithic (probably earlier than 2500 B.P.) to that of 500 B.P.
Chalcolithic is a hitherto undocumented period in the Central Deccan (slightly
S of Central. India). Coll. 1956 by Deccan College Postgraduate and Research
Institute, Poona-6, India; subm. by H. D. Sankalia, Director. A review of the
site has been edited by A. Ghosh (1954-55,1955-56)
.

P-183.

Nevasa, Satavahana Period

1846 + 106

Charred grain (the grains are popularly known as Bajari, a kind of millet) from Trench H, Soak Pit No. 4. The pit in which this sample was collected
was sealed by several layers and lies at a depth of 15 ft below the surface. This
horizon is ascribed to the Satavahana Period, about 2200 B.P. Comment: it is
interesting to note that on the evidence of coins and of imported pottery from
this pit it can be dated in the range of 2200-1800 B.P.

P-184.

Nevasa, Chalcolithic Culture

2545

± 115

Fragments of charred wooden post from Trench F, Locus MD I, Layer
11, depth 3 ft 11 in, below datum, that is, about 22 ft below the surface, in
the flooring, sealed by Layer 10. Comment: bottom of shipping container was
broken when received in the laboratory, and some modern sawdust may have
mixed with the charcoal.

P-181.

Nevasa, Chalcolithic Culture

3106

±

122

Dry clean charcoal (wood) from Trench H, Locus MD I, depth 4 ft 8 in.
below datum, that is, 22 ft 8 in, from surface, Layer 11. Comment: these two
(P-184 and P-181) are the first C14 dates for any Chalcolithic site in India
and can only be compared with those from Navdatoli (P-200, P-201, P-202,
P-204, and P.205). The date of Nevasa appears to be slightly later, but it
must be remembered that there samples are from the top layer of the Chalcolithic habitation at Nevasa.

Navdatoli series
Navdatoli is on the south bank of the Narmada River, opposite Maheshwar (22° 11' N Lat, 75° 36' E Long), Nimar District, Madhya Pradesh,
India. Coll. 1958 by Deccan College Postgraduate and Research Institute,
Poona-6, and the M.S. University of Baroda, Baroda, India; subm, by H. D.
Sankalia, Director. The samples are from the various layers of the Chalcolithic
habitation and, according to the pottery, should be dated between 2700 and
3200 B.P. The site is described by Ghosh (1958), Sankalia, Subbarao, and
Deo (1958), and Sankalia (1958). These samples may l)e compared with two
from Nevasa (P-184 and P.181).

P-205.

Navdatoli, Chalcolithic Culture

Burnt wheat from Trench I, Sub-Sq. M, Layer 2.

P-204.

Navdatoli, Chalcolithic Culture

Charcoal from Trench I, Sub-Sq. G, Layer 3.

P-202.

Navdatoli, Chalcolithic Culture

Charcoal from Trench I, Sub-Sq. A. 18, Layer 6.

3294

± 125

3449 ± 127
3503

±

128
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P-201.

Navdatoli, Chalcolithic Culture
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3492

± 128

3457

± 127

Charcoal from Trench II, Sub-Sq. D, Layer 8.

P-200.

Navdatoli, Chalcolithic Culture

Charcoal from Trench II, Sub-Sq. W, Layer 8.
II. SOUTH AMERICA

A. Venezuela

Nericagua Culture, Upper Orinoco, Territory of Amazonas,
Venezuela

These nine samples comprise a series of dates from the tropical forest of
the northern part of South America, where the region has a high annual rainfall and the soil is damp and suffers leaching. Except for one sample, which is
below the occupation refuse, all samples came from levels associated with pottery. From the classification of over 30,000 potsherds from 10 stratigraphic
cuts representing 56 different levels, coupled with three additional sites having
surface collections only, a sequence was established on the change of pottery
types through time. This was called the Nericagua Phase. Approximately three
months after the establishment of the sequence on pottery types, the carbon-14
dates were received and matched with their respective levels. They fall into almost perfect sequence. The dates are listed below in order of their appearance
in the Nericagua Phase sequence beginning with the most recent. All samples
were collected in February, 1957 by Clifford Evans and Betty J. Meggers of
the Smithsonian Institution and Jose M. Cruxent of the Museo de Ciencias
Naturales, Caracas and submitted by them for dating. A generous financial
contribution from the Creole Foundation via the Smithsonian Institution aided
in the dating of these nine samples.
This work is reported by Evans, Meggers, and Cruxent (in press). All of
the dates fall within the expected time scale for these tropical forest cultures
and correlate with the seriated pottery sequence, suggesting that the extremely
moist conditions of this part of the tropical forest do not affect the datahility
of the samples.

P-163.

Nericagua Culture, Cat. No. 6.79

Average : 544

± 113

Charcoal lumps from Site AM-4, 'Sitio Martinez, Cut 2 in Mound 3, Level
60 to 80 cm, at the junction of the Orinoco and Atabapo Rivers (4° 5' N Lat,
67° 50' W Long). Comment: the dates of two counting runs of the same CO2
taken 1 month apart are 513 ± 131 and 575 ± 92.

P-164.

Nericagua Culture, Cat. No. 6.103

Average : 585 ± 93

Small lumps of very clean charcoal from Site AM-7, Canaraven, Cut A,
Level 40 to 60 cm, Orinoco River (4° 8' N Lat, 67° 52' W Long). Comment:
the dates of two counting runs of the same CO2 taken 1 month apart are 546
± 93 and 624 ± 93.

P-162.

Nericagua Culture, Cat. No. 6.74

Average : 619

± 103

Charcoal lumps from Site AM-4, Sitio Martinez, Mound 2, 'Cut 1, Level
100 to 120 cm, on Orinoco River at junction of Orinoco and Atabapo Rivers
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(;4° 5' N Lat, 67° 50' W Long). Comment: the dates of two counting runs of
the same CO2 taken 1 month apart are 672 ± 113 and 566 ± 93.

P-165.

Nericagua Culture, Cat. No. 6.104, 6.105
Average : 654

± 93

Clean charcoal lumps from Site AM-7. Canaraven, Cut A, Level 60 to
100 cm, Orinoco River (4° 8' N Lat, 67° 52' W Long). Comment: the dates
of two counting runs of the same CO2 taken it month apart are 661 ± 94 and

647±93.
P-166.

Nericagua Culture, Cat. No. 6-109

+ 96

Average : 843

Charcoal lumps from Site AM-8, Sitio Morillo, Strata Cut, Level 40 to
60 cm, Orinoco River (4° N Lat, 67° 49' W Long). Comment: the dates of
two counting runs of the same CO2 taken 1 month apart are 805 ± 95 and
881 ± 97.

P-169.

850 ± 95

Nericagua Culture, Cat. No. 6-123

Charcoal lumps from Site AM-9, Minisia Vieja, Cut 2, Level 60 to 80
cm, Orinoco River (3° 50' N Lat, 67° 25' W Long).

P-160.

Nericagua Culture, Cat. No. 6-52

Average: 1189

± 93

Semi-charred palm nuts of Mauritia genus from Site AM-2, Nericagua,
Cut 4, Level 20 to 40 cm, Orinoco River (4° 28' N Lat, 67° 53' W Long).
Comment: the dates of two counting runs of the same CO2 taken 1 month
apart are 1182 ± 88 and 1195 ± 99.

Nericagua Culture, Cat. No. 6.53
Average : 1159 ± 122
Semi-charred palm nuts of Mauritia genus from Site AM-2, Nericagua,
Cut 4, Level 40 to 60 cm, Orinoco River (4° 28'
Lat, 67° 53' W Long).
Comment: the dates of two counting runs of the same CO2 taken 1 month
apart are 1250 ± 142 and 1067 ± 97.
P-161.

T

P-158.

Pre-occupation Level, Cat. No. 6-38

Average : 6953

±

181

Charcoal lumps from Site AM-2, Nericagua, Cut 1, Level 80 to 100 cm,
below the level of occupation refuse, Orinoco River (4° 28' N Lat, 67° 53' W
Long). Comment: this sample is below the level of human occupation refuse
and is probably the result of water-washed charcoal from forest fires. The
dates of two counting runs of the same CO2 taken 1 month apart are 6964 +
188 and 6941 ± 174.
B. BOLIVIA AND PERU

The following four series from Bolivia and Peru are the first yet obtained
from the Andean highlands. They are all from the Lake Titicaca Basin from
sites between 12,500 and 13,000 ft above sealevel. They should prove to be of
interest for this reason as well as for their importance in providing a starting
point for comparative dating of coastal and highland cultures.

Tiahuanaco series, Bolivia
Charcoal and charred bone from two pits at Tiahuanaco (16° 33' 26" S
Lat, 68° 48' 6" W Long), S of Lake Titicaca, Bolivia; excavated in 25-cm
levels by Alfred Kidder II and W. IL Coe. Pit Tia-A is directly adjacent to
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liennett's (1934, p. 378) Pit V. Pit Tia-B is directly adjacent to Bennett's
(1934, p. 387) Pit VIII. So few diagnostic decorated sherds occurred in Tia-A
that exact assignment of many of the arbitrary levels to Bennett's (1934,
p. 445) Tiahuanaco style divisions is not possible with certainty. Final analysis
of the collection is pending. Coll. 1955 and subm, by Alfred Kidder II and
W. R. Coe, University Museum of Philadelphia.

P-121, 121A, 122.

Tia-A6 and Tia-A7

1423

± 175

Slightly charred animal bones from levels 6 and 7 (1.25 to 1.75 m). Two
sherds of Classic Tiahuanaco style occurred in these levels. Later levels contained no surely Classic sherds and did not produce enough material for
analysis.

P-120.

Tia-A9

1702

± 103

Fine bits of charcoal from level 9 (2.00 to 2.25 m), probably still within
the range of Classic Tiahuanaco.

P-120A.

Tia-A8, Tia-A9, and Tia-Al0

1226

± 100

Slightly charred bone from levels 8, 9, and 10 (1.75 to 2.50 m). Level 10
appears to be as early as Classic Tiahuanaco style occurs. Comment: this
sample was counted three times. The first count, a doubtful run, was 1552 +
300. The CO2 was then repurified, and the date recorded is an average of the
last two (1260 ± 100 and 1192 ± 100).

P-149. Tia-A 12
1707 ± 93
Charcoal from level 12 (2.75 to 3.00 m). Should fall in latter part o
h;arly Tiahuanaco.

P-150.

Tia-A14

1692

+ 104

Animal bones from level 14 (3.25 to 3.50 m). Contains Early Tiahuanaco
material. Comment: should be earlier than P-149 and P-120.

P-123.

Tia-A15

1817

+

103

Damp charcoal from level 15 (3.50 to 3.75 m), marked by a charcoal
concentration and Early Tiahuanaco materials. Excavation continued to
4.75 m, with no pottery below 4 m.

P-146.

Tia-B1

949

+ 98

Charcoal from level 1 (0 to .75 m) to level of stone pathway (Bennett,
1934, p. 389). A mixed surface level, with Classic, Decadent, and later pottery.

P-147.

Tia-B6 and Tia-B7

1576

+

104

slightly charred bodes from levels 6 and 7 (1.80 to 2.30 m ) , tearing groundwater level. Comment Early Tiahuanaco materials.A preliminary
doubtful count of this sample was 2030 ± 500. The CO2 was then repuri tied
and the date listed was recorded.
WVet,

t'-119. Tia-1J8
1.160 ± 200
Slightly charred bone from level 8 (2.30 to 2.85 m), all but 5 cm of
which is under apparently permanent ground water (Bennett, 1934, p. 390).
Excavation continued below it for only 10 cm without reaching sterile soil.
Comment: this Early Tiahuanaco level should be at least as early as P-149
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and P-1.50 and probably as early as P-123. It appears that these slightly
charred bones from lower levels were contaminated with younger carbon
from ground water, etc. The difference in ages of samples P-120 (charcoal)
and P-120A (bones) indicates that the lower level dates for bones may be erroneously young from this contamination by as much as 500 yr.

Chiripa series, Bolivia
Wood charcoal and some charred tubers from the burned thatched roofs
of houses 'and refuse pits at Chirpa (approx. 16° 24' S Lat, 68° 49' W Long),
near the shore of Lake Titicaca on the Taraco Peninsula, Bolivia. Dates cover
the circle of houses described by Bennett (1936, p. 413.436) and earlier remains. Final analysis of 1955 excavation by Alfred Kidder IT, W. R. Coe, and
A. R. Sawyer is pending. Coll. 1955 and subm, by Alfred Kidder IT and W.
H. Coe, University Museum of Philadelphia.

P-116.

2377

Ch-A4

±

110

Charcoal lumps from fill above floor of House 5 at approximate level of
l)in sills, well below upper mixed fill and Decadent Tiahuanaco burials.

P-141.

2275

Ch-A5

±

116

Charcoal lumps from just above floor level and at floor level of House 5.

P-118.

1928

Ch-A9

± 105

Charcoal lumps from base of inner east wall and adjacent floor level,
House 5.

P-144.

2193

Ch-A9

± 111

Same as P-118. Contimeiil: this and P-118 should be at least as old as
P-116 and P-141.

P-117. Ch-A Subfloor Pit
1937
Charcoal lumps from stone-lined pit below floor level of House 5.

+ 104

P-143A. Ch-A Subfloor Pit
Charred tubers from same pit as P-117.

+ 112

2177

P-143B. Ch-A Subfloor Pit
2318± 113
Charcoal lumps from same pit as P-117 and P-143A. Since the floor
above the pit was not discernible, it is not clear whether it was dug after the
house was burned or whether it antedates the house. Comment: P-117, P-143A,
and this sample should be more nearly contemporaneous.
P-115.

Ch-B2B Pit IV

2468

±

133

Charcoal lumps from fire debris removed from House 3 after it was
burned.
P-1 12.
Ch-112B
Sonic as l-115.

P-124.

I'll IV

Ch-B3 Pit

1

2281

±

113

2291

±

115

Charcoal from refuse pit that should be contemporaneous with Houses 2
and 3, i.e, the circle of houses discovered by Bennett (1936, p. 420). Should
be close to P-125, P-142, P416. P-141, P-118, P-144.
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Ch-B3 Pit
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2386 ± 114

T

Same as P-124.

P-126.

2550± 116

Ch-B6B

Charcoal from deposits below Houses 2 and 3 and above Houses Sill) 1
and Sub 2. This should be a significantly older sample than P-124, P-125,
P-142, P-116, P-141, P-118, and P-144.

P-145.

2970 ± 120

Ch-88A

Charcoal from 0 to .25 m in test excavation below Houses Sub
Sub 2 in Bennett's (1936, p. 430) "pre-mound" strata.

P-129.

3240

Ch-B8B

1

and

± 130

Charcoal from .25 to .50 m in same excavation as P-145.

Pucara series, Peru
Seven wood-charcoal samples taken from a deposit of pure Pucara style
rubbish at Pucara (15° 3' S Lat, 70° 22' W Long), Department of Puno,
Peru. This deposit is on a gentle slope; the samples may be expected to be
closely contemporaneous. For preliminary statements on Pucara see Kidder
(1943, 1948) and Bennett (1948). Coll. 1955 and subm, by Alfred Kidder
11, University Museum of Philadelphia.

P-152.
P-170.
P-154.
P-217.

Pit-Al.
Pu-A2.
Pu-A3.
Pu-A3.

2101
2032
1847
1960

108
106
106
90

2040
2041

109
107

Sample P-217 treated with alkali before combustion.

P-172.
P-153.

Pu-A4.
Put-A5, Pu-A6.

Qaluyu series, Peru
The Qaluyu site (approx. 15° 1' S Lat, 70° 22' W Long), Peru, has not
been fully described. It lies about 4 km N of Pucara and shows Pucara buildings and stone sculpture near the surface. A small test excavation by Alfred
Kidder II and M. Chavez Ballon produced a new pottery style underlying
Pucara wares. Final report pending. Coll. 1955 and subm. by Alfred Kidder
11. University Museum of Philadelphia.

P-155.

Qa-A5, Qa-A6, and Qa-A7

2522 + 114

Charcoal from 1.00 to 1.75 m in Qaluyu test trench. All these contain
Qaluvu-stvle pottery.

I'-156.

pru

i

2962

Qa-B

± 120

Qaltiyii levels 6 acid 7 (1.25 to 1.75 m). Should be apmaIely t he same age as P-155.

(]iarcoal

from

REN'ERENCES

Barker, H., aria Mackey, C. J., 1959, Britisli Museum natural radiocarbon measurements I:
AM. JOUR. Sci. RADlor, Suet'., v. 1, p. 81-86.
Bennett, W. C., 1934, Excavations at Tialruanaco: Am. Mus. Nat. History Anthropol.
Papers, v. 34, pt. 3.

Elizabeth K. Ralph

58

1936, Excavations in Bolivia: Am. Mus. Nat. History Anthropol. Papers, v. 35,

Pt. 4.

1948, A revised sequence for the South Titicaca Basin, in Bennett, W. C., ed.,
reappraisal of Peruvian archaeology: Soc. Am. Archaeology Mem., Supp. to Am.
Antiquity, v. 13, no. 4, pt. 2, p. 90-92.
Burton-Brown, T., 1951, Excavations in .Azarbaijan, 1948: London, John Murray, 279 P.
Budge, E. A. W., 1920, By Nile and Tigris, v. 2: London, John Murray, 456 p.
Dyson, R. H., Jr., 1958, Iran, 1957, Iron Age Hasanlu: Univ. Mus. [Philadelphia] Bull.,
A

v. 22, p. 25-32.

Evans, Clifford, Meggers, B. J., and Cruxent, J. M., in press, Preliminary results of archeological investigations in the Territory of Amazonas, Venezuela : Internat. Cong.
Americanists, 33rd, San Jose, Costa Rica, 1958, Annals.
Fergusson, G. J., 1955, Radiocarbon dating system: Nucleonics, v. 13, no. 1 (January),
p. 18-23.

Ghosh, A., 1954-55, 1955-56, 1958, Indian archaeology, a review: Govt, of India Dept.
Archaeology, 1954-55, p. 5-9; 1955-56, p. 8-11; 1958, p. 30-31.
Illustrated London News, 1958, Before Mohenjo-Daro, new light on the beginnings of the
Indus Valley civilisation from recent excavations at Kot Diji: v. 232, p. 866-867.
Khan, A. F., n.d., Preliminary report on Kot Diji excavations 1957-1958: Dept. Archaeology, Govt. of Pakistan, Ferozsons, Karachi, 20 p.
Kidder, Alfred II, 1943, Some early sites in the northern Lake Titicaca Basin: Peabody
Mus. Archaeology and Ethnology [Harvard Univ.] Papers, v, 27, no. 1.
1948, The position of Pucara in Titicaca Basin archaeology, in Bennett, W. C.,
ed., A reappraisal of Peruvian archaeology: Soc. Am. Archaeology Mem., Supp. to
Am. Antiquity, v. 13, no. 4, pt. 2, p. 87-89.
Libby, W. F., 1955, Radiocarbon dating, 2nd ed.: Chicago, Univ. Chicago Press, 175 p.
Olson, E. A., and Broecker, W. S., 1958, Sample contamination and reliability of radiocarbon dates: New York Acad. Sci. Trans., ser. 2, v. 20, p. 593-604.
Rainey, Froelich, and Ralph, Elizabeth, in press, Radiocarbon dating in the Arctic: Am.

Antiquity.
Ralph, E. K., 1955, University of Pennsylvania radiocarbon dates I: Science, v. 121, p.
149-151.

Sankalia, H. D., 1958, New light on the Aryan "Invasion" of India, links with the Iran of
1000 B.C. Discovered in Central India: Illus. London News, v. 233, p. 478-479.
Sankalia, H. D., Subbarao, B., and Deo, S. B., 1958, Excavations at Maheshwar and
Navdatoli: Deccan Coll., Poona, and M. S. Univ. of Baroda, Baroda.
Vries, Hessel de, and Waterbolk, H. T., 1958, Groningen radiocarbon dates III: Science, v.
128, p. 1550-1556.

Young, R. S., 1958a, The tomb of a king of Phrygia discovered intact, 2700-year-old
treasures from the heart of the Great Tumulus of Gordion: Illus. London News, v.
232, p. 828-831.
1958h, The Gordion campaign of 1957, preliminary report: Am. Jour. Archaeology, v. 62, p. 139-154.
1958c, The Gordion tomb: Expedition, Bull. Univ. Mus., Univ. Pennsylvania,
v, 1, p. 3-13.
1958d, Bronzes from Gordion's royal tomb: Archaeology, v. 11, p. 227-231.

[AMERICAN ,IoURNAI. OF ,SCIENCE HAIMOCARBON SUPPLEMENT, VOL. 1, 1959, P. 59-621

UNIVERSITY OF ARIZONA RADIOCARBON DATES II*
DICK SHUT'LER, Jr. and PAUL E. DAMON
(;eochronology Laboratories, University of Arizona, Tucson, Arizona
The radiocarbon age measurements reported on in this article were made
during a period from May, 1957, through May, 1958. During this time the
laboratory was operated by the Department of Anthropology, under the direction of Dr. Emil W. Haury. On July 1, 1958, the Carbon-14 laboratory, under
the supervision of Dr. Paul E. Damon with Dick Shutler, Jr, as laboratory
technician, was transferred to the Geochronology Laboratories.
This is the final list of solid-carbon dates that will appear from this laboratory. The solid-carbon method has been discontinued, and the laboratory is now
being converted to the carbon-dioxide gas method, with the aid of a grant from
the Research Corporation. Details of the solid-carbon method as employed by
this laboratory were described by Wise and. Shutler (1958) . However, certain
additions and improvements were made in the pretreatment of samples and
counting techniques that apply to this list of dates. These, and the method of
calibrating the counter and reducing the ash content of samples will be discussed.

The early method of pretreatment consisted of boiling the samples in 50%
for 30 minutes. This was to bring any carbonates present into solution, so
they could be filtered away. In September, 1957, boiling in a 2% solution of
NaOH for 15 minutes was added to the HC1 treatment. This NaOH solution
solubilizes the lignin, releasing any humic acid that may be present. The humic
acid would contain any modern contamination that might be present (decayed
rootlets, etc.) . Prior to the N aOH treatment, rootlets and other contaminating
matter are removed by handpicking under the binocular microscope.
Most samples reported in this list were counted twice. H the two counts
did not agree within the standard error, a third run was made to improve the
accuracy of the date. Standard error of the average of multiple runs is reduced
by a factor equal to the square root of N, the number of separate determinations.
The carbon black was mixed with agar and distilled water to form a slush.
This mixture adhered very well to the wall of the cylinder that was placed in
the screen-wall counter. Pure agar has a modern count, but the amount used in
the slush was so small that it had a negligible effect on the carbon black.
The original calibration of the counter was made in the fall of 1955.
AntIsrael te coal was ttsed for the dea(l-carbon run. Within the experimental
t'elalion between the activity of background and that of
error a one-to-one
atllltracIte coal was obtanted olt two dlllerellt ruff. Wood ('ut front local trees
was used for the modern count. AIt average of O.2 coutttsnlln was obtained.
Modern wood has been run periodically to check the modern activity. Dead
carbon from Bermuda has also been run. In this case, a one-to-one correlation
between background and the sample count was also obtained. Wood of 1895,
along with modern wood, was run to check the modern count. The activity of
1-1(:1
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the 1895 wood was not distinguishable from the modern wood. Consequently,
it was not possible to make Suess-effect corrections for the samples herein reported.
Possible fission-product contamination has beers detected in a very few
samples run at this laboratory. These have been discarded or purified by acidleaching. We have monitored the background count during and after atomic
bomb tests, and have not been able to detect sufficient fission fallout in this area
to affect the background count.
During the initial stages of the laboratory, the reduced samples were
found to have an ash content of over 2%. To correct this situation, a 10-minute
boiling in concentrated nitric acid was added after reduction of the sample.
This was shown to have reduced the ash content per sample to below 1%. Periodic checks have indicated the ash content of subsequent samples to have remained below 1%.
For convenience in presentation, the sample ages are given in two tables.
Table I Archaeologic Samples-4 nited States
Table 11 Check Samples
SAMPLE DESCKIPTIONS
(.ARCHAEOLOGIC; SA\II'LES

A-71. Peppersauce Wash, Arizona BB :6
Average : 2090 ± 250
Charcoal, Prosopis (id, by T. L. Smiley). Northeast of Oracle (32° 35'
10" N Lat, 110° 36' 15" W Long), Pima County, Arizona. Prepottery horizon,
underlying pottery levels. Coll. May 18, 1955 and subm, by E. B. Sayles, Arizona State Museum, Tucson.
A-71A.
2000± 350
A-71 B.
2180± 280

A-80. Dickison Mound Group
Average: 1990 ± 250
Dry log from site in NE 14 of SW 1/2, Sec. 23, T 10N, R 8E, 4th Principal
Meridian; Illinois Archaeological Survey No. P-5 (40° 50' N Lat, 89° 33' 30"
W Long), Peoria County, Illinois. North log, long axis E-W; only preserved
log in structure which is integral part of tomb. Tomb contained Hopewell
burials and artifacts, copper beads, and platform pipe. Coll. 1957 by E. Bluhm,
Illinois Archaeological Survey, hrbana, and W. J. Beeson, Sacramento State
College, California; subm, by Beeson.
A-80A.
1900 ±350
A-8011
2080 ± 200
A-85. Arizona EE :2 :30
2550 ± 330
Charcoal, Quereus and Prosopis ( id. L 1. L. Sniiley) . L'i't 11, Test 3,.
h iii(;ailyon, Cieuega Valle', Sec. 17, '1 19S. li 171( 1° 51' :A Iii1.10°
35' W Long), Pima County, Arizona. Charcoal collected from cooking pit,
80 cm deep, max diam 100 cm, orifice 50 cm, in archaeologic site (F. W. Eddy,
1958). Associated with San Pedro stage, Cochise Culture artifacts. Coll. October 3, 4, 1957 and subm, by F. W. Eddy, Arizona State Museum, Tucson.
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Average : 3300

Arizona EE :2 :30

A-86.

61

± 230

Charcoal, Prosopis (id. by T. L. Smiley). 'Pit 14, Test 3, Matty Canyon,
Cienega Valley, Sec. 17, T 195, R 17E, (31° 51' N Lat, 110° 35' W Long),
Pima County, Arizona. Charcoal collected from cooking pit, 75 cm deep, max
diam 130 cm, orifice 100 cm, in archaeologic site (F. W. Eddy, 1958). Coll.
October 3, 4, 1957 and subm. by F. W. Eddy, Arizona State Museum, Tucson.

3080 ± 300
3660 ± 400

A-86A.
A-86B.
A-86C.

3180

± 300

Cienega Creek series, Arizona EE :2:35
Charcoal and charred wood from lens above first bedrock falls in Cienega
Creek 0.5 mi above junction with Matty Canyon arroyo, Sec. 17, T 195, R
17E, Cienega Valley (31° 5'1' N Lat,1100 35' W Long), Pima County, Arizona.
Lens correlated with arti f act-bearing stratum of San Pedro stage, Cochise
Culture in Matty Canyon. The lens probably represents a deep cooking pit bisected by the recent arroyo cutting (F. W. Eddy, 1958). Coll. October 5, 1957
and subm, by F. W. Eddy, Arizona State Museum, Tucson.

Cienega Creek

A-87.

2610

311

± 250

Charcoal, in part Prosopis (id, by T. L. Smiley). Sample 3B, Lens 4.

Average : 2770 ± 170
A-89. Cienega Creek 3A
Charred wood from branch of a tree. Sample 3A, Lens 4.
3180± 300
A-89A.
A-89B.
A-89C.

Matty Canyon, Cienega Valley

A-88.

2620 ± 200
2520 ± 300
Average : 2860 ± 210

Cienega (decayed plant) material, from upper of two Cienega strata in
wall of Matty Canyon Creek. Sample No. 6, 60 feet NW of M'C-5 M1 (Unit 3)
(F. W. Eddy, 1958). Sec. 17, T 195, R 17E, (31° 51' N Lat, 110° 35' W
Long), Pima County, Arizona. Coll. November 29, 1957 and subm, by Dick
Shutler, Jr., University of Arizona, and F. W. Eddy, Arizona State Museum,
Tucson. Comment: sample presumably dates upper Cienega stratum in Mat'ty
Canyon. This stratum is equated with San Pedro stage of the Cochise Culture,
by time correlation with Arizona EE :2 :30 (see A-85).

2980 ± 300
2740± 250

A-88A.
A-88B.
II. (.NE(:k

A-79.

S.1X11I'i ES

Manitowoc County, Wisconsin

Average: 12,000 ± 280

Wood from Two Creeks forest bed. Coll. 1952 by J. H. Zumberge and S.
H. Spurr, University of Michigan; subm, by T. L. Smiley, University of Arizona, September, 1957. 'Sec. 11-13, T 21N, R 25E (approx. 44° 15' N Lat, 87°
34' W Long) . Comment: Two Creeks forest antedates Valders substage of Wis-
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cousin glaciation, and has been dated as ca.
tories.

by many other labora-

12,150± 400

A-79A.
A-79B.
A-81.

11000 yr

12,000 ± 400

Groningen, Netherlands

Average : 900

± 160

Wood from St. Walburg church in Groningen (53° 12' N Lat, 6° 36' E
Long), Netherlands. This sample has been used as a standard for interlaboratory comparison. The radiocarbon laboratory at Groningen (de Vries, 1954)
obtained an average of 1125 yr based on nine measurements; other measurements are given by Olsson (U-69, 1095 ± 70; Olsson, 1959). Subm, by Hl, de
Vries, University of Groningen.

± 230
870± 110

A-81A.
A-81B.

925
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CAMBRIDGE UNIVERSITY
NATURAL RADIOCARBON MEASUREMENTS I
H. CODWIN and E. H. WILLIS

Cambridge University'
The dates given have been obtained up to the end of December, 1958.
They have been made with carbon dioxide at 2 atmospheres pressure in a proportional counter of about 2-liter volume. For further details of construction
and procedure, see Godwin, Walker, and Willis, 1957. The establishment of the
project was made possible by a grant from the Trustees of the Nuffield Foundation, whom we are most happy to thank along with the Imperial Smelting
Corporation who have lent us the zinc shielding for the gas-counter.
Where not otherwise stated, the collectors of the samples were members of
the staff or students working in the Cambridge University Sub-department of
Quaternary Research, Botany School, Cambridge. The samples were all taken
in conjunction with pollen-analytic, stratigraphic, or other Quaternary investigations. These collectors include H. Godwin, E. H. Willis, D. Walker, R. G.
West, A. C. Smith, J. J. Donner, and R. P. Suggate.
SAMPLE DESCRIPTIONS
BRITISH ISLES

A. Pollen-Zone-Boundary Determinations (Scaleby Moss)

The whole vertical sequence through a raised bog (Hochmoor) (54° 51'
N Lat, 2° 52' W Long, Nat. Grid Ref. 431635) has been carefully pollen.
analyzed. In a peat monolith transferred to the laboratory each major pollenzone boundary was identified by further pollen analysis, and then two or three
contiguous peat samples were taken as thin slices through the monolith at each
horizon. These samples were combusted without preliminary leaching: they
extend from zone II of the Late-glacial period to zone VIIb of the postglacial.
The results are considered in detail inGodwin, Walker, and Willis, 1957:
pollen analyses are by D. Walker, collection by D. Walker, H. Godwin, and
others, radiocarbon assay by E. H. Willis. The pollen zones are those currently
in use in England and Wales (Godwin, 1956) although there may be minor
variations in placing the zone boundaries.
The results for the site as a whole are self-consistent, contiguous samples
have closely similar dates, and the whole series of dates follows the stratigraphic sequence.
The separate samples are identified below by the depth in centimeters on
the two pollen diagrams B and C in the publication cited. "Humification" (H)
is reported in terms of the usual 10-point scale.

Q-172.

Scaleby 67 to 69 cm B

4987

±

119

2-cm slice of moderately humified Sphagnum-Galluna peat, H 6: just above
Q-171.
Radiocarbon Dating Laboratory, 5 Salisbury Villas, Station Road, Cambridge, and University Sub-department of Quaternary Research, Botany School, Cambridge.
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Q-171.

4932

Scaleby 69 to 71 cm B

± 134

2-cm slice of moderately humified Sphagnum-Calluna peat, H 6. Zone
VIIa/VIIb boundary at 70 cm. This boundary is generally taken to correspond
with the Atlantic/Sub-boreal transition. A fall in Illmus pollen to very low
values is its most striking characteristic.

Q-170.

4994 ± 122

Scaleby 71 to 73 cm B

2-cm slice of moderately humified Sphagnum-Calluna peat, H 6: just below Q-171. A pronounced recurrence surface lies about 4 cm below this level
in the monolith but was not recognized in the borings at this level.

Q-166.

6955 ± 131

Scaleby 174.5 to 176.5 cm B

2-cm slice of compact, rather well humified Sphagnum-Calluna peat, H 7,
frequent remains of Calluna and occasional Eriophorum vaginatum: just above
Q-165.

Q-165.

Scaleby 176.5 to 178.5 em B

7432 ± ca. 350

2-cm slice of peat as for Q-166, taken across the zone VI/Vila boundary.
This is generally regarded as the Boreal/Atlantic transition, here primarily
indicated by the replacement of Betula by Alnus as the dominant tree pollen.
Like Q-151, this sample was analyzed in a stainless steel counter with higher
background and larger probable error than the other Scalehy determinations.

Q-167.

Scaleby 178.5 to 180.5 cm B

7361

± 146

9009

± 194

2-cm slice of peat as for Q-165 and just below that sample.

Q-161.

Scaleby _0.5 to 1.5 cm

C

2-cm slice of rather well humified Sphagnum-Calluna peat taken across
the zone V/Via boundary, chiefly indicated by the very swift rise of Corylus
pollen to high values.

Q-162. Scaleby 3.5 to 5.5 cm C
8816 ± 192
2-cm slice of peat of same type as sample Q-161: below that sample but
separated by gap of 2 cm. Upper zone V.
Q-155. Scaleby 44.5 to 46.5 cm C
9747 + 183
2-cm slice of light brown Sphagnum mud with abundant remains of
Equisetum and Menyanthes: just above Q-154.

Q-154. Scaleby 46.5 to 48.5 cm C
9564 + 209
2-cm slice of peat as in sample Q-155, taken across the zone IV/V boundary. This is generally regarded as the Pre-boreal/Boreal transition, recognizable by sharp decrease in herbaceous and Salix pollen with great expansion of
Betula (tree birches).

Q-152. Scaleby 69.5 to 71.5 cm C
10,160 ± 193
2-cm slice of gray-brown coarse detritus mud, slightly clayey and silty
with frequent stones: just above Q-151.
Q-151.

Scaleby 71.5 to 73.5 cm C

10,264 + ca. 350

2-cm slice of material as sample Q-152, taken across the zone III/IV
boundary, i.e., the Late-glacial /postglacial transition. Recognized partly by the
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change from mineral to organic strata (at ca. 67 cm) and partly by first signs
of suppression of herbaceous pollen by that of trees. Determination in counter
with high background as Q-165.

Q-153.

Scaleby 73.5 to 75.5 cm

10,325

C

± 215

2-cm slice of material as in samples Q-152 and Q-15L and just laelow
Q-151.

Q-144. Scaleby 109.5 to 111.5 cm C
10,835 ± 185
2-cm slice of medium brown, laminated, slightly silty fine detritus mud:
just above Q-147. Base of zone 111.

Q-147, Q-148.

Scaleby 123 to 127 cm

C

10,705

± 207

Two slices each 2 cm thick from just below Q-144 and of similar material.
Two samples bulked to give adequate amount of carbon. Top of zone II, equivalent to end of Allerod mild period, indicated by change from rather organic
mud to a more mineral layer, and by some recession of tree and shrub pollen
with corresponding increase of herbaceous pollen types.
B. British Late-glacial Series

Godwin and Willis (in press) have described the results of carbon-dating
a series of samples from several widely spaced sites in Great Britain, at each
of which stratigraphic and biological evidence (chiefly pollen analysis and
identification of macroscopic plant remains) combine to establish the Lateglacial age of the deposits. The organic material comes chiefly from zone if,
the mild Allerod stage; the combined results suggest that this lasted from about
12,000 to 10,800 B.P.

Garral Hill series, Keith, Banffshire, Scotland
On the south slope of Garral Hill (57° 37' N Lat, 2° 57' W Long, Nat.
Grid Ref. NJ 444551) about 4 mi N of Keith ca. 550 ft (168 m) o.D., stream
erosion exposed a section typical of the Late-glacial sequence, namely, silty
Hypnum peat overlying dark brown silty clay with some organic content between two mineral layers of silt or silty clay with a few stones, apparently
solifluxion material. Donner (1957) showed that pollen analyses of the organic
middle layer had "great similarity with the Late-glacial diagrams from southwestern Scotland."
From an undisturbed column through the Hypnum peat Donner took four
consecutive samples, and a fifth from the middle of the underlying clay mud.
The results of the radiocarbon assay are given in Godwin and Willis (in
press). Together they indicate a duration for zone II of the order of magnitude of 1000 yr.

Q-104.

Garral Hill

200 to 205 cm

10,808

± 230

5-cm slice of silty Hypnum peat: top of pollen zone II.

Q-103.

Garral Hill 205 to 210 cm

11,098 ± 235

5-cm slice of silty Hypnum peat: just below Q-104.

Q-102.

Garral Hill

210 to 215 cm

5-cm slice of silty Hypnum peat: just below Q-103.

11,308 ± 245
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Q-101.

Garral Hill

215 to 220 cm

11,888

± 225

5-cm slice of silty Hypnum peat: just l)elow Q-102.

Q-100.

Garral Hill

ca. 230 cm

11,358 ± 300

Silty clay mud of low carbon content so that sample had to be diluted with
inactive CO2, giving a larger probable error.

Q-284.

Low Wray Bay, Windermere, Westmorland 11,878

± 120

Cores taken from lake bed off the west shore in 3 m of water, 200 m NW
of Watbarrow Point (54° 54' N Lat, 2° 57' W Long). Pennington (1947) had
shown that the Late-glacial succession was represented in Windermere by two
layers of laminated glacial clay separated by a detritus silt. This recognition
was supported by macrofossil identifications and by pollen analyses made at
the time and later. To secure sufficient carbon the middle detritus silt from
several cores was aggregated.

Q-61.

Lunds, Yorkshire-upper zone II

10,600 ± 120

A section exposed by erosion in the flank of a drumlin (54° 51' N Lat,
2° 19' W Long) displayed a mineral solifluxion layer above a layer of organic
detritus mulls. Pollen analyses by Walker (1955) confirmed the reference of
these mulls to zone II, the mild phase of the Late-glacial period. In 1953 H.
Godwin collected for assay the upper 2 cm of the organic mud layer (Q-61),
and the bottom 1.5 cm (Q-57).

11,950 ± 120
Lunds, Yorkshire-base zone 11
Organic mud at base of zone II of the Late-glacial Period (see Q-61,
above).
Q-57.

11,011 ± 230
Neasham, Co. Durham-upper zone II
Hypnum peat (54° 20' N Lat, 1° 30' W Long.) Blackburn (1952) reported a basin in boulder-clay lined by laminated clays referable to zone I,
and filled with organic mulls and peats referable to zone II on the basis of extensive pollen analyses and macroscopic plant identifications. These deposits
were sealed in by clays of zone III. A sample from the Hypnum peat at the
top of zone II was collected by K. B. Blackburn, King's College, Newcastleupon-Tyne, in 1949, and was dated by Libby in Chicago (C-444, 10,851 ±
630; Libby, 1952). In 1951 H. Codwin collected sample Q-207 from the same
layer.
Q-208. Neasham, Co. Durham-zone II
11,561 ± 250
Silty detritus muds from near middle of zone II (see Q-207, above).
Q-66. Flixton, Star Carr, Yorkshire
10,413 + 210
Organic mud. At this site (54° 15' N Lat, 0° 4' W Long), bones of Equus
had been found in an organic mud layer covered with solifluxion gravel. Both
mud and gravel are referable on pollen-analytic and stratigraphic evidence
('Walker and Godwin, in Clark, 1954) to the Late-glacial period. The dated
sample is from the top of the mud layer and appears to be either late zone II
or early zone I'll.
Q-279. Aby Grange, Lincolnshire
11,205 ± 120
Moss peat (53° 18' N Lat, 0° 5' E Long). Suggate and West (in press)
Q-207.
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have described a depression in boulder-clay containing organic clay mulls and
moss peat with the pollen assemblage characteristic of zone II of the Lateglacial period. The dated sample of moss peat was apparently free from allocthonous coal fragments, such as contaminated some samples such as Q-238.

Q-2.

Hawks Tor, Cornwall

Site 1, 9 ft 0 in. to 9 ft 4 in.
11,071

±

180

Hypnum moss peat (50° 33' N Lat, 4° 36' W Long) . In the china-clay
pits at Hawks Tor, Bodmin Moor, Cornwall, a typical Late-glacial stratigraphy
was recognized and confirmed by pollen analyses and macroscopic plant identifications (Conolly, Godwin, and Megaw, 1950) . A sample of peat coll. 1949 by
H. Godwin from the middle of zone II was dated in Chicago (C-341, 9861 ±
500; Libby, 1952) , London (GL-27, 9728 ± 140; Zeuner, 1955 , and Cambridge (Q-2).
)

10,760 ± 140
Q-92. Helton Tarn, Northwestern Lancashire
Organic clay mud (54° 14' N Lat, 2° 52' W Long). Within a small rock
basin Smith (1958) has described a typical Late-glacial sequence of organic
clay mud (zone II) overlain by a stoneless clay (zone III). There is good
pollen-analytic evidence. Multiple-shot sampling with a Hiller borer secured an
adequate bulk sample for the zone II material as a whole.

Q-16.

Knocknacran, Co. Monaghan, Ireland

14,367

± 300

Calcareous lake mud (53° 56' N Lat, 6° 46' W Long), referred by collector, G. F. Mitchell, Trinity College, Dublin, to pollen zone II (Mitchell,
720 (Libby, 1952). Although
1951). The Chicago date is C-355, 11, 310

±

the Chicago date corresponds with other NW European zone II dates, the Cambridge date is far too old, and it seems possible that, if this determination is
correct, this is due to the hard-water error (Godwin and Willis, in press). The
Cambridge determination was made upon the residual organic matter after
acidic leaching of all carbonate from the sample : this consisted largely or
wholly of remains of water plants.

12,810 ± 180
St. Bees, Cumberland
Detritus mud (54° 29' N Lat, 3° 37' W Long). Erosion on the west Cumberland coast near St. Bees showed a brown detritus mud in a depression in
the Middle Sands which themselves overlie boulder-clay. The mud was sealed
in by gray gravelly clay, probably a solifluxion deposit. Pollen analyses
(Walker, 1956b) showed clearly a climatic amelioration and deterioration
comparable with the Allerod oscillation, and a floristic assemblage consonant
with this. The radiocarbon date is apparently too old for this correlation, but
the deposit is clearly an interstadial of the last stages of the last glaciation. It
would be premature to equate it with the Bulling oscillation. There is evidence
that exposures of peats and organic mulls in the cliffs nearby are not necessarily of the same age. Coil. 1955 by D. Walker.
Q-71.

C. Coastal

Peat Beds

In a short note Godwin, Suggate, and Willis (1958) considered the radiocarbon dating evidence for the time of the great eustatic rise of ocean level
caused by melting of the world's ice sheets at the end of the last glacial period.
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Q-120.
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Tealham Moor, Somerset

5412

+

130

Clayey Phragmites peat (51° 13' N Lat, 2° 50' W Long) . Sample taken
from North Drain excavation at junction of lower estuarine clay and Pliragmites peat close to present sealevel. Marks end of big ecstatic rise of ocean
level, pollen zone VIIa. Coil. August 30, 1955 by H. Godwin. Extensive stratigraphic investigations in the Somerset Levels (see Clapham and Godwin, 1948)
make it certain that this sample is within 1 or 2 ft of present mean sealevel.

Q-134.

Burnham-on-Sea, Somerset

6262

± 130

Clayey Phragmites peat (51° 14' N Lat, 3° 0' W Long) . Recovered by
dredging from -15 ft, 0.1). Pollen analyses indicate formation in brackish-water
conditions, that is, near to contemporary sealevel. The analyses also indicate
an age in zone Vila. This sample represents almost the end of the postglacial
ecstatic marine transgression in the Somerset Levels. Coll. 1955 by E. L. Kelting, Somerset River Board, Bridgewater.

Q-181.

Hamworthy, Poole Harbour, Dorset, No. 2 Borehole
9298 ± 100

Fine detritus mud (50° 71' N Lat, 2° 0' W Long), immediately overlying
Bagshot Beds. 42 ft (12.8 m) below O.D. Pollen-analytically referable to zone
VIb. Coll. August, 1956 by D. Banwell, Research Staff, Nature Conservancy,
London.
Q-1.05. Leman and Ower Banks, North Sea
8422 ± 170
Peat (53° 10' N Lat, 2° 0' E Long). From a peat bed lying in 120 ft
of water in the North Sea off the Norfolk Coast, in 1932 a Mesolithic barbed
point was recovered, embedded in peat. Other peat samples later recovered
from near this place were analyzed by G. Erdtman and H. and M. E. Godwin
(1933) : they fall within pollen zone V, the early part of the Boreal period. If
an allowance of 30 ft is made for subsequent tectonic lowering of this part of
the southern North Sea, ocean level 8400 years ago must have been at least
90 ft below its present height, possibly- rather close to that figure if the peat
formed close to contemporary sealevel.

Q-278.

Fao (Khor-aI-Amaya ), Persian Gulf

9910 ± 110

Freshwater detritus mud (approximately 30° N Lat. 48° 30' E Long).
This was obtained by boring at 104 ft below present sealevel and appears to
represent an organic layer of fairly wide extent at this level. It seems likely
that in this region extensive marshes could only form close to contemporary
ocean level, so that the radiocarbon date may be used as index to the postglacial ecstatic marine transgression (( odwin. 'Suggate, Willis, 1958) . Coll.
1957 by Messrs. G. Wimpey and Co., Ltd.
D. Further British Pollen-dated Levels
Q-19. Clonsast, Co. Offaly, Ireland
8264 ± 225
Peat (53° 14' N Lat, 7° 10' W Long), identified as from the Late Boreal
pollen zone VIe when collected 1949 by C. F. Mitchell, Trinity College, Dublin
(see Mitchell, 1951). Chicago date C-358, 5824 ± 300 (Libby, 1952). Q-19
is part of the same sample, and the dating corresponds with just before the

middle of zone VI on the Scaleby Moss dated zone sequence.
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Q-14.

Star Carr, Yorkshire

1

9557

69

± 210

Wood 54° 14' N Lat, 0° 37 W Long), from excavated platform of extensive Mesolithic occupation. Pollen-analytically attributed ( Walker and Godwin, in Clark, 1954) to the zone IV/V transition. Comment: two Chicago
datings for the same samples give an assay in close agreement: C-353, 9488 ±
350 (Libby, 1952). The IV,/V transition on the Scalehy Moss dated zone sequence is close to 9600 B.P. Coil. 1949 by H. Godwin.
(

6500 ± 310

Q-141.

Stump Cross, near Grassington, Yorkshire

Q-310.

Fordy, Little Thetford traekway, Cambridgeshire
2560 ± 110

Organic mud (54° 43' N Lat, 1° 53' W Long, Nat. Grid Ref. 082640).
At an altitude of 1200 ft (365 m) on the Yorkshire moors, flint artifacts of a
Tardenoisian (Mesolithic) industry were discovered stratified into the undisturbed organic mulls of a small pool. Pollen analyses (Walker, 1956a) referred
the industry to a time between the beginning and the middle of pollen zone
VIIa. The dating sample was contemporary charcoal coll. 1956 by D. Walker.
Comment: the date falls within the !Scaleby Moss dates for the first half of zone
VIIa. This is the first effective dating and pollen-zone reference for a very extensive microlithic industry that has hitherto been found only beneath the
general spread of blanket bog on the Pennines.

Oak wood (52° 21' N Lat, 0° 16' W Long). Where the Isle of Ely most
closely approaches the uplands a wooden trackway with massive piles was discovered by T. Lethbridge and C. Fowler. Late Bronze Age or Early Iron Age
artifacts were discovered in apparent relation to the causeway, which appeared
to have been used in pollen zone VI l/VIII (Godwin, 1940). In 1958 a wooden
oak pile from the same trackway was collected and submitted by J. G. D. Clark,
University Department of Archaeology, Cambridge. Only the outermost rings
of the wood were dated, but even so the felling date must be a few years older.
There is evidence for other Late Bronze Age trackways in this part of the East
Anglian Fenland, possibly built in response to worsening climate and wetter
conditions.

Somerset Levels series, Southwestern England

During the last 20 years several corduroy trackways of diverse construction have been uncovered in the course of peat-cutting in the derelict raised
bogs of the Somerset Levels. Intensive examination of several of them showed
that they all lay at the same pollen-analytic zone boundary. Moreover, they
were all laid down upon the upper surface of a very dark, highly humified
Sphagnum-Eriophorum-Calluna peat, and all of them were immediately overlain by a peat type indicative of widespread flooding, in many instances by a
Cladium-Hypnum peat that could only reflect submergence of the peat bogs by
calcareous water from the surrounding Mendip and Polden Hills. Whereas the
old raised-hog surfaces were clearly in a phase of slow growth or arrest, during
which their heather-clad surfaces could easily be crossed by men living on the
hillslopes and islands, the flooding imposed extremely circuitous and difficult
routes to reach the Mendips or the Wedmore Ridge from the Poldens. It was
conjectured, therefore, that the flooding episode actually induced the construe-

70

H. Godwin and E. H. Willis

tion of the wooden trackways, but was itself so severe and extended that the
newly built tracks were submerged before they were much damaged by wear
or decay.
Upon the timbers of several of the tracks were recognized the outlines of
axe cuts of the small thick axes of the Late Bronze Age, and this dating was
supported by the discovery at two sites of Middle to Late Bronze Age spears at
roughly comparable horizons in the peat sequence.
A complex of changes appeared to he strongly associated : a change in.
general forest composition reflected in the Cofen diagrams, a recession in the
regional agriculture shown in the pollen diagram by pollen of weed plants, a
pronounced change in the bog stratigraphy indicative of widespread flooding,
and a sudden outburst of trackway-building and quick abandonment. It was
difficult to resist the inference, supported by the evidence of the axe markings,
that we were here concerned with the effects of the "Sub-boreal. Sub-atlantic
climatic deterioration" that had been held responsible by Weber for the widespread Grenzhorizont or recurrence surface, in the raised bogs of Western
Europe (Clapham and Godwin, 1948; Godwin. 1948). Only the first four
trackways dated below have as yet been described.

Q-52.

Meare Heath track (Bulleid's)

2840 ± 110
2850 ± 110
prehistoric trackway crossing Mare

Shaped wooden stake from massive
Heath, Somerset (51° 9' 20" N Lat. 2° 48' 15" W Long). Originally described
lay A. Bulleid, When recovered later (Clapham and Godwin, 1948), the track
was found to lie near the upper surface of the highly humified SphagnumCalluna peat. Pollen analyses showed changing local conditions of the bog surface and placed the trackway in the transitional zone VII/VIII. Although some
massive timbers of this trackway were probably derived from older constructions, this shaped stake is more likely to he contemporary.

Q-39.

Shapwick Heath track (Foster's) Site b

2470 ± 110

Hazel stems from a slight wooden trackway first encountered (51° 9' N
Lat, 2° 48' W Long) in 1942 and rediscovered in 1955. Stratigraphy and
pollen analyses showed almost exactly the same situation as at the Meare Heath
track (Clapham, and Godwin, 1948). Coll. September 13, 1953 by H. Godwin
from a later exposure of the track.

Q-308.

Westhay track (Sandford's)

2800

+ 110

Average of two results. Large horizontal birch timber marked with axe
cuts of Late Bronze Age type, from a massive trackway (ca. 51 ° 10' N Lat, 2 °
49 W Long), discovered in 1943 and excavated in 1944 (Clapham and Godwin, 1948). The sample illustrated as figure 23 B in the paper cited was kept
in alcohol as a museum specimen until 1958. It was then vacuum-dried and
baked to get rid of the alcohol, and combusted for assay. Stratigraphy and
pollen analyses showed broadly the same relationships as the Meare Heath and
Shapwick Heath tracks. A bronze spear was found nearby at a slightly lower
stratigraphic horizon than the trackway. Coll. 1944 by H. Godwin and A. R.
Clapham.

Cambridge
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2600 ± 110

Hazel stem from slight trackway running .north; south between Mudgley
and Westhay (51° 11' 30" N Lat, 2° 48' W Long). This track was made of
successive faggots of straight hazel rods pinned down by occasional stakes. It
was excavated in 1944 (Clapham and Godwin, 1948) but was encountered
again 0.5 mi S. Here the assay sample was collected by H. Godwin in 1947
from horizontal timber in situ.

Q-7. Viper's track A, Shapwick Heath
2320 + 110
Vertical pile of Acer campestre L. from trackway 151° 9' 20" N Lat, 2°
49' 10" W Long). This north/south trackway was first recorded in 1947; it
was later excavated and measured by H. S. L. Dewar. It has been carefully related to the stratigraphy and pollen zones (unpublished), displaying close
resemblance to the relationships exhibited by the other trackways. Some of its
timbers also exhibited Late Bronze Age axe work. Coll. October 2, 1949 by H.
Godwin from the excavation site.

Q-312. Viper's track A, Shapwick Heath
2630 + 110
Miscellaneous small constructional wood from same trackway as Q-7 (51°
9' 20" N Lat, 2° 49' 10" W Long), but encountered again after the 1949 excavation, and at a site between the first and second recorded exposures. Coll.
Septernher, ]953, l)yr H. Godwin from peat-cutting face.
Q-311.

Viper's Platform, Shapwick Heath

2410

± 100

Small timber recovered from the structure of a small platform or miniahire crannog (one of several ca. 51° 9' 48" N Lat, 2° 49' S'" W Long), disclosed by peat-cutting, and noted by H. Godwin, P. A. Tallentire, and J. N.
Jeln ings in July, 1947. The purpose of the platforms is unknown. It was shown
that they bore the same relationship to the raised-hog stratigraphy and pollen
zonation as the wooden trackways. Sample coll. 1947 by H. Godwin and kept
subsequently in alcohol which was removed before carbon dating was attempted.

Q-309.

Blakeway Farm track (subjacent peat)

2790 ± 110

Highly humified Sphagnum-Calluna peat on which the trackway (51° 11'
30" N .Lat. 2° 48' W Long) was resting. Coll. 1947 by H. Godwin with Q-306.

Q-44.

Shapwick heath track (peat 2 to 4 in. below track)

3310 ± 110

Highly llllmihed Spllag/titin-Lallitna peat from 2 to 4 11L below horizontal
wood of the trackway (51° 9' N Lat, 2° 48' W Long). Coll. September 13,
1953 h\ H. (odwin with Q-39.

Q-53. Meare Heath track (subjacent peat)
3230 ± 110
Strongly laminated pool peat with Sphagnum cuspidatwn on the surface
of the old highly humified Sphagnum-Calluna peat and just below a main timber of the trackway (51° 9' 20" N Lat, 2° 48' 15'" W Long). Coll, with Q-52.
Q-36.

Shapwick Heath track, site b (1st oligotrophic layer)
2250 ± 110

A tree stump of Betula at the trackway exposure (51° 9' N Lat, 2° 48' W
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Long). Coll. 1953 by H. Godwin in the unhumified Sphagnum peat above the
Cladium-Hypnum peat of the first flooding episode, the presumed reason for
the building of the wooden trackways.
General Comment on Somerset Levels Series
The radiocarbon dates for the five trackways and the platform all fall between 2470 and 2850 B.P. They thus confirm the hypothesis that they were
built as a response to a single episode, a major flooding of the raised bog.
Moreover, the Late Bronze Age date suggested by the axe markings and stratigraphic position of two bronze spear discoveries is confirmed also. It is notable
that this pronounced flooding episode falls at a primary pollen-zone boundary,
the transition between zones VII and VIII. This seems to be an instance supporting the reality of a pronounced climatic change of the right kind and date
to be correlated with Weber's original Grenzhorizont, and Granlund's RY III.
Note also in this connection the similar date of the Cambridgeshire trackway,
Q-310 (this date list).
The samples Q-309, Q-44, and Q-53 are peat samples from immediately
below those of the trackways. In each instance these samples are older than
the trackway timber, in two cases very markedly so. This raises the possibility,
already indicated by the nature of the peat, that the bogs may have been in a
stage of Stillstand or erosion before they were inundated, and that, either then
or during the flooding, some of the surface peat was lost. This calls for closer
field investigation.
Sample Q-36 comes from the oligotrophic peat that formed after the major
flooding episode just mentioned. It is some 300 years younger than the trackways, and its date agrees with the nearby discovery of a bronze fibula provisionally referred to a period A.D. 0 to 50, and found in the next higher
stratum of peat (Godwin, 1954).
E. Checks and Problematic Dates
A number of determinations have been done primarily to check the performance of the apparatus, or in pursuit of the explanation of errors. It has
seemed appropriate to group these here: some sources of error have been considered by Godwin and Willis (in press)
.

Q-112.

Lake Nemi, Italy

Q-238.

Aby Grange, Lincolnshire (ef Q-279)

1904

± 95

Timber (41 ° 43' N Lat, 12° 42' E Long), recovered from boat made for
the Emperor Caligula in A.D. 37 to 41. Sample subm. 1955 by A. C. Blanc and
C. Cortesi^ Istltuto di Geochimica dell'Universita. Rome. Sample also dated in
Stockholm (St-103A,B. 2010 ± 65; Ostliind, 1957), by the British Museum
151): Barker and '1la('kev, 1959) - and in Uppsala (1-68,
( UM- 15. 2080 ±
1980 ± 70; 01sson, 1959) .

12,870

± 180

The unexpectedly great age of this peat (53° 18' N Lat, 0° 5' E Long),
from a zone II Late-glacial sample is confidently attributed to comminuted coal
derived from the surrounding boulder-clays. This is a very likely source of
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1

error in water-laid deposits in the north of England (cf sample Q-279, free
from ser ondary material) .

8728 ± 180
Q-40. Lunds, Yorkshire (ef Q-57)
Peat (54° 51' N Lat, 2° 19' W Long), immediately above the zone III
soliHuxion soil was sampled for carbon dating. Pollen analyses (Walker, 1955)
had indicated that it formed in zone VIIa. This makes the determined date
understandable but shows that a long time gap intervened before peat accumulated over the zone Ill mineral soils.

7770 ± 100
Hawks Tor, Cornwall, Site 1, 7 ft to 7 ft 4 in.
Peat (50° 33' N Lat. 4° 36' W Long) , immediately above the zone III
solifluxion soil, was sampled for carbon dating. The Cambridge datings as well
as the two Chicago datings for the same sample (C-340, 8011 ± 400, 8450 ±
780; Libby, 1952) show that there is a depositional hiatus above the mineral
layer until about 6000 H.C. Pollen-analytic data are now seen to accord with
this date, although initially a different interpretation had been (tentatively)
adopted.
Q-1.

Q-3.

Hawks Tor, Cornwall, Site 1, 7 ft 7 in. to 7 ft 11 in.
8.190

± 180

A sample of silty mud (50° 33' N Eat, 4° 36' W Long), coll. 1949 by H.
(odwin, as representing the solitll xion gravels of zone III of the Late-glacial.
The date is much too young for zone Ill, and it is evident that, long after the
solufli xion soil had been laid down, the onset of peat accumulation during
zone VI involved some incorporation of organic mud in the gravels (see comments on Q-1 and Q-2) .

Moss Lake series, Liverpool
At Moss Lake, Liverpool (53° 25' N Lat, 2° 59' W Long), a large raised
bog overgrew a lake basin at the base of which were Late-glacial deposits exhibiting the characteristic threefold stratigraphy. Intensive pollen analyses and
identifications of abundant macroscopic plant remains confirmed this and allowed the vegetational history of the deposits to be followed from zone I to zone
Vila of the English polled zone sequence (Godwin, 1959).
Nevertheless radiocarbon dating of the organic detritus mulls of zone II,
the base of zone IV, and the zone V'VI transition gave values which were far
too young.

Q-218.

Moss Lake,

Liverpool-lower zone II

7300

± 120

7550

±

Mean of two measurements.

Q-217.

Moss Lake,

Liverpool-lower zone II

120

Mean of two measurements.

Q-193, Q-1.91.

Q-20L

Moss Lake,

Liverpool-lower zone

IV

6090 ± 120
V/VI
transition
Liverpool-zone
Moss Lake,
8175
8295

± 120
± 120

74

H. Godwin and E. H. Whirs

The explanation of these results seems to be that at some time in the history of the bog colloidal humic material moved down in solution from the
Sphagnum-Calluna peat into the slightly calcareous lake deposits beneath, and
was there precipitated. This recalls the way "dy" is precipitated when bog
streams discharge into calcareous lakes. To test this hypothesis a bulk sample
of the zone II detritus mulls was leached with caustic soda, and the humic extract was reprecipitated, washed, and dated:

Q-220, Q-221.

Moss Lake, Liverpool

7550 ± 120

Colloidal humic material extracted from zone II detritus mulls. Comment:
Instead of an expected age of between 10,800 and 12,000, the age of the extracted humate corresponds with late zone VI in the Scaleby Moss dated zone
sequence. This is a period of low lake levels and dried-out bog surfaces
throughout Britain, and it may have been material of this age that penetrated
into the deeper lake deposits, incidentally cementing these and giving them a
pronounced chocolate-brown color. It is not known when the down-movement
took place and it may have been not until the bog was drained and overbuilt
in the last century.
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TRONDHEIM NATURAL RADIOCARBON
MEASUREMENTS I.
R. NNYI)AL

Radiological Dating Laboratory
The Norwegian Institute of Technology, Trondheim, Norway

The C'`'-dating Laboratory in Trondheim has now been working for one
year and a half. The present dating list covers the period from July 1957 to
September 1958. The rather small number of datings made during this period
is due to a lot of background experiments which have been carried out in the
last half-year.
With a few exceptions the datings done before the period mentioned have
been previously published (Marstrander, 1956-1957; Nydal and Sigmond,
1957; Skjelsvik and others, 1957-1958).
INTRODUCTIOi

Apparatus.--The counting apparatus used in carrying out the datings is
almost the same as that described by Nydal and Sigmond (1957) . The counter
characteristics can be summarized as follows: The proportional counter has an

effective volume of about 45% of the total volume of 6.3 liters. Normally the
counter is filled with pure CO, at either one or two atmospheres. At two atmospheres the background was 13.2 (Oll[lts'mi11 and the net count of recent
carbon was 30.5 counts 'min. The variation of the background with barometric
pressure was about 0.2 counts/`miu per cm Hg.
The counter background has llow been reduced to about one-half of what
it was when the datings were done. Further, the variation of the background
with barometric pressure is now about 0.05 counts/mm n per cm Hg. The improvements were obtained by making a closed shell of shielding tubes ( Reath,
Sevold and Pederson, 1951) in metal. It appeared that about one-half of the
earlier background was clue to mesons penetrating through gaps between the
Geiger tubes. We had earlier expected that a great deal of the background was
due to y-radiation from the glass tubes, but by adding an extra layer of Geiger
tubes we were surprised to find that radiation from the Cintel glass tubes in-

creased the background negligibly.
Pretreatment of the samples.-Wood samples are all treated in the same
way: treatment with 0.25 M HC1 in order to remove carbonates and with
0.25 M NaOH in order to remove humic acid.
Samples of peat and gyttja are treated with HCl only, in order to remove
carbonates. Some of the samples contained rootlets of possible younger age.
These samples were mixed with water and filtered on a wire screed having a
pore size of about 4mm2; large particles, including rootlets, were retained by
the screen, and the filtrate as then dried and combusted for the Ct measurement.
The only shell sample (T-50) which appears in this list was washed and
surface-treated for 2 min, with 0.5 M HC1.
Calculation.-The statistical error (Q) given for each dating is the standard deviation calculated from the counted particles. The calculated a- agrees
i
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well with the a- measured from interval countings. Interval counting is possil)le
by use of a camera, taking one exposure each hour during the entire counting
period. The measured a is also a check on the stability of the electronic ap-

paratus, which has proved to be very good.
A datings are corrected for barometric pressure and radon content, but
not for fractionation error. The C14 half-life which is used here is 5568 years.
The standard deviation of this half-life, ± 30 years, is not included in the
standard deviation of the dating results.
Our sample of recent carbon is a wood sample, 50 years old. This sample
was chosen in order to avoid the error that arises from later disturbances of the
C14 content of the atmosphere by industry and by the atomic bomb.
The date list is based on information furnished by those who submitted
the samples.

SAMPLE DESCRIPTIONS
I. GEOLOGIC SAMPLES

A. Sweden

T-55.

2560 ± 70

Angelsta, Smaland

Hewed stub of fir, found at a depth of 3.5 m in Rya Moor, Angelsta,
Smaland (59° 49' N Lat, 13° 43' E Long), Sweden. The dating result given
here represents tree rings No. 101 to 150 from the core. Subm. 1955 by H. G.
Ostlund, Geological Survey of Sweden, Stockholm. Comment: the sample from
Angelsta is used for cross-checking. Tree rings No. 1 to 50 have been dated by
the C11 Laboratory of Stockholm (St-13, 2560 ± 190; Ostlund, 1957) and by
Lamont Geological Observatory (L-296, 2600 ± 80; Broecker and Kulp,

1957).
B. Norway

T-50.

Bjorely-terrace, Troms

10,500 ± 400

T-53.

Blinnfinnvan, Troms

10,720 ± 240

Shells from the Bjorelv-terrace in Lenvik at Gisund, Troms (69° 20' i
Lat, 7° 20' E Long), Norway. The shells were found in beds of fine sand in a
gravel pit, about 10 m below the top of a marine terrace, alt, about 55 m. The
Bjorely-terrace is glaciomarine, deposited in front of the glacier that formed
the Tromso-Lyngen moraines. Coll. 1957 and Subm. by B. G. Andersen, Department of Geology, University of Oslo; the C14 dating was done by R. S.
Sigmond. Comment : suggested age by the submitter : between 10,900 and
10,300 y r.

Lacustrine dy and gyttja from the base of a peat bog, 4 m deep, at Blinnfinn van near Brostad, Troms (69° 5' N Lat, 7° 0' E Long), Norway. The peat
bog lies between two end moraines of the Tromso-Lyngen glacial substage, and
the older of the two end moraines therefore must be older than the peat bog.
(;oll. 1957 and subnn, by B. C. Andersen, Urniversity of Oslo. Comment: suggested age by the submitter: between 10,900 and 10,300 yr. He gives the following comment on the dates T-50 and T-53: "The Tromso-Lyngen moraines
are the most prominent terminal moraines in northern Norway, and they are
usually correlated with the Ra-moraines which are the most prominent terminal
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moraines in southern Norway (Vogt, 1913) . The I1a-moraines correspond to
the central Swedish moraines in Sweden and the Salpausselka moraines in
Finland, and their age lies between 10,300 and 10.900 years (Fromm. 1953) ."

Halse and Hartmark series, Vest-Agder
Peat from a bog lying about 2 m above sealevel in the inner part of the
Hartmarksfjord in Halse and Hartmark district, Vest-Agder (58° 2' N Lat, 7°
38' E Long) , Norway. The peat was collected from the upper and lower layers
of the 1.5-m-deep bog, which lay between layers of marine clay. Coll. 1957 and
subm. by Gunnar Gabrielsen, Department of Geography, University of Oslo.
Comment: the growth of the bog lasted for 640 ± 240 yr. The submitter suggests that a marine transgression has taken place, and is still working with this
problem.

T-80.
T-81.
T-87.

Peat from upper layer
Peat from lower layer

8770 ± 100
9410 ± 220

9090 + 230

Malerod-tjern, Vestf old

Gyttja from the lake Malerod-tjern, Brunlanes, Vestfold (59° 5' N Lat,
10° 0' E Long), Norway. The lake is situated about 124 m above sealevel; the
sample was collected from a depth of 7.69 to 7.80 m, just above the contact between underlying and overlying lacustrine sediments. Coll. 1957 and subm, by
Karl Egede Larssen, Geological Survey of Norway, Oslo. Comment: Pollenanalytic dating (done by the submitter) : Early Boreal time.

T-88.

"Tjonna", Solum, Vestf old

8710 ± 280

Gyttja from the lake "Tjonna", Solum, Brunlanes, Vestfold (59° 5' N Lat,
9° 50' E Long), Norway. The lake is situated 62 m above sealevel; the sample
was collected from a depth of 7.05 to 7.20 m, just above the contact between
underlying marine and overlying lacustrine sediments. Coll. 1957 and subm.
by Kari Egede Larssen, Geological Survey of Norway, Oslo. Comment: pollenanalytic dating (done by the submitter) : Late Boreal time.

T-90.

Napperod-tjern, Vestfold

4980

+ 160

Clay-gyttja from the lake Napperod-tjeru, Sandar, Vestfold (59° 10' 1
Lat, 10° 10' E Long), Norway. The lake is situated 32 m above sealevel; the
sample was collected from a depth of 3.35 to 5.55 ln, just above the contact
between underlying marine and overlying lacustrine sediments. Coil, 1957 and
subm, b1' Kal'l I'gede Lal'sseil. (eologl('al Sni've1 of \olaOslo. Colliillell-t
pollen-analytic dating done by the submitter) : Neai' the transition between
Atlantic and Sub-boreal times, The submittel gives the following comment on
samples T-87, T-88, and T-90: "The pollen-stratigraphic results are part of a
pollen-analytic investigation from Vestfold, southwestern part of the Oslof jord
region, and they have not yet been published. t ntll now there have been no
other C14 dates of pollen-analytic material from Norway, but the results correspond very well with Swedish ones Lundgvist. 1957). With the work of
Hafsten (1957) from the inner Oslofjord region, there is full pollen-analytic
correspondence. His absolute chronology is hawed on that of Fries (1951).
which is again based on G. de Geer's method, The age determinations of the
(
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material from Vestfold by the C11 method are in good correspondence with the
chronological system built up by the said authors."

T-92.

Limestone, near Larvik

>31,000

Stromatolitic limestone from the small island Malmo, in Tjolling near
Larvik (59° 1' N Lat, 10° 6' E Long), Norway. The limestone forms plates
1 in. to a few in. thick, on vertical rocks. It is found just above sealevel, rarely
as much as 12 m above sealevel. It is dark gray, hard, and concentrically
layered. Chemical composition: 90% CaCO:, 1 to 2% MgCO, 0.5% organic;
remainder, Fe, AL Si. It is supposed to have been precipitated by microorganisms in the sea. It resembles the stromatolites (Hoeg, 1929, 1934) which
have been found in all geologic periods back to the Precambrian. Plates of this
type from the Quaternary have been found only in Scandinavia, however, and
there only in a few places. Coll. 1957 and subm. by Ove Arbo Hoeg, I)epartment of Geology, University of Oslo. Comment: the lower limit for the age of
the limestone, 31,000 yr, is here given with a probability of 66%. There is a
95% probability of a greater age than 27,000 yr.

T-98.

7200 ± 270

Smestad by Oslo

Wood from the bottom of a sandpit about 57 m above sealevel in Smestad,
Baerum, N of Oslo (59° 55' N Lat, 10° 28' F Long), Norway. The sample,
consisting of small pieces of wood, was compressed and lying in a humus-rich
layer, limited by sand above and by clay below. Coll. 1957 and subm, by Jul
LAg and Tollef Ruden, The Norwegian Forest Research Institute, Vollebekk.
Comment: sample was mixed with rootlets of possible younger age, and these
were carefully picked away during the pretreatment of the sample. Comment
from the submitters : "Possibilities for a Tapes transgression are under investi-

gation."
II. ARCHAEOLOGIC SAMPLES

A. Norway

T-37.

Oseberg Viking Ship, Vestfold

1190

± 60

Oak from the burial chamber in the Viking ship of Oseberg, Slagen,
Vestfold (59° 20' N Lat, 10° 26' E Long), Norway. The ship was found in a
tumulus 44 m in diameter and originally 6 m high. Subm. 1956 by A. M.
Rosenqvist, The University Museum of National. Antiquities, Oslo. Comment:
the historical age of the ship and the earliest of the other wooden objects is
about 1160 yr (about A.D. 800). The most recent objects, and thus the burial
and the chamber, are younger by about 50 yr (A.D. 850), or possibly a little
more.

Raknehaugen series, Akershus
Pine and birch wood from Raknehaugen, Ullensaker, Akershus (60° 9' N
Lat, 11° 11' E Long), Norway. Raknehaugen is a tumulus 95 m in diameter
and 15 m high. The mound was partially excavated in 1869.1870; excavation
was completed in 1939-1940. It contained about 10,000 logs, three samples of
which are dated here. All of them are from different timbers. Coll. 1939-1940
by Sigurd Grieg, De Sandvigske Samlinger, Lillehammer. Samples T-82 and
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T-83 subm. 1957 by Bjorn Hougen, The University Museum of National Antiquities, Oslo; T-86 subm. 1957 by Kristofer E. Ganer. Comment: a lot of work
has been done by archaeologists (Lorange, 1870; Grieg, 1941; de Geer, 1937;
Ording, 1941) in order to determine the age of Raknehaugen, but the question
of the historical age has until now remained unsolved. Grieg (1941), who excavated the mound in 1939-1940, said, however: "Everything suggests that the
mound was built in 6th cent. AD., hint I am willing to admit that it cannot be

proved."

T-82.
T-83.
T-86.

1430
1410
1430

Pine
Pine
Birch

80
75
80
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BRITISH MUSEUM NATURAL
RADIOCARBON MEASUREMENTS I
H. BARKER and C. J. MACKEY

Research Laboratory, British Museum, London W.C.I.
The first series of radiocarbon dating measurements made at the British
Museum Research Laboratory are reported in the following list. The report
covers a period during which two instances of radioactive contamination occurred to interrupt dating work, and is consequently a short one.
INTRODUCTION

All measurements were made in the same small mild steel proportional
counter (effective volume just under 500 cc) designed by W. R. Loosemore of

the Atomic Energy Research Establishment, Harwell. This operates with an
acetylene filling at 140-cm Hg pressure and has an integral mercury shield.
Acetylene is synthesized by a method described by Barker (1953) and since
improved to give consistent yields around 96% with no detectable isotopic
fractionation. Gas purity is checked by observing the counter characteristic
using a cobalt 60 source at a fixed distance, and the working point is adjusted
to compensate for any slight variations in gas purity. The counter is screened
by 8 in. of mild steel and 17 geiger counters in anti-coincidence as well as its
integral mercury screen. A layer of paraffin wax containing 15% by weight
of boric acid is also incorporated in the steel shield to reduce the neutron effect
(de Vries, 1957) . The "modern" count is 11.3 counts;'min and the background
4.3 counts/min at 760-mm barometric pressure. The barometric coefficient of
the background is slightly less than 1% cm Hg.
Additional safeguards against inaccuracies include continuous monitoring
of the neutron flux in the steel screen as suggested by de Vries, thorough daily
checking of the electronic equipment, and the use of a system of mechanical
registers which provides a record of the count distribution in the output channels during each period of measurement (Crathorn and Loosemore, 1954).
Any departure from normal statistical scatter during an overnight or weekend
count is thus quickly detected.
The "modern" reference sample is taken from the 100th tree ring counting inwards from the bark of an oak tree recently felled. This sample is the
same as that used by the Cambridge laboratory, and its use ensures that the
contemporary value in the age calculation is free from the effect of dilution of
the atmosphere with inactive carbon by the large-scale combustion of fossil
fuels since the Industrial Revolution (Suess, 1955).
Background measurements are made using acetylene prepared from anthracite. The early work showed that the background remained very steady
within the expected statistical fluctuations over a period of many months, apart
from the slight barometric fluctuations. Nevertheless, frequent measurements
of background and contemporaneous samples are made, for on two occasions
during 1958 a rise in background of a few counts per minute was detected. In
both cases, the increase of activity was of a temporary nature, and the rate of
decay suggested the presence of fission products. It may be significant that each
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of these increases in background occurred soon after the announcement of a
series of nuclear weapon tests, one in the spring, the other in the autumn, and
together they explain why this list is such a short one, since dating measurements were interrupted for a considerable time on each occasion. The occurrences were very puzzling in that the balance of evidence in each case pointed
to the sudden appearance of the activity inside the counter under conditions
which seemed to make this an impossibility. However, investigations have since
shown that air-borne activity may have entered through an intermittent leak
in a vacuum union, and steps have been taken to prevent a recurrence of the
trouble.
All samples have been measured on at least two occasions, with an interval
of at least one month between them, in order to demonstrate that there has
been no radon contamination. In fact, the method 'of acetylene synthesis and
purification was designed to eliminate radon from the sample, and these meas-

urements have confirmed that this is so.
Correction for isotopic fractionation effects is not possible on a routine
basis owing to the lack of suitable mass spectrometric facilities. Because of
this, and of the possibility of errors due to the effects recently discovered by de
Vries (1958), it is considered unrealistic to quote errors based solely on the
counting statistics. Error terms have been widened therefore to include contributions of ±80 yr for isotopic fractionation effects, and ± 100 yr for the
de Vries effects. Ages are calculated on a half-life of 5568 ± 30 yr.
Pretreatment of samples.-All organic material is treated with dilute 1%
hydrochloric acid in order to eliminate the possibility of contamination with
carbonates. Charcoal samples are extracted thoroughly, first with hot 1% hydrochloric acid and then with hot 1% caustic soda. This should remove both
carbonate and humic contamination. When the treatment is complete, the
charcoal is washed with 1% hydrochloric acid to free it from alkali and finally
with distilled water to remove the acid.
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SAMPLE DESCRIPTIONS
I. CHECK SAMPLES AND SAMPLES OF KNOWN AGE

BM-16.

St. Cuthbert, Durham, England

1333

± 150

Wood from the original coffin of St. Cuthbert, Durham Cathedral (54°
47' N Lat, 1° 34' W Long). Sample made available by permission of the Dean
and Chapter of Durham Cathedral. There are a number of coffins associated
with the bones of the saint, but the original inner one almost certainly dates to
A.D. 698. The known age of the sample is thus 1270 yr plus the age of the timber. The agreement with the radiocarbon age is satisfactory.
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able by C. Cortesi and M. Beneventano, Carbon-14 laboratory, Rome. Known.
age 1908 y r plus the age of the timber. Dated by the Stockholm laboratory('St-103A,B, 2010 ± 65; Ostlund, 1957), by the Cambridge laboratory (Q-112,
1904 ± 95; Godwin and Willis, 1959), and by the Uppsala laboratory U-68,
1980 ± 70; Olsson, 1959).

BM-22.

Sesostris, Egypt

3530 ± 150

BM-18.

Tree Ring Sample, Sequoia

2803

BM-19.

Ruds Vedby

Wood from the deck of the funerary ship of Sesostris 111. Originally subm.
to the Chicago laboratory by Colonel C. C. Gregg, Chicago Natural History
Museum, and made available to the British Museum laboratory by W. F. Libby.
Known age 3750 yr, according to John Wilson, Oriental Institute, University
of Chicago. Dated by the Chicago laboratory (C-81, 3621 ± 180; Arnold and
Libby, 1951).

±

150

Wood from the heart of the giant redwood known as Centennial stump,
felled in 1874, with 2905 rings between the innermost (and 2802 rings between
the outermost) portion of the sample and the outside of the tree. Therefore,
the known mean age was 2928 ± 51 yr. Sample subm. to the Chicago laboratory by E. Schulman, Laboratory of Tree Ring Research, University of Arizona.
Made available to the British Museum by W. F. Libby. Dated by the Chicago
laboratory (C-159, 2710 ± 130; Arnold and Libby, 1951).

11,333

± 200

Wood from the zone boundary between the Allerod and the younger Dryas
periods, Ruds Vedby (55° 34' N Lat, 11° 25' E Long), Zealand, Denmark.
Sample made available by H. Tauber of the Copenhagen laboratory where it
was dated by the solid-carbon method (K-101, 10,890 ± 240; Anderson, Levi,
and Tauber, 1953) ; also dated by the Uppsala laboratory (U-20, 10,830 ±
130; U-75, 10,680 ± 130; Olsson, 1959) and by the Stockholm laboratory
(St-18, 10,200 ± 300; Ostlund, 1957).
II. ARCHAEOLOGIC SAMPLES

A. Africa

Holley Shelter series, Wartburg

Two samples of charcoal from the excavations in progress in a rock shelter
on Messrs. Holley Bros. farm "Everdon" at Wartburg (29° 26' S Lat, 30° 35'
E Long), Natal, South Africa. The site is described by Cramb (1950). BM30 is from the 24- to 30-in, layer of grid Z 3 and was collected from an ancient
hearth together with hone fragments and Middle Stone Age implements. BM34 is from the 18- to 24-in, layer of grid Z 2 which adjoins grid Z 3. The
grids are 3 ft square, so that the samples are quite close to each other, both
horizontally and vertically. The Middle Stone Age material is homogeneous
throughout. Bantu and Later Stone Age material is rarely more than 6 in. below the surface. Coll. by Gordon Cramb, of 5 Old Mill Way, Durban North;
subm. by the Director, Archaeological Survey, Union of South Africa.

BM-30.

Holley Shelter

1

Charcoal from the 24- to 30-in, layer of grid Z 3.

18,200 ± 500
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BM-34.

Holley Shelter II

4490 ± 150

Charcoal from the 18- to 24-in. layer of grid Z 2. Comment: the close
proximity of the samples makes the difference in their ages seem extraordinarily high. However, the excavator has pointed out that the situation of the cave
is such that the build-up of the floor level may have been extremely slow. The
value for BM-30 is not inconsistent with another Middle Stone Age date (0925 Cave of Hearths, 15,000 ± 730; Libby, 1956) . On the other hand, BM34 is much too young by comparison with other Middle 'Stone Age dates, and
one must assume either that the sample is suspect or that the Middle Stone
Age people lived uninterruptedly in these parts to a period more recent than
archaeologic work elsewhere in South Africa indicated. Both samples were
given the standard pretreatment for charcoal.

BM-39.

Olieboompoort Cave, Waterberg

>25,000

The cave is on the west side of Olieboompoort, NW of Waterberg, Transvaal (23° 50' S Lat, 27° 40' E Long) between Ellisras and Vaalwater villages
(see South Africa 1:500,000 Topographic sheet Pietersburg SE 25/26).
Sample of heavily mineralized material resembling charcoal but probably decayed wood from Bed 2. The nodules were scattered between 36 to 54 in. below
the present-day cave floor, in a rich Middle Stone Age Pietersburg culture
horizon, i.e, they do not appear to represent a fireplace. Coll. SeptemberOctober, 1954 by Dr. R. J. Mason during excavations financed by the WennerGren Foundation; subm, by the Director, Archaeological Survey, Union of
South Africa. Relevant publications-Mason (1957, 1958). Comment: The
sample is from a Pietersburg culture "Middle" Stone Age horizon and is, therefore, earlier than the later stage of the Pietersburg culture which, in the case
of the Cave of Hearths, has a date of 15,100 ± 730 (C-925). An earlier date
than 15,100 ± 730 B.P, would, therefore, be expected, but >25,000 seems to
be too early if the Cave of Hearths date is correct. The sample closely resembled
charcoal, but nothing remained after treatment with hot
1% hydrochloric
acid and hot 1% caustic soda. Accordingly, the caustic-soda-soluble fraction
was reprecipitated with acid, washed and dried, and used as the source of
carbon. Under these circumstances one cannot rule out the possibility of contamination. There are also inconsistencies in the Cave of Hearths dates (C-924
to C-927, Libby, 1956), and the problem will remain unresolved until further
South African material is dated.
B. Central America

13M-37. Las Cuevas, British Honduras
920 ± 150
Sample of charcoal from the brown earth layer in trench 7 (in front of
floor Z) of the outer cave at Las Cuevas, approx. 35 mi S of Cayo (17° 14' N
Lat, 89° 03' W Long), British Honduras. The sample was in asociation with
sherds suggesting the late Classic period, and with three-pronged incensaries.
Coll. February 1957 by Adrian Digby, Keeper of Ethnography, British Museum. Relevant publication-Dighy (1958). Comment: the sample was given
the standard pretreatment for charcoal.
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C. Egypt

BM-21.

Mentuhotep, Thebes

3580

± 150

Section of tree trunk from the mortuary temple of Neb-hepet-Re Mentuhotep (Xlth Dynasty) at Deir el Bahri, Thebes (25° 44' N Lat, 32° 38' E
Long), Egypt. Found by the Egypt Exploration Fund 1907 and now in the
Department of Egyptian Antiquities, British Museum No. 47791. Expected age
2010 B.C. (3968 B.P.) is based on astronomical evidence and should not be
more than 20 yr in error. Comment: the age obtained is significantly younger

than expected.

BM-27.

Hemaka, Saqqara

4100

± 150

Wood, id, by the Forest Products Research Laboratory as a species of
Acacia, probably A. arabica. From a brick mastaba at Saqqara (29° 50' N
Lat, 31° 1'2' E Long), Egypt. The tomb was that of a nobleman, Hemaka, and
dates to the reign of Udimu (1st Dynasty). Coll. 1937 by W. B. Emery; subm.
by the Department of Egyptian. Antiquities, British Museum. Relevant publication-Emery (1938). Expected age 4958 ± 200. Comment: the discrepancy
is large. Sample dated by the Pennsylvania laboratory (P-214, 4447 ± 1.50;
Ralph, 1959).
D. Great Britain

1570

BM-17.

Hod Hill, Dorset, England

BM-40.

High Rocks Sheiks, Tunbridge Wells, England
5660

±

150

Charcoal from the Iron Age "AB" occupation layer associated with the
first stage of the main Iron Age rampart (50° 53' 40" N Lat, 2° 12' W Long),
3.25 mi NW of Blandford, Dorset. Coll. 1957 and subm, by J. W. Brailsford,
Department of British and Mediaeval Antiquities, British Museum. Comment:
the age is some centuries younger than the latest accepted archaeologic dating.

± 150

°
Sample of charcoal from an undisturbed hearth (No. 5) in site F (51 7'
Stratisherds.
20" 'N Lat, 0° 13' 40" E Long). Associated with Mesolithic
graphically it belongs to the later Mesolithic phase at High Rocks. Coll. August,
.volume
1956 and subm. by J. H. Money, F.S.A. Publication due in the 1959
of the Sussex Archaeological Collections. Comment; the sample was given the
standard pretreatment for charcoal.
III. GEOLOGIC SAMPLE

3656 ± 150
BM-29. Mounts Bay, Cornwall, England
Coil, from
Long).
25'
W
5°
Lat,
N
03'
Oak from a submerged forest (50°
and
Penzance
between
Larrigan,
opposite
mark
low-tide
below the normal
Newlyn. Date of collection believed to be 1883. Subm, by Sir Gavin de Beer,
Director, British Museum (Natural History). Photographs of the trees appear
in the Transactions of the Royal Cornish Geological Society, 1914, v. 13, p.
312, and reference is made to them on p. 313-318. Comment: there is an ancient tradition that St. Michaels Mount was at one time situated in a wood,
and these trees must have formed part of it. Their growth would have been
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stopped by the changes which led to the Mount becoming an island in the Bay.

Pretreatment consisted of extraction with hot 1% hydrochloric acid followed
by washing with distilled water.
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UPPSALA NATURAL RADIOCARBON MEASUREMENTS I
INGRI'D OLSSON

Uppsala Universitets Fysiska Institution, Uppsala, Sweden
The following list covers the samples measured at the Uppsala radiocarbon
laboratory during 1957, when the measurements started, and 1958. Two samwas doubtful.
i)les of sediments have been excluded, as the origin of the material
The technique used was described previously by the author (1958) . The
pretreatment will be briefly described 'here. Foreign material, e.g, rootlets, is
removed before the chemical treatment is started. Samples of wood and charcoal are usually boiled with dilute HC1, washed with distilled water, boiled with
dilute NaOH, washed again, and then made slightly acid and dried in an oven.
This treatment will remove carbonates and most of the humus. Samples such as
peat and gyttja are not treated with hydroxide as a rule. The shells are washed
with acid so that the outer parts will be removed. The bones have been treated
with acid.. the gas evolved has been used for an age determination, and the
carbon dioxide produced by burning the residue has been used for a second
measurement. The two fractions, organic and inorganic, have been compared,
and, if the results are the same within the limits of error, the dates can be used.
When the samples have been treated in another manner and this is of interest,
it has been mentioned as a comment after the description.
The reference sample is ten tree rings from A.D. 1785 to 1795. The tree,
an elm, grew at Vardsatra (59° 47/2' N Lat, 17° 37' E Long), Uppsala, Sweden, The wood was boiled with a solution of sodium carbonate and sodium
hydroxide, washed with distilled water, boiled with a solution of sodium hisulphite, washed again with distilled water, and dried in an oven.
C'4 activity, to the cellulose from
All samples are compared, in respect to
many
of
of them, carbonates especially,
the above-mentioned elm, but the ages
below. The possibility that
explained
as
fractionation
isotopic
for
are corrected
C14 may have the
groundwater and surface sea water may contain much less
result that the ages of e.g. algae and shells will be too high when measured with
the radiocarbon method, compare Mi nnich (1957a), Craig (1954), Revelle
and Suess (1957), and Rubin and Alexander (1958). The Uppsala reference
sample corresponds in age to a time of minimum activity in the curve given by
de Vries (1958). Measurements on international cross-check samples such as
those submitted by Miinnich will make it possible for radiocarbon laboratories
to use the same tune-scale.
The value 5570 years has been used for the half-life.
C''/C
vlost sariples have heed sent to Stockholm for an analysis of the
ratio (oInpared with the Uppsala reference sample. This standard has not yet
been related to other standards. No corrections for the abundance of oxygen
isotopes are applied. The deviation from the Uppsala standard is denoted by 6
and is expressed in per mil:

where

R,-Ru

=
Rr
R, and RU are the ratios C"/C' for the
6
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X 1000

sample and the reference sample
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respectively. Most sediments are rather light (enriched in C12) compared with
what is expected from Craig (1953, 1954) and Wickman (1952). A formation
of petroleum will lead to a low figure for the C13 content. When the final result
is corrected for the C13 deviations, the S value is always given in a comment.
The correction in the net counting rate of C14 is twice the C'3 deviation, or
-26, which amounts to several percent in the case of carbonate samples. A 1%
increase in the net counting rate for the sample corresponds to a decrease of 80
years in the age. The error in the C1'; C'' ratio is ± 1
The results given are expressed in years B.Y. The errors given include the
standard deviations (r) of the counted particles for the unknown sample, the
reference sample, and the background sample, as well as the error in the 6values. When the activity is very low, so that 2ff corresponds to a possibility of
infinite age, 2Q has been used instead of cr.
A few samples had to be diluted with CO2 from an old source to bring
them to the normal working pressure of 3 atm.

.
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SAMPLE DESCRIPTIONS
I. GEOLOGIC SAMPLES

A. Mediterranean area

Levant series
Saprolithic mud from deep-sea cores in the Levant. As the sediments were
formed in the absence of oxygen, they may represent an interstadial formation,
since vertical mixing will be prevented during a time of high rainfall and freshwater supply. These samples are the first ones in all investigation of the conIeelion of these levels with the paleohy(1rology in (lie Eastern Mediterranean
Sea. (,(1111iiieiit: Bublll 11110 Sness ( 1955 have ma(lc radiocarbon measurements
at 3 levels of core 189 (33° 54'
Lat, 28° 29' E Long) : W-132, depth 1.0 to
20 cm, 17,200 ± 500; W-133, depth 170 to 180 cm, >32,000; W-148, depth
360 to 370 cm, >32,000. Coll. 1948 by the Swedish Albatross Expedition
(Pettersson) ; subm. by E. Olausson, Uppsala Universitets MineralogiskGeologiska Institution.
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U-54. Levant 194: 9 to 17
8330 ± 1.30
Core 194 (34° 48' N Lat, 23° 29' E Long), depth 9 to 1.7 cm; total length
of core 721 cm. deptll in the sea 3000 m, even bottom at the coring place but
irregular around it. Continent : 6
0.0 .
-

U-64.

Levant 194: 341 to 347

The same core as U-54, depth 341 to 347 cm. Comment:

4.

+L9

U-63.

Levant 190: 331 to 340

>38,000

2 is used.

_

>40,000

Core 190 (33° 54' N Lat, 26° 10' E Long), depth 331 to 339.5 cm; total
length of core 938 cm, depth in the sea 2900 m, slightly irregular bottom with
westward slope. Comment: 2r is used. 6 = +2.1;;,x.

U-30.

Grotto del Tufo, Capri

>31,000

Fragments of charcoal from Grotto del Tufo (40° 33' N Lat, 14° 16' E
Long), Capri, Italy. The charcoal was embedded in gray sand with gastropods
and small bones of vertebrates, overlying a sequence of dark volcanic ash. The
stratum, Norin
7, probably belongs to Horizon No. 4 in the section published by Kyrle (1946, 1947). Sediments from the Tyrrhenian Sea, which include layers of ash from the same volcanic eruptions, are described by Norin
(1958). Coll. 1957 and sub. by Erik Norin, Uppsala Universitets Mineralogisk-Geologiska Institution. Comment: diluted. 2U is used.

H.

Western Mediterranean Sea series
Two carbonate samples (clay and shells) from core 21002 (37° 26' N Lat,
1° 5' E Long). The depth of the sea is 2782 m. Coll. 1948 by the Swedish
Albatross Expedition (Pettersson ; subm. by K. G. Eriksson. I.Tppsala Uni)

versitet, Mineralogisk-Geologiska Institutions Kvartargeologiska avdelning.
Comment: as the samples may contain limestone dust carried by the wind
from the Sahara, the given ages should be considered maximal ages.
U-25. 21002 (96.5 to 100)
11,780 ± 160
The sample was taken 96.5 to 100 cm from the top of the core. Comment:
6

-_

+23.0 /(.
U-39. 21002 (45 to 48)

10,380 ± 120

The sample was taken 45 to 48 cm from the top of the core. Comment:
a

= +21.8

A(.
B.

U-2.

Hornafjc rdur

Iceland

6510 ± 100

Parvocaricetum peat (Carer, alL:v, an(l Bet111a 11(111(1) from Stokksnes
((1° 15' [at, 15° 0' \V long), Hornafjiirdur, Iceland, 210 to 225 cm beIOW llie present surface (llillcr sampler, 3 ctn (hiam). From tephra layers in the
peat (down to about 90 cm) one can estimate that about 0.5 m of the top of
the sequence is abraded. At 130 to 200 cm there were remains of Betula. The
section goes down to bedrock, about 290 cm below the surface. According to a
diatom analysis (Jonsson). the locality was above sealevel throughout the
period of peat formation. Thehigh-water level is now about 10 cm below the
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surface. The locality is described by Jonsson (1957). Coll. 1953 by Jon Jonsson, Uppsala Universitets Paleontologiska Institution; subm, by F. Hjulstrom,
Uppsala Universitets Geografiska Institution. Comment: 6 = -4.8 %o.

U-3.

1710 ± 120
1910 ± 120

Landbrot

Sandy peat at the farm Ytri-Dalbaer (63° 46' N Lat, 18° 7' W Long),
Landbrot, Iceland. The sample was taken 50 cm above the lava, about 6 m below the present surface. An analysis indicates only freshwater diatoms. The
locality is described by Jonsson (1958). Coll. 1953 by Jon Jonsson, Lppsala
'niversitets Paleontologiska Institution; suhm, by F. Hjulstrom, Uppsala Universitets Geografiska Institution. Comment: Thoroddsen (1925) assumed the
age of the lava to he about 1000 yr, and Thorarinsson (1955) believed it to be
older than the settlement period, A.D. 874 to 930, but younger than A.D. 700.
6 _ -0.1 %o.
C. Spitsbergen

Nordaustlandet series
Driftwood and shells found at different levels and distances from the sea.
The wood probal)ly comes from Siberia in no case have the tree species been
determined as yet) and is very well preserved. Some of it may first have been
deposited in the deltas on the northern coast of Siberia or elsewhere in Spitsbergen before it finally reached Nordaustlandet. The shells usually occur on
raised beaches developed on the underlying till. Pumice (scoria) is also
abundant on the raised beaches, and the wood often occurs at similar levels.
The samples are the first in a series collected to determine the age of the
beaches and the rate of land rise. All elevations are above mean sealevel. Coll.
and subm. by W. Blake Jr., Department of Geology, Ohio State University, and
Geografiska Institutet, Stockholms Hogskola, Stockholm.
I

U-33.

6780 ± 100

1Vlurchisonfjorden 1

Wood from the west side of Kvalrosshalvoya (79° 59' N Lat, 18° 35' F
Long) ; 2.0 m level, 7 m from the sea. Sample from the exposed part of a
partly buried log. This level is near the lower pumice level. Coll. 1957. Comment: 6 = 0.0 M.

U-34.

4020 ± 90

1llurcliisonf jorden 2

11'ood from the west side of Kvalrosshalvoya 79° 59' N Lat. 18° 35' F
I oiig) : 9.8 in level, 50 m from the sea. Sample from the buried part of a nearly buried log. This level is the tipper pumice level. Coll. 1957. Coin nleitt: b =
(

00

U-38. Murehisouf jorden 7
7830 + 120
Wood from the west side of Kvalrosshalvoya (79° 59' N Lat. 18° 35' F
Long) ; 12.8 m level, 100 m from the sea. Sample from the exposed part of a
partly buried log. This level is above the upper pumice level. Coll. 1957. Corn-ment: this sample was surprisingly light. Two C13 determinations were made;
6

= -7.8 %o.
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1

± 110

Murchisonfjorden 5

6490

Murchisonfjorden 27

9270 ± 130

Wood from the north side of Sore Russoya (79° 58' N Lat, 18° 20' E
Long) ; 8.8 m level, 75 m from the sea. Sample from the exposed part of a
partly buried log. This level is the upper pumice level. Coll. 1957. Comment:

_

6

+0.3 %.
U-70.

Wood from a locality 1 km E of Sveanor on the south shore of Murchisonfjorden (79° 56' N Lat, 18° 22' E Long) ; 36.5 m level, 500 m from the sea.
Sample from the exposed part of a partly buried log. Coll. 1958. Comment:
6

= +0.2 %.
U37. Murchisonfjorden 6

260

± 100

Wood from the northeast side of Nordre Russoya (80° 0' N Lat, 18° 9' F
Long) ; 1.8 m level, 10 m from the sea. Sample from a base timber (lying on
the ground) of an old Russian trapping hut, which is most probably less than
250 yr old. Coll. 1957. Comment: 6 = +2.1 %o.

U-35.

Lady Franklinf jorden. 4

U-71.

Lady Franklinfjorden 30

1775

± 80

Wood from the valley parallel to and on the southwest side of Sore Franklinbreen (80° 5' N Lat, 19° 20' F Long) ; 5.0 m level, 1000 m from the sea.
Sample from a log lying loose on the surface, probably kicked by a reindeer,
as it lay across the track of one. The place is a ground moraine flat between
the glacier and its lateral moraine. Coll. 1957. Comment: S = +0.3 c.

36,000

+ 2500

- 2000

Shells from top of Teodolitkollen facing Sore Franklinbreen (80° 5' N
Lat, 19° 20' F Long) ; 52 m level, 400 m from the sea. Shells in patterned
ground (sorted circles in till) above shale bedrock, very nearly at the upper
marine limit, where shells (mostly Saxicava arctica (L.)) occur. Coll. 1958.

Comment:

S

U-72.

= +23.2c.
Lady Franklinf jorden 33

38,500

+ 3500

- 2500

Shells from the tundra south of Sevrinberget (80° 4' N Lat, 19° 10' E
Long) ; 57 m level, 5 km from the sea. Shells in till above shale bedrock. These
shells are the highest found is this area and are probably near the upper
+24.3
marine limit. Mostly Saxicava arctica (L). Coll. 1958. Comment: 6

_

L(.

1). 11'orn a i

Vesterileii series

Peat from Vesteraleil, .\ ordlands fylke. These samples were taken to determine the variation in extent of the pre-recent local glaciation in the Scandinavian mountains. They were pretreated with 'HCI and cold NaOH. Coil, and
subm. by F. Bergstrom, Geografiska Institutet, Stockholms Hogskoia, Stockholm.
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U-59. Hadseloya 3
4760 ± 100
Peat from Hadseloya (68° 33' N Lat, 14° 13' E Long). The sample was
taken 150 cm below the surface at the bottom of a bog situated inside a terminal moraine. Coll. 1955. Comment: 6 = -1.9
U-61. Hadseloya 5
5180 ± 100
Peat from Hadseloya (68° 33' N Lat, 14° 13' E Long). The sample was
taken 340 cm below the surface at the bottom of a peat layer immediately
above a moraine layer. Coll. 1955. Comment: 6 = -4.3
U-62. Andoya 6
4850 ± 100
Peat from Andoya (68° 53' N Lat, 15° 28' E Long). The sample was
taken 230 cm below the surface at the bottom of a peat layer, immediately
above a moraine layer. Coll. 1957. Comment: 6 = - 3.3 (/,
U-58. Andoya 2
7600 ± 130
Peat from Andoya (68° 56' N Lat. 15° 31' E Long'). The sample was
taken 270 cm below the surface at the bottom of a bog situated about
500 m
inside a terminal moraine. Coll. 1957. Comment: 6 = -4.6 ,
U-56. Andoya I A
8880 ± 130
Peat from Andoya (69° 5' N Lat, 15° 41' E Long). The sample was taken
370 cm below the surface in a sand layer underlying a hog, situated
inside a
terminal moraine. Coll. 1957. Comment: 6 = +4.3 .
U-60. Andoya 4
7560 ± 130
Peat from Andoya (69° 5' N Lat, 15° 41' E Long). The sample was taken
400 cm below the surface in the same bog as sample U-56, but from
the bottom
layer of the bog and about 10 m from sample U-56. Coll. 1957. Comment:
6

.

-4.1

.

E. Sweden
1. Samples of special palynologic interest

Varnhem series, Vastergotland
Gyttja from two cores (soil sampler, 38 mm diam) from the lakes
Kroppsjon (58° 23' N Lat, 13° 37' E Long), and Spansjon (58°
23' N Lat,
13° 36' E Long), N. Lundby parish, Vastergotland, Sweden.
The district is
very calcareous and thus the groundwater may have influenced
the C14 content
in the lakes. Some of the sediments are due to algae and other
submerged plants
assimilating CO2 from the water, and some to plants assimilating
CO2 from the
air. At the higher levels the contribution from aquatic plants is
smaller, and
the corresponding dates should be more reliable. The pollen diagrams
are discussed by Fries (1958). Coll. 1956 and subm. by Magnus Fries,
ITiipsala ITniversilets Vaythrologiska I islitiilion.
I -i l.
Ilropj)s jo« A°
9870 1. I 0
At or immediately below the begiiii ing of the curve of Alms
glutinosa,
pollen-analytic zone border V /VT (Jessen) ; 115.5 to 132 cm above
the underlying till. Comment: 6 _ -8.6o. Fromm (1938) gave another
Swedish
value for the age of this zone boundary, ca. 8250 yr, based on varve
chronology
in the valley of Angermani lven. Ostlund (1957) has 4 Swedish C14
dates: St.

i
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± 120; St-217, Degerfors, Narke,
Hallesjo, Jamtland, 9100 ± 120; St-173, Langared,
110. However, at least in the north of Sweden, the dates
and probably Fromm's value also, probably refer to
glutinosa (Fries).

144, Adak, Mala parish, Vasterbotten, 8575

8880 ± 120; St-172,
Vastergotland, 8500 ±
of St-144 and St-172,
Alnus incana, not to A.

± 110

U-12.

Kroppsjon U-

5280

U-13.

Kroppsjon 3

3290 + 110

At the decrease of the Ulmus curve, pollen-analytic zone border VII/VIII
(lessen) ; 538.5 to 545 cm above the underlying till. In Vastergotland agriculture possibly began in the Early Neolithic phase A or B, here indicated by
pollen of T riticum, Hordeum, and Plantago major. Finds of thin-butted flint
axes probably imply agriculture during phase C. Comment: S = -6.6 %c.
The date is in good agreement with U-14, U-16, U-17, U-27 (this date list),
and with (1) Tauber's date, given by Brondsted (1957 ) for the Ertebolle/
Ellerbek culture, Sartrup Moor, Schleswig, K-534, 5390 ± 150; (2) Willis' 3
dates, given by Godwin, Walker, and Willis (1957) for the minimum after the
first decrease of Ulmus pollen, Scaleby Moss, Q-171, 4935 ± 135; Q-172,
4990 ± 120; Q-173, 4995 ± 125.

At a maximum of the curve of Ulmus and an increase of the curve of
Rumex acetosella, pollen-analytic zone VIII (Jessen) ; 687 to 695 cm above the
underlying till. The increase may indicate expansion of tilled areas and pastures in the Late Neolithic period or the beginning of the Bronze age. Comment: b = -8.3 /c.

U-14.

Spansjon U-

5580 ± 110

At the decrease of the Ulmus curve, pollen-analytic zone border VII/VIII
(Jessen) ; 126.5 to 130 cm above the underlying till. Comment: 6 _ -4.8 c.
A comparison with similar samples is given under U-12.

Mogetorp series, Sodermanland
Sediments and wood from Ovre Mogetorp Moss (59° 0' N Lat, 16° 9' E
Long), Sodermanland, Sweden. The samples were taken with a Hiller sampler.
Two levels indicating Neolithic agriculture have been determined. The pollen
analysis has been done and the locality is described by Maj-Britt Florin (1957).
The moss is a small raised bog, 50 m above sealevel. The sediments are freshwater deposits. Coll. 1943 and subm, by Sten Florin, Uppsala Universitets
Mineralogisk-Geologiska Institutions Kvartargeologiska avdelning. Comment:
A comparison with similar samples is given under U-12.

U-16.

Mogetorp

C I

5330 ± 100

Lake dy from a level immediately below the zone border VIE/VIII (Jesblow the beginning of the decrease of the i/linus curve) ; 24 cm lower
senl
iu the sequence than samples li-17 and t27. Comment: 6 = -3.4 /(.
(

5360 ± 100
U-17. Mogetorp C II w
Small wood (Betula) remains in the lower parts of limnic or telmatic peat
from a level immediately above the zone border VII/ VIII (Jessen) (above the
decrease of the Ulmus curve) . Comment: 8 = -3.4c.
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U-27.

Mogetorp

C

II p

5210 ± 100

The peat remaining when the wood for sample U-17 had been selected.
Comment: 6 = -4.6 %.
2. Sealevel changes and strandlines

Littorina series, Sodermanland
Algal mud from Bygdslatten (58° 531/2' N Lat,16° 18' E Long), Bjorkvik
parish, and Kalltorp (59° 51/u' N Lat, 16° 8' E Long) , Julita parish, Sodermanland, Sweden, dating the first Littorina maximum, LI (Littorina-Tapes
maximum), which probably is contemporaneous with the maximum of the full
Atlantic transgression in Denmark. Round axes, which are typical for the maximum, LI, have been found at the localities investigated. All settlements have
been limited by the coastline. The water may have been stagnant in coastal
lagoons, and some of it may have passed calcareous layers, thus causing toohigh ages of the algae. The sediments are covered with peat, the upper part of
which is cultivated. The localities were investigated and described by Sten
Florin (1947, 11958, 1959) and Maj-Britt Florin (1946).
U-43. Bygds itten G
6980 + 120
Green algal mud, 90 to 95 cm below the surface, which is 48.6 m above
sealevel. The highest Littorina limit is about 49.5 m above sealevel. Brackishwater sediment containing Clypeus. The overlying red gyttja also contains
Chroococcaceae. Coll. 1935 and subm. by Sten and Maj-Britt Florin, Uppsala
Universitets Mineralogisk-Geologiska Institutions Kvartargeologiska avdelning.
Comment: 6 _ +4.3 c.

U-41.

Bygdslatten R

6830 + 120

Red algal mud, 70 to 75 cm below the surface, overlying sample U-43.
Coll. 1935 and subm. by Sten and Maj-Britt Florin, Uppsala Universitets Mineralogisk-Geologiska Institutions Kvartargeologiska avdelning. Comment : 6 =

U-42. Kalltorp G
6950 ± 130
Green algal mud, 60 to 65 cm below the surface, which is 52 m above
sealevel. The highest Littorina limit is about 54 m above sealevel. Brackishwater sediment. Coll. 1934 and subm. by Sten and Maj-Britt Florin, Uppsala
Universitets Mineralogisk-Geologiska Institutions Kvartargeologiska avdelning.
Comment: 6 = -8.1 %c.
U-44. Osater

2500 ± 100

Charcoal from Osaier (55° 551; N Lat, 17° 10' E Long), Ltidgo parish,
found in postglacial clay, 50 to 60 cm below the surface. The charcoal constitutes a distinct horizon in the sterile postglacial drift-clay (an allocllthoiious
formation, not contemporaneous with the stone artifacts. Coll. 48 in above sealeel. The phosphate analysis at the level of the charcoal showed a distinct
change from a high to a low content of P2O;, The round axes can be related to
some axes from Mogetorp. Coll. 1956 and subm. by Sten Florin, Uppsala Universitets Mineralogisk-Geologiska Institutions Kvartargeologiska avdelning.
Comment: This sample was pretreated in Stockholm as 5.171 and delivered to
Uppsala as a carbonate. 6 = -1.4 c.
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3. Various geologic samples

3190 ± 70
U-51. Mossberga Mose
Plant detritus filling the brain cavity of a subfossil stag, Cervus elaphus
(L.), from Mossberga Mose (56° 42' N Long, 16° 36' E Lat), Hogsrum
parish, Oland, Sweden. It was found in a semi-liquid detritus-gyttja, underlain
by lime-gyttja. The sample contains remains of e.g. Salix, Carex, Chara, scattered gastropods and lamellibranchs (Bithynia, Valvata, Pisidum). Pollen
analysis indicates the sample to be older than the immigration of Picea and
Fagus in the south of 'Sweden. Coll. 1917 by E. Bergquist; subm. by A. Martinsson, Uppsala Universitets Paleontologiska lnstitution. Comment: outer parts of
the samples were removed. 6 = -3.5 %o.

U-15.

1660

Vasterhejde

± 100

Charcoal (Pinus) in sandy soil, beneath a 60-cm-thick layer of raw humus
at Vasterhejde (57° 34' N Lat, 18° 15' E Long), Gotland, Sweden. The ground
is now covered by Pinus silvestris and Calluna vulgaris. In Gotland one can
find a lot of charcoal, sometimes together with artifacts, in the upper layers of
marshes and in woodland. This sample was the first in a planned investigation
of these localities. Coll. 1957 and subm, by B. Pettersson, Uppsala Universitets
Vaxtbiologiska Institution. Comment: 6 = -0.7 %.

U-26.

535

Visingso

±70

Charcoal together with slag from Bengtsgarden (58° 18' N Lat, 14° 1' E
Long), western shore of the island Visingso in the lake Vattern, Sweden. Found
on sand of the upper beach and overlain by about 1 m morainic talus (clay).
The sample was taken about 1 m inside a re-entrant in a recently wave-cut
escarpment. The intention was to measure the erosion rate. Estimated from
postglacial land uplift to be younger than 900 yr. Coll. 1957 and subm, by J.
Norrman, Uppsala Universitets Geografiska Institution. Comment: 6 = -1.1
%o.

1370 ± 70
U-55. Tonnersa
Sandy soil from Tonnersa (56° 35' N Lat, 12° 581/ E Long), Halland,
Sweden. Sample at about 25 cm below the surface in a layer with humus accumulation (5 to 6% humus). In the same layer but not in sample U-55 there
was charcoal from a time when the vegetation was burnt. The date of the fire is
probably that of the sample; the upper 25 cm of the profile was subsequently
deposited by wind and is now cultivated. The sample was taken as a part of a
crop-rotation experiment. Coll. 1957 and subm, by S. Oden, Institutionen for
Marklara, Lantbrukshogskolan, Uppsala. Comment: pretreatment: HCl and
-3.7 %o.
cold NaOH. 6
IT. ARCHAEOLOGIC SAMPLES

A. India

Rang Mahal series

Charcoal and bone from Rang Mahal (29° 21' N Lat, 73° 57' E Long),
Rajputana, India. The complex is described by Rydh and others (in press).
Subm. by K. G. Eriksson, Uppsala Universitets Mineralogisk-Geologiska In-
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stitutions Kvartargeologiska avdelning. Comment: one sample from this series
has previously been determined by Ostlund (1957), St-192, 1525 ± 70.

U-1. RM I:A 12
18/0±/20
Charcoal found in clay and sand together with artifacts, 3.6 m below the
highest level of the site. The charcoal is assumed to come from a fireplace. Associated ceramics indicate an age of 1500 to 2000 yr. Coll. 1953 by H. Arbman,
Lunds Universitets Historiska Museum. Comment: diluted. 8 = +1.2 %o.

U-52.

1480 ± 70

RM II 4

Charcoal found in clay and sand together with artifacts, 0.5 m below the
surface. The charcoal is assumed to come from a fireplace. Coll. 1953 by
Hanna Rydh. Comment: 8 = +1.0 %.

U-24. RM II 15 0
760 + 100
Organic fraction of bones of a camel found 2 m below the surface. Associated ceramics indicate an age of 1500 to 2000 yr. Coll. 1953 by Hanna Rydh.
Comment: comparison with sample U-23 shows that these two dates must be
rejected. 8 = +4.6 %o.
U-23. RM II 15 00
1570 ± 150
Inorganic fraction of the bones used for sample U-24. Comment: diluted.
8

= +29.7

%o.

B. Egypt

U-5.

Abu Ghalib

3370 + 240

Charred grains from Abu Chalib, IIId 3 (30° 15' N Lat, 30° 56' E
Long), Egypt, 25 cm below the clay surface. The clay is covered by 1.5 m of
sand. The age was supposed to be almost 4000 yr. Described by Larsen (1935,
1941). Coll. 1937 by the Swedish Egypt Expedition; subm, by T. SaveSoderbergh, Uppsala Universitets Egyptologiska Institution. Comment: diluted.
U-4.

Ma`sara 6

3840 ± 150

Charred grains in a big vessel from tomb 6, Ma`sara (29° 54' N Lat, 31°
18' E Long), Egypt. The age is regarded as 4760 + 100 (II dyn.) Described
by Larsen (1940). Coll. 1937 by H. Larsen, Egyptiska Avdelningen, Medelhavsmuseet, Stockholm; subm, by T. Save-Soderbergh, Uppsala Universitets
Egyptologiska Institution. Comment: diluted.

Merimde series
Charred grain, charcoal, and bone from Merimde (30° 19' N Lat, 30° 50'
E Long), Egypt. The culture layers (an old, a transition, and a young period)
are usually supposed to be of the same age (upper layers) or older than Fayum
A, which is estimated to be about 7000 yr old (Caton-Thompson). Merimde
has also been compared with Negada II, (Baumgartel), about 5000 yr. Oldest
period of iNegada ICI is assumed to be about 300 yr older than Ma`sara tomb 6.
Merimde is rich in artifacts. Described by Larsen (in press). Coll. 1931 and
1932 by the Austrian Egypt Expedition; subm. by T. Save-Soderbergh, Uppsala
Universitets Egyptologiska Institution.
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5430 ± 1.20
5550 ± 100
Charred grains, 60 cm below surface. Comment: pretreatment: HCl.
5640 ± 100
U-73. Merimde T 4
The same as U-10, new combustion. Comment: 6 = 0.0 o. Pretreatment: HCI and NaOH.
6130 ± 110
U-6. Merimde 180
U-10.

Merimde T 4

Charcoal, 180 cm below the surface.

5700 ± 700
U-7. Merimde R 1
Charred grains.. 180 cm below the surface. Comment: diluted.
4560 ± 140
U-32. Merimde T 4 o
Organic fraction of bones from hippopotamus, 180 cm below the surface.
Comment: The difference between sample U-32 and U-31 is too large. The
bones must have been contaminated. 6 _ +4.0 °(o.
3630 ± 100
U-31. Merimde T 4 oo
Inorganic fraction of the same bones as U-32. Comment: 6 _ -1-16.8 c.
5580 ± 230
U-8. Merimde A 18
Charred grains, depth not known. Comment: diluted.
U-9.

5970
5940

Merimde Tamarix

± 120
± 100

Charcoal, depth not known but less than 180 cm.
C. Sweden

Vatteryd series, Skane
Charcoal from Vatteryd (56° 1' N Lat, 13° 391/ E Long), N. Mellby
parish, Sweden. The culture layer, 20 cm thick, contains sherds from the Early
Neolithic period. The settlement corresponds to a level immediately al)ove the
pollen-analytic zone border IVS/VS (Tage Nilsson) according to Ingeborg
Tilander (1958). The site is described by Petre and Stromberg (1958). Coll.
1957 by R. Petre and siubm, by H. Arbman, Lunds Universitets Historiska
Museum.

U-46.

Vatteryd

1

'Charcoal from the whole layer. Comment : diluted.

U-47.

Vatteryd 2

6

4555 ± 140
=-1.9 %o.
4690 ± 170

Charcoal from the bottom of the layer. Comment: diluted.

U-48.

Elinelund 71

= -2.9 %o.
5320 ± 210
6

Charcoal and hazel-nut shells from Elinelund (55° 34' N Lat, 12° 55' E
Long), outside Malmo, Skane, Sweden. The culture layer, 20 to 30 cm thick,
contains pottery of Ertebolle type and a few sherds of Early Neolithic type. The
locality is described by Althin (1954). Coll. (1957) by B. Salomonsson and
sul)m. by H. Arbm'an, Lunds Universitets Historiska Museum. Comment: diluted. 6 = -2:9 °'r.
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U-49.

Simris no. 2:43

2650 ± 80

Charcoal from grave 43 at Simris (55° 32' N Lat, 13° 19' E Long),
Skane, Sweden. Of four urn burials inside a stone circle two are dated by a
razor to the fifth period of the Bronze Age (Montelius' system) , and the other
two may perhaps be younger (fifth or sixth period). The sample was found adjacent to the stones of the circle, 50 cm below the surface. Coll. 1950 and subm.
by Bertha Stjernquist, Lunds Universitets Historiska Museum. Comment: S _
-3.0 %o. Some resin from a grave from the fourth period, subm. by Oldeberg,
has been dated by Ostlund (1957) : St-201, 2810 ± 75.

Darsgarde series, Uppland
Charcoal from an ancient site at Darsgarde (59° 43' N Lat, 18° 291' E
Long), Skederid parish, Uppland, Sweden. The complex includes grave-fields
as well as an ancient hill-fort. The fort, its surrounding wall with a gate, and its
buildings seem to belong to the middle of the Iron Age. The coastline of that
time seems to have been 7 or 8 m higher than now. The complex is described
in a preliminary report by Ambrosiani (1958). Coil, and subm, by B. Ambrosiani, Uppsala Universitets Institution for Nordisk och Jamforande Fornkunskap.
U-18. Darsgarde A 4
1640 ± 80
Charcoal from the tower above the gate, probably from the second period
of the wall. Found under one of the stones that had been put there after the
wooden construction had been burnt. Comment: 6 = +0.5 %o.
U-19. Darsgarde wall
1640 ± 70
Charcoal from the oldest layer of the wall, supposed to consist of wooden
cists filled with earth. After this wooden construction had been burnt, a second
and then a third layer were built. The layers are separated by horizons with
charcoal and soot. Comment: 6 = -0.8 %o.

U-53.

Vasterby 5':9

390 ± 90

Charcoal, about 10 cm depth, from Vasterby (59° 51' N Lat, 17° 31' E
Long), Laby parish, Uppland, Sweden. Site 9 consists of an almost circular
stone construction around a boulder. Above the charcoal layer there were
stones, bones, and pieces of prehistoric pottery with a pronounced out-turned
rim. In the neighborhood, however, glazed pottery about 200 yr old was found,
as were some recent iron objects. The site does not seem to have been intact.
The complex is described by Hagberg (1959). Coll. 1957 and subm, by U.
E. Hagberg, Uppsala Universitets Institution for Nordisk och Jamforande
Fornkunskap. Comment: 6 = -0.6 o.

U-67.

Skyttorp boat

975

± 70

Wood from a boat found in the bog Orsmossen (60° 41' N Lat, 17°
421' E Long), Skyttorp, Tensta parish, Uppland, Sweden. The boat, length
about 3.5 m, was made by gouging a coniferous tree. Subm, by Uppsala Universitets Institution for Nordisk och Jamforande Forkunskap. Comment: 6 _

U-50.

Vasteraker axe

2330 ± 90

Wood from the handle of a rocketed bronze axe from Torresta (59° 46' N
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Part of the handle
Lat. 17° 30' E Long), Vasteraker parish, Upland, Sweden.
tilling of a field,
during
detected
was
It
axe.
was still left in the cavity of the
a boggy ground.
was
ago
75
yr
and
lake,
a
of
bottom
the
which previously was
Institution for Nordisk
Coil, by V. Ericsson; subm. by Uppsala Universitets
-2.1
(o.
och Jamforande Fornkunskap. Comment: 6 =

U-66.

Svarvarbo plough

840 ± 70

N Lat, 17° 24'
Wood from a stick found in a bog at'Svarvarbo (60° 1/2'
a V, with
roughly
is
shape
The
Sweden.
E Long), Skuttunge parish, Uppland,
an
preserved,
well
an angle of about 145° between the legs. The wood is oak,
this
which
in
manner
The
there is no doubt that it was finally shaped by man.
Larsen
by
discussed
been
has
plough
stick may have been used as part of a
was found lying
(1925, 1929, 1931), Leser (1925), and Jirlow (1935). It
between the
horizontally in wet, mellow clay immediately below the boundary
bog (Granthe
of
clay and the overlying bog. A pollen-analytic investigation
of the
the
location
if
Age,
Bronze
the
lund) shows that the plough belongs to
plough.
the
with
contemporaneous
was
if
it
and
stick was exactly determined
the bog; subm, by
Coll. 1911 by J. Mattsson and his sons when ditching
Fornskunskap.
UPpsala Universitets Institution for Nordisk och Jamforande

Comment:

U-45.

S

-1.4

/.

Bjornlunda plough

1125

± 70

N Lat, 17°
Wood from a plough found 500 m E of Tibble gard (59° 6'
was deplough
The
8' E Long), Bjornlunda parish, Soderm'an'land, Sweden.
Uppsala
by
Subm,
tilling.
during
soil
tected 20 cm below the surface in muddy
Comment:
Universitets Institution for Nordisk och Jamforande Fornkunskap.
Wood from the plough was subm. by N.-G. Gejvall, Statens
6

= -2.4

%o.

(1959),
Historiska Museum, Stockholm, to the Stockholm laboratory: Ostlund
St-372, 1185 ± 70.
III. INDUSTRIAL SAMPLE

U-40.

Ostrand

85.7 ± 1.0%
recent carbon

1

A/B.
Incrustation from a boiler of the Ostrand factories, Svenska Cellulosa
content
the
Angpanneforening,
Sveriges
Norra
och
At the request of Mellersta
from cellulose or
of organic carbon in the crust, which could be derived either
Arnbom. Comby
L.
Subm,
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6
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IV. ATOMIC BOMB EFFECT

only for
All values are related to the Uppsala reference sample corrected
corrected
the
over
percent
in
excess
the
decay due to 'age. The results give

reference sample.

+8.2 ±
U-29. Bones 57 o
in Sweden in
grown
had
which
pig
a
of
bone
a
from
Organic fraction
1.0%

100
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1957. Comment: this bone was treated to give experience with bone.
The
activity was measured as a check of the two fractions. 6 = -1.4 goo.

C'

U-28. Bones 57 oo
+ 10.7 ± 1.0%
Inorganic fraction from the bone used for sample U-29. Comment: 6
=

+6.7

%o.

U-65. Typha 57
+10.2 ± 0.8%
Typha latifolia from Ekensberg (59° 4812' N Lat, 17° 34%' E Long),
Uppsala, Sweden. The plant was gathered about August 1, 1957 by
the author.
Comment: S = -2.7
V. CROSS-CHECk SA1\IPLES

U-20, and
U-75.

Ruds Vedby

10,830 ± 130
10,680 ± 130

Wood from Ruds Vedby (55° 32' N Lat, 11° 22' E Long),
Sjaelland,
Denmark. The wood was collected at the zone border Allerod/Younger
Dr as.
Subm. by H. Tauber. Comment: 8 = -2.6 %o. Wood of the
same origin has
been dated by others: Anderson, Levi, and Tauber (1953),
K-101, 10,890 ±
240 (solid carbon) ; Suess (1954), W-82, 10,260 ± 200;
W-84, 10,510 ±
180; Munnich (1957b), H-105-87, 11,500 ± 300; Ostlund
(1957), St-18,
10,200 ± 300 (solid carbon), Barker and Mackey (1959),
BM-19, 11,333 ±
200.

U-68.

Lago di Nemi

1980

± 70

Wood from Roman ships at Lake Nemi (41° 43' N Lat, 1°
34' E Long),
Italy. The ships are attributed to the Emperor Cali ula
g
( a.n. 37 to 41). S u bm.
b Y C. Cortesi and F. Bell, a, Carbon-14 laboratory,
Rome. Comment: 6
+0.1
%o. Wood of the same origin has been dated by
others: Ballario and others
(1955), 2030 ± 200 (solid carbon) ; Nydal and Sigmond
(1957), T-9, 1880
± 130; Ostlund (1957), St-103, 2010
±
65; Barker and Mackey (1959),
BEM-1'5, 2080 ± 150; Godwln and
Willis (1959). Q-112,1904 ± 95.

-

U-69.

5t. Walburgkerk

1095

± 70

Wood from a church at Groningen (53° 12' N
Lat, 6°
Netherlands. Subm, byY Hi. de Vries University of Groningen. 36' E Long),
-2.9 %o. Wood of the same origin has been dated by others Comment: 8
: de Vries and
Barendsen (1954), mean value 980 ± 50; Tauber
(private communication )'
K-143, 1180 ± 120; NY dal and Sigmond (1957),
T-29, 1050 ± 100, Munnich (1957b), H-8-7, 1245 ± 130; Shutler and Damon
(1959), A-81A, 925 ±
230 and A-81B, 870 ± 110; Olson and Broecker (1959),
L-292, 1250 ± 150.

-

U-57.
U-76.

Heidelberg labeled reference sample

10.373
10.336

± 0.040 x
± 0.040 x

Labeled sample distributed by K. 0. Munnich.
The result given is the
ratio between the activity of this sample and the U
sala refer
corrected for decay due to age. U-57 corresponds to measurements
made in the
spring of 1958; U-76 to measurements made during
the autumn of 1958.
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CARBON-14 DATING IN PISA
G. FERRARA, M. RE;INHARZ, and E. TONGIORGI

Istituto di Antropologia e Paleontologia Umana, Universita di Pisa
INTRODUCTION

About three years ago a laboratory was set up in Pisa for the study of
geologic and paleontologic problems with the help of modern nuclear techniques. The two main items of the first program were the construction of a
mass spectrometer for paleotemperature measurements and of a carbon-14-

dating apparatus.
Financial support for the construction and equipment of this laboratory
was given to the University of Pisa by the Administrative Councils of the towns
and provinces of Pisa, Livorno, and Lucca. At present the laboratory has increased its activities by welcoming and housing also the Laboratory of Nuclear
Geology of the Comitato Nazionale per le Ricerche Nucleari (C.N.R.N.) . The
construction of the mass spectrometer and carbon-14-dating apparatus was
made possible by the generous collaboration of the Physical Institute of the
University of Genoa. The Society "Terni" has kindly supplied the necessary
iron for the construction of the C'' shield.
Our carbon apparatus as put into use about a year ago. Together with a
short description of our experimental setup, our first carbon dates are given
here, including measurements of charcoal, wood, and some shell samples. The
measurements of shell samples will be reviewed in a later article.
Counter design and electronic apparatus.-Our counter is made of a re(tified stainless steel tube with a diameter of 6.5 cm and has a total capacity of
about 1.8 liters. The tungsten central wire of 0.1 mm diameter is fastened to
two Pyrex insulators which close the counter by means of 0-ring seals. The
metal leads for the attachment of the central wire are soldered to the Pyrex
insulators with Araldit. Care has been taken to obtain centering of the wire
within 0.1 mm. A gas pressure up to 5 atmospheres can be used. The proportional counter is surrounded by 18 G.M. counters for anti-coincidence shielding.
The whole arrangement is placed in an iron shield of about 30 cm thickness.
The electronic apparatus, constructed wholly by ourselves, consists of a
negative high voltage sripply up to 9000 volts, a linear amplifier with a rnaxinlnm amplIuical.ion of 20,000, an integral discriminator, the usual anti-coirncideuce arrangement, anal a sealer. Overloading of the amplifier by large
impulses is avoided by limiting all impulses greater than 1.2 volts at the entrance of the second feed-back loop. The amplifier has, at an amplification of
10,000, an output noise of about 0.5 volts. The counting rate of the Geiger
counters, arranged in two separate channels, can be controlled on two integrating instruments.
Filling gas.-The filling tube of the proportional counter is connected directly to the chemical line which we built originally to allow the preparation
of two counting gases, acetylene arid C02, independently. Our preparation
method of CO2, as well as results obtained, will be described in a later article,
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as we are still working on it. All the dates given in this article have been obtained with acetylene counting.
We encountered no difficulties with acetylene prepared as described by
Suess (1954). Charred wood samples are treated in the usual manner before
combustion and subsequent preparation of the carbide. Wood samples are first
carbonized in a hard glass tube in order to avoid deposition of the heavy combustion products in the combustion line. We have compared, with our mass
spectrometer, the C13/C12 ratio of CO2 obtained in a complete combustion with
CO2 obtained after carbonizing the wood sample, and we have not found any
important difference.
Shells are first washed in dilute HCl for a few seconds and then crushed
and roasted in a stream of oxygen at a temperature of 400°C for about one
hour in order to burn the organic matter. The CO2 is then liberated with acid
and passes through an acid solution of KMn01 before absorption in ammonia.
In order to obtain about 2 liters of acetylene at a filling pressure of 720
mm, we found it necessary to use 60 g of strontium carbonate for the preparation of the carbide. This indicates a rather low yield, the reason for which we
do not fully understand. We have, however, controlled the constancy of our gas
yield. The gas prepared in this way was found to be radioactive due to radon
and required storage for about one month before measurement.

300

200

100

0

4000
4500
5000 volts
Fig. L Meson activity as observed in the proportional counter filled with C2H2 at a
Pressure of 720 mm.

/ .l/)eru1lerital /)roredure.----A gas pressure of 720 mm is used in all cases ti
in which a sufheient quantity of sample is availalle. We are working with an
aniplihcatiou of 10,000 and a discriminator setting corresponding to 2 my at
the input of the amplifier. A typical counter characteristic for the meson
activity is shown in figure 1. Our plateaus are generally about 300 volts long
and have a slope of less than 0.03% per volt. The plateau is determined every
time before measuring a sample in order to be sure that our working point has
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remained unchanged. The total Geiger count, which in our case is about 2800/
min. is determined before and after each measurement.
Our background is 20 counts/min and the iiet effect for the living sample
19.2 counts/min. The background, which is rather high in comparison with
what has been obtained by other stations (see Olsson, 1957), is probably due
to the counter material. We have another counter in construction which we
hope will give us a considerably lower background. The fluctuations in the
background counts are rather small, as can be seen from Table A in which 12
background measurements made in a period of 2 months are set forth.
All samples are measured for at least 24 hours; the background is counted
after every four sample measurements. The register of the sealer counting the
proportional counter impulses, as well as the integrating instruments for the
Geiger count, are photographed every hour. The counts per hour are then
analyzed statistically to insure that the variations are within statistical limits.
The errors given are standard deviations, the contributions of the background
and of the living sample to the statistical error are included. Our error does not
include a possible error in the half-life of C'4. Because of the Suess effect
(Suess, 1953), all ages are too low, but a correction will be applied as soon as
a value for the living sample has generally been agreed on.
'1'ABLr A

Background measurements made with gas from three different preparations (marble,
shells, and coal) during two months.
Background, counts/min
Date
7,
1958
January
19.82

16, 1958

"

26, 1958
31, 1958

February 3, 1958
5, 1958
7, 1958
9, 1958
11, 1958
16, 1958

22, 1958
26, 1958

Mean: 20.07 ± 0.04
The arcliaeologic samples are given in Table I, and geologic samples in
fable 11. All ages are given in radiocarbon years B.P.
For the value of the living shell we have chosen the mean of three measurements listed in Table B, obtaining a mean of 1.02. We have calculated the
ages of all shell measurements by multiplying [lie ieceut wood count by 1.02.
Species

Patella coerulea
Venus galling
Murex brandaris

Tsui,e B
Ratio of living shell count
to recent wood count
1.016
1.009
1.028

Provenience
Livorno
Viareggio
Gaeta
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I. ARCHAEOLOGIC SAMPLES

Pi-23.

Gratta di Ortucchio, Italy

12,619

+ 410

Charcoal found in 1957 by A. M. Radmilli during excavation of a deposit
in Ortucchio Cave, 20 km SE of Avezzano, Abruzzo (41° 57' N Lat. 13° 39'
E Long) . The remains of food consist of bones of birds and small mammals,
nearly all young individuals, evidently captured with traps. This has led to the
assumption that the cave was inhahitated by men with a Mesolithic culture.
The stone industry is slightly different from that of the Upper Paleolithic in
the same region, which, however, is always found together with remains of
food consisting of bones of large mammals (Cervus, Equus, Sus, Bos) . The
sample having been taken in the lowermost part of the cultural layer, the carbon date can be considered representative of a rather early phase in the acquisition of the new form of economy (early Mesolithic) . The hearth from which
the sample has been taken was covered by 2 m of earth with some stones. The
deposit continues for many meters underneath. Subm, by A. M. Radmilli,
Museo Preis'torico L. Pigorini, Roma.

P1.10.

Grotta La Porta, Italy

8619 ± 200

Shells (Patella) found iii 1956 during excavation by A. M. Radmilli in
La Porta Cave. 500 in E of Positano. Campania (40° 38' N Lat, 14° 29' E
Long) . The shells, present in the deposit in great quantity, represent remains
of food and characterize the Mesolithic economy of the settlements on the sea
coast, (Radmilli and Tongiorgi, 1958). The layer from which the sample was
taken, about 1 m beneath the surface, consists of red earth washed in from the
outside, mixed with ashes from hearths. At present the cave is completely dry;
in the past, however, water dripping from the cave top has deposited a layer
of dripstone on the surface of the deposit; the water, however, did not penetrate the layer containing the shells. These are perfectly preserved, without incrustations and with a high content of organic substance. Subm, by A. M.
Radmilli, Museo Preistorico L. Pigorini, Roma.

Pi-28.

Petescia, Italy

5398

+

145

Carbonized acorns from the Middle Neolithic layer, at a depth of about
4.5 m in the colluvitim accumulated in Ottara Valley at Petescia, 2 km NE of
Cittaducale, Lazio ( 42° 24' N Lat, 12° 59' E Long). The deposit consists mostly of red earth alternating with layers containing many stones. The acorns were
10un(l during an excavation in 1951 conducted by M. 0. Acanfora. Museo
11i'istorico
Pigorini, Roina, who Nul>mitted the sample ( A(anbra. 1956) .
1

.

kola Virginia series, Italy
1Vooden platform of a lake dwelling constructed at the time of the first
human settlement during the Middle Neolithic period in Virginia Island, Lake
of Varese, Lomhardia (45° 19' N Lat, 10° 43' E Long). Excavation in 19561957 by M. Bertolone, Museo Civico, Varese, from whom the samples were
obtained. For some preliminary notes on the archaeologic site see Mirabella
Roberti (1955) and Bertolone (1957).

Pi-4. Isola Virginia 1
5534 + 144
Part of a great trunk underneath the wooden layer forming the platform.
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in a layer consisting mostly of
The wood, iperfect]y ipreserved, was contained
construction of the platform.
the
during
plant materials accumulated by men
followed by another cultural
clay
of
cm
20
The latter is covered with about
from that of the platform
layer of black earth of an age not very different
ancient layers from the
more
the
A layer of sandy earth separates
shows a maximum of
1955)
Pasa,
recent humus. Pollen analysis (Durance
been taken, followed in the direcAb ies in the layer from which the sample has
of Quercus and then by a new
tiori of the surface by an increased amount
Pinus and Quercus start to
layer
maximum of Abies. At the base of the sandy
increase.
5326 ± 180
P1-38. Isola Virginia 2
beneath
immediately
platform
the
Sample taken from the wooden floor of
the clay layer.

underneath.
Average: 3475

± 86

Crete
P1-15..
position, is thought to
Charcoal from a beam which, from its stratigraphic
during the burning of the building
have belonged to the First Palace charred
wooden structure belonged to the first,
Jevi 1956 . It is not clear whether the
phase. In any case the radiocarbon
r more likely.. to the second architectural
on the base of the current archaeoexpected
date is about 500 yr younger than
kept for about 3 years without spelogic chronology. The charcoal sample was
contamination with recent carbon
cial care, but, as it consisted of large pieces,
twice with gas from two indeseems improbable. The sample was measured
Archaeologica Italiana,
Scuola
Gerra,
C.
pendent preparations. Subm. by
1

Athens.

P1-15A.

Pi-15B.
Isolone del Mincio series, Italy

3470 ± 120
3480± 120

which had been
lake dwelling w
An island formed at the site of an ancient
(Mantova),
Mantovana
Volta
of
E
km
4
River
constructed in the Mincio
consists of
layer
E Long). The surface
LOmbardia (45° 19' N Lat, 10° 43'
underneath
layer
The archaeologic
stones and some sand with little vegetation.
containing ceramic and bronze
consists of sandy earth rich in organic matter
culture. This layer is at
Polada
the
following
ob1ects pertaining to a culture
Excavated by the ``Sopriritenpresent beneath the low-water level of the river.
Hobertl, 1956b l . Samples
denza ant ieliita delta Lomlardia, 195(1 (Mirabeila
Umana dell'
Paleontologia
e
Paletnologia
F. Rittatore. (;abinetto di
5111)111.

by
,

Universita, Milano.

3333 ± 115
Pi-25. Isolone del Mincio 1
of the lake
habitation
of
phase
first
Part of a wooden paling from the

dwelling.

3100 ± 113
P1-26. Isoloi e del Mineio 2
lake dwelling.
the
of
habitation
Portion of a trunk from the third phase of

P1-18.

Torre Paola, Italy

2176

± 105

the southern slope of Mount
Shells (Murex) found in a shell heap on
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Circeo, Lazio (41° 13' N Lat, 13° 2' E Long).
The shells represent remains
from a purple-extracting industry of the 1st century
B.C. The s
covered with only
olll little sand and is exposed to rain and to
runoff over the calcareous mountain slopes. The sample was measured
to see how much the date
of a shell sample, preserved under unfavorable
conditions, differs from the expected one. Subm, by E. Tongiorgi.

Pi-22.

Baratti, Italy

± 105
Wood from a wrecked ship buried in bottom
clay of Bay of Baratti Toscana (43° 0' N Lat, 10° 30' E Long). Due to
the richness
Etruscan archaeologic material around the wreck,
a sample has been dated to
ascertain whether it would be of interest to remove
the clay and possiblyy
the ship. Since the sample was in a veryr poor
state of ppreservation,
res
full
of marine fauna, we are not sure that we
have eliminated all contamination
with recent carbon. Our date, therefore, gives only
a lower limit. Subm, by
y A.
Olschki and G. Marlnelli, Istituto di Mineralogia
dell'Universita Pisa
1847

Fiumicino series, Italy
Wood, and a related shell sample, from the Port
of Fiumicino, 7 km W of
Ostla (Roma), Lazlo (41° 46' N Lat, 12° 15'
E Long built by the Roman
emperor Clalldius (10 B.C.
s.c to 54 AD.). Sample Pi-3A was well preserved
wood
from one of the boards of the frame used in
constructing a pier coil
about 5 m beneath a layer of sand during excavation
directed by G. Iacopl.
Sample Pi-3B was shell (Mactra) from the same
excavation, and its date probably differs little from that of the construction
. Subm, by A. M.
Radmllll,
y
Museo Preistorico L. Pigorini, Roma.

),

Pi-3A.

Pi-3B.

Fiumicino 1, Wood
Fiumicino 2, Shell

1863

135

2160

145

II. GEOLOGIC SAMPLES

P1-6. Fuersteiner, Switzerland
10178 + `100
Tree stump exposed by- an ancient landslide, and
dating an epipaIeolithic
culture at Burgaschisee (47° 11' N Lat, 7°
39' 40 E Long) near Seebe rg'
Canton Bern. Sample dated also bby H. Oeschger,
Physics Institute, University
of Bern, as B-16,10,200 ± 200 (Oeschger,
1959).

Pi-S. Molverio, Italy
2908 +
_ 153
'free trunk from a submerged forest emerged in
1951 during draining of
Lake Molveno, 15 km NW of Tren to (46° 0 7'
N Lat ,10° 57' E Long). A study
of the wood anatomy, of leaves, seeds, and
}pollen grains (Fagus 40
o, Abies
20%. 1'icea, 4uerclrs, .hru,,, 'I'a:a,S, Laria Pinra,
,
its
about
6%) shows a predominance of li'agns, which spread 'through
the region of 11f,llto at [lie BGgllluilig of the Bronze

Age. Its maximum, based on arehaeologie
evidence as about
1000 to 800 B.(:.; local finds of Iron Age pottery
seem to confirm this date. 011
the other hand, the forest is certainly , pre-Roman,
since the existence of the
lake in the Roman period seems established.
Subm, by V. Marchesoni, Museo
di Storia Naturale, Trento.
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St. Michel en I'Herm, France

Pi 19.

892

±

100

(now almost completely de
Shells (Ostrea) from two large shell heaps
Dept. Vendee (46° 22' N Lat, 1°
red situated at St. Michel en 1'Herm,
stroyed
coast; indicated on the Geologic
15' W Long) about 7 km from the present
Compte) as "buttes des chaudes".
Map of France (Sheet 141 50: Fontenay Le
the stratigraphic position and
1957,
When the sample was sent in November,
under discussion. After the measconsequently the age of the deposit were still
a test pit, as well as further oburement was done M. Ters communicated that
to interpret the deposit as o
him
servations made at the same time, have led
a dump of an oyster-packing
be
to
thought
artificial origin. The deposit is now
of St. Michel en 1 Herm.
abbey
the
of
monks
the
industry probably set up by
heaps confirm our date. The
Coins from 11th to 13th centuries found in Ostrea
to weather, especially to
exposed
deposit was not covered and was consequently
1957 and subm, by M.
Coll.
region.
this
sea winds which are very strong in
(Seine et Oise), France.
Ters, 72 Rue Henri Regnault, Saint Cloud
T

La Caserne, France

Pi-20.

1968

± 110

the river bed of the Sevre
Shells (Ostrea) inclosed in mud from beneath
same as for the previous
the
map:
(geologic
Niortaise 2 km from the estuary
(46° 18' N Lat, 0° 48 W Long). State
sample, 10 km E of Marans, Vendee) C14
date indicates that the altitude of the
of preservation better than Pi-19. The
since the Gallo-Roman period.
same
river bed has remained essentially the
France.
Cloud,
Subm. 1957 by M. Ters, Saint

Plain of Pisa series, Italy

for water. The study of
Samples obtained from borings made in the search
as well as the study
view
of
rous borings from the sedimentological point
numerous
of the history
reconstruction
allowed
of the microf auna and pollen grains has
E. Tongiorgi
by
published
be
soon
will
of the formation of the plain. This study
Tongiorgi.
E.
by
and collaborators. All samples subm.

26,364 ± 1405

Pi-7A. Piazza del Duomo, Pisa 1
in the square of the
Shells (Cardium) from depth 30 m in a boring
level, in which pollen
The
Cathedral of Pisa (43° 43' N Lat, 10° 24' E Long).
Quercus, is near the
little
very
grains of Pinus and Abies are dominant with
as due to
interpreted
level
a
bottom of a thick layer of lagoon clay, underlying
the
lagoon
the
of
formation
the
Before
HI.
lowering of sealevel during Wurm
del
Torre
km NNW of Pisa at
plain was covered by dunes; in these dunes 15
been
has
Mousterian industry
La,go (Blanc Setteipassi, and Tongiorgi, 1953),
found.

Pi-7B.

Piazza del Duomo, Pisa 2

6892

± 260

same I oring as Pi 7A., at a
Shells (Cardiulu) from depth 11.5 in in the
of Quercus (dominant),
grains
pollen
with
lc<<1 near the toEi of the lagoon clay,
all the pollen grains be.
nearly
which
in
levels
Ab ies, and Alnus between two
domi-

climatic phase, with Quercus
long to Pinus. The depth of deposits of this
been used to determine the value
nant, easily recognized in pollenn analyses, has
the plain.
of the subsidence in the various points of
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P1-21.

Tombolo

6659

Pi-35.

Marina di Torre del Lago

8940 +

P1-13.

Ponledera

± 153
Shells of various species in a beach sediment at depth
22 m, 7.5 km SW
of Pisa (43° 40' N Lat, 10° 20' E Long), about
halfway between Pisa and the
present coast. The sediment was deposited at the end
of the climatic phase of
P1-7B, as demonstrated by pollen analysis.
273
Shells of various species found at depth 47 m, 16
km NW of Pisa 43° 49'
N Lat, 10° 16' E Long), about 400 m from the
present coast.

3767 ± 115
Part of a trunk found during construction of a canal
at depth 2 m near
the town of Pontedera (43° 40' N Lat 10° 38' E Long).
bThe sample with other

numerous tree trunks was contained in alluvial sand
deposed
characterized by an increase of Quercus after a period in a climatic phase
in which Pinus was
dominant and the zone was a lagoon.

P1-30.

Lavandone

± 105
Shells (Cardium) found at depth 1 in. The sample,
deposited a little later
than the climatic phase of Pi-13, indicates the date of
the end of the lagoon in
this locality, 11 km S of Pisa (43° 37' N Lat, 10°
25' E Long) . The lagoon,
more and more reduced became tll
the Port of Pisa in Roman and later times.
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LAMONT RADIOCARBON MEASUREMENTS VI*
WALLACE S. BROECKER and EDWIN A. OLSON
New York
Lamont Geological Observatory (Columbia University), Palisades,
contains
In contrast to previous radiocarbon measurement lists, this list
The
years.
ten
past
only known-age samples, most of which formed during the
disthe
of
understanding
an
gain
measurements were made largely in order to
and
today
both
reservoir
carbon
dynamic
the
tribution of radiocarbon within
do not
at times in the past. Since all materials forming in this reservoir today
to
order
in
C14/C12
necessary
is
ratio, such an understanding
have the same
submitted
samples
of
the
age
of
arrive at the most accurate possible estimate
<100
for dating. This is particularly important when high accuracy (i.e.,
when
attemptalso
and
samples
grown
subaerially
on
required
is
years error)
than the
ing to extend the method to samples which formed in reservoirs other
systems).
freshwater
atmosphere (for example, the ocean and
The data in this list are not reported with the idea of drawing new conelsewhere.
clusions, for such conclusions as are possible have been reported
(1)
advantages:
However, republication in such a list as this has the following
world
the
manner,
this
in
if all laboratories summarize their measurements
in
data on C14/C12 ratios in contemporary materials will be brought together
referencby
(2)
units;
of
system
same
the
in
and
form,
same
the
in
one place,
a
ing the technical articles in which the data are discussed, the lists will act as
directtransferred
be
will
summaries
the
(3)
bibliography for such literature;
allowly to the punch cards published by Radiocarbon Dates Association, Inc.,
such
(4)
and
data;
the
available
of
coverage
uniform
and
ing a more complete
otherwise
lists encourage the publication of isolated measurements which might
remain in the files of individual radiocarbon laboratories.
EXPRESSING NATURAL RADIOCARBON VARIATIONS

In preparing this list the problem of the best way to express natural radiocarbon variations was carefully considered. A preliminary plan was submitted
felt that
to a number of laboratories for criticism. Although a few investigators
or argeologist
average
'the
to
useful
be
to
the form chosen was too complex
suggesNumerous
plan.
general
the
of
favor
in
were
chaeologist, the majority
tions for changes in detail were made, some of these being adopted and some
the eyes
rejected. Even though the system adopted here may not be perfect in
way
standard
the
of some investigators, it is hoped that it will be accepted as
C14 data on contemporary materials. The many advantages of a
of presenting
of
universal system should far outweigh the differences in opinion as to details
form.
a
The technical details of the system are given below. Following these is
which
of
purpose
the
variations,
radiocarbon
natural
of
sources
section on the
the system and
is to demonstrate to the nontechnical reader the advantages of
how it may be used.
Y
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Ideally a tabulation of absolute radiocarbon measurements would be the
best way to illustrate C14/C12 ratio differences among a series of samples. As
a
consequence of numerous possible systematic errors, however, absolute radiocarbon measurements are exceedingly difficult to make, and so it is more
practical to express results as a percentage difference from a universally accepted standard. In this paper, as in most isotopic work, this is done
through
t h e 6 term, ' defined for the isotope C14 as follows:
Csa1nieCstafl(1ard1
60 14 =
X 1000
(1)
-standard
I
[
C14
where C denotes
concentration in any convenient units. Since a factor of
1000 is used instead of 100, 6014 is expressed in per mil, not percent.
In order to obtain radiocarbon concentrations, laboratories first measure
activities-that is, C14 disintegration rates in a fixed quantity of carbon. Since
the activity measured is directly proportional to the C14 concentration,
it is
convenient to use the directly measured activities in place of concentrations.
Equation (1) then becomes:
8014

=

[A_AO]

X 1000
(2)
A°
where A stands for C14 activity, " denotes sample, and 0 denotes
standard.
The purpose of a series of 6C" values calculated by equation (2) is to
focus attention on the differences, in hope of understanding
the factors which
create inhomogeneities in the distribution of C14 throughout the
dynamic reservoir.2 Obviously, one possible explanation is simply that different
samples have
had different periods of C14 decay-that is, they were formed
at different times
in the past. By use of the standard radioactive decay equation,
it is possible to
convert measured sample activities to those that existed when
the samples
formed, thereby eliminating the age effect as a cause of 8014 differences.
This
will be referred to as age correction and is made by using
the following equation:

A
Ai e At
where A* is the age-corrected sample activity which one uses
in equation (2),
AM is the measured sample activity, A is the C14
decay constant, and t is the
period between sample formation and activity measurement.
In equation (2) nothing specific was said concerning the reference
standard. Although its selection is arbitrarily made, there are several
requirements
a good standard ought to meet:
x

Use of this term should not obscure the simple concept it
expresses. The statistician who
says that John Doe makes 5% less money than the
same concept even though he does not call the figureaverage American is expressing the
term, it would actually be -50, the minus sign denoting5% a 6 term. If he did use the 6
a value below standard and the
10-fold increase expressing per mil instead of percent.
All the carbon in the Earth's crust can be considered
as divided into two reservoirs. The
dynamic reservoir consists of (1) the atmosphere,
the oceans and other water bodies,
and (3) organic matter either living or undergoing(2)
decay. The dormant reservoir consists
mainly of deposits of coal and oil, limestone and dolomite
beds, and the organic fraction of
shales. Within the dynamic reservoir, various mixing processes
allow cosmic-ray produced
radiocarbon to be distributed to all parts, replacing that
other hand, the dormant reservoir, having had no access lost by radioactive decay. On the
to fresh radiocarbon for millions
of years, has lost by decay any carbon-14 once present.
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it should be universally accepted.
should be reliably uniform and readily available in sufficient quantiIt
2.
ties over a long period of time.
it is to be
3. It should he invariant with time in the property for which
a standard.
to for
4. It should be a standard that one naturally and logically looks
comparison.
At the present time the first two very practical requirements are adequately
of
met by the oxalic acid C" standard distributed by the National Bureau
measured
the
modifying
by
met
be
can
requirements
Standards. The last two
oxalic acid activity in ways described in the following paragraphs.
reBecause the C14 activity of oxalic acid decreases with time, the third
measured
the
converting
by
met
be
can
it
but
quirement is not met directly;
the foloxalic acid activity to what it was on January 1, 1958. This is done in
lowing equation identical in form to equation (3)
1.

e

'

(4)
-- Aox
C1' activity, Ax is the measured
acid
oxalic
where A'x is the age-corrected
activity,3 and t' is the time between January 1, 1958 and the date of measurethe
ment. Since the half-life of radiocarbon (equal to .693/A) is 5570 years,
number
a
for
negligible
be
will
correction of measured activities to obtain A'0a
laboraof years, the exact number depending on the sensitivity of an individual
equipment.
tory's measuring
The fourth requirement for a good standard undoubtedly involves the most
subjectivity. Nevertheless, if practical aspects were not considered, most radiocarbon workers probably would suggest as a standard their own modern control
samples, most of which are woods grown in the 19th century. After age correction the activities of these woods ought to be about the same (i.e., to within 10
per mil). When age-corrected, the Lamont modern control-1890 oak woodhas a C14 activity about 95 percent 'of the N'BS oxalic acid standard (as measured in 1958). Consequently, it is suggested that A°, the standard activity in
equation (2), be obtained by multiplying the measured oxalic acid activity by
equa.950, allowing, of course, for age correction back to January 1, 1958. In
as
related
l)e
will
(Ax)
activity
acid
oxalic
measured
the
tion form, A° and
follows:

(5)
e 'fit
of
date
the
1,
and
1958
January
between
time
is again the elapsed
A°

=

.950A'0a

=

.950A0

where t'
measurement. The use of the factor .950, based on Lamont 1890 oak wood, does
not imply that the Lamont modern control is superior to control samples used
by other laboratories. It merely represents an attempt to place near zero the
laboratories.
8014 values of modern control samples used by most radiocarbon
representative
more
a
is
.945
or
.955
that
disclose
to
were
work
future
Even if
factor, such a second-order correction would not merit changing the .950 factor
adopted here.
during
is the measured activity provided that no isotope fractionation has occurred activity
the
laboratory preparation of the counting gas. If fractionation does occur, A0X is
after corection for isotope fractionation.

s A0

114

Wallace S. Broecker and Edwin A. Olson

After standard selection, age correction of sample activities, and calculation 'of 8014 values, it remains to explain the differences among such values.
One cause is isotopic fractionation during sample formation or during preparation for activity measurement. Fortunately it is possible to make a precise correction for this source of variation and thereby obtain a new term, called oC14,
which is independent of fractionation. This is done in an operation called
"normalization to the same C13/C12 ratio"; it leads to the following equation:
QC14

+--)
8014

= 8014 - 28013

1000

50.0

(6)

Details of the normalization procedure and of the derivation of equation (6)
are given in the Appendix, while 8C13 is discussed below. At this point it is
sufficient to say only that C14 values.. defined in terms of the above
equation,
are equivalent to 8014 values except that fractionation has been removed as a
source of difference among samples.
If in the transfer of a chemical element from one phase to another the
istotopic composition of the portion transferred differs from that of its source,
isotopic fractionation has occurred during the process. In the case of
carbon
(which is 98.9 percent C12, 1.1 percent C13, and about 10-10 percent C14) there
is a difference in the extent of fractionation among the isotopes, as first
pointed
out by Craig (1953). For example, if a wood sample grows with a 20
per mil
lower C13/C12 ratio4 than its source, the atmosphere, it will have a
per
40
mil
lower C14/C12 ratio than the atmosphere. Rafter (1955) obtained the first
experimental verification of this difference in natural materials. Normalization,
then, is simply an adjustment of a sample's living C14 activity to a level
equivalent to the C13/C12 ratio of a hypothetical dynamic reservoir having uniform
a
composition of the two stable carbon isotopes. Whether the adjustment is up
or
down depends on whether the sample is poorer or richer in C13 than
the hypothetical reservoir.
In this paper all 613 values are based on the belemnite standard of Craig
(1957b). Although this standard is not universally available, Craig has carefully intercalibrated it with C" standards used by other investigators.
As yet,
no direct intercalibration has been made between the belemnite standard
and
the NBS oxalic acid, but individual radiocarbon laboratories having
mass
spectrometers may do so indirectly using one of the other C13 standards.
For laboratories without access to a mass spectrometer, it is suggested that
8C" values for samples he estimated from literature data on samples of
similar
type (e.g. Craig, 1953). Such 6C1 estimates, together with the oC'4
values
calculated from them, should he denoted by some such scheme as enclosure
in
parentheses. Errors affixed to such 6C1and .C1' values should
reflect the
6C" spread indicated in the literature for a given sample type. Although
this
In the same manner that 6 C14, defined by equation (2), indicates
relative radiocarbon
C13
C13/C"
concentrations,
L

4

so 6

(see Craig, 1953)

expresses

:

6C'3

_

variations through the following similar equation

Rsample

-

Rstandard

Rstandard

X

1000

(7)

where R stands for the ratio C13/C" as measured on the mass spectrometer.
It is 6073 which
is actually used in normalization; see equation (6) and
the Appendix.
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scheme is certainly not satisfactory when high precision is necessary (approxiC1
mately 3 to 8 per mil), it will be useful in dealing with problems where
larger.
much
differences are
In equation (6) defining oC'4, the constant term 50.0 may cause some
question. Just as age-corrected 19th century woods were made to have a 601.4
value approximating zero, so introduction of the constant 50.0 into equation
(6) puts the DC14 values of these woods near zero. Although the added constant
one
is not strictly necessary, its inclusion creates a more convenient oC14 scale,
values.
C14
individual
that generally should give immediate significance to
T

SOURCES OF VARIATION IN OC14

What can be learned from radiocarbon data expressed in terms of OC14
values? The following section is designed to answer that question for those not
familiar with the technical aspects of carbon-14 dating. Although the discussion
must not be considered as "do-it-yourself instructions" for patching up apparently anomalous radiocarbon dates, it should serve a twofold purpose: (1)
dates and
to point up certain factors that control the accuracy of radiocarbon
control
valuable
of
selection
the
(2) to guide archaeologists and geologists in
samples.
In order to compute a radiocarbon age, the OC14-and thus the initial
C14/C1`' ratio-of the material to be dated must be estimated. Normally this is
done by measuring OC14 in a similar material formed at a known time and in
a similar environment. The accuracy of the age obviously depends on the accuracy of the oC14 estimate. An error of 1 percent in the estimate (10 on the
per mil scale) will introduce an error of 80 years in the age of the sample; one
of 20 percent (200 per mil) will introduce an error of 1800 years. Obviously,
then, it is important to consider what factors are theoretically capable of producing QC14 variations in sample materials and to measure the QC14 values of
samples representing different environments and different times in the past.
From the standpoint of precise radiocarbon dating, it would be ideal to
find the same QC14 value for all samples regardless of age and growth environment. However, small C14 differences do exist, demonstrating (1) that the
Earth's radiocarbon is inhomogeneously distributed at the present time, (2)
that the pattern of inhomogeneity may have been different in the part, and
(3) that the total amount of terrestrial radiocarbon has perhaps varied significantly in the past. Regardless of which of these three situations is directly involved, there are two ultimate causes of QC14 differences:
1. C14-free carbon transferred from the dormant carbon reservoir and
cosmic-ray-produced radiocarbon are not mixed instantaneously throughout the
dynamic reservoir.
2. the rates at which these two types of carbon are added have varied
with time.
In the following paragraphs several aspects of these two causes are discussed
and illustrated with examples from the literature.
The most serious problems in the choice of accurate control values for
dating are due to the first cause-finite rates of mixing within the dynamic
carbon reservoir. The first problem to be considered involves newly produced

116

Wallace S. Broccker and Edwin A. Olson

cosmic ray C14. Since this is added directly to the atmosphere, it ought to give
the atmosphere a slightly higher C'1/ C12 ratio than the average for the entire
dynamic reservoir. A similar situation exists when someone continuously drops
red ink into a sinkful of water; the water is redder at the point of addition.
Thus, it is not surprising to find that wood grown in the atmosphere averages
40 per mil higher on the C14 scale than shells grown in surface ocean water
(see Sample Descriptions, IT) . On the assumption that such a difference results
from a finite mixing rate between atmospheric carbon dioxide and oceanic
bicarbonate, Arnold and Anderson (1957), Revelle and Suess (1957), and
Craig (1957a) have calculated that the average cosmic-ray-produced radiocarbon atom resides in the atmosphere from 5 to 20 years before entering the
ocean. If this time were only a few days, the mixing between atmosphere and
ocean would be a nearly instantaneous process, and there would be no Q,C14
difference between wood and shells.
It is clear, then, that carbon-14 age determinations on materials formed in
the ocean must be based on control samples formed in the ocean. The actual
situation, however, is not quite so simple; for mixing within the ocean itself is
complex, and it is probable that the C11 values for materials formed in surface
ocean water vary considerably, perhaps over a 50 per mil range. Consequently,
before age determinations on oceanic materials can be made to a precision of
better than 200 years, a detailed study of oceanic C14 variations must be
made.
A more subtle example of C14 variations produced by finite mixing rates
involves movements of ocean water masses, important considerations in view of
the fact that over 90 percent of the world's radiocarbon is oceanic. Oceanographers have long recognized both the existence of definite water masses and a
circulation pattern which involves sinking in polar regions and upwelling at
other points. The period of circulation is probably of the order of centuries,
long enough for the radiocarbon concentration in deep masses to drop measurably as a result of radioactive decay. If for some reason the circulation rate
were to rise suddenly, there would be a gradual drop in the atmospheric C14/
C12 ratio
caused by the return of this C''-deficient water to the surface and its
equilibration with the air. If the circulation maintained this higher rate, the
atmospheric radiocarbon concentration would ultimately level out at a lower
average C14/C1' ratio. On the other hand, if the circulation rate were to vary
up and down, so would the atmosphere concentration-but with a lag of several
years. The possibility of such variations was first suggested by Broecker and
others (1958), following Worthington's (1954) suggestion of catastrophic overturn in the oceans during particularly cold years.
Recently de Vries (1958) has made precise measurements of the C14/C12
ratio in tree rings, the growth dates of which cover the past several hundred
years. He found irregular oscillations of about 1 percent on either side of the
mean. Furthermore, he showed that these oscillations match climate variations
in the manner expected if the oscillations were related to variations in oceanic
mixing rates. Again it is clear that if radiocarbon dates are ever to be accurate
within less than 100 years, such oscillations must be carefully defined.
Materials formed in freshwater systems also illustrate ZC14 variations produced by finite mixing rates. Here, however, the carbon being added to the
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dynamic reservoir is free of radiocarbon, being derived from ancient carbonate
deposits. If mixing between atmospheric carbon dioxide and the dissolved carbonate were infinitely rapid, the QC14 values of materials forming within freshwater systems would be identical to those of atmospherically derived materials.
The data in Sample Descriptions, HI show that whereas this ideal situation is
approached in some cases (for example, Walker Lake) the OC14 results for
freshwater materials are often very low, a fact first demonstrated by Deevey
and others (1954) . Therefore, unless proper control samples are measured
along with a given freshwater material to be dated, age errors up to at least
2000 years may result. For a detailed discussion of this problem, the reader is
referred to a recent paper by Broecker and Walton (1959).
The other potential cause of oC14 variations, namely, variable addition
rates of both radiocarbon and C14-free carbon, can be demonstrated best by
changes produced by man. This is so because presently there is no positive evidence for significant long-term natural variations in addition rates of either
variety of carbon (Arnold and Libby, 1949; Munnich and others, 1958;
Barker, 1958; Broecker, Olson, and Bird, in press) . True, the rate of radiocarbon addition undoubtedly varies with observed short-term cosmic ray variations, but as yet nothing is known of any long-term cosmic ray fluctuations.
Similarly, the natural transfer of ancient C14-free carbon from the dormant to
the dynamic carbon reservoirs is taking place continuously (and probably erratically on a day-to-day basis), but there is no evidence so far to show that
the rate is great enough to :significantly affect the radiocarbon dating method.
Recently man has begun to add significant amounts of both C14-free carbon and radiocarbon. The first fact was demonstrated originally by Suess
oC1.4
(1955) who showed that woods grown between 1930 and 1950 have
the
simply
is
effect"
"Suess
This
values 20 to 40 per mil below pre-1890 woods.
C14of
quantities
tremendous
with
result of diluting atmospheric radiocarbon
free carbon dioxide, a combustion product of the coal and oil that have powered
the modern industrial revolution.
With the advent of large-scale nuclear bomb testing, the natural method
to have
of radiocarbon production has been simulated on a scale large enough
compensated
than
more
been
has
effect
Suess
the
fact,
In
world-wide effects.
for, and the QC14 value for newly formed plant material is currently rising at
de
the rate of 20 to 50 per mil each year (see Rafter and Fergusson, 1957;
press).
in
Walton,
and
Broecker
Vries, 1958; Munnich and Vogel, 1958; and
Perhaps a natural first reaction to the'Suess and H-bomb effects is to conclude that the radiocarbon dating method will soon be valueless. This certainly
H-bomb
is not true, for the addition of C14-free industrial carbon dioxide and
age-corare
age
known
of
woods
century
radiocarbon are recent. After 19th
C14 index of what present-day wood samples
required
the
rected, they provide
would be if man had not tampered with the natural regime. Actually, such
tampering is equivalent to isotopic tracer experimentation on a grand scale and
has provided valuable quantitative information on rates of mixing within the
dynamic-carbon reservoir. This information is obviously of importance to a
detailed understanding of the natural variations in QC14 values.
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DATA PRESENTED IN

THIS LIST

The data reported below were obtained at the Lamont Radiocarbon Laboratory during the past three years using techniques described by Broecker.
Tucek, and Olson (in press) ; these involve basically the CO method of de
Vries and Barendsen (1953 ) and Fergusson (1955 ) . The errors attached to
6014 values, though based on the reproducibility of the counting measurements,
are approximately equal to the statistical errors. The 6013 values were calculated from C13/C12 measurements on the
gas used for radiocarbon analysis.
Dr. Wayne Ault and Mr. Glen Erickson supervised the measurements. Since
no analyses of the oxygen isotope concentration in the CO2 gas were made, the
8013 results have an uncertainty of about 1 per mil (see Craig, 1957b) . In the
case of samples for which no C13/C12 ratios were measured, &C13 values are
estimated from data on similar materials; these estimated 6013 values (see
Craig, 1953) and the C14 values based on them are enclosed in parentheses in
order to distinguish them from experimentally determined values.
In addition to the samples reported here about 100 oceanic bicarbonate
samples have been measured. These results will be published as soon as the
present International Geophysical Year Program is completed.
For convenience, the outline of the tabulated data is presented below.
Section I. Atmospheric CO2 together with plant or animal material deriving
their carbon from atmospheric CO2
A. Pre-1900 samples
B. Samples reflecting the "Suess effect" (1900-1952)
C. Samples reflecting atomic bomb testing (1952)
Section II. Oceanic dissolved bicarbonate together with samples deriving their
carbon from oceanic dissolved bicarbonates
Section III. Dissolved bicarbonate from freshwater systems together with
samples deriving their carbon from freshwater bicarbonate
A. Samples from lakes
B. Samples from rivers
C. Samples from groundwater
D. Samples from hot springs

Ct

if the reader keeps the following facts in mind as he scans the tables, he

will find the data more meaningful.

1. o,C14 values vary because the distribution of radiocarbon varies from
place to place and/or from time to time.
2. C14 values vary for the same reasons and also show the effects of
isotopic fractionation.
3. The values of neither .C14 nor 6C14 vary because samples are of different age, for such an effect has been corrected for.
4. C13 values vary only because of isotopic fractionation.
5. All values tabulated are in per mil, which is one-tenth of a percent.
6. Negative values mean lower C11 or C13 concentrations than in the
standards; the opposite is true for positive values.

Lamont Radiocarbon Measurements VI

119

C'4 and 6C14, the standard approximates 19th century wood. For
6C13, the standard approximates marine shell.
7. For

L
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APPENDIX

Derivation of Equation Defining G1 (equation 6 in text)
1. Symbols and Abbreviations
A° _ .950 times the activity of the N.B.S. C" standard corrected for
decay (as defined by equation 5 in the text).
A" -= C'' activity of a sample after age correction.
C14 activity which an ageA" x = A" after normalization (that is, the
the same C'3 concentration
it
had
if
corrected sample would have
as the belemnite Cl standard)
the C"/C" ratio of a sample.
the C'3/" ratio of the belemnite standard.
k = a constant introduced in order that SC" for 19th century woods
will lie close to zero on the scale.
2. Defined a Terms (equations 2 and 7 in the text)
.

C`

__

---

'-

k°

---A---Ih. <<. -

Equation (A)

X 1000

lL;X 1000

(B)

tilll.
3. Defined

C1

G1

Term (see section 6 for an evaluation of k)

A"N- A°
A°

-1.

X 1000

+

k

(C)

A'ormaliNation Relation.
This asserts (see Craig, 1953, and Rafter, 1955) that the factor by which
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the isotope C14 is either favored or repressed during fractionation is double the
similar factor for isotope
The negative sign on the SC13 term below results
from the fact that samples having less affinity for C'3 than the belemnite
(hence, negative SC13) should have their C14 activities increased in order to
compensate for the C" lost because of fractionation.
AN-A>'
N - A
X 1000 = -2 SC'3
(D )
A
L
.1
5. Combination of Equations
(a) Solve equation (D) for A* N and substitute in equation (C)
A*
28C'3
C14 _ A° 1
-1 X 1000 ---I- k
(E)
1000

C.

(b) Solve equation (A) for

C14 = SC14-2

SC'3

1

+

A°

and substitute in equation (E)

8,C14

1000

+

(F)

k

6. Adjusting Equation (F) so that oC'4 for 19th Century Woods is about

Zero
On pages 112-113 of the text was a discussion of the C14 standard, the
one adopted having made SC'' approximately zero for 19th century woods.
Thus, for such woods, equation (F) becomes: C14 = (-2 5C13 + k). Craig
(1953) has shown that woods have SC'3 values clustering around -25 per mil,
ranging from -22.5 to -27.9. Thus the oC'4 value for pre- 1900 woods will fall
close to zero on the scale if k is chosen as -50.0 per mil. In this case:
,,014

= SC14 - 28013

I
1

+

SC1 }

1000

-50.0

(G)

SAMPLE DESCRIPTIONS
Lamorlt No.

Locality

SC14

SC'3

QC14

I. SAMPLES UTILIZING ATMOSPHERIC CO,

A. Samples Defining the Atmospheric C'4 /C12 Ratio Before 1900

L-371 E.

Pompeii, Italy

8±5 -21.1

Carbonized bread that was charred during
the volcanic ash fall that buried the city (40° 45'
N Lat, 14° 29' E Long) in A.U. 79. Coll. by A.
Maiuri; subm. by Junius Bird, American Museum
of 'at ii ral Histoi v (see Broecker, Olson, and
14i rd, in press).

L-108A.

King's Canyon National Park

Sequoia wood from the A.n. 1057 to 1087
growth rings in a display section of the American
Museum of Natural History forestry collection.
Tree grew near the entrance to King's Canyon

12±7

-20.5

1±5

3+7
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Locality

6C'4

6013

C''

National Park, California ( 36° 48' N Lat, 118°
40' W Long), and was cut in 1891. Coil, and
subm. by Junius Bird (see Broecker, Olson, and
Bird, iii press).

L-108B.

King's Canyon National Park

-13±7 -18.7 -26±7

Sequoia wood from the A.D. 570 to 578
growth rings of the same tree section described in
L- 108A.

9±7 -21.8

3±7

L-353A.

U. S. Pacific Northwest
Wood from the ..n. 1632 to 1636 growth
rings of a Sitka spruce section which is part of
the American Museum of Natural History forestry
collection (Cat. No. 456). The tree was cut in
1881. Exact growth location unknown. Coll. July
1956 by Junius Bird, F. Scherer and W. S.
Broecker (see Broecker, Olson, and Bird, in
press) .

19+6 -24.9

19±6

L-353C.

U. S. Pacific Northwest
Wood from the A.D. 1675 to 1678 growth
rings of the same Sitka spruce described in
L-353A.

28±6 -18.0

15±6

U. S. Pacific Northwest
the All. 1734 to 1742 growth
from
Wood
rings of the same Sitka spruce described in

12±5

-20.9

4±5

16±5 -24.1

15±5

L-113.

Tikal, Guatemala

Lapote wood from a carved lintel marked
9.15.10.0.0 in a Mayan temple (17° 12' N Lat,
89° 36' W Long). According to the Spinden correlation the date is equivalent to August 30, 481
A.D. The wood represents between 20 and 40
growth years. Based on the Goodman-Thompson
correlation, which equates the Mayan date to June
30, 741 AD.. a value of -30±7 is obtained for
_C''. Subm. by Junius Bird (seeBroecker, Olson,
and Bird. in press).

L-353E.
L-%5% \.

U. S. Pacific Northwest
Wood from the .A.D. 1807 to 1812 growth
rings of the same Sitka spruce described in
L-353A.

L-353B.
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Locality

U .S. Pacific Northwest
Wood from the A.D. 1821 to 1826 growth
rings of the same Sitka spruce described in
L-353A.

L-353F.

8C'3

oCi4

13±5 -22.0

8+5

6C'

L-314.

-21.4

-7±6

1+5 -24.0

0+5

0±6

U. S. Pacific Northwest
Wood from the A.D. 1870 to 1881 growth
rings of the same Sitka spruce described in
L-353A.

L-353D.

Palisades, New York

Wood from the A.D. 1888 to 1892 growth
rings of an oak tree grown on the grounds of the
Lamont Geological Observatory (41° 00' N Lat,
73° 55' W Long). Coll. February 1955 by C. S.
Tucek, presently at Bethel. College, St. Paul, Minnesota, and W. S. Broecker (see Broecker, Olson,
and Bird, in press) .

L-315.

Palisades, New York

-2+6 -23.0 -6+6

Wood from the A.D. 1888 to 1892 growth
rings of a pine tree grown on the grounds of the
Lamont Geological Observatory (41° 00' N Lat.
73° 55' W Long). Coll. February 1955 by C. S.
Tucek and W. S. Broecker (see Broecker, Olson,
and Bird, in press).
B. Samples Defining the Atmospheric C14/C'2 Ratio During the Time of

the Suess Effect (1900-1952)

L-313.

Palisades, New York

-29±5 -24.1 -32+5

Wood from the 1936 to 1940 growth rings of
an oak tree grown on the grounds of the Lamont
Geological Observatory (41° 00' N Lat, 73° 55'
W Long). Coil, by W. S. Broecker and C. S.
'hucek (see Broecker, Olsoli, and Bird, iii press) .

L-288M.

Lake Winnemueca, Nevada

1Voody portion of sage brush growing on the
east shore of the dry lake in the Fishbone Cave
area (40° 15' N Lat, 119° 18' W Long). Al-

though this sample was collected in September
1955, it was a 1-in.-diam stalk which grew mostly
during the time of the Suess effect and is so categorized. Coll. by P. C. Orr, Western Speleological
Institute, and W. S. Broecker (see Broecker and
Orr, 1958) .

4±7 -11.2 -23±7
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L-184E.

Palisades, New York

C"

BC'4

Locality

-37±15

Twigs from an oak tree grown on the grounds
of the Lamont Geological Observatory (41° 00'
Lat, 73° 55' W Long). Coil, during the summer
of 1952 by B. Eckelmann and J. L. Kulp, Lamont
Geological Observatory (see Carr and Kulp,
T

1954).
C14/C12
C . Sam p les Defining the Atmospheric

Bomb-testing Began (1952-

Palisades, New York
L-316A.
Pine needles coll, during late fall of 1954 on

Ratio Since Large-scale
)

-24±8 -22.2 -30+8

the grounds of the Lamont Geological Observatory
(41° 00' N Lat, 73° 55' W Long) by C. S. Tucek
and W. S. Broecker.

L-316B.

Palisades, New York

L-367A.

North Atlantic Ocean

L-367B.

North Atlantic Ocean

L-3670.

Mediterranean Sea

-17±6 -23.2 -21+6

Oak leaves coll. during the fall of 1954 on
the grounds of the Lamont Geological Observatory
(41° 00' N Lat, 73° 55' W Long) by C. S. Tucek
and W. S. Broecker.

62±8

-9.0 31+8

Atmospheric CO, coll, on the Columbia University research vessel Vema by pulling air
through CO,-free KOH. Continuous absorption
from 36° 15' N Lat, 64° 40' W Long to 32° 27'
N Lat. 63° 47' W Long. Coll. June 1956 by R.
Gerard, Lamont Geological Observatory (see
Broecker and Walton, in press).

54±6 (-8±4) (21+7)

Atmospheric CO, coll, on the Columbia Universitv research vessel 1'ema by pulling air
through CO2-free KOH. Continuous absorption
from 32° 27' N Lat, 63° 47' W Long to 32° 48'
N Lat. 54° 23' W Long. Coll. June 1956 by R.
Gerard (see Broecker and Walton, in press).
Atmospheric CO, coll, on the Columbia University research vessel Vema by pulling air
through CO,-free KOH. Continuous absorption
from 41° 02' N Lat. 12° 45' E Long to 40° 30'
N Lat, 14° 01' E Long. Coll. June 1956 by R.
Gerard (see Broecker and Walton, in press).

88±8

-7.4 54+8
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Locality

Mediterranean Sea

Atmospheric CO2 coll, on the Columbia University research vessel Venaa by pulling air
through C02-free KOH. Continuous absorption
from 36° 34' N Lat, 23° 14' E Long to 35° 10'
N Lat, 23° 35' E Long, Coll. June 1956 by R.
Gerard (see Broecker and Walton, in press).

L-371A.

Rome, Italy

Fresh-sprouted wheat coll. November 7, 1956
near Rome (41° 45' N Lat, 12° 15' E Long) by
L. Lodi. Subm, by Junius Bird (see Broecker and
Walton, in press).

L-371B.

Rome, Italy

Poplar twigs from the same area as L-371A.
above. Coll. November 7,1956 by L. Lodi; subm.
by Junius Bird (see Broecker and Walton, in
press).

L-415B.

Kearney, Nebraska

Tree leaves grown near the point where
Nebraska Route 44 crosses the Platte River (40°
40' N Lat, 99° 02' W Long). Coil, August 1957
by A. Walton, National Physical Laboratory,
Teddington, England, and W. S. Broecker (see
Broecker and Walton, 1959).

L-415G.

8C14

64+6

17±5

-25.0 18±5

48±7

-31.8 65±7

Evanston, Wyoming

1959).

Wadsworth, Nevada

Tree leaves grown near the point where U. S.
Route 40 crosses the Truckee River (39° 38' N
Lat, 119° 17' W Long). Coll. August 1957 by A.
\Vallon and W. S. Broecker (see Broecker and
1Vahon, 1959).

L-i15QQ.

Truekee, California

'free leaves from 3 mi E of Truckee. California on U. S. Route 40 (39° 20' N Lat,120014'
W Long). Coll. August 1957 by A. Walton and
W. S. Broecker (see Broecker and Walton, 1959).

-5.3

C1'
25+6

23±6 -25.1 24+6

Tree leaves grown near the point where U. S.
Route 30 crosses the Bear River (41° 16' N Lat,
110° 58' W Long). Coll. August 1957 by A. Walton and W. S. Broecker (see Broecker and Walton,

L-415HH.

8C'3

91+7
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4,014

Locality

L-415EEE. Great Salt Lake, Utah

8013

\C11

89±7 -26.0 96±7

Tree leaves from a swamp maple growing on
the Provo terrace at the north end of the Oquirrh
range (40° 42' N Lat, 112° 16' W Long). Coll.
August 1957 by A. Walton and W. S. Broecker
(see Broecker and Walton, 1959).

1,445.

Palisades, New York

53±7 -25.6 57±7

L-452.

Palisades, New York

79±9 -21.0 75±9

L-456.

Oxalic acid

Oak and maple leaves from the grounds of
the Lamont Geological Observatory (41° 00' N
Lat, 73° 55' W Long). Coil, October 1957 by W.
S. Broecker (see Broecker and Walton, 1959).

Forsythia blossoms from the grounds of the
Lamont Geological Observatory (41° 00' N Lat,
73° 55' W Long). Coil, during May 1958 by W.
S. Broecker.

53

-16.9

39±2

C14

standard.
National Bureau of Standards
(Note that the 8014 for this sample is a defined
rather than a measured value. The error in the
C14 value results from the uncertainty in the
8C13

measurement).

L-4640.

North Atlantic Ocean

131±7

-10.8 105±7

109±6

-7.2 75±6

9±9

-8.8 63±9

Atmospheric CO2 coll. on the Columbia University research vessel Vema by pulling air

through CO2-free KOH. Continuous absorption
from 29° 57' N Lat, 61° 41' W Long to 21° 43'
N Lat, 51° 07' W Long. Coll. November 1957 by
T. Takahashi, Lamont Geological Observatory
(see Broecker and Walton, 1959).

L-466B.

North Atlantic Ocean

Atmospheric CO2 coll. on the Columbia University research vessel Vema by pulling air
through CO2-free KOH. Continuous absorption
from 15° 0'4' N Lat, 39° 49' W Long to 7° 22' N
Lat, 29° 59' W Long. Coll. December 1957 by T.
Takalashi (see Broecker and Walton, in press).
South Atlantic Ocean
Atmospheric C'O2 coll, on the Columlia University research vessel Verna by pulling air
through CO2-free KOH. Continuous absorption
from 30° S Lat, 44° W Long to 35° S Lat, 55°
W Long. Coll. January 1958 by T. Takahashi
(see Broecker and Walton, in press).

L-166C.
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Locality

C14

Straits of Magellan

Atmospheric CO2 coll. on the Columbia University research vessel hema by pulling air
through C02-free KOH. Continuous absorption
from 53° 40' S Lat, 60° 40' W Long to 54° 50'
S Lat, 68° 30' W Long. Coll. February 1958 by
T. Takahashi (see Broecker and Walton, in

C13

oC14

103+6 -13.1

82+6

press).

L-487B.

Evanston, Wyoming

Tree leaves from the point where U. S. Route
30 crosses the Pear River (41° 16' N Lat, 110°
58' W Long). Coll. September 1958 by W. S.
Broecker (see Broecker and Walton, in press).

L-4870.

142+7

Great Salt Lake, Utah

Swamp maple leaves from the Provo terrace
at the north end of the Oquirrh range (40° 42' N
Lat, 112° 16' W Long). Coll. September 1958 by
W. S. Broecker (see Broecker and Walton, in

press).

L-487D.

Wadsworth, Nevada

'

Tree leaves grown near the point where U. S.
Route 40 crosses the Truckee River (39° 38'
Lat, 119° 17' W Long). Coll. August 1958 by W.
S. Broecker (see Broecker and Walton, in press).

L-487E.

Truckee, California

126±7

3 mi E of

-26.1

Truckee (39° 20'
N Lat, 120° 14' W Long) on U. S. Route 40
August 1958 by W. S. Broecker (see Broecker
and Walton, in press).

L-4875.

Palisades, New York
Tree leaves from the grounds of the Lamont
Geological Observatory (41° 00' N Lat, 73° 55'
W Long). Coll. October 1958 by W. S. Broecker
(see Broecker and Walton, in press).

77+5 -27.0 85±5

II. SIMPLES UTILIZING OCEANIC H'CO

L-317A.

Long Island Sound

Clam shells coll. during the fall of 1954 in
the Port Jefferson area (40° 57' N Lat. 73° 05'
W Long) by W. S. Broecker.

-2+9

0.0

-52±9
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Lamont No.

SC14

Locality

L-317B.

Long Island Sound

L-3170.

Long Island Sound

6C'3

LC'

-44±10 -14.3 -67 ± 10

Clam meat from the same clams described
above in L-317A.

-35±8

1.4

-88+8

Dissolved bicarbonate from water where
clams described above in L-317A,B were collected.
Coll, during the fall of 1954 by W. S. Broecker.

L-241A.

Tipasa, Algeria

4±10 (0±3) (-46±10)

Living shells coll. 1954 on Kouali Point (36°
40' N Lat, 2° 30' E Long) by L. C. Briggs; subm.
by C. E. Stearns, Tufts University.
III. SAMPLES UTILIZING CO2 FROM TERRESTRIAL WATERS

A. Lake Samples

L-2880.

Pyramid Lake, Nevada

L-288I.

Pyramid Lake, Nevada

-11±7

6.3 -74 + 7

Currently forming unlithified Ca'C03 which
coats portions of the base of the Pyramid at the
present water level (39° 59' N Lat, 119° 30' W
Long). Coll. September 1955 by P. C. Orr and W.
S. Broecker (see Broecker and Orr, 1958).

-75 ± 10 -22.7 -83 ± 10

Algae floating on the surface of the lake on
the west side of Anaho Island (39° 58' N Lat,
119° 31' W Long). Coll. September 1955 by W.
S. Broecker and P. C. Orr (see Broecker and
Walton, 1959).

L447B.

Pyramid Lake, Nevada

Chubs living in the lake (40° 00' N Lat,

-59±7 -22.3 -68±7
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Locality

8011

6013

QC14

Long) at Sutcliffe. The water was processed immediately by acidifying, then sweeping with CO2free air. The CO2 released from the water was
collected in C02-free KOH. Coll. August 1957 by
A. Walton and W. S. Broecker (see Broecker and
Walton, 1959).

L-447A.

Walker Lake, Nevada

Chubs living in the lake (38° 46' N Lat,
118° 46' W Long). Coll. February 1958 by K.
Johnson (see Broecker and Walton, 1959).

L-415ZZ.
Walker Lake, Nevada
Plants growing completely under water on
the west side of the lake (38° 43' N Lat, 118° 43'
W Long). Coll. August 1957 by A. Walton and
W. S. Broecker (see Broecker and Walton, 1959).
L-415CCC.

Mono Lake, California

Dissolved bicarbonate extracted from 20 gal
of water taken 50 ft offshore 2 mi N of Leevining
(37° 59' N Lat, 119° 08' W Long). Sample was
processed by the same procedure described in
L-415KK. Coll. September 1957 by A. Walton and
W. S. Broecker (see Broecker and Walton, 1959).

L-415FFF.

Great Salt Lake, Utah

Brine shrimp coll, near shore (40° 50' N
Lat, 112° 35' W Long) June 1958 by R. Cohenour of Salt Lake 'City, Utah (see Broecker and

-3±7 -20.6

-130+7 2.3 -184±7

-111+7 -16.3 -132+7

Lamont Radiocarbon
Lamont No.
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6C1'

Locality

SC's

August 1957 by A. Walton and W. S. Broecker
(see Broecker and Walton, 1959).

L-415E.

Woodruff, Utah

Plants growing completely under water on
the silt bottom of the Bear River 2 mi E of the intersection of Utah Routes 39 and 3 (41° 30' N
Lat, 111° 06' W Long). Coll. August 1957 by A.
Walton and W. S. Broecker (see Broecker and
Walton, 1959L

L-415F.

Woodruff, Utah

Shells from Bear River at same locality as
L-415E above. Coll. August 1957 by A. Walton
and W. S. Broecker (see Broecker and Walton,
1.959).

L-415N.

-244+8 -25.9

Minkereek, Idaho

Plants growing completely under water in the
Bear River 5 mi E of Route 34 (42° 13' N Lat,
111° 45' W Long). Coll. August 1957 by A.
Walton and W. S. Broecker (see Broecker and
Walton, 1959).

L-415P.

Corinne, Utah

-152±13 -21.9 -165±13

Carp caught in the Bear River near Route
191 bridge (41° 30' N Lat,112° 07' W Long) by
L. Jensen during September 1957 (see Broecker
arid Walton, 1959).

L-415GG.

Wadsworth, Nevada

-33+9 -27.4

Plants growing completely under water in the
Truckee River near the U. S. Route 40 bridge
(39° 38' N Lat, 119° 17' W Long). Coll. August
1957 by A. Walton and W. S. Broecker (see
Broecker and Walton, 1959).

L-415BB.

Dunphy, Nevada

Shell Anodonta calif orniensis Lea living in
the Humboldt River near the Route 40 bridge
(40° 42' N Lat, 116° 30' W Long). Coll. August
1957 by A. Walton and W. S. Broecker.

-112±7
Nixon, Nevada
L-41511.
the
in
water
under
completely
growing
Plants
Truckee River 5 mi S of the agency bridge (39°
46' N Lat, 119° 20' W Long). 'Coll. August 1957
by W. S. Broecker and A. Walton (see Broecker
and Walton, 1959).

-34.6
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Lamont No.

L-415LL.

Locality

Reno, Nevada

Plants growing completely under water in the
Truckee River 1 mi N of the center of town (39°
31' N Lat, 119° 48' W Long). Coll. August 1957
by A. Walton and W. S. Broecker (see Broecker
and Walton, 1959).

L-415NN.
San Francisco Flycasting Club
Plants growing completely under water in the

6+7 -18.8 -7+7

40+7

18.8

53+7

Truckee River about 5 mi E of Truckee. California (39° 23' N Lat, 120° 07' W Long). Coll.
August 1957 by W. S. Broecker and A. Walton
(see Broecker and Walton, 1959).

L-41500.

San Francisco Flycasting Club

Margaritif era margaritif era f alcata (could)
shell living on a sandy shoal in the Truckee River

at the same locality as L-415NN above. Coll.
August 1957 by W. S. Broecker and A. Walton
(see Broecker and Walton, 1959).

L-415PP.

San Francisco Flycasting Club

Meat from Sample L-41500 above.

L-415RR.

-23±7

Wellington, Nevada

Plants growing completely under water in
the West Walker River at the Nevada Route 3
bridge (38° 46' N Lat, 119° 23' W Long). Coll.
August 1957 by W. S. Broecker and A. Walton
(see Broecker and Walton, 1959).

L-415YY.
Schurz, Nevada
Plants growing completely under water in the
Walker River at the Route 95 bridge (38° 57' N
Lat, 118° 48' W Long). Coll. August 1957 by A.

5+9 -24.4

Walton and W. S. Broecker (see Broecker and
Walton, 1959).

L-448.

Composite of Shells

-287+9 (0+5) (-328+11)

Equal portions of 14 shell samples coll, between 1885 and 1931 from nine different midcontinent rivers, including the Ohio, Allegheny,
Schuylkill, Tuscarawas, and Mahoning Rivers. All
but two samples come from Ohio or Pennsylvania.
Subm. by J. Parodiz, Carnegie Museum, For details as to species and exact collection localities.
see Broecker and Walton (1959).
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8C'

Locality

6C1;

C'

C. Groundwater Samples

L-393.

Wayne County, Indiana

-420±10 (0±7) (-470±12)

Calcareous tufa forming in water flowing out
of a glacial gravel deposit 5.5 mi S and 1.25 mi
W of the Wayne County Courthouse, Richmond,
Indiana (39° 50' N Lat, 84° 53' W Long). Coll.
during the summer of 1957 by J. Thorp, Earlham
College.

New River Cave, Va. -252±15
Outer 1 mm of material scraped from a currently forming stalagmite at a cave near New
River, Virginia (37° 09' N Lat, 80° 35' W
Long). Coll. 1956 by R. Gurnee, National Speleological Society, about 1 mi back in the cave (see
Broecker and Walton, 1959).

L-443A.

(-5±15) (-292±21)

-130±15
Bronx Zoo, New York
Stalactites forming in a pipe gallery under
the Rockefeller Fountain (40° 51' N Lat, 73° 57'
W Long). Coll. November 1956 by D. Revelle,
National Speleological Society; subm. by R.
Gurnee.

L-373.

(0±7) (-180±17)

D. Hotsprings Sample

L-288J.

Pyramid Lake, Nevada

-81±10 1.0 -133±10

CaCO3 forming 3 ft above the lake level just
below the orifice of a hot spring which flows out
of the west side of the Pyramid (39° 59' N Lat,
119° 30' W Long). Coll. August 1955 by P. C.
Orr antl W. S. Broecker.
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This list covers the measurements made at the University of Bern up until
summer 1958. The low-level apparatus is described by Houtermans and
Oeschger (1958).
The samples are converted into acetylene and measured at a pressure of
nearly 1 atmosphere. Peat samples have been pretreated by washing with hot
dilute hydrochloric acid. Bone samples have been charred before the treatment
with acid. As modern reference standard the mean radiocarbon content of.
several wood samples, formed between A.D. 1850 and 1900, has been used. The
errors given are the standard deviations derived from the number of counted
particles and the statistical errors of background and standard.
If no significant net effect differing by >2 Q from background has been.
measured, the minimum age has been calculated from the background plus
2Q.

The list is divided into two groups. The first consists chiefly of samples
related to the history of vegetation in the northern and southern Swiss Alps,
the second of archaeologic samples, mainly from lake dwellings.
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SAMPLE DESCRIPTIONS
I. QUATERNARY GEOLOGY AND VEGETATIONAL HISTORY

Schynige Platte series, Switzerland

This series gives the age and the rate of formation of a 40-cm layer of
humus in a podzol profile in the alpine zone near the recent forest border at
Schynige Platte, Bernese-Alps (46° 39' 8" N Lat, 7° 54' 41" E Long), alt.
1880 m. Coll. July 1954 and subm, by Max Welten, University of Bern. Cornmen!: larger roots were removed from sample. Results agree with palynological
data (Welten, 1958a). In contrast to the result of B-57 (3670 ± 100; this
paper), the humus at this locality began to form during Sub-Atlantic time,
and its raw upper portion is less than a thousand years old. The series demonstrates the importance of radiocarbon dating for pedology.

B-11.

2650 ± 130

Schynige Platte 2

Alpine humus (Mor, sensu Kubiena) ; deepest part of black humus layer,
just above bleached layer of an alpine podzol profile, 36 cm below surface.
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B-12.

Schynige Platte

770

1

+ 130

Alpine ericaceous raw humus; deepest part of the undestroyed raw humus
layer, 19 cm below surface.

B-13.

440 ± 120

Schynige Platte 3

Loose brown raw humus (Mull, sensu Kubiena)

;

3 cm below

surface.

Schruns series, Vorarlberg, Austria
Samples from trunks buried by a landslide, near Ratikon (47° 5' 6" N
Lat, 9° 54' 48'" E Long), alt. 1700 m. The wood was found at an underground
depth of 70 m. Subm. December 1954 by Vorarlberger Illwerke AG., Schruns.
Comment: another wood sample from this landslide was dated by the Heidelberg laboratory (H 122.100, 5860 ± 150; Muinnich, 1957).

8-17.

Iliwerke I

Pine wood

B-18. Illwerke II
Pine wood
B-19.

Illwerke X

Maple wood

5350

140

5500

160

5500 + 140

B-30. St. Gallen, Switzerland
3200 ± 130
Fir with mistletoe, suhm. as interlaboratory check on Heidelberg's sample
H 81-62 (Munnich, 1957). Comment: Heidelberg's data was 3040 ± 100.

Murifeld series, Bern, Switzerland
Gyttja and peat
eat from a lake and bog deposit, Murifeld, near Bern (7° 28'
35 E Long, 46° 56' 22 N Lat). Nine borings were made within a small area,
and the samples from particular layers were fused. Levels I and II, the oldest,
were too inorganic for dating. Coll. April 1952 and subm. by Max Welten,
University of Bern. Comment : B-38 is the first measurement of an Allerod
layer in the Alps. The age of the next sample, B-42, seems anomalously young,
but the reason for this is not known. B-36 is acceptable. The difference between
the two youngest samples, B-34 and B-37, is not significant, hence their inverse
order is meaningless; the rate of sedimentation was very rapid in this part of
the profile. Together they fix the beginning of hazel-pollen time at about
6000 B.C.; definitely younger than in western and northern Europe (7000 B.C.).
There is no doubt that this difference is valid for our region; see B-77, B-56,
B-72, and B-83 (this paper).

8-38.
zone.

Murife.ld III

10,950

± 250

Gyttja with clay, very little chalk, depth 412.5 cm, upper part of Allerod

B-42.

Murifeld IV

10,100 ± 210

Gyttja with clay and chalk, depth 405 cm, lower part of Pinus-forest zone.
B-36. Murifeld V
9250 ± 160
Detritus-gyttja, just above chalk-gyttja, depth 291.5 cm, upper part of
Pinus-forest zone.
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± 135

B-34.

Murifeld IV

8070

B-37.

Murifeld VII

8150 ± 180

Sedge-peat, depth 185 cm, bottom of Corylus zone.
Sedge-peat, depth 166 cm, near bottom of Corylus zone.

Egelsee series, Switzerland

Peat and gyttja from a pollen-dated section (Welten, 1952), near Diemti0" N Lat),
geti, Simmental, Bernese Oberland (7° 32' 35'" E Long, 46° 39'
of Bern.
University
Welten,
Max
by
subm.
and
1950
alt. 1000 m. Coll. October
some maadd
to
necessary
was
it
carbon
sufficient
have
to
order
iii
Comment:
of this
terial from above and below the indicated depth. In the middle part
Recent
mistakes.
serious
be
may
there
and
profile there are some uncertainties
consea
as
abruptly
sunk
has
basin
the
of
ground
the
that
work has shown
disturbing
probably
quence of solution of gypsum of Triassic age, thereby
time should
some of the overlying organic material. The beginning of Abies
see Welten
results,
palynological
For
B-55.
have been younger than the date of
(1952).

1790 ± 120
B-50. Egelsee 144.1 cm
time.
Roman
approximately
cm;
144.1
depth
peat,
Sphagnum
3530 ± 160
B-51. Egelsee 355 cm
equal values.
nearly
have
Picea
and
Abies
cm;
355
depth
Detritus-gyttja,
B-52.

Egelsee 598 em

4400 ± 160

B-53.

Egelsee 694.5 cm

4920 ± 130

B-55.

Egelsee 903 cm

6850

B-56.

Egelsee 938.8 cm

7550 ± 175

Sphagnum-rich detritus-gyttja, depth 598 cm; fall of Abies, rise of Picea.
Sphagnum-rich detritus-gyttja, depth 694.5 cm; end of Abies dominance.

± 175

Gyttja and mud, depth 903 cm; beginning of Abiesrich Quercetummixtum phase.
Gyttja and mud, depth 938.8 cm below surface; towards the end of the
Corylus phase.

B-57.

Hohgant, Steinige Matte, Switzerland

3670

± 100

Raw humus of alpine dwarf scrub (esp. Loiseleuria), 127'"to 13 cm below
N Lat, 7° 53'
47

surface, from Hohgant, Steinige Matte, North-Alps (46°
Uni53" E Long), alt. 2140 m. Coll. August 1956 and subm. by Max Welten.
is in full
humus
raw
of
formation
of
beginning
the
Comment:
Bern.
of
versity
B.C.,
agreement with palynological dating (Welten, 1958a, p. 269) : about 2000
locality.
the
of
neighborhood
the
risen
to
had
when the borderline of the forest
Compare B-11, B-12, B-13 (this paper).

B-59.

Hohgant, Blockhaus-Brondlisfluh, Switzerland

320 ± 110

47'
Sedge-peat from Hohgant, Blockhaus-Brondlisfluh, North-Alps (46°
3'" N Lat, 7° 54' 29" E Tong), alt. 1780 m. Coll. 1956 by 0. Hegg; subm, by
agrees
Max Welten and S. Wegmuller, University of Bern. Comment: the age
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with the general view that the extension of Pinus mugo near present treeline is
fairly recent (Wegmuller, in press) .

Bitsch-Naters series, Switzerland
Gyttja and peat from Bitsch-Naters, Wallis, near Brig (46° 20' 24" N Lat,
7° 59' 26'" E Long), alt. 1030 m. Coll. September 1956 by Max Welten and
0. Hegg; subm. by Welten, University of Bern. Comment: the date of the lower sample has much interest in connection with other similar dates for the
retreat of the Aletsch-glacier from the main valley of the Rhone. Other determinations have been made in this interesting palynological profile (Welten,

1958b).

B-72.

Bitsch-Naters III, 584 cm

7330

± 180

Gyttja, near bottom of profile, formation of which began after the retreat
of the Aletsch-glacier.

B-73.

Bitsch-Naters III, 365 cm

2600 ± 100

Bottom of peat, dating the time when the surface of the little lake was invaded by sedges.

B-75 Boltigen, Chutti, Switzerland
11,230 ± 380
Cyttja at 565 cm depth between clay and chalk from Boltigen, Chutti,
Simmental, Bernese Oberland (46° 38' 10" N Lat, 7° 23' 42" E Long), alt.
925 m. The pollen diagram was published by Welten (1952, p. 36). Coll.
March 1957 and subm. by Max Welten, University of Bern. Comment : this and
8-38 (10,950 ± 250, this paper) are the first radiocarbon dates for Allerod
layers in the Alps. Stratigraphy and dating agree fully with Northern Europe.

B-77.

Montana Xires, Switzerland

7870 ± 240

Gyttja, in part chalky, from 314 cm depth at Montana Xires, Wallis (46°
18' 28'" N Lat, 7° 28' 20" E Long), alt. 1445 m in the warm and continental
part of Kanton Wallis. Coll. September 1956 by Max Welten and J. Liechti;
subm, by Welten, University of Bern. Comment: the date agrees with B-34,
B-37, B-56, B-72, and B-83 (this paper) in showing that the rise of the Corylus-curve in this part of the Alps took place about 6000 B.C. (Welten, 1958b).
This agreement proves that chalky gyttja is not necessarily unsuitable for
radiocarbon dating. This date has no direct connection with the retreat of the
Rhone glacier.

Aletschwald series, Switzerland
Cyttja and peat from Aletschwald Natural Reserve, Wallis (46° 23' 14"
08° 01' 15'" E Long), alt. 2010 m, very close to Aletsch-glacier, the
longest-existing glacier in the Alps. Coll. September 1956 by Max Welten and
B. Seddon; subm, l)y Welten, University of Bern. Comment: all dates are from
a single peat profile in a bog formed behind a ridge of rock. All except 8-80
form a consistent and reasonable series, dating the whole vegetational development since a late Wiirm-stage of the glacier's lateral retreat to a lower altitude
in the axis of the valley. Details have been discussed elsewhere (Welten,
19581)). The one anomalous date cannot be explained either by disturbance of
the peat at this level or by laboratory error.
N Lat,
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410 cm

6140 ± 150

Aletschwald 376 cm

5610 ± 130

11-78. Aletschwald
Clay-gytt ja

B-79.
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1

Gyttja and sedge-peat

B-112.

Aletschwald 330 em

4700 ± 180

Sedge- and Hypnaceae peat
11-80. Aletschwald 280 cm
Sedge- and Hypnaceae peat

B-113.

Aletschwald 230 em

5570

± 130

4000 ± 100

Sedge- and Hypnaceae peat

B-81.

Aletschwald 180 cm

3270

± 130

960

± 190

Sedge- and Hypnaceae peat

B-82.

Aletschwald 40 cm

Sedge- and Hypnaceae peat

Lac du Mont d'Orge series, Switzerland

Gyttja mixed with clay and chalk from Lac du Mont &Orge, near Sion,
Wallis (46° 14' 8" N Lat, 7° 20' 25'" E Long). alt. 640 m. Coll. September
1956 lay Max Welten and J. Liechti; subm, by Welten, University of Bern.
Comment: the date of the deeper sample agrees well with 8-34, 8-37, 13-56,
B-72, and 8-77 in placing the rise of hazel at about 6000 B.C. Further determinations will elucidate the vegetational history of this interesting inner-alpine
valley with its continental climate and its characteristic pine-forest vegetation.
Within the relatively uniform pollen diagram radiocarbon dating is the only
means of dating minor oscillations. A preliminary note has been published by
Welten (19581)).

B-83.

Lac du Mont d'Orge III

7730

± 240

Lac du Mont d'Orge III

5650

± 150

1304 cin

B-84.
1184 cm

La Trelasse series, Switzerland
Peat in a well-developed'Sphagnum bog at La Trelasse, near St. Cergue
(46° 27' N Lat, 6° 7' E Long), western part of Jura mountains, alt. 1242 m.
Coll. October 1956 by S. Wegmi ller and Max Welten; suhm, by Welten,
University of Bern. Comment: these samples date the invasion of Abies and
Picea in the western Jura chain. Further determinations are planned.

8.87.
13-88.

La Trelasse 190 cm
La Trelasse 340 cm

Tongrube Albishof series, Switzerland

2950

110

5340

100

Wood (Pinus cf. silvestris) from Tongrube Albishof, Zurich, at the foot
little mountain Uto (47° 23' N Lat, 8° 29' E Long), alt. 450 m. Sample
the
of
large
1 was taken at 22 m below surface, sample 2 at 3.5 m below surface in a
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clay pit. Coll. 1956 and subm, by Werner Ludi, Geobotanisches Institut Rubel,
Zurich. Comment: the huge mass of clay, 30 m thick, was not covered by
moraine and was therefore known to be postglacial, but as it lies outside the
limits of the latest glacial advances it was assumed (Ludi, 1934) to have
washed down the Uto in late-glacial time. The two dates fail to support this
belief, as does the fact that the trees were pine, and show that the mass of clay
was deposited in Boreal and early Atlantic time. A pine forest that lasted until
4800 B.C. at this locality must have been a relict. On the other hand, so late a
date for massive slopewash has interesting climatic implications.

B-90.
B-91.

Tongrube Albishof 1, 22 m
Tongrube Albishof 2, 3.5 m

8700
6850

220
100

Aletschgletscher series, Switzerland
Wood samples from Aletschgletscher, Switzerland, Canton Wallis, Southern Granite-Gneiss and Transition zone of the Aare Massif. The trees, rooted on
bedrock, were killed by an extension of the glacier and recently uncovered by
its retreat (Rothlisberger and Oeschger, in press).

B-32.

Aletschgletscher I

720

± 100

Larch from "Grosser Aletschgletscher", right side of the tongue, on the
E slope of the rock ridge (46° 23' 35" N Lat, 8° 00' 40" E Long). Coll. July
1956 and subm, by H. Rothlisberger, in 1956 with ETH, Zurich, now with
SIPRE.

B-71.

Aletschgletscher II

800 + 100

Deciduous (bush?) from "Grosser Aletschgletscher", right side, at the
foot of Obfluheggen rock ridge (46° 23' 59'" N Lat, 8° 01' 03" E Long). Coll.
September 1956 and subm, by H. Rothlisberger.

B-66.

Winterthur, Switzerland

1120

± 100

Peat containing some gravel from Winterthur (47° 30' N Lat, 8° 44' E
Long), alt. 440 m. Coll. 1956 and subm, by Werner Ludi, Geobotanisches Institut Rubel, Zurich. Comment: the peat seems to be quite young and the
moraine-like material that overlies it has evidently been displaced into secondary position. Hence the sample is not interglacial, as was supposed (Ludi, unpublished) .

B-67.

Freienbach, Switzerland

4670 ± 95

Oak wood, imbedded in moraine-like material at Freienbach, near
Pfaffikon (47° 12' N Lat, 8° 46r E Long), outside of the Hurden moraine, alt.
420 m. Coll. 1956 and subm, by Werner Ludi, Geobotanisches Institut Rubel,
Zurich. Comment: the inclosing material seems, from the date of the wood,
either not to be till or not to be in primary position, and the date is therefore
of local interest only.

B-20.

Glutschtal, Switzerland

29,000

± 1500

Lignite (Schieferkohle) from Glutschtal, near Thun, Bernese Oberland
(46° 43' N Lat, 7° 36' E Long), alt, ca. 600 m. Coll. 1938 and subm, by P.
Beck, teacher and geologist, Thun. Comment: the age of this lignite, and of
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B-29

Gondiswil-Zell, Switzerland

>47,000

B-33.

Varese, Italy

>42,000

Huttwil
Lignite (Schieferkohle) from Gondiswil-Zell, Kt. Luzern, between
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B-69.

Mrschwil, Switzerland
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belongs to the beginning of the long Wiirm-interstadial. Further determinations
of age are necessary.
II. ARCHAEOLOGIC SAMPLES

Vindonissa, Switzerland

11-8.

1930

--±--

80

Piece of wood from dust-heap in the Homan settlement of Vindonissa
(modern Windisch) near Brugg (47° 29' N Lat, 8°
E Long). Subm. by H.
G. Bandi, Historisches Museum, Bern. Comment: the age agrees with the archaeologic data, which fix the sample as probably from the second half of
the first century, not before A.U. 17 and not later than A.D. 101.

1'

B-16.

Seeberg-Fursteiner, Switzerland

10,200

± 200

Log (Pinus slvetris ?) , 35 cm long, from Burgaschisee, near Seeberg,
Kanton Bern (47° 11' N Last, 7° 39' 40" E Long). The epipalaeolithic culture
layer lies in sandy peat or compressed gyttja, overlying outwash gravel of
Wurm-retreat and overlain by postglacial lake sediments. The site is in the
area covered by the Rhone glacier during the Wurm age. Archaeologically
(Bandi, 1952; Wyss, 1953), it is just in a transition between Palaeolithic and
Mesolithic, with no microliths. Coll. and suhm. by H. G. Bandi, Historisches
Museum, Bern. Comment : this sample has also been dated by the Pisa laboratory as Pi-6, 10,178 ± 400 (Ferrari, Reinharz, and Tongiorgi, 1959).

Thayingen series, Switzerland
Wood from a construction by lake-dwelling people (better: bog-dwelling)
(Guyan, 1955) at Thayingen, near Schaffhausen (47° 45' N Lat, 8° 42' E
Long), alt. 460 m. Coll. 1956 by J. Troels-Smith, National Museum, Copenhagen; suhm, by Max Welten, University of Bern.

B-43.

Thayingen Wh-158

Wood of Alnus

B-44.

Thayingen Wh-161

Wood of Pinus or Antes

B-45.

Thayingen Wh-149

4690 ± 130
4690 + 180

4780 ± 130

Wood of oak
Comment: the first sample (B-43) corresponds to a slightly older archaeologic
age than the others, but the difference is not detectable by radiocarbon. A
similar sample was dated at Groningen (unnumbered, 4735 ± 130; de Vries
and Barendsen, 1954). Samples Wh-158 and Wh-149 have also been dated at
Copenhagen (Tauber, unpublished), and gave 4560 ± 140 and 4380 ± 140,
respectively.

Seeberg Burgasellisee-SU(l series, Switzerland
Wood, charcoal, and bone from a settlement of the Younger Cortaillod
culture, inhabited near the end of the Vollneolthikum ( Full Neolithic) of
Switzerland at Burgaschisee, near Seeberg, Kanton Bern (47° 11' N Lat, 7°
40' E Long). The samples were taken from a peatlike but man-made layer, 5
to 60 cm thick, between layers of lake sediments (lake-marl). Coll, by
H.
Muller-Beck; Subm, by H. G. Bandi, Historisches Museum, Bern.
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1

1

4390 ± 80

Charcoal, coll. October 1957, from charcoal layer below a thin zone of
loam, overlying a sequence of loam and charcoal layers.

B-115.

Seeberg Burgaschisee-Slid 2

4950

± 90

Post-wood (Quercus) , Post 199, taken 22 cm below the culture layer in
the lower lake-marl. Coll. October 1957.

B-116.

Seeberg Burgaschisee-Sud 3

Average: 4840

± 110

Wood from a crudely made board (Quercus) in meter-quadrat 33 A, with
the following stratigraphy: Modern soil, 30 cm; peat-gyttja, 10 cm; lake-marl,
15 cm; man-made sediment, 15 cm; hoard, lake-marl. Coll. October 1957.

B-118A.

Seeberg Burgaschisee-Sud 5A

4490

± 90

Wood mixture of small fragments from the culture layer. Coil, in meterquadrat 34 A. November 1957, with the following stratigraphy: modern soil,
30 cm; peat-gyttja, 10 cm; lake-marl, 15 cm; man-made layer, 10 to 17 cm,
lake-marl. Sample taken from the upper third of the man-made layer.

B-118B.

Seeberg Burgaschisee-Sud 5B

4630 ± 180

Bone material (small fragments) from the culture layer. Coll, in meterquadrat 34 A, November 1958; stratigraphy as for B-118A. Sample was taken
from the upper third of the culture layer. Comment: there appears to have
been almost no exchange of carbonates (such as occurs regularly in cave sediments) .

B-1 19A.

Seeberg Burgaschisee-Sud 6A

4750 ± 100

Wood ( mixture of small fragments) from the culture layer. Coll, in meterquadrat 34 A. November 1958; stratigraphy as for B-118A. Sample taken from
the lower third of the culture layer.

B-119B.

Seeberg Burgaschisee-Sud 6B

4800 ± 130

Bone material (small fragments) from the culture layer. Coll, in meterquadrat 34 A, November 1958; stratigraphy as for B-118A. Sample taken from
the lower third of the culture layer. Comment : this pair also shows essentially
no diagenetic exchange of carbonates; see B-118A and B.

B-120.

Seeberg Burgaschisee-Sud 7

4500 ± 100

Wood (soft wood) from Post 03. Coll. November 1957. The sample was
taken 30 cm below the culture layer in the lower lake-marl.

B-121.

Seeberg Burgaschisee-Sud 8

4680 ± 100

Wood ( Quercus) from Post 135. Coll. November 1957. The sample was
taken 35 cm below the culture layer in the lower lake-marl.

B-122.

Seeberg Burgaschisee-Sud 9

1750

-±-

100

Wood (Ahies? ) from Post 146. Coll. November 1957. The sample was
taken 40 cm below the culture layer in the lower lake-marl.

B-123.

Seeberg Burgaschisee-Sud 10

4530 ± 100

Wood ( Quercus) , coll. November 1957. The sample was taken 45 cm below the culture layer in the lower lake-marl.

H. Oeschger, U. Schwarz, Chr. Gf eller
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B-124.

Seeberg Burgaschisee-Sud 11

130 ± 80

Post-wood (Picea), coll. November 1957. The sample was taken just above
the culture layer. Comment: this was a marker stake of the 1952 excavation
and shows the Suess effect in being older than our modern reference standard.

B-125.

Seeberg Burgaschisee-Sud 12

4550 ± 100

Wood (Quercus) from Post 962. Coll. November 1957. The sample was
taken 30 cm below the culture layer in the lower lake-marl. Comment: this
post, from the western part of House I, was made from the same tree as Post
977, sample B-126.

B-126.

Seeberg Burgaschisee-Sud 13

4500 ± 110

Wood (Quercus) from Post 977, coll. November 1957. The sample was
taken 35 cm below the culture layer in the lower lake-marl. Comment: this
post, also from the western part of House I, was made from the same tree as
Post 962, sample B-125.

B-127.

Seeberg Burgaschisee-Sud 14

Future: 120 ± 80

Tree-wood (Fraxinus), coll. November 1957. Young tree, cut in summer
1957 at the site of the excavation; sample taken from tree rings 1953-1957.
Comment: presumably, as a result of C" production by atomic tests, the sample has more C1} than our modern reference, corresponding to a slightly negative or "future" age.
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bunk River, near Kennebunk, Maine. A natural mold of a small pelecypod,
probably Yoldia, was found in the overlying sandy silt. Modern roots had
penetrated the sample but were removed by hand-picking under magnification.
Coll. 1958 and subm. by A. L. Bloom, Yale University. Comment: this sample
was believed to be driftwood, grounded on a sand bar and buried by marine
sediment during the postglacial rise of sealevel in SW Maine, and was expected
to date woody vegetation growing in a belt between the wasting glacier and
the transgressing sea. Its modern age conflicts with this interpretation, as do
the ecology and distribution of beech, hint the possibility remains that the
wood, like the rootlets, was intrusive.

Y-609.

Zella Island, Maine

5310 + 240

Wood fragments, 0.2 to 0.7 in. diam, 3 to 4 ft below surface, underlying
till and sand, Zella Island, Fish River Lake (68° 46' 43'" N Lat, 46° 45' 50"
W Long) , Aroostook County, Maine. The overlying till, believed by the collector to he of Valders age, is continuous over the island, which is low and
rather flat; hence its emplacement by solifluction in postglacial time is considered unlikely. Coll. 1958 and subm. by Gary MeG. Boone, University of
Western Ontario, London, Canada. Comment: the sample was small and the
error is correspondingly large. Sample Y-610, though not collected by a geologist, was reliably reported to have come from the same stratigraphic position,
and was measured as a check on the problematic date of Y-609. Since the
dates agree, the inferred Valders age of the till is apparently disproved, but
the implication that the regional glaciation was younger than ca. 5000 yr cannot be accepted without further field work.

Y-610.

Zella Island, Maine

4760 ± 100

Beaver-gnawed sticks of T axus canadensis (id. by W. L. Stern), 4 to 5 ft
below surface, in the same stratigraphic position and at the same locality as
Y-609, but 8 ft to E. Coll. "a few years ago" by Dana McNally, proprietor of
hunting camps on Zella Island; subm. by Gary McG. Boone, University of
Western Ontario, London, Canada. Comment: see Y-609.

Odiorne Point, New Hampshire
4190 ± 70
White pine stump (id. by U. S. Forest Products Laboratory), part of the
drowned forest at Odiorne Point (43° 02' N Lat, 7030 44' W Long), near
Portsmouth, New Hampshire, described by Lyon and Goldthwait (11934). The
tree grew with its base well below high tide, 2.4 ft above low water in July,
1931. Sample no. OP-5; coll. 1931 and subm. 1952 by C. J. Lyon, Dartmouth
College, Hanover, New Hampshire. Comment: other dates for drowned forests
along the eastern United States coast are: L-118, 4150 ± 200, from Sagadahoc Bay, Maine (Lamont II); W-396, 2980 ± 180, from Wells, Maine (USGS
IV); C-943, 2830 ± 220, from Pelham Bay, New York (Chicago V). An unpublished Nova Scotia date of 4200 ± 200 for a stump at Avonport, N. S., is
similar (Cameron, 1956). From the pollen stratigraphy of coastal marshes
(e.g. Deevey, 1948), and from such data as those from the Boylston Street
fishweir (Johnson and others, 1942; Johnson (ed.), 1949) ) it has long been
evident that sealevel has been rising along the entire coast for several thousand
years. The radiocarbon dates, since they come from trees growing a few feet
below present sealevel, suggest that most of the recorded rise was completed,
Y-156.
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at least in the Gulf of Maine, by about 4000 B.P. The date of C-943 has been
used by Fairbridge (1958) as an argument for a "Pelham Bay emergence"
about 2800 B.P., but it has not been shown that the event dated there was in
fact an emergence of the land after a previous period of higher sealevel. Data
from the Gulf of Maine are not necessarily in conflict with Fairbridge's interpretation, however, since they come from a region subject to isostatic as well
as to eustatic delevelling.

Totoket series, Connecticut

Gyttja from borings made with a Livingstone borer in the lower part of
Totoket bog (41° 20' 00" N Lat, 72° 49' 49" W Long), North Branford,
Connecticut. The pollen stratigraphy was published by Leopold (1956) ; new
borings in 1956, with unpublished pollen stratigraphy by Deevey, gave radiocarbon dates published in Yale III, but were unsatisfactory on stratigraphic
grounds. More borings were made at arbitrary grid intersections in 1957, and
a bathymetric map of the former lake was prepared; the pollen stratigraphy
allows satisfactory correlation with Leopold's zone boundaries but will be
studied in more detail before publication. The importance of the deposit consists in its record of a pre-Two-Creeks climatic oscillation of the Bolling type,
the first reported from North America; see Deevey, 1958, for discussion of
pollen stratigraphy of eastern North America. Coll. 1957 by E. S. Deevey and
Elizabeth Guillard, Yale University.

10,440 ± 200
Y-504. Totoket, zone A-4
Gyttja from pollen zone A-4 (upper part of the Durham spruce-pollen
zone), 4.70 to 4.80 m in meter-sample 2L, boring ED-2, coll. with 2-in.
Livingstone borer. Comment: the date is in excellent agreement with Y-447e
(10,480 ± 140, Yale III) from the same zone in Red Maple Swamp, near.
New London, Connecticut. The 1956 Totoket sample (Y-446f, 12,080 ± 300,
Yale III) is too old and must be rejected. The 1956 Totoket sample from the
next higher zone, B (Y-446g, 9650 ± 90, Yale III) must likewise be rejected.
11,590 ± 200
Y-503. Totoket, zone A-2
Clay-gyttja from pollen zone .A-2 (lower part of Durham spruce-pollen
zone), 4.95 to 5.05 m in meter-sample 2L, boring ED-2, the same metersample as Y-504. Comment: four of the five dates from this zone in southern
Connecticut are in reasonable agreement (Y-285, 13,550 ± 460, Yale H, from
Totoket; Y-447d, 13,290 ± 120, Yale III, from Red Maple Swamp; W-46,
12,700 ± 280, USGS I, from Durham). The new date seems slightly too
young, but the 1956 Totoket sample (Y-446d, 14,790 ± 160, Yale III) is
definitely too old and must be rejected with the other 1956 dates. The average
age of none A-2 is considered to be about 12,780 yr.
Y-505.

Totoket, zone T-3

12,350 ± 400

Clay-gyttja from pollen zone T-3 (younger herb-pollen zone), 6.73 to
6.95 m in meter-sample L3, boring ED-3, coll. with 112-in. Livingstone borer.
Comment: this sample, though consistent with the other 1957 dates, seems
slightly too young in comparison with all available information. The 22-cm
length of sample needed in this boring is undesirably great, and probably
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weighted the radiocarbon measurement in favor of younger carbon. A date o
the order of 13,000 yr is more reasonable, and is permissible statistically.

Y-502.

Totoket, zone T-2

13,280 ± 420

Clay-gyttja from pollen zone T-2 (pre-Durham spruce-pollen zone), 5.46
to 5.64 m in meter-sample 3L, boring ED-2, coll. with 2-in. Livingstone borer.
Comment: this sample was 18 cm long and may be slightly too young for the
same reason given for Y-505. A modal age of 13,500 yr is probable, but the
date obtained is in excellent agreement with the dates for the Boiling zone at
Gaterslebener 'See (!H88.74, 13,250 ± 280; H106.89, 12,700 ± 320, Hei.delberg I) . Bcilling dates at Usselo, Netherlands, are slightly younger: G ro-927,
12,355+ 170; Gro-1104, 12,300 ± 100 (Groningen H) . The 1956 date for
the underlying zone (T-1) at Totoket (Y-446a, 15,090 ± 160, Yale III),
though not impossible, should probably be rejected with the others of that
series.

± 410

Y-460.

Kings Ferry, New York

11,410

Y-479.

Marsh, Pennsylvania

12,690 ± 220

Spruce wood (id. by Clair A. Brown) from basal clay stratum, associated
with mastodon (Mammut americanum) skeleton at Myles L. Colgan farm,
Kings Ferry (42° 40'N Lat, 76° 3'6' W Long), near Ledyard, Cayuga County,
New York. The excavation was made by bulldozer through a small, poorly
drained depression; reconstruction of the section by Brown showed 4 ft of
peaty muck overlying 2 ft of gray clay containing mastodon bones and a rich
flora and snail fauna. The section overlies sand and gravel. The fossil flora
appears to record a boreal coniferous forest with mosses, but includes Ulmus
and Acer as well as Picea and Abies; it is to be described by Brown. Coll.
1955 by C. A. Brown, Louisiana State University, Baton Rouge; subm, by W.
A. Ritchie, New York State Museum, Albany. Comment: as the section was
exposed by bulldozer, the association of such warm-climate trees as elm and
maple with the mastodon must remain doubtful. The spruce wood, however,
was definitely in situ in the basal clay layer, beside a mastodon tusk. Its date
seems reasonable as that of one of the last mastodons in eastern United States;
compare M-66, 9600 ± 500 (Michigan I) for wood underlying the Orleton
Farms mastodon, Madison County, Ohio, and L-231, 10,890 ± 200, for peat
at a mastodon site in Sussex County, New Jersey (Lamont IV). See Williams
(11957) for review of other mastodon dates. The implication of closed forest in
south-central New York during Two Creeks time is also of interest; compare
Y-503, 11,590 ± 200, and Y-504, 10,440 ± 200 (this paper) for sprucepollen zones l)racketmg this interval at Totoket in southern Connecticut.
Coarse sand and clay in a pollen-stratigraphic section at The Marsh (40°
07' N Lat, 75° 47' W Long), Chester County, Pennsylvania. The level, 56 to
62 in. below surface, is that of zone F-3, containing the first maximum of
arboreal pollen, believed (Martin, 1958) to be mainly redeposited and not
contemporary with the sediment; the latter is interpreted as alluvium and colluvium formed at a glacial maximum, probably the Wisconsin maximum.
Sample no. 3; coll. 1956 and subm, by P. S. Martin, Geochronology Laboratories, University of Arizona, Tucson. Comment: the locality was never gla-
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ciated and lies 54 mi beyond the outermost Wisconsin drift border. The pollen,
in those older zones that are believed to be free from redeposited contaminants,
is dominantly of nonarboreal plants, including several of arctic distribution,
and these zones are therefore interpreted as full-glacial. The date does not disprove this interpretation, as it gives an age approximately that of the Port
Huron readvance (ca. 13,000 yr; cf. Flint and Rubin, 1955, and the date of
Y-240, 12,800 ± 250, Yale III) , and of pollen zone T-3 in southern 'Connecticut (Deevey, 1958; see Y-505, 12,350 ± 400, this paper), though it was
expected to be older. Redeposition in such a sediment may well have introduced foreign carbon along with anomalous pollen grains.
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Y-473.1.

Clarksville, Ohio

>37,000

Wood imbedded in till, excavated by dragline in a gravel pit from beneath outwash filling a valley cut in the Cuba moraine, 1 mi NE of Clarksville
(39° 2412' N Lat, 83° 85' W Long), Clinton County, Ohio. The outwash, ca.
20 ft thick, is similar to other "oldest late Wisconsin" drift in being capped by
18 in. of silt (loess?) through which a 50-in. soil has developed. The underlying till, first suspected (Forsyth, private communication) to antedate the
"classic" or late Wisconsin glaciation, was later suspected to belong to the
Cuba moraine system of late Wisconsin age, the outermost Wisconsin drift in
this part of Ohio. Coll. 1956 and subm. by J. L. Forsyth, Ohio Geological
Survey, Columbus. Comment: although several dated samples from Ohio fall
into this "older group" (>32,000 yr; Goldthwait, 1958), the others were all
clearly below the latest till and are believed to date from a nonglacial interval
younger than Sangamon and older than "classic" Wisconsin. This is the first
such specimen to occur in till. Assignment of the till to the "classic" Wisconsin,
considered unlikely on first examination, is made more unlikely by the date of
the wood.

Y-448.

Cuba, Ohio

18,500

± 420

23,000

+ 850

15,560

+

Picea log (id, by G. W. Burns) in till (39° 21' N Lat, 83° 51' W Long),
1.1 mi SE of Cuba, Washington township, Clinton County, Ohio. The exeava
tion, for a farm pond 18 ft deep, was made on the outer face of the outermost
Wisconsin terminal moraine in the only till body known to have been deposited
in this moraine. The ecologic and geologic implications are discussed by Burns
(1958) and Goldthwait (1958). Coll. 1956 and subm, by R. P. Goldthwait,
Ohio State University, Columbus. Comment: see Y-450.

Y-449.

Columbus, Ohio

Abies log (id, by G. W. Burns) in till at 15 ft depth in excavation for
Bell Telephone Co. Bldg., 4th and Long Sts. (39° 571/2' N Lat, 83° 00' W
Long), Columbus, Franklin County, Ohio. The sample was scraped by bulldozer but was certainly imbedded in till, near contact of till with underlying
gravel. Coll. 1956 and subm. by R. P. Goldthwait, Ohio State University,
Columbus. Comment: see Y-450.

Y-450.

Darrtown, Ohio

230

Picea log (id, by G. W. Burns) from 40 ft depth in a 65-ft exposure of
till, SE bank of Fourmile Creek cut, 1.5 mi. SW of Darrtown (39° 29' N Lat,
84° 41' W Long), Milford township, Butler County, Ohio. Tree-ring measure-
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merits on this specimen (Burns, 1958) show progressive diminution of growth
before death; the geologic data on the site are discussed by Goldthwait
(].958) . Coll. 1956 and subm. by R. P. Goldthwait, Ohio State University,
Columbus. Comment: these three samples confirm the picture (Flint, 1955a;
Flint and Rubin, 1955; Goldthwait, 1958) of a glacial advance that invaded
Ohio beginning about 25,000 yr ago, overwhelmed spruce forests successively
during its southward advance (at Columbus 23,000 yr ago; see Y449, which
is to be compared with W-188, 23,000 ± 800, USGS II, from Sidney), and
reached its outer limits 18,000 to 20,000 yr ago. Retreat of the western or
Miami lobe may have begun earlier than that of the eastern or Scioto lobe;
compare W-92 (19,980 ± 500, USES I) with W-91 (18,050 ± 400, USGS
I) , the latter now essentially duplicated by Y-448. The date of Y-450 implies
local readvance of the western lobe about 15,600 yr ago.

Y-526.

Northern Lights, Ohio

Y-488.

Lake Butte des Morts, Wisconsin

Y-572.

Woodville, Wisconsin

11,480

± 160

Wood from postglacial kettle deposit at Northern Lights shopping center
(40° 11/2' N Lat, 82° 58/>>' W Long), Cleveland Ave., Columbus, Franklin
County, Ohio. The wood, gnawed by beaver and accompanied by a skull of
Castoroides, probably occurred in lower 5-ft peat-and-gyttja layer, overlain by
3 ft of peat and underlain by calcareous clay and then by till; the section was
made by bulldozer at a slightly deeper part of the kettle, and checked later by
soil sampler. Coll. 1957 and subm. by Jane L. Forsyth, Ohio Geological Survey, Columbus.

11,280 ± 100

Wood from varved clay, "perhaps reworked but older than the surface till
of Valders [age] ", exposed between Appleton and Menasha (44° 14' N Lat,
82° 27' W Long), Wisconsin, on the eastern shore of Little Lake Butte des
Morts. "Appears flattened by pressure" ; coll, and subm, to the Chicago laboratory as C-419 by F. T. Thwaites, 41 N. Roby Road, Madison, Wisconsin. This
is a portion of the original specimen, subm, by F. Begemann through R. F.
Flint, Yale University. Comment: the Chicago date, 6401 ± 230 (Chicago I),
has always been anomalous (Flint and Deevey, 1951), and there no longer
seems to be reason to doubt that the sample is of Valders age.

30,650

± 1640

Spruce (id, by U. S. Forest Products Laboratory, Madison, Wisconsin)
fragments from till, exposed in a railroad cut, NW 1/4 Sec. 35, T 29 N, R 16
W (44° 57' N Lat, 92° 17' W Long), near Woodville, St. Croix County, Wisconsin. Coll. 1915 by Samuel Weidman, Wisconsin Geological Survey (W. G.
S. catalogue no. 24698) ; the wood was believed by him to be the debris of a
forest overridden by glacial advance. 'Subm. 1957 by R. F. Flint, Yale University. Comment: because of its location in an area between the Valders and
Mankato glacial lobes, the sample was expected to date from either the Valders 'or the Mankato glacial advances. As it is much older than either of these
episodes, the inclosing till is probably older also.

Pascagoula series, Mississippi

Wood fragments from submarine core 7796-H, Gulf Research and Development 'Co. (29° 50' 23" N Lat, 88° 07' 48'" W Long), 25 nautical mi S of
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Dauphin Island, Alabama, 35 nautical mi E of Chandeleur Islands, Louisiana,
on the central continental shelf off Pascagoula, Mississippi, 20 fathoms depth.
The wood occurred at 7 to 12 in, and at 18 to 20 in, below the ocean floor in
a peaty clay, part of the series of postglacial deposits that overlie a weathered
clay layer. The latter is inferred to have been formed on land, and is represented by at least 8 ft of clay underlying the wood in core 7796-H. The postglacial deposits of the region include well-sorted fine white quartz sand and a
shell unit, in addition to the silts and clays containing wood that are interpreted as estuarine or swamp deposits; the sand, shell, and wood-bearing silt
and clay are believed to be different facies, rather than sequential units. Hence
the age of the wood should be approximately the same as that of the shells and
of the sand, and should mark the time of marine transgression when the core
locality was at or near sealevel and at or near the shoreline. Coll. 1955; subm.
by Ben B. Cox, Gulf Research and Development Co., Pittsburgh 30, Pennsylvania.
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Y-425.
Y-426.

Wood, 7 to 12 in.
Wood, 18 to 20 in.

10,120
11,690

± 120
± 170

Comment: the dates agree closely with similar determinations of the age
of the -120-ft level in the Gulf of Mexico and elsewhere (Shepard and Suess,
1956; Godwin, Suggate, and Willis, 1958). Samples 0.45, 10,700 ± 220, and
0-99, 11,200 ± 240 (Humble H), are particularly relevant as dating positions
of -150 and -165 ft, respectively. However, these positions of the sealevel dur-

ing eustatic rise are arrived at by correcting for downwarp in the Mississippi
delta, and are not necessarily more exact than the radiocarbon dates, many of
which are based on shell samples. Sample L-175B, 9750 ± 550 (Lamont III)
was wood from -120 to -135 ft, a position that was not corrected for downwarp. The work of Shepard and Moore (1955) contains several unnumbered
and otherwise unpublished dates by the Magnolia Petroleum Co., including
one of wood (9800 ± 350) from -90 ft in San Antonio Bay near Rockport,
Texas.
B. Western North America

Y-571.

Haakon County, South Dakota

29,310

± 1400

Wood from a partly mineralized log, 12 to 14 in, diam, found in a borrow
pit ca. 10 ft below ground surface, sec. 21, T 8 N, R 24 E (44° 43' N Lat,
101° 13' W Long), 'Haakon County, South Dakota. The log was partly imbedded in coarse sand, possibly proglacial, carried "from an early glacial extension up the Cheyenne River" (letter from G. A. Avery, 10 April 1957).
Coll. 1956 by Frank Kocer; subm, by G. A. Avery, Soil Conservation Service,
Huron, South Dakota, through R. F. Flint. Comment: the sample was routinely acid-washed but not treated with alkali; there is a possibility of contamination by humus younger than the specimen. If valid, and if the incloding sand
is proglaclal, the date records a glacial maximum.

Y-595. Hurley, South Dakota
12,760 ± 120
Picea or Larix (id. by W. L. Stern) from outwash, 32 f t below surface in
a well on T. H. Newhauer farm, SW 1,/4 sec. 15, T 98 N, R 53 W (43° 19' N
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Lat, 97° 05' W Long), near Hurley, South Dakota. The surface outwash was
mapped by R. F. Flint (1955, pl. 1) as Mankato in age; the bore hole penetrated outwash through the entire distance. Subm. by C. A. Avery, Soil Conservatiori Service, Huron, South Dakota, through R. F. Flint. Comment: this
Mankato date agrees with that from Parker, South Dakota (Y-452, 12,330 ±
500;
180, Yale 1II), and with similar dates from Iowa (C-596, 11,952 ±
C-653,12,200 ± 500, Chicago III).

Y-313.

Black Diamond Bog, Washington

5390

± 60

Fibrous peat from 0 to 3 in, below layer of volcanic ash, immediately
2,
above maximum of Douglas fir pollen, 2.3 m below bog surface at Station
W
00'
112°
Lat,
N
20'
Black Diamond Bog, sec. 2, 35, T 21 N, R 6 E (47°
Long) , King County, near Tacoma, Washington. A pollen diagram from an
older boring was published by Hansen (1941) ; the new boring was one of
four in which multiple Hiller samples were taken below the ash layer at widely separated localities on the bog. The ash layer is attributed to the eruption
an
of Glacier Peak, ca. 90 mi NE, and occurs in more than 200 bogs over
by
H.
subm.
and
1955
Coll.
1957)
.
Gould,
and
(Rigg
mi2
area of (a. 180,000
Washington,
in
eastern
Comment:
Corvallis.
College,
State
Oregon
Hansen,
P.
where the pollen diagrams are more easily zoned than in the Puget lowland,
the Glacier Peak asli layer coincides with the maximum of chenopod and composite pollen, suggesting a date close to that of the postglacial thermal maximum, or ca. 6000 yr (Hansen, 1947). Two other dates from peat below the
ash in Puget lowland bogs are relevant : L-269B, 7000 ± 200, from Moss
Lake, and L-2960, 6500 ± 200, from Covington Bog (Lamont III). The
Black Diamond Bog date is in substantial agreement and tends to bracket
Hansen's estimate; it may be younger than the other two because the sample
was a composite one, or because the ash at this locality was partly redeposited
by water after subaerial deposition. However, there is no independent evidence
of redeposition at this locality, as there is at others (Rigg and Gould, 1957).

Rancho La Brea series, California

Wood from increment cores bored in trunk of tree excavated in 1913 at
Pit 3, Section D-2, 4- to 12-ft depth, Rancho La Brea, Los Angeles (34° 03'
45" N Lat, 118° 21' W Long), California. Bones of typical, extinct La Brea
animals were packed in the tar around the upright trunk, which was rooted in
soil beside and below the tar. An outer rind and a rotted inner core were tarimpregnated, while the rest of the wood was sound and apparently unaltered.
Two cores were taken, one at 33 in. above the bottom of the trunk, the other
11.5 in. higher; the sound wood from each core was ground in a mortar, and
portions of each sample were washed in xylol before combustion to remove
traces of tar. Subm. by H ildegarde Howard, Los Angeles County Museum.

14,500 ± 210
Y-351 A. Rancho La Brea, no. 1, untreated
in, above base
33
taken
core
Untreated portion of sample no. 1, a 2-in,
of trunk.
Y-354B.

Rancho La Brea, no. 1, xylol-washed

Xylol-washed portion of sample no. 1.

15,390

± 230

Edward S. Deevey, L. I. Gralenski, and V wino fle ff ren
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Y-355A.

Rancho La Brea, no. 2, untreated

14,110 ± 420

Ljntreated portion of sample no. 2, a 2-in, core taken 11.5 in, above
sample no. 1.

Y-355B.

Rancho La Brea, no. 2, xylol-washed

13,890 ± 280

Xylol-washed portion of sample no. 2.
Comment: the four separate measurements are not significantly different
from each other, showing that impregnation of the wood by tar containing
ancient carbon was not so serious as had been feared. However, the test does
not show whether or not the obviously tar-soaked wood would give a false date.
A date of ca. 14,500 yr for the famous La Brea assemblage of extinct mammals and birds is not unreasonable, though much higher estimates have been
widely quoted. Douglas (1952) cited two unpublished CalTech dates, 16,250
± 2000 and 16,400 ± 2000, for wood subm, by Chester Stock. The present
sampling, of course, represents only one of the 20 or more pits excavated at
Haiicho La Brea.

Searles Lake series, California
Organic mud samples from the Parting Mud layer, 78 ft 10 iii. to 90 ft
surface in Lower Structure Well X-20, made by American Potash
and Chemical Co, in the dry bed of Searles Lake (35° 46' N Lat, 117° 20' W
Long), near Trona, California. The stratigraphy of the salt and mud deposits
of the basin is discussed by Flint and Gale (1958) on the basis of a large number of radiocarbon dates obtained by several laboratories. The overlying Upper Salt body is postpluvial; the Parting Mud records a high lake level lasting
from about 24,000 to about 11,000 B.P.; the Lower Salt records an interpluvial
interval from about 31,000 to about 24,000 B.B.; the Bottom Mud, the bottom
of which has not been reached, records a pluvial time older than 31,000 yr.
The four samples, submitted as 8-in, lengths of a drill-core 9 in, in diameter,
were composed mainly of carbonates, which were separated by acidification
from the organic carbon fractions, and both fractions were dated. Coll. 1957
and subm. by D. E. Garrett, Research Manager, American Potash and Chemical Co., through R. F. Flint.
7 in. below

Y-574a.

Searles Lake, top, carbonate

11,810

± 140

10,700

±

130

±

160

±

210

Top 8 in, of Parting Mud, 78 ft 10 in, to 79 ft 6 in., carbonate fraction.

Y-574b.

Searles Lake, top organic

Organic carbon remaining after acidification of Y-574.
Y-57 5a. Searles Lake, one-third down, carbonate
12,420
From 81 ft 8.5 in, to 82 ft 4 in., carbonate fraction.

Y-575b.

Searles Lake, one-third down, organic

Organic carbon remaining after acidification of Y-575.

Y-576a.

12,730

Searles Lake, two-thirds down, carbonate

From 85 ft 4 in. to 86 ft 2 in., carbonate fraction.

16,890

± 210
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Y-576b.

Searles Lake, two-thirds down, organic

Organic carbon remaining after acidification of Y-576.

Y-577a.

Searles Lake, bottom, carbonate

Y-577b.

Searles Lake, bottom, organic

Bottom 8 in, of Parting Mud, 89 ft 11 in, to 90 ft

tion.

16,620 ± 320
22,350 ± 1750

7 in.,

carbonate frac-

24,690 ± 1070

Organic carbon remaining after acidification of Y-577.
assumption that the
Comment: the carbonate fractions were dated on the
the C14 activity of modern
modern reference carbonate should have 1.05 times
C13 content of marine CaCO;1
wood; this assumption, based on the fact that the
for inland waters and for
validation
requires
is 1.025 times that of wood,
Our measurements of
trona.
is
basin
the
in
"salt"
dominant
the
Na2CO;, for
C1in the trona show a small hut apparently real enrichment over the limestone standard, and will form the basis of a separate paper. When calculated
in this way, carbonate and organic fractions do not differ significantly in age,
and the geochemical problems of the basin, though highly interesting and
challenging, appear riot to affect the equally interesting conclusions as to the
pluvial history of Searles Lake. Flint and Gale (1958) should be consulted
for a more complete list of relevant dates.
C. South America

Estancia Viamonte series, Tierra del Fuego

>41,000

Compressed peat from a 7- to 10-cm layer between the second-oldest and
third-oldest of three layers of till, exposed in seacliff (54° 03' S Lat, 67° 20' W
Long), 29 km S of Estancia Viamonte, near Rio Grande, Tierra del Fuego,
Argentina. The Pleistocene section described by Auer (1956, 1958) is 8.5 m
thick, resting on Pliocene sandstone, beginning about 1.5 m above high-tide
level, and consists of three layers of till; the peat is exposed at ca. 4 m above
high-tide level, and there is a thin layer of limonite at ca. 7.4 m, between the
upper two layers of till. The peat may be in part transported; the pollen and
megascopic fossils imply a nonglacial climate, not greatly different from today's. Co11. 1952 by R. T. Reynolds; subm, by Vaino Auer, Geological Institute, Helsinki University.

Y-194.

Estancia Viamonle 16

>41,000

Auer's sample 16.

Y-195.

Estancia Vianunle 20

>11,000

Another portion of the same peat layer; Auer's sample 20. Comment: the
peat. is the first surely interglacial deposit yet dated in South America.

Y-181.

La Mision, Tierra del Fuego

7850 ± 110

Peaty gyttja from a 25-cm layer, the bottom of which is 8.70 to 8.80 in
below the surface and 4.20 to 4.30 m below mean high tide, in a coastal bog
at La Misiori, Rio Grande (53° 43' S Lat, 67° 49' W Long), Tierra del Fuego,
Argentina. The freshwater layer is underlain and overlain by marine clay
layers, recording at least three rises of sealevel, the last of which reached at
by Auer
least 2 m above the present level; a layer of volcanic ash, identified

Edward S. Ueevey, L. J. Grulenski, and Iwino II u /ff rert
(1956) as 02 (third-oldest in the "late-glacial" sequence), associated with
steppe-plant pollen zones, immediately overlies the dated gyttja. Postglacial ash
layers I, II, and III are also present. The pollen diagram was given by Auer
(1956, fig. 188; 1958, fig. 70, pl. X) ; diatom stratigraphy was published by
Frenguelli (1953). Sample no. 2; coll. 1952 and subm, by Vaino Auer, Helsinki University. Comment: the date agrees with those from Rio Negro (Y-196,
7120 ± 70, this paper) and from Groenvlei, South Africa (Y-466, 6870 +
160, this paper) in showing that the rising sea of postglacial time approached
the present level at the time of the Boreal-Atlantic transition. However, there
is a conflict with the volcanic-ash chronology, in that layer 02 is older than
layer I, dated at Estancia Pirinaica (Y-183-I, 11,680 ± 150) and at Altos
Boqueron (Y-188, Y-189, average 9140 ± 90, this paper) . Peat buried below
sealevel in coastal swamps is always suspect.
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Estancia Pirinaica series, Tierra del Fuego
Peat from various levels in a bog at Estancia Pirinaica (54° 17' S Lat,
66° 47' W Long), Tierra del Fuego, Argentina. Volcanic-ash layers I, II, and
111, dated as "postglacial" because they lie within zones dominated by pollen
of southern rainf orest species and overlie steppe-pollen zones, are preserved in
the bog, the oldest (I) at 2.3 m. The pollen diagram (Auer, 1958, locality T
66) is similar to that for the upper part of the section at La Mision (Auer,
1956, fig. 188; 1958, fig. 70; see Y-181, this paper). Coll. 1952 arid subm, by
Vaino Auer, Helsinki University.

Y-183-I.

Estancia Pirinaica 4

11,680

±

150

Coil, by Hiller peat-sampler at 2.3 m, near volcanic-ash layer I. Sample
no. 4. Comment: because of the way it was collected, and because the post-

glacial marine transgression nearly reached and may have disturbed this level,
the sample is believed to be less reliable than Y-188 (8905 ± 110) as a date
for ash layer I. As in northwestern Europe and northeastern North America,
postglacial afforestation should have begun about 9000 or 10,000 B.P.

Y-183-II.

Estancia Pirinaica 5-

6600 ± 90

Coil, by spade from 0 to 3 cm below volcanic-ash layer II. Sample no.

Y-183-III.

5+.

Estancia Pirinaica 5+

5-.

4480 + 50

Coil, by spade from 0 to 3 cm above volcanic-ash layer II. Sample no.

Comrrrent : this ash layer, like its supposed equivalents throughout southern South America, lies in or just below a pollen zone recording a brief return
of steppe conditions (Auer, 1950, 1953, 1956, 1958), and has therefore been
correlated with early Sub-Boreal layers in Europe. 't'his correlation seems unlikely, in view of the substantially older dates of the peat immediately underlying the ash (Y-182, 6690 ± 100; Y-183-H, 6600 ± 90, this paper), but it is
not in conflict with the date of Y-183-III. Closer spacing of radiocarbon
samples, considered impracticable in 1952, is obviously desirable.

Y-183-IV.

Estancia Pirinaica 6

2240 + 60

Coll, by spade at volcanic-ash layer III. Sample no. 6. Comment: this layer was dated as early Sub-Atlantic by Auer on the evidence of pollen zonation,

which shows steppe conditions followed by Nothofagus forest without rainforest species; the date is in excellent agreement.
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Altos Boqueron series, Tierra del Fuego
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Average: 9140

± 90

Peat from below and above volcanic-ash layer I, which lies at 7.4 m in a
hog at Altos Boqueron (53° 17' S Lat, 69° 57' W Long), Tierra del Fuego,
Argentina. The pollen diagram (Auer, 1958, locality T 34) refers to a profile,
made in 1929, that proved to be incomplete downward, and does not show ash
layer I. Coll. 1952 and subm, by Vaino Auer, Helsinki University.
8905 ± 110
Y-188. Altos Boqueron 11Slightly humified Drepanocladus peat, coll. with spade from 0 to 5 cm
below ash layer I.
9380 ± 90
Y-189. Altos Boqueron 11+
Decayed Marsippospermum peat, coll. with spade from 0 to 5 cm above
ash layer I. Comment: the two dates are not significantly different, and have
been averaged. See Estancia Pirinaica series for discussion.
6690 ± 100
Y-182. Rio Ewan, Tierra del Fuego
Carex peat from 0 to 5 cm below volcanic-ash layer II (second youngest)
in a bog at Rio Ewan (54° 19' S Lat, 67° 22' W Long), Tierra del Fuego,
Argentina. The pollen diagram has been published by Auer (1958, locality
T 63) . Sample no. 3 ; coll. 1952 and subm, by Vaino Auer, Helsinki University. Comment: the date agrees with that of Y-183-II, 6600 ± 90 (this paper),
for the peat below ash layer II at Estancia Pirinaica.
2720 ± 60
Y-192. Lago Espejo, Argentina
Charcoal from between volcanic-ash layers 01 and 02, exposed in a soil
profile at Lago Espejo (40° 38' S Lat, 71° 46' W Long), Lago Nahuel Huapi
district, Argentina. The ash layers were described petrologically by Salmi
(1941) and dated by Auer (1950) by reference to their pollen-stratigraphic
position in a bog at Bariloche, regarded by Auer (1948, 1950, 1953) as
typical for the region. Layers 01 and 02 antedate the oldest layer (I) at Bariloche, however, and were regarded as "late-glacial" for this reason. These
layers are also missing from the published pollen diagram from Lago Espejo
(Auer, 1958, locality P 7). Sample no. 14; coll. 1952 by Adria Crotti de
Ubeda Molina and Mrs. Joly Lagisquet de Lopez Alaniz; subm, by Vaino
Auer, Helsinki University. Comment: the ash layers all lie close to the surface,
as shown iii Auer's photograph (Salmi, 1941, fig. 3; republished, with revised
stratigraphic designations, by Auer, 1950, fig. 13). The date may be explained
by contamination by modern humus or tree-roots.

Y-193.

Lago Todos los Santos, Chile

Modern

Notho fagus dombeyi from a stump at 4 in depth, part of a drowned forest
rooted in situ at depths as great as 12 m below the modern level of Lago Todos
los Santos, near Puerto Varas (41° 25' S Lat, 72° 40' W Long), Chile. Auer
(1950, p. 202, figs. 95, 105) believed the lake to have been formed by a lava
flow related to the eruption of volcanic-ash layer 0 in the Nahuel Hupai district of Argentina; an ash layer that was assumed to be layer 0 has been
eroded by the rising lake, hence the forest was inferred to be of "late-glacial"
age. Coll. 1952 by Federico Reichert; subm, by Vaino Auer, Helsinki University. Comment: the date casts some doubt on the correctness of the correlation of ash layers during Auer's reconnaissance of the Chilean slope; the
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correlations are not supported by pollen stratigraphy, as they are in Tierra
del F'uego. The sample was not collected by Auer himself, however, and may
not date the drowned forest that he described.

Rio Negro series, Argentina
Peat and swamp clay, covered by alluvium and lying below modern sealevel in the estuary of Rio Negro, 13 km W of Viedma (40° 45' S Lat, 62° 40'
W Long), Argentina. The deposits were described by Auer (1952) as recording two episodes of rising sealevel in postglacial time, the older probably of
Yoldia age, the younger of Ancylus-Littorina age, separated by an episode of
lower sealevel during which the peat was formed; both marine transgressions
were believed to have reached levels above the modern one. The new section,
coll. 1952 (Auer, 1952, p. 461), shows no deposits that are demonstrably
marine, but supports the inference that the postglacial sea rose to within a few
meters of the modern level, stabilized or fell, and rose again. Coll. 1952, with
Hiller peat sampler, and sub, by Vaino Auer, Helsinki University.

Y-196.

7120 + 70

Rio Negro 17

Swamp clay from 5.8 m below high-tide level. Auer's sample 17.

Y-198.

6555 + 130

Rio Negro 19

Scirpus peat from 4.8 to 4.6 m below high-tide level, in a layer that grades
downward into swamp clay at about 5.6 m and is overlain by swamp clay, and
then by red clay and by alluvium. Auer's sample 19.

Y-197.

6570 + 110

Rio Negro 18

Swamp clay from 4.0 m below high-tide level, in the upper of two swampclay bodies. Auer's sample 18. Comment: the three samples are of approximately the same age, that of the Boreal-Atlantic transition. Auer's inference that the
peat should be of Ancylus age is confirmed; see Y-466 and Y-467 (this paper)
for a South African sequence with similar implications.
D. Australia

Rottnest Island series, Western Australia
Mollusc and barnacle shells collected from a sequence of well-marked littoral terraces associated with raised beach deposits on Rottnest Island (32° 00'
S Lat, 115° 33' E Long, off the coast of Western Australia. The geology was
described by Teichert (1950). The dates of these shells, like that of Y-324
from Point Peron, are calculated on the assumption that modern carbonate
contains 5% more C'`' than (toes modern wood. Coll. 1955 and suhm, by R.
W. hairbridge, Columbia l.lniversi(y, New York.

Y-332.

Rottnest, 5-ft level, barnacles

13,700 ± 130

Barnacle shells adhering to tip of visor of older limestone, 8 ft above lowtide level and 8 ft above floor of Government House Lake. As the barnacles
are intertidal animals, they are assumed to represent the 5 to 6-ft sealevel.
Comment: this date must be rejected, as the sample incorporated a portion of
the older limestone substratum. The predicted age was ca. 2000 yr.

Y-333.

Rottnest, 5-ft level, pelecypods

5180 + 100

Pelecypod (Barbatia pistachia) shells, found in a pocket of rock adjacent
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to Y-332. The species is sessile and lives in the intertidal zone. Comment: although care was taken to exclude fragments of the older limestone substratum,
this sample also is older than the expected 2000 yr, and may have incorporated
some older carbon by chemical means.

Y-337.

Rottnest, 10-ft level

3810 ± 90

Large pelecypod shells, mostly Katelysia scalarina, from shell bank 15 ft
above low-tide level (and lake floor), on S side of Lake Baghdad, 100 yd NW
seof Mt. Herschel. Collected near outside (seaward) edge of raised-beach
sealevel
when
period
?Atlantic)
the
of
the
end
dating
(
quence and regarded as
was 10 ft above present. Comment: the date corresponds closely to prediction
for "younger Peron Terrace" (Fairbridge, 1958).

Y-324.

Point Peron, 10-ft beach

5120

130

Selected, clean shells (mostly Katelysia scalarina) from a shell hank 16 ft
above present low-tide level, Point Peron (32° 16' S Lat, 115° 42' E Long,
Western Australia. The bank, marked "24-ft shell beds" on map by Fairbridge
(1.950, opp. p. 72) , is correlated with a raised beach (10 to 24 ft alt.) resting
on a littoral terrace formed when sealevel was 10 ft above present level. The
sample was taken close to former cliff and thus should date an early stage in
the period of high sealevel, the predicted age of which was ca. 4000 n.i. Coll.
1955 and subm, by R. W. Fairbridge, Columbia University, New York. Comment : wood correlated with the 10-ft sealevel in Victoria was dated as W-170,
4820 ± 200 (USGS Ti). Other dates of this stage, all closer to 4000 yr, are:
NZ-13, 4600 ± 70, from Rapahoe (NZ II) ; W-443, 371.0 ± 250, from
Queensland (U'SGS IV) ; C-669, 3479 ± 200, from Saipan ( Chicago 111) ;
L-241 B, 3990 ± 200, from Algeria (Broecker, unpublished). This earlier
phase or 10-ft sealevel has been referred to as "older Peron Terrace" (Fair-

bridge, 1958).

Y-326.

Pinjarra, fluvial terrace "A"

7030 ± 90

Lignitized wood buried in alluvium of "Oakley Terrace", 14 ft above lowand 8.5 mi from sea, exposed in bank of Oakley Brook, tributary of
level
tide
Murray River, near Pinjarra (32° 26' S Lat, 115° 53' E Long), Western
Australia. The terrace was regarded by the collector as "early liecent'". Coll.
1955 by W. M. McArthur; subm. by R. W. Fairbridge, Columbia University,
New York. Comment (by Fairbridge) : appears to correspond to "early Atlantic" period of high rainfall in warm-temperate latitude,. In Victoria,
Maril)yrnong River flooded 12 to 15 ft higher than now, according to Gill
(1955), who cited charcoal (W-169, 8500 ± 250, USGS ii) from the Keilor
terrace.

5680 ± 1.20
Pinjarra, fluvial terrace "B"
Lignitized wood buried in alluvium of "Marrinup level", 20 ft above lowtide level, exposed in bank of Oakley Brook at the same location as Y-326. The
terrace was regarded by the collector as "mid-Recent". Coll. 1955 by W. M.
McArthur; subm. by R. W. Fairbridge, Columbia University, New York, Comment (by Fairbridge) : appears to correspond to continued pluvial conditions
leading up to mid-Recent high-sealevel stage. Dates rate of fluvial sedimenta-

Y-327.

Edward S. Deeuey, L. J. Gralenski, and Vdino Ho/Jren
Lion here as ca. 1 ft in 230 yr or 1.3 mm/yr (probably under
thalassostatic
control).
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E. Miscellaneous

Y-444.

Tawau, North Borneo

>39,000

Wood, imbedded in alluvium containing volcanic ash arid overlain by
basalt of the youngest lava flow of the region, Balung-Apas area near Tawau
(4° 20r N Lat, 118° 05' E Long), British North Borneo. The alluvium is lateritized, and the age of the sample should date the episode of weathering
that
preceded the volcanism, which is believed (Fitch, 1954) to be of Pleistocene
age. Valuable agricultural soils are developed on the basalt, and in
the absence
of more direct evidence of the age of the volcanism, the date of
the underlying
alluvium should provide estimates of rates of soil-forming and soil-alteration
processes. Coil, by T. R. Paton; subm. 1956 by F. M. Fitch, Geological
Survey
of Borneo, Jesselton, North Borneo. Comment: as the sample is
of "infinite"
age, its date is of little help in settling either the age of the volcanism
or that
of the soils.

AUulat Island series, Red Sea
Coral and shell from 10 to 15 m altitude on emerged reef, interior
of
Abulat Island (19° 58' N Lat, 40° 07' E Long), on Farsan
Bank, off the
Arabian coast of the Red Sea. The island (Nesteroff, 1955) is of
composite
structure, consisting of a Pleistocene reef, emergence of which is probably
related to the latest important movements on the lines of regional
faulting, surrounded by modern fringing and barrier reefs. The latest movements
of
sealevel are believed to have been eustatic, and are recorded
by notches and
small platforms cut in the reef rock at 1.2 to 1.4 m and at 2.4
to 2.8 m above

mean low-tide level. The older, tectonic, emergence, to ca. 30 m
above sealevel,
was so recent, judging from the freshness of coral and shell at
10 to 15 m altitude, that it was thought accessible to radiocarbon dating. Coll.
1951 and subm.
by W. D. Nesteroff.

Y-423.

Modern shell

1130 ± 80

Chlamys (?) shell from living molluscs, coll, by the Calypso expedition.
Comment: these modern shells, used to provide a reference
standard for the
dated carbonate samples below, proved to have a significant apparent
age. The
mean C14 content was 0.923 times that of the reference wood
standard, which is
110 years old, i.e, the shells were 7.7 + 1.4 percent poorer
in C14 than contemporary wood, instead of being 5 percent richer. The total
anomaly, 14.1
percent, indicates a fictitious age of 1130 yr. The C'3 content,
x-1.84 per mil
above the reference (limestone) standard, indicates that isotopic
:fractionation
is not responsible for the anomaly. Sea water as
old as this is not likely to have
been brought to the surface by upwelling in this region, though
upwelling may
be a contributory cause. Evidence that the "Suess effect"
( dilution of the
modern atmosphere b y industrial carbon; Suess, 1955) can
account for most
or all of the anomaly will be published elsewhere. The uncorrected C14
assay,
0.923 times 110-yr-old wood, has been used to calculate
the dates of older
Abulat Island samples.
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24,730

± 2500

Y-419.

Abulat Island, M.R. 110

Y-420.

Abulat Island, M.R. 112, coral

>35,500

Y-422.

Abulat Island, M.R. 112, shell

>35,500

Coral from ca. 10 m altitude; station M.R. 110.
Coral from ca. 15 m altitude, on summit of small conical hill; station
M.R. 112.
Fossil shells from same station as Y-420.

Y-421.

Abulat Island, M.R. 113

>35,500

Coral from ca. 10 m altitude; station M.R. 113. Comment: in view of the
anomalous C14 assay of the modern shells, one finite date (Y-419) in four attempts to date these carbonate samples cannot be regarded as beyond question;
the sample may have been slightly contaminated, or all four samples may have
an age which is finite but close to the limits of radiocarbon dating. The implication is that the emergence of the old reef is of late Pleistocene age, as expected; the eustatic movements, which may be of the same age as those recorded in Australia (see Y-324 and comment on related samples), are not dated by
any samples in the Abulat Island series.

Groenvlei series, South Africa

Peat and gyttj a from fen deposits at Groenvlei (33° 48' S Lat, 22° 52' E
Long), a coastal lagoon in the Knysna Division, South Africa. Borings (Martin, 1956) show marine mud intercalated in the freshwater deposits, beginning
at 5.8 m below the surface of the fen (ca. 3 m below mean sealevel), and grading upward into brackish-water and then to freshwater deposits. Brackish-water
diatoms have their maximum at 3.6 m below the fen surface, and a fully freshwater diatom assemblage was re-established at 1.7 m. Pollen analysis shows
that heath vegetation predominated from the beginning of deposition until the
return to freshwater conditions commenced. Coll. 1956 and subm, by A. R. H.
Martin, Botany School, University of Sydney, Sydney, Australia.

Y-466.

Groenvlei, lower freshwater layer

Y-467.

Groenvlei, upper freshwater layer

6870

±

160

Humified freshwater peat from 3 10-cm portions of a 30-cm core, coll, by
Hiller borer immediately below the level of marine mud at 5.8 m below the fen
surface.

1905

± 60

Gyttja from 2.9 m below the fen surface, overlying marine and brackishwater deposits; coll. by post-hole auger. Comment: the marine incursion, which
seems never to have reached a higher level than today's, 1s bracketed between
the age of the 'Boreal-.Atlantic transition and the beginning of Sub-Atlantic time
in Europe.

Y-529.

Vigo, Spain

>37,000

Charcoal from 6.67 m below modern bottom, water depth 13 m, in boring
Spain. The charcoal came
3y, Vigo harbor (420 14' N Lat, 5° 04' W Long),
from a lacustrine deposit, containing carbonized higher-plant remains but no
diatoms or pollen, overlain by sand and then by postglacial marine mud. Inferred age (by correlation with borings J2 and J3: Margalef, 1956) late-glacial
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or Boreal. Coll, by Obras del Puerto hranco de Vigo; subm, by Ramon
Margalef, University of Barcelona. Comment: in borings J2 and
J3 the supposed correlative of this lacustrine deposit is a fossil soil, found below depths
of 25.5 to 29 m below present sealevel and overlain by marine sediments
recording the postglacial rise of sealevel. The sealevel was inferred
to have
reached -25 m by Boreal time (Margalef, 1956). Although the postglacial
segments of the three borings are clearly correlated with each other, as
shown by
Margalef's unpublished work on boring 3y, the underlying soils in borings
J2
and J3 are undated and may not be contemporaneous with the lacustrine
deposits underlying boring 3y. If they are contemporaneous, the land surface
that
was drowned is much older than late-glacial.
Y-573. St. Vincent, British West Indies
4090 ± 50
Charred log, 3 to 4 in, in diam, found within the lower 6 ft of a 20 to
25-ft layer of andesitic tuff-breccia, exposed along N bank of Rabaka River
ca.
3/8 mi inland from mouth of river (13° 17' 45" N Lat, 61° 07' 45" W Long),
St. Vincent, British West Indies. Stratigraphic evidence (Hay,
1958) indicates
that this tuff-breccia is one of the lower units of a long prehistoric sequence
of
glowing-avalanche deposits, resembling in composition that erupted
in A.D.
1902. Coll. 1957 and subm, by R. L. Hay, University of California,
Berkeley.
Comment: there is evidence that the dominant wind direction during
accumulation of ash underlying the dated tuff-breccia was westerly or northwesterly,
rather than easterly as at present, but the time of the inferred shift in wind
direction is not closely dated by the sample.
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II. ARCHAEOLOGIC SAMPLES

A. Eastern North America

Lagoon Pond series, Oak Bluffs, Massachusetts

Charcoal associated with artifacts in the Lagoon Pond site (41° 26' N Lat,
70° 36' W Long), near Oak Bluffs, Martha's Vineyard, Massachusetts.
The site
has been excavated entirely by amateurs; systematic removal, in numbered
squares, was carried out in an area of 490 ft2 by E. G. Huntington, with records
of supposed culture layers above sterile soil as follows: yellow earth,
thickness
0 to more than 30 in.; brown earth, thickness 0 to more
than 40 in.; shell,
thickness 0 to more than 36 in.; sterile topsoil, thickness 0 to more than
36 in.
Artifacts were chiefly of stone, entirely so in the lower layers. No evidence
of
agriculture was encountered, though high ground above the site, which
is at
the head of a coastal lagoon, would have been suitable for agriculture,
and
forest disturbance of early date is recorded in unpublished pollen
diagrams
obtained from Martha's Vineyard by J. G. Ogden III. Coll. 1957
by E. G.
Huntington; subm. by Irving Rouse, Yale Iniversity, who has summarized
the
stratigraphy in an unpublished memorandum.

Y-582.

Lagoon Pond, ceramic

1030 ± 70

Charcoal from bottom of shell layer, square M4. Probably Point Peninsula
(Woodland) culture. Comment: the date is certainly too young for
the Point
Peninsula culture, which has been dated several times (e.g. M-194,
2180 +
300, Michigan I; C-192, 2948 ± 170, Chicago I).
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Y-583.

Lagoon Pond, preecramic

1430 ± 60

Charcoal from near bottom of culture layer, square 07. Preceramic, probably Archaic culture. Comment: this sample also is much younger than expected. The culture is comparable to that at the Wopanucket site on the adjacent mainland (M-764, 4250 ± 300, unpublished).

Y-459.

Frontenac Island, New York

± 80

3970

Charcoal from a hearth of Frontenac (middle Archaic) culture at Frontenac Island (42° 50' 30" N Lat, 76° 42' 30" W Long), Cayuga Lake, Cayuga
County, New York, immediately overlying bedrock. The site was described by
Ritchie (1945) . Coll. 1953 and subm, by W. A. Ritchie, New York State
Museum, Albany. Comment: a similar sample (C-191, 4930 ± 260, Chicago
1) has been quoted (e.g. Flint and Deevey, 1951) as providing a minimum
date for the draining of Lake Iroquois, a correlative of Lake Algonquin III.
The new sample was originally expected to be slightly older on archaeologic
grounds, but restudy of the artifacts shows that it was not, and its date does
not affect the dating of Lake Iroquois.

Rohr Shelter series, West Virginia

Charcoal from Rohr Shelter (39° 35' N Lat, 79° 50' W Long), Monongalia County, West Virginia. The samples span the history of Archaic culture
at the site, where it is represented by the lower two-thirds of the deposit, overlain by pottery-bearing layers. The underlying yellow sand is interpreted as
fluviatile, laid down when Bee Run Creek, now many feet below the shelter,
was cutting the rock formation in which the shelter is found. Coll. 1955 and
subm, by D. W. Dragoo and Albert Bauer, Carnegie Museum, Pittsburgh 13,
Pennsylvania.

2200 ± 60
Y-484. Rohr Shelter, late Archaic
zone
transition
in
46Mg9-C1,
sample
in.,
18
A3,
From hearth in block
from late Archaic to early Woodland.

Y-485.

Rohr Shelter, middle Archaic

1940

Y-486.

Rohr Shelter, early Archaic

5310

± 70

From hearth in block A3, 24 to 26 in., sample 46Mg9-C2, about midway
in Archaic deposit; the cultural materials are similar to those of Laurentian
culture in New York State.

± 90

From hearth in block A2, 32 to 36 in., sample 46Mg9-C3, just above
sterile yellow sand; the artifacts are typologically early Archaic. Comment: the
difference between the ages of Y-484 and Y-485 is nonsignificant. The three
samples give a satisfactory dating of Archaic Laurentian culture in the upper
Ohio valley, from its inception through its transition to the potterymaking
Early Woodland culture.
B. Middle America

Y-437.

Tlalpam, Mexico

1925

± 60

Carbonized bark, imbedded in alluvium ca. 10 in. below the lava flow
from Xitle Volcano, at Tlalpam (190 18' N Lat, 99° 11' W Long), Distrito
Federal, Mexico. The same lava bed surrounds the base of the pre-Classic
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stone structure at Cuicuilco, ca. 1000 ft away (Cummings, 1933) artifacts
of
;
the Ticoman phase have been found at the same stratigraphic position as
the
bark at several sites (Vaillant, 1935) . Coll. 1956 and subm, by Hans Lenz,
Villa Obregon, Mexico 20, D. F. Comment: the date agrees with that of M-663
(2040 ± 200, Michigan III) for charcoal in the (Ticoman?) culture layer
underlying the lava at the Pena Pobre quarry; the date of another
specimen
(M-664, 1430 ± 200, Michigan III) is not acceptable. The Chicago date
for
Cuicuilco charcoal (C-200, 2422 ± 250, Chicago I) is also in agreement.
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Kaminaljuyu series, Guatemala
Charcoal and wood from the archaeologic zone of Kaminaljuyu (14° 38'
N Lat, 90° 32 W Long), near Guatemala, Guatemala. A long series
of Highland Maya cultures, ranging from earliest pre-Classic through Classic, has been
excavated at the site (Kidder and others, 1946; Shook and Kidder,
1952).
The following table shows the sequence for highland Guatemala, as established
by archaeologists of the Carnegie Institution of Washington, with
dates estimated before the advent of radiocarbon dating (Shook, 1952):
Post-Classic
Chinautla
1200.1525
Classic (late)
Classic (early)

Pre-Classic

A.D.

Ayampuc

900.1200 A.D.

Pamplona
Amatle
Esperanza
Aurora

800-900 A.D.
500.800 AD.

Santa Clara
Arenal
Miraflores
Providencia-Sacatepequez
Majadas
Arevalo
Las Charcas

300-500 A.D.
200.300 A.D.
0-200 A.D.
500.0 B.C.
1000.500 B.C.
1500.1000 B.C.
1600.1500 B.C.
1800.1600 B.C.
2000.1800 B.C.

The samples, which were charcoal unless designated otherwise, were
coll, at
various times, and subm. by Carnegie Institution of Washington
(H, F. D.
Pollock).

Y-384.

Kaminaljuyu, Las Charcas phase

2340

Kaminaljuyu, Arevalo phase

2240 + 60

± 50

From pit no, 1, Finca Las Charcas, ca. 1 km S of SW edge of Kaminaljuyu. Accompanied by human, animal, and bird bones, by carbonized seeds,
and by pottery of late Las Charcas style. Sample no. 18; coll. 1950
by E. M.
Shook. Comment: the Las Charcas phase is placed by this date
as roughly
equivalent to Zacatenco in highland Mexico, which has given a date
of 2450 +
250 ('M--662, Michigan III). A Chicago date for Zacatenco
(C-196, 3310 +
250, Chicago I) now seems too old by a significant margin,
as does an unpublished Chicago date, C-885, 3500 ± 800, for another portion
of Y-384.

Y-401.

From general fill of second structure in mound C-1II.10. Sample no. 39;
Co11.1951 by F. M. Shook.
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± 50

Y-402.

KaminalJjuyu, Arevalo phase

2070

Y-390.

Kaminaljuyu, Majadas phase

2335

Y-370.

Kaminaljuyu, Providencia phase

1850

Y-377.

Kamt'nal'uyu, Miraflores phase

1940 ± 60

Y-382.

Kaminaljuyu, Miraflores phase

1920

soil, outside base of priFrom tog of sandy layer directly overlying sterile
C-III-10. Sample no. 40; coll.
mary and sealed by second structure, mound
stratigraphically older than Y-401,
1952 byY A. V. Kidder. Comment: Y-402 is
C14 age, in comparison to that of Y-401, is not signifiand its slightly younger
cant.

± 50

no. 26; coll. 1951 by E.
From intrusive cache in mound C-III-6. Sample
published as C-884, 2970 ± 200,
M. Shook. Comment: a Chicago date (C-886?
seems to be slightly too old.
Chicago V) , for another portion of this specimen,
V, one of which is the
Chicago
in
The number C-884 is given to two samples
under C-891 imCross-reference
Y-382.
Miraflores specimen reported below as
is C-886.
plies that the correct number of the Majadas sample

± 60

associated with the
Wood post from SW post-hole in mound D-III-10,
sherds date the mound as beolder of two main periods of construction; fill
4; coll. 1949 by E. M. Shook.
longing to the Providencia phase. Sample no.
by the placement of the
judging
Comment: this date may be slightly too young,
and by the date of
phases,
Miraflores
and
Providencia phase between Majadas
Sacatepequez culY-374 (2120 ± 60) from the supposedly contemporaneous
portion of
another
for
300,
ture. An unpublished Chicago date, C-879, 3130 ±
Y-370, however, is certainly too old.
Sample no. 11;
From tomb 1, mound E-I11-3 ('Shook and Kidder, 1952).
coll. 1949 by E. M. Shook.

± 60

Sample no. 16;
From fill of structures 3b, 3c, 3d, and 4, mound E-III-3.
240,
date (C-884, 3142
coll. 1950 by E. M. Shook. Comment: the Chicago
old.
too
clearly
V) for another portion of this specimen is

±

Chicago

Y-391.

Kaminaljuyu, Miraflores phase

2025

Y-406.

Kaminaljuyu, Santa Clara phase

1800

± 60

coll. 1951 by E.
From fill of structure 5, mound E-IlI-3. Sample no. 27;
Chicago V) for
300,
±
2490
(C-887,
M. Shook. Comment: the Chicago date
be slightly too old. Miraanother portion of this specimen can now be seen to
building at Kaminaljuyu, and
flores time was an age of astonishingly ambitious
with those for the culturaldates
the agreement of the three essentially identical
± 60) is striking. Kidder
1925
(Y-437,
Cuicuilco phase in Mexico
1Y similar
at Teotihuacan will prove
buildings
great
the
that
and others (1946) believed
also to have been begun in pre-Classic time.

± 60

Sample no. 44;
From midden sealed by terrace fill of structure D-III.1.
phase of
terminal
the
dates
coll. 1952 by E. M. Shook. Comment: this sample
be.
break
cultural
real
a
was
there
If
the pre-Classic sequence at Kaminaljuyu.
Clara
Santa
the
end
of
the
after
just
came
it
Classic,
tween pre-Classic and
phase.
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Y-378. Kaminaljuyu, Aurora phase
1785 ± 60
From grave 1, mound D-III-13 (!Berlin, 1952) . Sample no. 12; coll. 1949

by F. M. Shook.

Y-396.

Kaminaljuyu, Aurora phase

1860 ± 60

From bottom 'of post-hole in fill of structure associated with floor 2 and 3,
earlier than stone-stairway structure N, and later than painted-adobe structure
M, mound D-I1I-13. Sample no. 33; coll. 1951 by Heinrich Berlin.

Y-405.

Kaminaljuyu, Aurora phase

1660 ± 60

From burned post, upright in post-hole, in fill of an adobe structure below
the oldest identified one (structure K), mound D-III.13. Sample no. 43; coll.
1952 by Heinrich Berlin. Comment: Sample Y-405 is the oldest of the three on
archaeologic grounds and gave the youngest date, but the discrepancies are not
significant.

Y-629.

Kaminaljuyu, Aurora phase

1560 ± 70

From below burial and above stones, mound D-III.13. The charcoal was
oven-dried immediately after excavation. Coll. 1958 by Michael and Sophie
Coe; subm. by Gordon Willey, Harvard University, through Irving Rouse.
Comment: this sample, which should be nearly contemporaneous with Y-396,
was measured as a check on the possibility that Shook's samples from Kaminaljuyu might have suffered contamination by mold during storage in Guatemala.
For the Aurora phase, at least, the date shows that no serious discrepancies resulted from storage. Restudy of older samples is none the less desirable; for
many Middle American pre-Classic dates, Libby's solid-carbon measurements
made in 1951.1954 range from slightly to significantly older than gas-counting
figures obtained more recently. In addition to five samples from Kaminaljuyu
reported here (Y-384, Y-390, Y-370, Y-382, Y-391), discrepancies are apparent
in dates for Zacatenco (C-196, 3310 + 250, Chicago I M-662, 2450 ± 250,
;
Michigan III) and Tlatilco (C-199, 3407 + 250, and C-198, 6390 ± 300,
Chicago 1; M-660, 2525 ± 250, Michigan III) in the Valley of Mexico.
The
impression that the errors are systematic is probably an illusion, however;
numerous rechecks have shown that many solid-carbon dates (but relatively
few of Chicago's) are too young, presumably owing to radioactive contamination, while other errors are small and random as to direction.

Y-374.

Zacat, Sacatepequez phase

2120 ± 60

Charcoal from pit R-3, Zacat, Sacatepequez (14° 43'' N Lat, 90° 39' W
Long), Dept, of Sacatepequez, Guatemala. Sherd lot R-3, pure Sacatepequez
phase. Sample no. 8; coil. 1949 by E. M. Shook; subm. by Carnegie Institution
of Washington. Comment: The Sacatepequez pre-Classic culture is considered
a western variant of Providencia, dated 1850 ± 60 at Kaminaljuyu (Y-370).
Although the difference is small and probably nonsignificant, the date of Y-374
fits the sequence better.

Lowland Maya series
Wood from various sites in Guatemala and Yucatan, subm, by Carnegie
Institution 'of Washington as a continuation of the Kaminaljuyu series.
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Y-367

Uaxactun, Tzakol phase
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1780 ± 60

A-XV'III, tlaxactun
Sapote beam from vault, W end of room 8, structure
The building beGuatemala.
Long), Dept. Peten,
( 17° 24' N Lat, 89° 38'' W
1950 by R. E.
coll.
1
no.
Sample
;
phase.
lonrgs to the early Classic Tzakol
with St-162, 1720 ± 65
Smith. Comment: the date is in notable agreement
Teotihuacan, Mexico, cross(Stockholm I) for the early Classic phases 1I-III of
(Li nne, 1956).
dated by the occurrence of imported Tzakol pottery
T

1330 ±70

Y-368.

Uaxaetun, Tepeu phase

Y-392.

Tikal

800 ± 50

Y-369.

Nebaj

770

Y-393.

Tulum

880

and 54, structure A-V,
Logwood lintel from doorway between rooms 36
Guatemala. This
Peten,
Dept.
Long),
W
38''
89°
Uaxactun (17° 24' N Lat,
phase (Smith,
Tepeu
part of structure A-V was built during the late Classic
Goodman-Martinet-Thompson
by
1950 probably after 9.15.0.0.0 (A.n. 730,
correlation) . Sample no. 2; roll. 1950 by R. F. 'Smith.

N Lat, 89° 38' W
Logwood beam from structure 60, Tikal (17° 14'
during late Classic
Dept. Peten, Guatemala. The structure was built
Loner
Comment: for discussion
time. Sample no. 29; coll. 1951 by Stephen Borhegyi.
Tikal, see General comfrom
of Maya dates, including closely dated samples
ment at end of Lowland Maya series.

± 60

N Lat, 91° 09' W
Wood beam from tomb VIII, mound 2, Nebaj (15° 24'
to the early post-Classic
Longr)' Dept. Quiche, Guatemala. The structure belongs
no. 3, coil. 1947
Sample
(Tohil plumbate) period (Smith and Kidder, 1951).
by A. L. Smith.

± 60

and E, structure 21,
Sa Pote wood lintel from doorway between rooms D
The structure
Mexico.
Roo,
Quintana
Long),
Tullim (20° 15r N !Lat 87° 28' W
coll. 1951
30;
no.
Sample
1924).
(Lothrop,
time
was built late in post-Classic
by F. M. Shook.

1180 ± 60

Y-383. Zacualpa, Late Pokom phase
(15° 02' N Lat,
Fatty pine post from post-hole 3, structure C'I'lI, Zyacualpa
(Field no.
2289,
Specimen
90° 47' W Long), Dept. Quiche, Guatemala.
77-80,

(1948, p.
Z-289), rational Museum of Guatemala; pub. by Wauchope
the League of
of
period
post-Classic
late
the
to
belongs
structure
pl. IOC). The
Mayapan. Sample no. 17; coll. 1936 by Robert Wauchope.

Y-627.

Uxmal

1390

± 50

of room S of
Wood, presumably sapote, from inner lintel of doorway
Lat, 89 46
N
26'
(20°
Uxmal
central room in lower W range of the Adivino,
Ruz.
by
Alberto
1958
coll.
49;
N.
no.
Sample
W Long), Yucatan, Mexico.
northern
late-Classic
Comment: one other date from Uxmal, the most famous of
100,'Groningen II).
±
Gro-613,1065
published:
been
has
sites,
Yucatan

1160 ± 70
Y-626. Chichen Itza
build temple
of
doorway
Wood,presumably sapote, from beam inside S
Yucatan,
Long),
34'
W
88°
Lat,
N
ing ( El CaSttil1o), Chichen Itza (20° 41'
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Mexico. Sample no. N. 48; coll. 1958 by Alberto Ruz. Comment: El
Castillo
belongs to the early post-Classic period of Mexican (Toltec) dominance
at
Chichen. General comment: The pre-Classic development in the Maya area
seems to have begun a little later and lasted for a somewhat shorter time
than
was previously believed, partly on general grounds and partly as a result
of a
group of Chicago solid-carbon measurements that now seem to have been too
old. The Kaminaljuyu series is completely consistent, both internally and at
points where external correlation is possible, as between Miraflores and Cuicuilco and between Aurora and Tzakol, and Teotihuacan II-III. Attention
should
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also be called to the long and consistent series of dates from La Venta, Tabasco
(Michigan II; see also Drucker and others, 1957), showing pre-Classic construction phases I-IV there lasting from ca. 800 to ca. 400 B.c.
For the Classic and post-Classic periods the sequence in the Peten and in
Yucatan has long been well understood, and only the absolute dates have been
at issue. Three lintels from Tikal, all bearing the carved date 9.15.10.0.0, have
been dated with exceptional care in order to provide a critical comparison between the Maya and Christian calendars (L-113, 1470 ± 120, Lamont I;
C-948, C-949, average 1503 ± 110, Chicago V) . These measurements seemed
to confirm the Spinden correlation and disprove the Goodman-Martinez-Thompson correlation, heretofore accepted by the Carnegie Institution of Washington
and underlying the dates listed in the introduction to the Kaminaljuyu series.
Sample Y-392 from Tikal and Y-369 from Nebaj may be slightly
too young,
and sample Y-383 from Zacualpa may be slightly too old, but the general
agreement between the new dates and the pre-radiocarbon estimates for
Classic and
later phases is noteworthy. The difference between the two correlations,
260
years, is small, corresponding to about 3 percent difference in net C14 content,
and methodologic errors of this order of magnitude are inherent in any
radiocarbon measurement. We therefore regard the question of Maya-Christian
correlation as still an open one.

Y-125.

Venado Beach, Canal Zone

1750

± 60

Charcoal from Area A, Trench 8, between A-7 and B-2, 29 in, deep, under
S edge of urn-cache 5, Venado :Beach, near Fort Kobbe
(8° 54' N La't, 79° 37'
W Long), Canal Zone. The excavated grave is one of many that
were cut into
a layer of coquina, which itself contains sherds of an older
culture; local sealevel has fallen since the coquina was formed, but the geologic
relations are
unclear and the archaeology is understood only for the polychrome-pottery
period of occupation (Lothrop, unpublished). Coll. 1951 and subm,
by S. K.
Lothrop, Peabody Museum, Harvard University. Comment: the implication
of
so early a date for the latest culture at the site is that
the Central American
polychrome-pottery complexes were independently developed during
the period
of the later pre-classic Maya, and were not diffused from
the north. The several
wares that are dated here form part of the evidence for a complicated
pattern
of trade between the high cultures of South and North America;
Quimbaya
gold was widely distributed by this trade, and its manufacture
(in Colombia)
is evidently much older than could be demonstrated heretofore.

Y-585.

Monagrillo, Panama

4090

± 70

Charcoal from a small ash lens at the Monagrillo site (He-5) (8°
02' N

167

Yale Natural Radiocarbon Measurements IV

The ceramic but probably
Lat, 80° 28' W Lonbg) , Herrera Province, Panama.
McGimsey (1954) . Coll.
pre agricultural culture was described by Willey and
Harvard University; is
Museum,
1952 and subm. by G. R. Willey, Peabody
much better with curagrees
date
this
sample no. 52.28.20/19361. Comment:
archaeology than does
rent conce i)tions of Panamanian and nuclear American found in the refuse
shells
marine
M-11 (800 -±= 250, Michigan I) , based on
unpublished USGS dates from
Three
the
site.
at
excavation
1949
Willey's
from
its approximate contemporaconfirm
Colombia
the Barlovento site iii northern
neity with Monagrillo.

Y-458-d.

Cerro Mangote, Panama

6810 ± 110

Stratum C, at the pre,
Charcoal from Pit V. 130 to 145 cm below surface,
41' W Long) Cocle
80°
Lat,
ceramic site of Cerro Mangote (Co-40) (8° 18' N
nonceramic conthe
with
identical
Province, Panama. The preceramic culture,
(1956)
McGimsey
by
described
was
Monagrillo,
tent of the ceramic culture of
excavanew
during
was obtained
on the basis of 1955 excavations. The sample
are remains of food animals;
recognized
strata
various
The
1956.
tions in
exclusively composed of
almost
is
site,
the
Stratum C the latest over much of
10 km from the sea,
now
is
site
the
Although
shells.
crab (Menippe f rontalis)
has retreated
shoreline
the
there is evidence (Willey and McGimsey,1954) that
see Y-585)
B.P.:
4090
(ca.
time
from the region by many km since Monagrillo
sample no.
(his
III
McGimsey
R.
by
C.
as a result of lagoon filling. Coll. 19`56
expected
was
this date
696A), University of Arkansas, Fayetteville. Comment:
culture
the
where
of Monagrillo,
to be older than that from the nearby site
oldest
the
turn
in
is
but
pottery,
differs from Cerro Mangote chiefly in carrying
including
submitted,
samples
Other
ceramic culture yet known from Panama.
layer, were too small for
those from Stratum A, the initial (mainly oyster)
measurement.

MirindaY, Venezuela

Y-454.

580

± 50

N Lat, 70° 14' W
Charcoal from the Mirinday site at Carache (9° 37'
of the Mirinday
pottery
by
Long), Esto. Trujillo, Venezuela, accompanied
sequence
chronologic
Rouse's
and
Cruxent
sty le, belonging to Period IV in
subm.
Cruxent;
M.
by
J.
1956
Coll.
148-151).
1959,
p.
(Cruxent and Rouse,
agreesubstantial
in
is
Comment: the date
by Irvine
b Rouse, Yale University.
date, Y-298, El Morro, 715 ± 70 (Yale
IV
Period
other
one
the
with
ment

III) .
Y-455.

El Heneal Venezuela

3400 ± 120

42' N Lat, 63° 18' W
Charcoal from the shell midden of El Heneal (10°
The accompanying
Long), at mouth of the Rio Aroa, Esto. Falcon, Venezuela.(Cruxent and Rouse,
I
Period
from
culture, El Heneal, is preceramic, dating
Irving Rouse, Yale
35-36). Coll. 1956 by J. M. Cruxent; subm. by
1959,
compares niceVenezuela,
of
coast
west
the
for
University. Comment: this date,
and islands off shore, which
with those for Period I sites on the east coast
1y
1 (Yale III) to 4150 ± 80 for
range from 3050 ± 80 for Y-296g, La Aduana
later than the date of
Y-497 , Punta Gorda (this date list). It is somewhat
Panama, where sevMangote,
Cerro
6810 ± 100 for Y-485d (this date list),
the complete set of
Nevertheless,
eral similar types of artifacts are present.

.
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Period I dates forms a continuous series, extending over a somewhat
longer
time span than had been anticipated.
Y-456. Pedro Garcia, Venezuela
2450 ± 90
Charcoal from a shell midden at the Pedro Garcia site (10° 5' N
Lat, 64°
51' W Tong), near Barcelona, Esto. Anzoetegui, Venezuela. The accompanying
culture, known as Pedro Garcia, is non-ceramic but has trade
pottery which
permits the site to be dated in Period II (Cruxent and Rouse,
1959, p. 105107) . Coll. 1956 by J. M. Cruxent and Irving Rouse, Yale
University; subm.
by Rouse. Comment: the sample was originally dated in Period
IV because of
the presence of pottery oil the surface of the midden belonging
to the Guaraguaro style, The radiocarbon date was too old for this period
(cf. Y-454,
Mirinday, 580 ± 50, this date list) . Therefore, Cruxent and Rouse re-excavated
the site in 1957 and found that the Period IV pottery was limited
to the surface. The radiocarbon sample, which came from the bottom
of the midden is
instead to be associated with a non-ceramic complex, as indicated
above.
Y-457. Cerro Machado, Venezuela
1930 ± 70
Charcoal from the Cerro Machado site (10° 37' N Lat, 67° 1'
W Long),
at the mouth of the Rio Tacagua, I)istrito Federal, Venezuela.
The accompanying style, Cerro Machado, belongs to Period if in the local sequence.
Co11.1956
by J. M. Cruxerit; subni. by Irving Rouse, Yale University.
Comment: cf.
Tocuyano, M-257, 2100 ± 300 (Michigan I) which contains a
,
closely related
style of pottery, also dated in Period II oli the relative time scale.
Other Period
II dates, for such unrelated styles as El Mayal, Y-297, 1795 ±
90 (Yale III)
are also consistent.

Y-465.

Vega del Palmar, Cuba

960 ± 60

Charcoal from the Vega del Palmar site (22° 02' N Lat, 80° 24'
W Long)
at the fork of the Rio Arimao, SW of the Bahia de Cienf uegos,
Las Villas
province, Cuba; found in the 105- to 120-cm level of a midden,
150 cm deep,
which yielded pottery only in the top two 15-cm levels.
The preceramic levels
of this deposit date from Period III and the ceramic levels
from Period IV in
the Caribbean chronology (see Y-454, this date list). Coll. 1956
and subm. by
P. G. Hahn, Yale University. Comment: confirms other evidence
that preceramic, Ciboney culture survived until Period III (cf. Rouse,
1951a, fig. 3).

Y-497.

Punta Gorda, Venezuela

4150 ± 80

Charcoal from the preceramic, Cubagua-complex levels at
the base of the
Pulita Gorda midden, Cubagua Island, eastern Venezuela (10°
49' N Lat ' 64°
9` W Long)
b . From Excavation 4, sections P and Q, 3.5 to 4.0 m. The site is
described by Cruxent and Rouse (1959, p. 46-49) it contains
;
a succession of
three lion-ceramic complexes, from bottom to top, as follows: (1
Cubagua
without shell gouges, (2) Manicuare complex, with such
gouges, and (3)
Pulrta Gorda complex, with gouges and also trade pottery.
Complexes (1) and
(2) are dated in Period I and complex (3) in Period II on
the relative time
scale. The sample is associated with complex (1). Coll. 1957
by J. M. Cruxent
and Irving Rouse, Yale University; subm. by Rouse. Comment:
the earliest
date yet obtained for Venezuela. It was expected to be earlier
than the two
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Manicuare-complex dates, Y-296g, 3050
III) , and it is.

Y-499.2.

± 80

Los Barrancos, Venezuela

and Y-295, 3570

±

130 (Yale

1370 ± 90

Charcoal from Los Barrancos site (8° 43'' N Lat, 62° 10' W Long), Esto.
Monagas, Venezuela; test pit, 0.50 to 0.75 m, accompanied by pottery of the
Los Barrancos style of Period III. Coll. 1956 by J. M. Cruxent and Irving
Rouse, Yale University; subm. by Rouse. Comment: this is the type site of the
Los Barrancos style (Cruxent arid Rouse, 1959, p. 227-230), formerly designated Barrancos 3 in the sequence of pottery styles established at the nearby
site of Saladero (Rouse, 1951b, p. 345). The date compares favorably with the
other two dates for Period III: 1580 ± 40 for Y-290, Irapa (Yale II) and
1355

±

80 for Y-300, El Mayal

1

(Yale III).

C. Africa

Y-135.9.

Mapungubwe, Transvaal

530

± 60

Charred millet from the Mapungubwe site (22° 05' S Lat, 29° 20' E
Long), northern Transvaal, South Africa; found at position 6' 58' 3' (3 ft
depth) in block 2, strip 4. The site is part of the Zimbabwe complex, and is
being described by Gardner. Coll. 1939 by Capt. Guy Gardner; subm. by
Phillip Tobias, University of the Witwatersrand, Johannesburg. Comment: see
Y-135-17.

± 60

Y-135.14.

Mapungubwe, Transvaal

570

Y-135.17

Bambandyanalo, Transvaal

900 ± 65

Charred millet and wood from a burned but at the Mapungubwe site (22°
05' S Lat, 29° 20' E Long), northern Transvaal, South Africa; found at position 35' 0' 5' (5 ft depth) in block 6, strip 4 (sample A). Coil. 1939 by Capt.
Guy Gardner; subm. by Phillip Tobias, University of the Witwatersrand,
Johannesburg. Comment: see Y-135.17.
!Charcoal accompanying ceremonial beast-burial no. 6, with 14 pots, at site
I(2, near Bambandyanalo Hill (22° 05' S Lat, 29° 20' E Long), northern
Transvaal, South Africa; found at 5.5 ft depth in blocks 4-6, strip 6, coordinates A-14', R-7'. The pre-Bantu, proto-Hottentot culture is related to the
Zimbabwe complex of Southern Rhodesia, and is being monogra)hed by Gardner; skeletal remains are being described by Alex Galloway. Coll. 1938
Capt. Guy Gardner; subm, by Phillip Tobias, University of the Witwatersrand, Johannesburg. Comment: two lintel-timbers from a relatively old period
of construction at Zimbabwe (i.e, older than 14th or 15th century ..D.) have
been dated (Summers, 1955) : C-613, 1361 ± 120 (Chicago ill), and C-917,
1506 ± 305 (Chicago V), the latter also measured by the Institute of Geochronology, [Tniversity of London, as GL-19, 1240 ± 80 (London 1). The
Zimbabwe complex is large, and evidently some of its sites were occupied over

.by

many centuries.
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The following is a list of radiocarbon dates obtained since the time of
x The description of the essential features of
III.
list
preparation of Michigan
111 applies to
our method of measurement as given in the introduction to list
logs, and
hardwood
from
this list. The modern standards used were obtained
were
standards
These
count.
ring
by
years
150
to
were of various ages from 75
atmospheric
the
of
dilution
recent
the
for
correction
no
that
so
sufficiently old
C1' is believed to be necessary in the dates reported here. The ages of carbonate
withsample are also calculated from modern wood as a reference standard,
fractionation.
out any correction for isotope
for
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SAMPLE DESCRIPTIONS
I. GEOLOGICAL SAMPLES

M-219.

George Reserve Lake, Michigan

3000 ± 500

M-347.

Russell Farm, Michigan

5950 ± 300

M-639.

Coville Farm, Michigan

13,200 ± 600

84
Lake bottom muck from the George Reserve Lake (42° 27' 30 N Lat,
a
from
taken
was
sample
The
00' 30" W Long), Livingston 'County, Michigan.
of
University
Cain,
A.
by
S.
subm,
and
1951
depth of 15 ft in the muck. Coll.
in this
Michigan, Ann Arbor. Comment: other samples from different depths
M-221,
III;
lake have been dated: (M-220, 4550 ± 500 at 20 ft, Michigan
to 31 ft, Mich5970 ± 900 at 25 it, Michigan III; M-222, 8570 ± 400 at 30
11,450 ±
M-224,
I
Michigan
ft,
36
to
35
;
igan I ; M-223, 11,450 ± 600 at
1).
Michigan
ft,
600 at 40.25 to 41.25

Frank
Mastodon tusk fragments from the "Russell Mastodon" found at the
Michigan.
County,
Russell Farm (43° 00' N Lat, 83° 15' W Long), Lapeer
out
The tusk was found in the bulldozing of "spoil" dirt which had been taken
thick.
ft
2
marl
in
muck
in,
of
18
under
buried
was
previously. The mastodon
Coll.
The animal was considered to be a young adult male with short tusks.
Ann
Michigan,
of
University
1953 by Frank Russell; subm, by C. W. Hibbard,
Arbor. Data subm, by C. M. llarber.
Bone from woodland muskox taken from a marl pit on the Coville Farm
The sample
(42° 12' N Lat, 85° 25' W Long), Kalamazoo County, Michigan.
The
surface.
the
below
ft
6
4
to
from
shovel
by
pit
marl
the
from
removed
was
are given in full in the
References to published date lists, given in this form in the text,
References.
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marl was 6 to 8 ft deep, overlain by 1 ft of muck. Coll. 1956 by Frank Hinds;
subm. by C. W. Hibbard, University of Michigan, Ann Arbor.

Michillinda Bog series, Michigan
Wood samples from a buried peat bog exposed at Michillinda, Michigan
on the east shore of Lake Michigan (43° 21' 24" N Lat, 86° 25' W Long). The
bog is underlain by lake silts and glacial till and is covered by bedded sands
and gravels. The peat deposition occurred during a low-water stage in the Lake
Michigan Basin, probably the Chippewa level. Maximum thickness of the peat
was 50 in. Pollen samples were collected in the 50-in. section; the wood was
collected from various levels throughout the peat. Coll. 1955 by J. H. Zumberge
and G. I. Quimby; subm, by Zumberge, University of Michigan, Ann Arbor.
Zumberge and Potzger (1955, 1956) have published on the geological chronology of the Lake Michigan Basin.

M-468.

Michillinda Bog, stratigraphically lowest of samples
5150 ± 300

White pine from base of peat layer in vicinity of 50-in, pollen section. It
is from just above layer of contact between peat and underlying sands and
gravels and should date early period of peat formation.

M-473.

Michillinda Bog

4800 + 400

White pine from near base of peat bed but probably stratigraphically
above M-468 since there was a lesser thickness of peat above this sample. Is at
furthest distance from pollen section.

M-470.

Michillinda Bog

4890 + 300

White oak from level 12 in. above M-468 in vicinity of pollen section.

M-471.

Michillinda Bog

4850 ± 300

Oak from same stratigraphic level as M-470 but from a section of the peat
only 31 in. thick. Sample was from a small log whose center was above the base
of the peat.

M-469.

Michillinda Bog

4750 + 300

American elm from a log from the top of the peat in an area where it was
36 in, thick.

M-472.

Michillinda Bog

4100 ± 250

White pine. Sample was branch of a tree that lay 6 to 8 in, from the top
of a 29-in.-thick section of the peat, about 5 it, laterally, from the pollen section. Represents minimum date on the low-water stage in the Lake Michigan
Basin.

M-474.

Michillinda Bog

5420 + 400

White pine from within the body of peat but exact position not recorded.
M-490. Sheridan, New York
9200 ± 500
Rib of young mastodon from Dahlman farm near Sheridan (ca. 42° 30'
N Lat, 79° 12 W Long), Chautauqua County, New York. This
find was reported by Hartnagel and Bishop (1921). The lower Warren beach at this spot
has an elevation of 755 ft and is about 300 ft wide. The skeleton was found in
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muck land to south or landward side of the beach. The section showed 2 ft of
muck, 3 ft of "quicksand" under which was a hard bed of sand. The tusks were
driven into the sand a number of feet. Coll. 1955 by E. R. Burmaster; subm.
by I. Reimann, Iniversity of Michigan, Ann Arbor.

M-851.

St. Vincent Island, West Indies

3890 + 300

Wood from log (species unknown) collected from a volcanic mudflow deposit on bank of Rabaka River about 3500 ft from the east coast (13° 17' 45"
N Lat, 61° 07' 50" W Long), St. Vincent Island, Windward Islands, Lesser
Antilles, West Indies. The volcanic mudflow deposit from which the sample
was taken appears to be a basal portion of the prominent uppermost glowingavalanche from Mt. Souf rieee exposed on the banks of the Rabaka River Valley. Coll. 1957 and subm, by R. L. Hay, University of California, Berkeley.
Comment: the glowing-avalanche deposit predates the oldest known artifacts
which occur in soil developed on the upper surface of the deposit. The deposit
from which the dated sample was taken is on the younger deposits forming a
broad alluvial fan on the east coast of St. Vincent.

M-638.

Lansing, Michigan

7460

± 400

Wood sample (Larix laricina) from peat bog 1 to 10 ft thick under 15 ft
of glacial moraine 20 ft above river level at Lansing sewage disposal plant,
Lansing (42° 40' N Lat, 84° 34' 40" W Long), Michigan. Coil. 1949 by H. M.
Martin, S. G. Bergquist, and L. Wood; subm, by H. M. Martin, Michigan Department of Conservation. Comment: sample was found when peat bog was
exposed by an excavation made in the Grand Ledge Moraine in Lansing. When
the sample was collected there was no evidence to contradict the assumption
that the bog had been covered by an ice advance. Careful investigation following dating, however, disclosed that turf had been removed from a portion of
Grand Ledge Moraine and then the morainic material had been bulldozed into
the bog, burying the peat. The significance of the date, therefore, is limited to
the establishment of the temporal existence of the bog. Another sample, possibly from the same wood or from different wood, was dated by the U.S.G.S.
(sample no. W-556, Meyer Rubin, personal communication) at 9040 ± 300.

M-723.

Wolstenholme Fiord, Greenland

9880 ± 500

Seaweed from the north side of Wolstenholme Fiord, near the terminus
of Moltke Glacier and opposite the 1953 position of the end of Sermerssuag
Glacier (76° 38' 45" N Lat, 67° 59' 30" W Long), Greenland. The specimen
was collected from a 1-ft-thick carbonaceous silty sand zone about midway in
a 30-ft bluff of sandy-gravel beach sediments. The middle third of the bluff
sediments contains a marine pelecypod fauna. The top of this fossiliferous zone
is about 35 ft above the present average water level in the fiord. Coll. 1955 by
C. D. Holmes; subm. by J. H. 7umberge, University of Michigan, Ann Arbor.
Comment: Holmes has reported (personal communication to 7umberge) that
pelecypod shells from both above and below the seaweed zone have yielded
radiocarbon dates of about 9000 B.P., tending to confirm the date from this
seaweed sample.

M-722.

East Wyeth Group, Site #4, Washington

670 ± 300

Stump of Douglas fir from submerged forest at East Wyeth Group, Site

H. R. Crane and James B. Griffin
#4 (45° 42' 20" N Lat, 121° 48' 30" W Long), Columbia River Gorge,
Washington. The stump was placed in soil. Submergence is attributed to a landslide blocking the gorge. This slide is estimated to have occurred 396 yr ago
or earlier on the basis of untilted trees growing on the landslide area itself. The
stump had over 200 annual rings outside its rotten center and is estimated to
have been approximately 260 yr old at the time of submergence. Coll. 1936 by
D. B. Lawrence and deposited with the Pacific Northwest Forest and Range
Experiment Station, U. S. Forest Service. Subm. by L. Isaac for that organization through S. H. Spurr, University of Michigan, Ann Arbor. Lawrence has
published a discussion of the submerged forest (1936). Comment: the date
provided by the sample fits closely the expected total age of the wood of 656 yr.
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700 ± 200
M-761. Bingen, Washington
Garry oak stump submerged in the Columbia River Gorge near Bingen
(45° 40' N Lat, 121° 26' 30" W Long), Washington. This stump, like M-722
above, is one of the trees drowned by the lake formed behind the Cascade
Landslide at the Columbia River Gorge. Coll. 1936 and subm, by D. B.
Lawrence, University of Minnesota, Minneapolis. Comment: the sample was
carefully prepared by Lawrence to avoid contamination. All faces previously
in contact with air were removed with clean tools and the sample was then
wrapped immediately in several layers of aluminum foil and enclosed in two
plastic bags.
II. ARCHAEOLOGICAL SAMPLES

A. Middle Western United States

M-558.

Wilson Mound, Illinois

1950

± 200

Antler from Wilson Mound (37° 59' N Lat, 88° 2' W Long) near Wabash
River, Emma Township, White County, Illinois. The sample was obtained as an
artifact, part of a stone-working kit, placed with a corpse in a typical central
log tomb chamber in the mound. It was in an exhibit case for five years prior
to dating. Coll. 1950 by G. K. Neumann; subm. by Thorne Deuel, Illinois State
Museum, Springfield. Comment: the Wilson Mound is a Southern Illinois Hopewell site. It has been described by Neumann and Fowler (1952). Three other
dates have been published for the log burial chamber from which the antler
sample was collected: (C-684, 2086 ± 160, reported in Deuel (1952, p. 91) ;
C-684, average 723 ± 180, Chicago ITI, p. 675; and M-559, 2000 ± 200,
Michigan III, p. 1119). These first two dates are both from the same sample
(C-684). The discrepancy between them is discussed by Griffin (1958, p. 12).
The agreement betwen the dates provided by M-558, M-559, and the first dating of C-684 indicates that the second date derived from this specimen (723
± 180) is in error.

M-574.

Long Slough, Illinois

1350 ± 500

Contemporary mussel shell specimen taken from Long Slough, a marshy
backwater area within 400 yd of the Kuhne site-see below, M-578-580 (41°
9' N Lat, 89° 18' W Long), in the Illinois River Valley. The specimen was
gathered alive from Long Slough, the source of many of the mussels utilized
by the inhabitants of the Kuhne Site. Coll. 1956 and subm, by Stuart Struever,
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La Salle-Peru, Illinois. Comment: the date gives added evidence of the error
apparently inherent in the use of some shell samples. This has been discussed
(Michigan I, p. 664). It should be noted that the apparent age of these modern
shells is calculated on the assumption that shell and wood do not differ in C14
content.

Kuhne Site series, Illinois

y

Charcoal from Kuhne Site (41° 9' N Lat, 89° 18' W Long), Putnam
County, Illinois. Samples were collected during controlled excavation of the site
done in 5-ft squares at depths of 50 in. (datum for the site) and less. Coll.
1956 and suhrn, by Stuart Struever, La Salle-Peru, Illinois.

1.670 ± 200
M-578. Kuhne Site
From square K-939, 1.7 in, from north wall, 6 in, from west wall, 50 in.
below ground surface. Sample was part of a charcoal ash lens probably representing a fire of short duration.

M-579.

Kuhne Site

2210

± 250

From square K-1085, 24 in, from north wall, 24 in. from east wall, 32 in.
below ground surface. Sample was part of small pocket of charcoal within the
general refuse area of this village site.

M-580.

Kuhne Site

1790

± 300

From square K-1126, 18 in, from north wall, 16 in. from west wall, 39 in.
below ground surface. Comment: the Kuhne Site is primarily Hopewellian,
seemingly occupied intermittently from late pre-Hopewell times to post-Hopewellian Late Woodland. The significance of these dates will be discussed by
Struever in his report on the site. The dates fit closely with Hopewell dates
given in Michigan 'I, II, III.

M-726.

Raaf Shell Mound, Indian

1800 ± 200

Contemporary mussel shell (id, by G. A. Black) from beach of Ohio River
immediately adjacent to Raaf Shell Mound (37° 58' 9" N Lat, 86° 52' 23" W
Long), Huff Township, Spencer County, Indiana. The sample was collected as
a living animal to be dated as a check on the dates for this Archaic Shell
Mound based on shell material. Coll. 1956 by Mr. and Mrs. G. F. Martin;
subm. by G. A. Black, R. R. 2, Newburgh, Indiana. Comment: the date is clearly older than might have been expected. In this it is similar to M-574 (see
above) and indicates the tendency of some shell to yield dates which are too
ancient ('.Michigan I, p. 664). However, the date of this contemporary specimen--d800 yr--when subtracted from previous dates for the Raaf Shell Mound
based on shell material (Michigan H, p. 1100) which average ca. 6000 yr,
gives a figure well in line with dates for late Archaic shell mounds based on
other than shell material, as given in Libby (1955). It should be noted that
the apparent age of these modern shells is calculated on the assumption that
shell and wood do not differ in C14 content.

Carcajou Point series, Wisconsin
Charcoal associated with artifacts from Carcajou Point (42° 53' 21" N
Lat, 88° 57' 30" W Long) and Carcajou Point Village (42° 53' 22" N Lat,
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88° 57' 30" W Long), Lake Koshkonong, Jefferson County, Wisconsin. The
artifacts are typologically primarily Upper Mississippi with some evidence of
continuity from Middle Mississippi traits. Archaeological problems of the area
and previous radiocarbon dates are discussed by Hall (1958, and ms.). Coll.
1957 and sul)m, by R. L. Hall, Lincoln-Tallman Historical Museum, Janesville,
Wisconsin.

M-786.

Carcajou Point Village

960 ± 250

Charcoal recovered from the general fill of a refuse pit (feature 41) within the area enclosed by the outline of a house of wall trench construction (feature 61). Pottery associated with this sample is regarded typologically as
representing an early phase of an occupation Upper Mississippi in total character, but marked by attenuated Middle Mississippi traits in ceramics and
house construction.

M-785.

Carcajou Point Village

930 ± 250

Charcoal from the fill of a post mold 1 ft in diameter (feature 57) centered exactly within the outline of the house (see above-feature 61). The date
determined for this sample differs from that for M-786 by only 30 yr. As both
samples are from features (41 and 57) within the same house outlines (feature
61), all three features would appear to he essentially contemporaneous.

M-747.

Carcajou Point

430 ± 250

Charcoal from level 3 of a refuse-filled pit (feature 17) in an occupational area, unassociated with any structural features. Pottery associated with this
sample is regarded as typologically later than that associated with M-786 from
another refuse-filled pit (feature 41). The radiocarbon dates are thus consistent
with the archaeological evidence and my be regarded as restricting in time
the late phase of an Upper Mississippi occupation at this site.

M-784. Raddatz Rockshelter, Wisconsin
1380 ±200
Charred wood from the Raddatz Rockshelter (43° 21' N Lat, 89° 56' W
Long), Sauk County, Wisconsin. The sample was taken from a firebed in level
6 (20 to 24 in, below surface). Two large side-notched projectile points were
found in this firebed. These and other associated materials from elsewhere in
the shelter at the same depth are typologically Middle Archaic. Coll. 1957 and
subm, by W. L. Wittry who has a final report on the site scheduled for publication in the Wisconsin Archeologist during 1959. Comment: the artifacts associated with this sample, being of Middle Archaic type, suggest a date much
earlier than the 1380 ± 200 given. See Michigan I, lI, III for other radiocarbon dates for archaic materials.

M-835.

Coufal Site, Nebraska

820 ± 200

Charcoal from a center post of House #20, a rectangular structure with
four center posts, Coufal Site (41° 23' N Lat, 98° 44' W Long), David Creek
Reservoir, Howard County, Nebraska. Coll. 1939 by A. T. Hill; subm, for
Missouri Basin Chronology Program through R. L. Stevenson by M. F. Kivett,
Nebraska Historical Society, Lincoln. Comment: the artifactual material recovered from this site indicates a blending of Nebraska culture and Upper
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iepuhlican traits. The assemblage is referred to by Kivett as a "Hybrid Culture." The sample should date the transition between these two horizons.

M-836.

± 200

Crow Creek Site, South Dakota

900

Thomas Riggs Site, South Dakota

730 ± 200

Charcoal from two house posts, Crow Creek Site (43° 59' 50" N Lat, 99°
19' 54" W Long), Fort Randall Reservoir, Buffalo County, South Dakota. Coll.
sulm. by M. F. Kivett, Nebraska Historical Society, Lincoln. Com1955
ment: the house post remains were taken from the floor of a long rectangular
house. Two such houses were excavated at the site, both being of the Over
Focus. The sample dates this component at this site. This Over Focus component is separated geographically and stratigraphicaily from a later prehistoric
component at the same site.

.and

M-838.

Charcoal from a hurried house post, house #2, Thomas Riggs Site (44°
29' 05" N Lat, 100° 34' 05" W Long) , Oahe Reservoir, Hughes County, South
Dakota, Coll. 1952 and subm. by W. R. Hurt, University of South Dakota,
Vermillion, who has published a report on the site (Hurt, 1953) . Comment: the
sample is judged to provide a base date for the Thomas Riggs Focus and to
date the long rectangular house component at the Riggs Site.

M-453.

Liverpool Mounds, Illinois

M-642.

Aztalan Site, Wisconsin

1470 ± 200

Wood from "tog-pen" burials, Mound F°77, Liverpool Mounds (40° 23'
N Lat, 90° 01' 15" W Long), Liverpool Township, Illinois. Mound F°77 is one
of four mounds built on au elevation of a bar of sand and gravel close to the
hanks of the Illinois River. The gravel, laid down by the receding ice, is overlain by 2.5 to 3 ft of organically darkened sand. Mound F°77 was built on this
deposit. Coll. 1926 by Marion and Ernest Dickson; subm, by D. F. Dickson,
Illinois Department of Conservation, who has described the archeology of
the site (1956). Comment: the log tomb from which the sample was taken.
derives from a period of Hopewell culture occupation. Below the level of Hopewell occupation-in the "black sands"-other burial remains have been found
deriving from a pre-Hopewell occupation. The sample provides a date for
Hopewell at this site which is substantially later than the large number of
radiocarbon dates for Hopewellian culture reviewed by Griffin (1958). The
date is believed to be about 50 to 800 yr too recent.

320

± 200

Charcoal from the charnel house (crematorium) 2.3 ft in depth in stage
C (top level) of northwest pyramidal mound, Aztalan Site (43° 4' N Lat, 88°
55' W Long), Jefferson County, Wisconsin. The excavation of this feature is
described in Rowe (1958). Coil, by C. W. Rowe in the summer of 1954; subm.
by Robert Ritzenthaler, Milwaukee Public Museum, Wisconsin. Comment:
this date is believed to be too late for the Aztalan occupation.

Renner Site series, Missouri
Charcoal associated with living debris from the Renner Site (ca. 39° 10'
Lat, 94° 35' W Long,), Platte County, Missouri. This is the type site of the
Kansas City focus of the Hopewellian culture (Wedel, 1943). The excavations
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which produced the charcoal for these three dates are described in a later publication (Roedl and Howard, 1957).

M-571.

Renner Site

± 200

1850

Charcoal from level 4, square 70 E 5 associated with village debris.

M-572.

Renner Site

± 250

1950

Charcoal from pit 7, level 3, 12 to 18 in. associated with village debris.

M-573.

Renner Site

1520

± 200

Charcoal from pit 7, level 4, 18 to 24 in, associated with village debris.
Comment: these three dates are regarded as of the correct age for this western
Hopewell concentration, in contrast to the first date (M-454, 1270 ± 250,
Michigan III) , which is almost certainly too late (Griffin, 1958).

M-585. O'Bryan Ridge (23 Mi 20), Missouri
1880 ± 200
Charred acorn meats (id, by V. H. Jones) from the Burkett or O'Bryan
Ridge Site (36° 52' N Lat, 89° 12' 30" W Long), Mississippi County, Missouri. The sample was taken from excavation trench 4, level 5, 18 to 21 in. The
pottery from this level is predominantly Mulberry Creek Cord-Marked, with
minor proportions of Withers Fabric-Impressed and Baytown Plain. The site
was occupied during Archaic and Woodland times. Coil, by E. G. Scully; subm.
by J. B. Griffin. Comment: another date from this site has been recorded
(M-438, 2140 ± 250, Michigan III).

M-309.

Spiro Site, Oklahoma

480

± 200

Conch shell fragments (Busycon?) from the surface of the destroyed
Craig mound (35° 14' N Lat, 94° 40' W Long), Le Flore County, Oklahoma.
Though these specimens were collected on the surface they are almost certainly
from the large cache of marine shells from this mound (Hamilton, 1952). Coll.
February 14, 1953 and subm. by L. H. Larson, 735 West Avenue, Cartersville,
Georgia. Comment: earlier dates on Spiro well-preserved juniper by the carbonblock method resulted in an absurdly high figure (M.44, average 2286 ± 200,
Michigan I), but with a gas counter a Spiro wood sample resulted in fairly
close agreement with the present sample (M-54, 640 ± 250, Michigan I).

M-446.

Bedford Mound Group, Illinois

1550 ± 250

Wood specimen from central log tomb of mound Pk° 459 (39° 32' N Lat,
90° 35' W Long), near Bedford, Pike County. Illinois. This log tomb contained
an incomplete child's skeleton and other skeletal material in one corner. In
the tomb were three cut mica sheets, a fragment of a turtle carapace, a small
copper awl, and a conch shell fragment with an engraved bird design. Coil, by
Gregory Perino and Dan Morse; subm. by Morse, Peoria Municipal Tuberculosis Sanatorium, Peoria, Illinois. Comment: this date is somewhat younger
than expected ('Griffin, 1958, p. 14-15). A publication on the Bedford Mound
Group is in preparation by Gregory Perino for the Gilcrease Foundation.

M-549.

Esther Berry Site, Illinois

810

± 250

Charcoal from a Spoon River Focus village site, Esther Berry by name
(40° 23' 30" N Lat, 90° 04' 30" W Long), Liverpool Township, Fulton
County, Illinois. Coil, by Marion Dickson prior to 1956; subm, by J. B. 'Griffin.
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Crable series, Illinois

Phase
The Crable Site is a large Spoon River Focus, Middle Mississippi
Fulton
Township,
village (40° 11' 15" N Lat, 90° 13' W Long), Kerton
Smith (1951).
County, Illinois. A report on the site has been published by

M-550.

Crable Site

600

M-553.

Crable Site

620

± 200

ca. 475 ft
Charcoal from a post hole, probably part of a house structure,
1951)
. Coll.
Smith,
in
SW of F°898 and 270 ft WNW of Pit A (see site map
1956 and subm. by J. B. Griffin and A. C. Spaulding.

Charcoal from Pit
Morse, Peoria, Illinois.

M-554.

1

± 200

at a depth of 2.5 ft. Coll. 1956 and subm, by Dan

Crable Site

530 ± 200

subm, by Dan
Charcoal from Pit 1 at a depth of 3 ft. Coll. 1956 and
there is clear
valley
Illinois
Central
the
in
Comment:
Morse, Peoria, Illinois.
level at
Village
of an early Mississippi stage derived from the Old

evidence

Crable dates indicate
Ca'hokia, and this occupation has not yet been dated. The
distinctive form. The
its
assumed
had
Focus
that by A.D. 1300 the Spoon River
close to A.D. 1700.
come
probably
Focus
River
Spoon
late expressions of the

Cahokia series, Madison County, Illinois

is just east of
The Ramey Site (38° 39' 30" N Lat, 90° 3' 30" W Long)
is an area of
Cahokia
Illinois.
area,
Monks Mound in the heart of the Cahokia
several
through
Woodland
Late
of
part
latter
the
sites which range in time from
Mississippian stages.

670

± 200

M-635. Mound 34
(id. by S. B. Preston),
Charred wood, both red oak group and hickory
a series of fires, at the
of
diameter,
in
ft
6
fire," an area,

from "ceremonial
Should postdate the con
junction of the ramp to the west side of the mound.
A number of artifacts
struction of the ramp and the building of the mound.
Spiro. Coll. 1956 by
to
were found in association; many show relationships
of Michigan,.
University
Morse,
Gregory Perino; subm, by Perino and D. F.
(Mpublished
been
has
mound
this
Ann Arbor. Comment: another date from
depth
of
a
at
4
Feature
from
came
which
I)
33 average 800 ± 200, Michigan
is in
area
Cahokia
the
on
publication
A
debris.
4.25 ft in the submound village
preparation by Gregory Perino for the Gilcrease Foundation.

M-636.

150 yd E of Monks Mound

660 ± 200

M-670.

150 yd E of Monks Mound

960 ± 250

equate with Mound
Charcoal from lowest level of a refuse pit which should
Griffin.
B.
by
J.
34 in time. Coll. 1956 by Gregory Perino; subm.
house. Sherds from
Charcoal from small log lying on clay floor of burned
the Trappist complex.
floor of house and in fill immediately above it indicate
of Michigan, Ann Arbor.
Coll. 1957 and subm: by D. F. Morse, University
Comment: this date is a little early; see M-672.
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M-672.

150 yd F of Monks Mound

480

± 200

Charcoal from a basin in clay floor of burned house; same house dated by
M-670. Coll. 1957 and subm. by D. F. Morse, University of Michigan, Ann
Arbor. Comment: the radiocarbon dates from Cahokia do not yet reach back
to the "earliest" Mississippi culture occupation. The Old Village culture type is
well developed by A.D. 1100. Additional samples will be run in the near future
oil charcoal from the basal levels of the Kunneman mound on a "pure" Old
Village complex excavated by Preston Holder.

M-643.

Oseeola Site, Wisconsin

3450 ± 250

Human bone from the Osceola Site (42° 39' N Lat, 90° 41' 30° W Long),
Grant County, Wisconsin. The burial layer from which the sample was collected was from 2.5 to 5 ft below the ground surface. Between the burial layer
and the topsoil was a layer containing isolated fragments of late Woodland
pottery and broken chest points. Coll. 1945 and subm, by Robert Ritzenthaler,
Milwaukee Public Museum. Milwaukee, Wisconsin, who has published a report on the site (1957). Comment: see below (M-644).

M-644.

Reigh Site, Wisconsin

3660 ± 250

Human bone from the Reigh Site (44° 03' N Lat, 88° 38' W Long),
Winnebago County, Wisconsin. The burials from which the sample was obtained were in a gravel layer with no stratigraphy. The burials varied in depth
from 1.5 to 5 ft. but the actual depth is unknown since the top surface level was
removed by earth-moving machinery. Coll. 1956 by Neil Ostberg; subm, by
Robert Ritzenthaler, Milwaukee Public Museum, Milwaukee, Wisconsin, who
has published a report on this site (1957). Comment: The Osceola Site above
(M-643) represents Old Copper culture. Ritzenthaler interprets the Reigh Site
as a Glacial Kame culture, but the asociated artifacts show it to be a mixture
of Old Copper and Glacial Kame. Samples from other Old Copper culture
sites
have been dated: Riverside 'Cemetery, Menominee County, Michigan (M-658,
3040 ± 300, Michigan III) ; Isle Royal copper mines, Keewenaw County,
Michigan (M-320, 3000 ± 350, and M-371E, 3800 ± 500, Michigan I).
These
dates, in conjunction with those for the Osceola and Reigh sites, suggest
that
the earlier Old Copper samples from Oconto Cemetery, Wisconsin dated by the
Chicago Laboratory (C-836, 5600 ± 600, and C-837 and C-839 combined,
7510 ± 600, Chicago V) are much too early.
B.

Northeastern United States and Canada

M-537. Lichliter Village Site, Ohio
1600 ± 250
Charred wood and charcoal from postholes and firepits in house sites
Llchliter Village Site (39° 46' N Lat, 84° 16' W Long), Montgomery County,

Ohio. Coll. 1954-1956 and subm, by J. C. Allman, 1336 Cory Drive,
Dayton
6, Ohio, who has published a description of the site (1957).
Comment: the artifactual material from this site represents a new culture for Ohio
to which no
name has as yet been assigned. It is generally accepted to be Late
Woodland,
between the end of Ohio Hopewell and the beginning of Fort Ancient.
The date
supplied by this sample agrees with this interpretation but may he
somewhat
early.
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M-850.

Serpent Mounds Site, Ontario, Canada

1830

± 200

pine
Carbonized remains of two small logs (id, as a member of the white
partially
a
with
association
direct
group, probably Plntis strobus), found in
12'
cremated l)urial (burial #4) near the eastern end of Serpent Mounds (44°

24" N Lat, 78° 05' 14" W Long), Otonabee Township, Peterborough County,
in a
Ontario, Canada. This primary inclusive partial cremation was lying
Coll.
surface.
mound
the
below
ft
2.1
flexed position on the right side in fill
InIndianapolis,
E,
Drive
Holliday
7450
Johnston,
1956 and subm, by R. B.
. Comment: the
1958b)
(1958a,
site
the
on
reports
published
has
diana, who
charcoal, which was found beside the vault of the skull, is most easily interpreted as the remains of logs used to cremate the buried individual. The ate
date
from the sample would therefore date the burial and supply a minimum
this
from
material
ceramic
The
burial.
the
below
mound
the
of
portions
for the
site suggests a placement in Point Peninsula Ti.

M-428.

Killarney Bay, Ontario

2040 ± 200

Killarney Bay (45° 59' N Lat, 81° 30' W
Beaver fur from site
District, Ontario. The sample was
J\lanitoulin
Township,
Long , Rutherford
wrapped arouri l four copper cells with flattened narrowed polls, a large copper
four-sided awl or spindle, about 550 small copper heads, and 15 shell heads.
These materials were with burial no. 8. The site apparently runs from Early
by E. F.
Woodland into Hopewellian times. Coll. August 1952 and subm,
(reenman, Universit) of Michigan, Ann Arbor.
K U1.

)

r

M-640.

Morrow Site, New York

2520 ± 250

Charcoal from a depth of 22 in., Morrow Site (42° 47' N Lat, 77° 30' \V
charred
Long ) , Ontario County, New York. The sample was associated with
net fragments, net sinkers, red paint, and cremated bones. Coll. 1956 by H. L.
SciSchofl and A. K. Guthe; subm. by Guthe, Rochester Museum of Arts and
archaeology
the
of
description
a
published
has
ences, Rochester, New York, who
sample and
of the site (1958). Comment: the materials associated with the
stones, netbird
blades,
cache
including
site,
the
at
recovered
artifacts
other
section
tubular-pipe
pottery
a
sinkers, powdered hematite, a Celt, copper beads,
of
pottery
and
shape,
diamond
and
with expanded bit, gorgets of rectangular
a
site
the
considers
'Guthe
complex.
Peninsula
Vinette I type, indicate a Point
the
by
provided
this
occupation
for
date
The
occupation.
Point Peninsula 11
as
sample agrees with other Point Peninsula and Early-Middle Woodland dates
summarized by (;riiliri (1958) .
120 ± 150
M-651. Oakfield Site, New York
1\ Lit, 78°
08"
94'
(43°
Site
()akheld
pit,
Charcoal from a refuse-filled
unstratified,
was
which
pit,
The
York.
New
County,
17'' 13" W Long), Genesee
Pechuwas at a depth of 18 in. below the ground surface. Coll. 1955 by L. L.
RochesSciences.
and
Arts
of
Museum
Rochester
White,
by
E.
M.
man; suhm,
in
ter, New York. Comment: pottery was found in association with the sample
throughfound
that
of
the refuse pit. This cultural material was representative
The
out the village site, which has been classified as Transitional Iroquois.
site.
this
sample then dates this phase at
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M-762.

Bates Site, New York
660 + 200
Charcoal from storage pit, Bates Site (42° 17' 50" N Lat, 75° 47' 42" W
Long) , Green Township, Chenango County, New York. The sample was
obtained from the bottom layer of the roughly stratified refuse deposit in
the
storage pit which was bell-shaped 27 in, at top, 38 in, at bottom, 38 in,
deep).
Potsherds, an arrowpoint, and other artifacts were found in association
with
the charcoal. Coll. 1957 and suhm, by W. A. Ritchie, New York State
Museum,
Albany. Comment: this site is of the Owasco culture. The date given
by the
sample for this Late Woodland complex agrees fairly well with previous
dates
for Early Owasco material from the Snell Site, Montgomery County
(M-178,
1170 ± 200, Michigan II) and the White Site, Chenango County
(M-176,
1050 ± 250, Michigan I).
(

M-763.

Getman Site, New York
560 + 150
Charcoal from bottom of oval hearth 7 in. below plow line, Getman Site
(42° 57' 42" N Lat, 74° 30' 50" W Long), Palatine Township, Montgomery
County. JNew York, The hearth from which the sample was obtained was
one
of the central fireplaces in a longhouse floor which was fully
exposed. Coll.
1957 and sulm, by W. A. Ritchie. New York State Museum, Albany,
Conarnerit: the sample dates Early Mohawk-Iroquois culture at this site.
M-782.

Woodchuck Hill, New York

1.750

± 200

Wood charcoal from Woodchuck Hill or Scottsville site) 1 mi
SE of
Scottsville, Wheatland Township (43° 00' 50" N Lat, 77° 43' 53"
W Long)
Monroe County, New York. Sample came from a hearth or fireplace
at bottom
of a small pit with the exact provenience unknown. Coll.
1935 and subm, by
W. A. Ritchie, New York State Museum, Albany. Comment: this
date was regarded by Ritchie as much too recent and as inconsistent with
other Lamoka
culture dates. The same sample was run again with a result
of 1270 ± 200.
This sample is not apparently from a "pure" Lamoka site. There
is some confusion in the literature on the age of the Lamoka complex.
The following dates
are known to Griffin : (C-191, 4930 ± 260; C-288, average
4369 ± 200;
C-367, 5383 ± 250, Chicago I, p. 114, on carbon black) M-195,
4530 ±
;
400; M-26, average 4445 ± 400, Michigan I on carbon black; and
Y-459,
3870 ± 80, Yale IV), but four out of the first five runs are
seldom used in
statements on the age of Lamoka. Michigan has two additional
samples from
the type station of this so-called "Early" Archaic site.
(

M-764. Wapanueket Site # 6, Massachusetts
4250 + 300
Carlo dZed 00d --sticks an(l I)ark--from pit dug ad'acent to Lodge
floor
#5. 1\'apanucket Site #6 (41° 51' 8" N Lat, 70° 54' 6" W Long),
north

shore of Lake .Assawompsett, Middleboro Township, Plymouth
County, Massa('lllisetts, The pit, 38 cm in diameter and 15 cm in depth,
was dug in yellow
sand and covered with the same material. The carbonized
wood was
a, found in
from light to heavy deposits throughout the pit. Coll. 1957
by W. A. Ritchie;
subm. by Maurice Robhins, 23 Steere Street, Attleboro, Massachusetts.
Coinmerit: the site was composed of seven lodge floors of a different
plan from that
found before in the area. The associated lithic material is
typologicallY Ar-
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that the
chaic. Since the site appears to be single component, it is assumed
them.
dates
sample is associated with the lodge floors and lithic materials and

Bull Brook Site series, Massachusetts

Long),
Charcoal from the Bull Brook Site (42° 37' 15" N Lat, 70° 51' W
above
soil
of
level
first
The
Ipswich,. Massachusetts. The site is on kame terrace.
in. of
30
to
18
is
this
above
sand;
the terrace is composed of cross-bedded
The
loam.
sandy
is
surface
ground
the
and
this
structureless sand. Between
lower
the
in
charcoal occurred as crumbs scattered through reddened areas
artifacts ochalf of the st:ructureless sand layer. Fluted points and associated
artifacts,
No
bone.
of
fragments
some
curred in these same areas, as well as
not redwere
which
soil
of
layer
this
of
portions
in
charcoal, or bone were
from
not
is
dened. None occurs either above or below this horizon. The charcoal
over
scattered
and
fires
any single hearth. It appears to have been blown from
among
and
below,
above,
it
occurs
Since
the site, settling in occupied areas.
rather than
artifacts, it appears to equate with the laying down of the deposit
amount
with any particular hearth. Excavations have indicated a considerable
of the
makers
the
by
trampling
of disturbance of this soil zone as a result of
artiand
charcoal
the
however,
Since,
artifacts and later frost and wind action.
contemporaneous.
appear
they
in
association,
and
facts occur scattered equally

M-807.

Bull Brook Site

9300

± 400

Eldridge; subm. by I). S. Dyers, Peabody FoundaMassachusetts.
Andover,
Archaeology,
tion for
8940 ± 400
M-810. Bull Brook Site
Coll.1957 and subm. by 1). S. Byers.
8720 ± 400
M-808. Bull Brook Site
Coll. 1955 by W. A. Eldridge; subm, by 1). S. Byers.
Coll. 1957 by W. A.

M-809.

Bull Brook Site

6940

± 800

three samples
Coll. 1957 and subm, by I). S. Byers. Comment: the first
fall within
all
they
significantly;
M-807.M-810, and M-808) do not differ
dates.
three
the
of
latest
and
earliest
the
of
the combined standard deviations
the
others.
as
reliable
as
he
to
expected
not
was
and
sample
M-809 was a small
radiocarbon dates obtained
The dates provided by the first three agree with
" Clovis" type. See Michigan I,
of
from other sites containing fluted points
site in several
and Libby (1955). Byers and Eldridge have reported on this
1952).
Vaccaro,
and
Eldridge
1956;
1954.
(Byers,
publications
I

.1955,

C. ,-outileaster'i b'itlted '-lates

M.464.

Thurshy Middeii, Florida

650 ± 200

fTorn
Fragment of large carved wooden (southern dine( figurine of an owl
St.
on
Long)
W
30"
site of Thursby tilidden (28° 58' 30" N Lat, 81° 21'
was
figurine
more-than-6-ft-tall
The
John's River, BeresfordPeninsula, Florida.
operator
dredged from the muck of St. John's River. Coll. 1955 by a dragline
Museum,
State
Florida
Bullen,
P.
R.
by
subm.
Roepke;
Victor
supervised by
its archaeological
Gainesville, who has published a description of the object and
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significance (1955) . Comment: the figurine was correlated by Bullen
on
stylistic grounds as having been made during the Middle-Mississippi-influenced
St. Johns H B Period. It is unique in being the largest example
of pre-Colum biari woodcarving from Southeastern U. S.

M-625.

Kiawah Island, South Carolina

740 ± 200

Wood (Pinus taeda) from a 35-ft-long dugout canoe found on a small unnamed island in the marsh adjacent to Kiawah Island (32° 37' N Lat, 80°
02'
w Long), Charleston County, South Carolina. The island on which the canoe
was located is considered to have formerly been part of Kiawah Island,
being
cut away from it during a hurricane tide. The canoe when found was
covered
with about 10 ft of sand. Coll. 1956 and suhm. !y L. M. Burton, The
Charleston Museum, 'Charleston, South Carolina.

Chucalissa State Park series, Tennessee

\

Charcoal from the Chucalissa State Park Site (3 Sy 1) (35° 04' N
Lat,
90° 08'
Long), Shelby Count), Tennessee. The site, which represents a
fairly long Mississippian occupation, is composed of three strata
. The lowest,
Stratum 3, which varies in thickness from 6 in, to approximately 1 It, is
a
midden deposit showing a heavy concentration of house-building
activity.
Above this is Stratum 2, the sterile clay loading of a mound construction.
This
is 5 ft deep in some parts of the mound but very shallow
in others. Stratum 1
is a heavy midden deposit extending 2 ft above Stratum 2 and
showing, a series
r
of superimposed floors. Coll. 1955-1958 and subm, by
C. H. Nash, Tennessee
Department of Conservation, Nashville.

M-583.

Chucalissa State Park (3 Sy 1), Stratum 3

930 ± 200

Specimen was in a shallow pit ending just above the skull of a burial
iii
the midden deposit and originating just below the floor of House
#12. The
specimen is to be associated with the top of Stratum 3 since House
#12 was
immediately below the sterile clay loading of Stratum 2. The
sample is therefore expected to date the initial occupation by a ississippian group.

M-789.

Chucalissa State Park (3 Sy 1), Stratum 3

510 ± 200

Sample was collected as small particles of charcoal scattered
between the
floor of House #12 and the sterile clay of Stratum
2. The date from this
sample and that from M-583 bracket the construction of House
#12.

M-581.

Chucalissa State Park (3 Sy

), Stratum

1

510±200

Charred log from flour of House #3 at bottom of Stratum
1. Stratum 2
begins just below the house which is one of a series of superimposed
floors in
Stratum 1. The specimen is to be associated with the last period
of occupation
at the site. 'hhe associated artifacts are of Walls-Pecan Point
assemblage,
}

M-787.

Chucalissa State Park (3 Sy 1), Stratum

1

350 ± 200

Sample is part of a large amount of charred material associated
with
House #3. This specimen was collected a year after M-584 and
was exposed to
the atmosphere for the year prior to collection.

(''niversity of Mtchigan Radiocarbon Dales IV
M-788. Chucalissa State Park (3 Sy 1), Stratum 1
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360

± 150

Sample was charred remains of post from post mold, a portion of the
mound in which Stratum 2 was very shallow. The post mold, extending from a
depth of 18.6 in. to 20.2 in., originated and associates with Stratum 1, but intruded through Stratum 2 to the top of Stratum 3. This sample, with M-584
and M-787, also dates the last period of occupation-Walls-Pecan Point assemblage.

Russell Cave series, Alabama

Charcoal from in and adjacent to Russell 'Cave (34° 58' 37" N Lat, 85°
48' 32" W Long), Doran Cove, Jackson County, Alabama. The cave, as described by Broyles (1958) and Miller (1958), has been extensively excavated.
The samples included iii this series cover a range from the earliest cultural
manifestation so far uncovered to a Middle Woodland Occupation.

M-557.

Russell. Cave, Middle Woodland

1110 ± 200

M-765.

Russell Cave, Middle Woodland

1560 ± 200

M-766.

Russell Cave, earliest occupation

9020

Coll. 1955 and suhm, by Bettye Broyles, Illinois State Museum, Springfield. The charcoal caine from a hrepit in a level 4 to 5 ft below the original
ground surface. This sample was removed during the initial excavation of the
site when the first 6 ft of a continuous occupaton zone was explored. Below
the 6-ft level a thick sterile layer was uncovered. The sample dates the beginning of the use of limestone-tempered pottery of definite Middle Woodland
type.

Coll. 1957 and subm, by C. F. Miller, Smithsonian Institution, Washington, D. C. The specimen was found covering the torso of a male burial in a
mound 100 yd NNE of the cave. This burial, one of 12 found in the mound,
was found at a depth of 4 ft 2 in. in the mound. The burials were deposited
over a period of time. No artifacts were found within the mound. The mound,
one burial of which is dated by the sample, is interpreted as representing the
terminal phase of occupancy of the Middle Woodland cultural group in this
section of northern Alabama.

± 350

Coll. 1957 and subm. by C. F. Miller, Smithsonian Institution, Washington, 1). C. The sample was taken from a hearth occurring next to the iiorth wall
of the cave at a depth of 23 ft below the present floor of the cave. The ihearth
was the earliest cultural manifestation uncovered as of 1957. Above the hearth
a point with the outline of a F olsom fluted blade, but lacking the fluting, was
found. Continent: the first sample was collected independently of the latter two.
it is thus difficult to correlate the interpretations given to the two samples (M557 and M-765) referring to Middle Woodland occupations. Other dates for
Russell Cave have been obtained from samples collected by Miller (Michigan
ii) . One of these, (M-591) coming from a level of 5.5 ft from the present sur-

face, was dated 6300 ± 350. The disparity between this date and that for
M-557, above, which is indicated as coming from the 4- to 5-ft level, suggests
that different datum lines were used by the two collectors.
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Etowah series, Georgia
Wood and shell specimens from the famous Etowah Site (34° 05' N Lat,
84° 50 W Long), 3 mi S of Cartersville, Bartow County, Georgia. This large
Mississippi Culture Center in northwest Georgia is particularly important in
determining the time period of the climax of Southeastern ceremonial activities
(Kelly and Larson, 1957) . Coll. June and October 1955; subm. by L. H.
Larson, 735 West Avenue, Cartersville, Georgia. Additional samples will be run
in the next few years.

M-402.

Etowah, Burial 38

725

+ 200

Wood sample (original no. 556) from a timber in the collapsed log tomb
of Burial 38 of Mound C. This tomb lay under an extension of the final construction phase on the north side of the mound. A large amount of material of
the Southeastern Ceremonial Complex was associated with the burial. The final
construction phase falls within the Wilbanks ceramic period of the Etowah
drainage.

M-542. Etowah, Burial 57
910 + 200
Juniper wood (original no. 862) which was part of a timber from the collapsed log tomb of Burial 57 under an extension of the next-to-the-last mantle
on the north side of Mound C. This sample should date an embossed sheetcopper eagle-warrior plate found in the tomb.
M-543.

Etowah, Burial 57

500

± 250

Shell beads (original no. 837) which were under the shoulders and around
the neck of Burial 57 in a collapsed log tomb. Comment: the dates of this
sample and of M-542 and M-402 should be very close.

M-614.

Sapelo Island, Georgia

Modern

Oyster shells from Belleville Point behind Sapelo Island (ca. 31 ° 30' N
Lat, 81° 20' W Long), McIntosh County, Georgia. The marsh from which
these shells came is probably the source of the oyster shells from the Sapelo
prehistoric shell ring. Prehistoric oyster shells from this site, in a late Archaic
level with plain fiber-tempered pottery, have been dated (M-39, average 3700
+ 250, Michigan I). The M-614 shells, which were shucked the last week of
September 1956, were coll, by A. J. Waring, 113 E. Oglethorpe Avenue,
Savannah, Georgia, and subm. by him to test the accuracy of M-39 in determining the age of this pottery level on the Georgia coast. Since their C1 } content does not differ significantly from that of our wood standard, we have
not
corrected for isotopic fractionation in expressing the age of this and other contemporary shell samples (see M-574, M-726, M-727B) .

and wouitu'ester(t l rtited 't(ttes
M-286. Blue Mountain Site A:10:7, Colorado
820 ± 200
Corn cobs identified as "Mexican-like" Dent Type from shallow cave iii
Southern Blue Mountain (40° 15' N Lat. 108° 40' W Long), Moffat County,
Colorado. The cobs were taken from an 18-in. test pit 32 in. below the
cave
floor surface. The maximum depth where tested was 36 in. The artifacts
from
the cave indicate the dated assemblage to be a representative of the Fremont
1). II esterrr
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Service,
culture. Coll. 1950 and subm, by G. R. Wenger, U. S. National Park
MounBlue
Southern
the
of
archaeology
the
of
summary
a
who has published
tain (in Wormington, 1955, p. 140-142).

± 200

M-551.

Old Woman Site, Utah

1060

M-552.

Poplar Knob Site, Utah

1170 ± 250

M-646.

Blossom Site, California

3080

Lat,
Charred pinyon pine wood from the Old Woman Site (38° 44' N
sample
The
Utah.
County,
Sevrer
Plateau,
Wasatch
Long),
W
111° 25' 30"
semi-subwas obtained from the collapsed roofing timbers on the floor of a
underlying
surface,
the
below
in.
to
27
terranean house. The timbers were 21
includroof debris and water- and wind-filled deposits. The associated artifacts
Coll. 1955
Pottery.
Gray
Turner
and
figurines
anthropomorphic
ed "Fremont"
who has
and subm, by Dee C. Taylor, Montana State University, Missoula,
(below)
M-552
which
from
that
and
site
published (1957) an analysis of this
was obtained.

Charred pinyon pine wood from the Poplar Knob Site (38° 44' N Lat,
sample
111° 25' 30" W Long), Wasatch Plateau, Sevier County, Utah. The
three
the
of
one
#1,
House
from
timber
roofing
a
of
was probably the remains
floor of
the
lying
on
was
sample
The
site.
the
at
structures
masonry
and
adobe
and fill mathe house, 3.75 ft below the surface, under collapsed roof debris
included
artifacts
Associated
clay.
and
terial of water- and wind-deposited sand
Dee C.
by
subm,
and
1955
Coll.
basketry.
coiled
and
Turner Gray pottery
Missoula.
University,
State
Montana
Taylor,

± 300

30"
Calcined human bone from a cremation in the Blossom Site (38° 14'
from
site
The
California.
County,
Joaquin
San
Long),
W
50"
N Lat. 121° 26'
three
which the sample was obtained is a single-phase mound site stratified into
12 to
cover,
topsoil
loose
of
in,
layers. The mound mass is composed of about 6
It
refuse.
accumulated
of
in.
65
about
and
18 in. of "occupational hardpan,"
from
and
found
are
cremations
or
burials
the
of
most
that
is in this last layer
which the sample was obtained. The site is of the Early Horizon, Windmiller
culture I see Heizer, 1949). Coll. 1949 and subm. by R. F. Heizer, University
been obtained
of California, Berkeley. Comment: other radiocarbon dates have
4100 ±
M-645,
Samples
1958).
Heizer,
and
III,
Michigan
(see
for this site
of the
estimations
reliable
250, and M-647, 4350 ± 250, are considered more
averagC-552,
and
C-440
samples,
age of this site than is this sample. Previous
ing 4052 ± 160, Chicago I, agree with this interpretation.

150 ± 20
18 Mile Bend Site, New 1%Iexieo
Mile Bend
18
the
from
Wood.. probably Juniper (id, by A. J. Jelinek),
New
Valley,
River
Pecos
Middle
Long),
Site (34° 14' N Lat, 104° 13' W
M-712.

of a
Mexico. The sample was obtained from one of four major roof supports
was assostructure
The
plan.
floor
in
pit-house
a
suggesting
structure
surface
ciated with a bison-hunting cultivation economy of the last period of sedentary
occupation of the Middle Pecos Valley. Cultural associations were determined
the previous
on the basis of associated pottery. The date apparently confirms
the
correlation of this material (Middle Pecos HI) with late Pueblo III of
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Ariasazi area. Coll. 1957 and suhm. by A. J. Jelinek, Beloit College,
Beloit,
Wisconsin, who has published a description of the archaeology of
the area

(1958).

M-752.

Roeder Site, California

1750 ± 500

Charred wood and basketry from the Roeder Site (38° 31' N Lat, 121°
31' W Long), Sacramento County, California. The sample is from
the bffravepit
burning of Burial 123, found at a depth of 111 in, in this stratified, multiphase
deposit. The burial offering represents the terminal phase of the Middle
Horizon culture, and the earliest occurrence yet known of gravepit
burning. Coll.
1956 by B. Arnold; subm. by J. A..Bennyhoff, Yale University.
Comment: an
age of 2000 to 2500 yr ago was expected for this sample. The basketry
was
sprayed with the preservative "Krylon" which is an organic substance.
Contamination may therefore have affected the date. The wood portion
of the
sample was not so treated.

M-811.

Leliner Mammoth Site, Arizona

11,290

± 500

Mixed pine, ash, and oak charcoal from the Lehner Mammoth Site
(31°
25' 23" N Lat, 110° 06' 48" W Long), Cochise County, Arizona,
The sample
was taken from the second of two hearths on a sand lar in association
with an
extensive deposit of bones and considerable cultural material.
The hearth was
buried under fine sand, swamp soil, silts grading to clayey silt-post-Altithermal and recent deposits-to a depth of about 3 m. The fauna
represented
in the bone deposits included nine young mammoths and
hone elements of
horse, bison, and tapir. The associated cultural material included
thirteen Clovis
fluted points and eight cutting and scraping tools presumed
to have been used
in butchering. Coll. 1956 by W. W, Wasley; subm, by E.
W. Haury, University of Arizona, Tucson, who has published a description of
the site (1958).
Comment: six other dates have been obtained from samples
from this site
(Arizona I). Four of these, processed in 1956, yielded dates
ranging from
6356 ± 450 (A-31), to 8330 ± 450 )A-30). The two other samples
(A-40a
and A40b), which were processed in 1957, gave datings of 12,000
±
450 and
10,900 ± 450 respectively. One additional date is mentioned
by Haury (personal communication, May, 1958). This is an assay from
the Copenhagen
laboratory giving a date of 11,180 ± 140. The agreement of
the two oldest
Arizona dates with those from Copenhagen and Michigan and
with the expected age of Clovis material suggests that the other Arizona
dates are too
young.
L. 4l exico

M-719A,

13.

rend South

Cozumel Island, Mexico

America

719A
71.91

200 ± 200
480 ± 200

Wood section of a vault beam from Structure 3.. San Gervasio
(20° 31' N
Lat, 86° 54' W Long), Cozumel Island, Yucatan, Mexico. The
beam was in situ
in a presumably "Late" Maya masonry building, Structure 3,
of Sanders
(1955) . The date for M-719A was obtained from the outer section
of the beam
while M-7198 is from the core of to beam. Coll. 1955 by
L. M. Hewed; subm.
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by the Iniversity Museum of Pennsylvania. Continent: the two dates are probahly too recent.

M-857.

Dzibilchaltun, Mexico

1500 ± 200

Wood ("subinche") from a lintel over the doorway of the Temple of the
Seven. Dolls, I)zibilchaltun (21° 15' N Lat. 89° 30' W Long), Yucatan, Mexico. The sample dates the construction of temple (Andrews, 1959, p. 107) . In

this article the A.D. 458 cited is M-857 while another still unidentified radiocarbon laboratory obtained a measurement cited as A.D. 508 with the same
margin of error of 200 yr. Both measurements were from the same beam. Coll.
1958 lay E. W. Andrews; subm. by L. J. Briggs, National Geographic Society,
Washington, D. C. Comment: there is close agreement.

M-861.

El Ticuiz, Mexico

1420

± 200

Fresh- and salt-water molluscs from El Ticuiz (18° 40' 40" N Lat, 103°
42' 30" W Long), Municipio Coahuayana,Michoacan, Mexico. The shells include the following: hthophagus plumula, Polymesoda radiata, and Tagelus
affinis longisinuatus. These specimens are from a kitchen midden at a depth of
10 in. located on a fossil or elevated beach which apparently had been used as
a prehistoric 'house site. Pottery, shells, and sandy loam were in the deposit.
The species are similar to those from an archaeological mound on the opposite
side of the Rio del Ticuiz which were obtained in 1956. Coll. July 3, 1957 and
subm, by D. D. Brand, University of Texas, Austin.

M-592. Schroeder Site (LChap AJ1.1), Mexico
1150 ± 200
Charred wood which was associated with charred corn cobs from the
Schroeder Site (23° 55 17" N Lat, 104° 44' 35" W Long), Durango, Mexico.
Sample was obtained from an ashy deposit at the base of the north wall of the
Northwest Platform of the Structure 7 complex. The ashy deposit occupied an
area about 60 cm in diameter and was on top of a slab of rhyolite which showed
the effects of a fire on its upper surface. The ashy deposit extended at least
30 cm under the foot of the north wall of the Northwest Platform and, accordingly, must have been deposited before the construction of this architectural
feature. The soil above the sample and the fill of the NW Platform both contamed. sherds of decorated pottery such as Amaro Red-on-Cream, Mercado Redon-Cream, and Suchil Engraved, indicating that these deposits pertain to the
Ayala Phase of the Chalchihuites culture. There is little indication anywhere
in the Structure 7 area of material of the preceding Alta Vista Phase, so that
the charcoal itself should pertain to the Ayala Phase, which is tentatively dated
from A.D. 450 to 700. Coll. August 1956 by H. 1). Winters and J. E. Loomis;
subm, by J. C. Kelley, Southern Illinois University, Carhondale. Comment:
another date from this site has been published ('Michigan III, p. 1120) as
M-613, 1550 :± 250.

Huapalcalco series, Hidalgo, Mexico
Charred wood from Mound VI of the archaeological zone of Huapalcalco
(20° 7' 30" N Lat, 98° 22' 30" W Long), 4 km N of Tulancingo, Hidalgo,
Mexico.

H. R. Crane and James B. Griffin
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1650 ± 200
M-611. Huacapulco, floors 1 to 5
from uncollected
with
artifacts
Fragments of carbonized wood associated
der floors 1 to 5. The artifacts correspond to the phases of Teotihuacan I and
Ticoman III of the Preclassic of the Valley of Mexico. Coll. December 24, 1955
and May 24, 1956 by E. F. Jacobs Muller and C. Lizardi Ramos; subm, by
F. F. Jacobs Muller, Instituto Nacional de Antropologia y Historia, Mexico.

M-612.

Huacapulco, tomb

1950 ± 200

Charred sample from the south end of one of the crosspoles which held up
the stone slab roof of the tomb of burial B. This material was found lying on
floor 8 under seven other sealed floors which were on the top of Mound VI.
The burial was associated with five vessels which correspond to Ticoman II of
the Valley of Mexico Preclassic. The absence of Teotihuacan I artifacts suggests
that material of this type did not arrive at this site until the end of the Preclassic. Comment: these dates are somewhat later than might have been expected for the late Preclassic.

M-734.

Tarqui Site, Ecuador

2170 ± 200

Wood charcoal at a depth of 7 ft 2 in. in a single period deposit of 15 in.
depth of the Tarqui Site (0° 57' S Lat. 80° 43' W Long), Manabi Province,
Ecuador. This site near the town of Manta represents what Emilio Estrada has
called the Bahia de Caraquez culture. The deposit shows no discernible cultural
change from top to bottom (Estrada, 1957; Saville, 1910). Coll. April 13,
1957 and subm. by M. W. Stirling, Smithsonian Institution, Washington, D. C.

M-735.

La Tolita, Ecuador

1690 ± 200

Wood charcoal from within a pottery-tube burial typical of the Atacames
culture from La Tolita (1° 12' N Lat, 79° W Long), Esmeraldes Province,
Ecuador. This is perhaps the most famous site in Ecuador. The material bears
a strong resemblance to than of Mexican and Central American cultures. The
site has never been worked scientifically, and probably several periods are
represented (Saville, 1910; Rowe, 1949). Coll. April 29, 1957 and subm. by
M. W. Stirling, Smithsonian Institution, Washington, D. C.

M-736.

Cerro de Hojas, Ecuador

560 + 200

Wood charcoal at a depth of 3 ft in the middle of one of the stone "corrals" typical of Cerro de Hojas (1° 2' S Lat, 80° 29' W Long), Manabi
Province, Ecuador. This is one of the famous "stone seat" sites examined by
Saville in 1907 (Saville, 1910; Estrada, 1957). The associated pottery is now
known to belong to the Manteno culture. Coll. April 3, 1957 and subm, by M.
W. Stirling, Smithsonian Institution, Washington, D. C., who is preparing a
report on the collections from the three Ecuadorian sites.

M-510.

Cliza, Bolivia

1680 ± 300

Charcoal from Cliza (17° 32' S Lat, 65° 52' W Long, 2730 m alt.)
in layer 7 of the Cliza habitation mound, Bolivia, at a depth of 3 m. This
sample is from levels of the Pre-Tiahuanaco Expansive Epoch in the Cochabamba area. It was taken from beside a ruined adobe wall which had been
burned. The wall corresponded to the seventh stratum of ash from the top.
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Coll. November 1955 by D. E. Ibarra Grasso; subm. by Carlos Ponce Sangines,
Bolivian Foreign Service, La Paz, Bolivia. Comment: this run was made on a
small sample but corresponds to the estimate of 0 to A.D. 500.

M-509.

Omereque, Bolivia

900 ± 200

Organic remains including fabric from the interior of a skull in a rock
shelter near Omereque (ca. 17° 50' S Lat, 65° 20' W Long), Campero Province, Cochabamba Dept., Bolivia. In this same tomb were found Tiahuanaco
vessels and textiles of the Expansionist Period which would be Bennett's (1936,
p. 375-389) Arani I phase which he dated A.D. 1000 (Bennett 1946, p. 80).
Coll. November, 1955 by D. E. Ibarra Grasso; subm. by Carlos Ponce
Sangines, Bolivian Foreign Service, La Paz, Bolivia.
F. North Pacific

Amaknak-D series, Dutch Harbor, Aleutian Islands

Charcoal, wood, and humus from the Amaknak-D Site (53° 53' 6" N Lat,
166° 33' 36" W Long), Unalaska Bay, Dutch Harbor Island. These samples
are a part of a large series coll. and subm. by T. P. Bank II, University of
Michigan, Ann Arbor (1953, 1954), which will he described in his report in
progress.

M-676.

Amaknak 714

1880 ± 200

M-677.

Amaknak 736

1450

M-678.

Amaknak 548

1470 ± 200

M-681.

Amaknak 374

1100

M-682.

Amaknak 351

Charcoal ('Orig. no. Amak-714) from mixed humus and fish bone stratum
at 181 in, below datum which is ca. 30 in, above lowest cultural level in NW
Quad., Sec. 1, Shelf area. Associated with broad-headed Aleut skeletal type.
This sample gives an unexpectedly early date for the replacement of the socalled "Paleo-Aleut" type by the "Aleut". Coll. September 9, 1951.

± 200

Charcoal which was part of a hearth feature in Sec. 1 shelf at 140 in.
below datum in the lower 3/4 of the site (Orig. no. Amak-736). Dates the beginning of several cultural changes in the site; e.g., the first appearance of rich
art. Coll. September 10, 1951.

Driftwood (Populus) used as house support in humus and mussel shell at
121 in. below datum in SE Quad., Sec. 2 (Orig. no. Amak-548). Associated
with large whale bone and considerable chipped stone. Coll. September 4, 1951.

± 250

Wood (Alaskan cedar) in humic and sea-urchin-shell layer at 100 in, below datum, E Quad., Sec. D, in the middle level of the site (Orig. no. Amak374). Part of a burial complex with a flexed broad-headed Aleut covered with
considerable whale bone, blackened (by fire?) flat stones covering the burial,
and the wood, also apparently part of the mortuary covering. Coll. August 28,
1951.

1580 ± 250

Humus with charcoal (?) and herbaceous plant matter in clay muck with
clam shell in SW Quad., Sec. C, at 58 in. below datum. This sample was im-
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mediately under a broad-headed Aleut skeleton (burial. I-1) (Orig. no. Amak351). Coll. August 26, 1951.

M-690.

Michigan Rock Cave, Aleutians

100

+ 200

-100

Driftwood (Populus) in cave debris on small islet off Tanaga Island (51°
41' N Lat, 178° 01' 50" W Long) , in the Lash Bay area, Aleutian Islands.
From Sec. 4 at ca. 2 ft depth in humus ( ? ), shell, and rock (Orig. no. MR-1
(X) ) . Coll. August 18, 1950 and subm. by T. P. Bank II, University of Michigan, Ann Arbor. Comment: cave serevly disturbed during World War 11.
Date, if accurate, marks the westernmost extension of human "mummification"
by Aleuts. Considerable grass-woven "mummy" matting found with burials.
Probably, mummification did not reach middle and western Aleutians until
just before historical period (1741), as indicated by this date.

M-692.

Kismaliuk Rock Shelter, Aleutians

650

± 200

Wood (Populus) from site located on west side of Kismaliuk Point on the
north shore of Ulalaska Island (53° 28' 12'" N Lat, 167° 18' 30" W Long),
Aleutian Islands. The sample is from lance shafts covering human burials of
the broad-headed, recent Aleut type at 2 ft below the surface of Sec. 3 (Orig.
no. Ka-21-26). Date agrees well with nearby Split Rock Cave. 'Coll. August 18,
1954 and subm. by T. P. Bank IT. University of Michigan, Ann Arbor.

M-693.

700 ± 300

Split Rock Cave, Aleutians

Wood (Alaskan cedar or Populus) from cave on west side of Split Rock
(Kashega Rock) (53° 29' 06" N Lat, 167° 18' 54" W Long), off northern
Sedanka Point on the north side of Unalaska Island. Burials, artifacts, and
wood found in humus in the rear of cave at a depth of 1.5 ft. This is the cave
visited by the Stoll-McCracken expedition of 1928 and is the location of mummies found by that party (Weyer, 1929). Date agrees well with that for nearby
Kismaliuk shelter as well as for dates on the mummy caves at Kagamil Island
(M-92, 900 ± 300; M-94, 980 ± 250, Michigan I). Coll. August 17, 1954
and subm, by T. P. Bank II, University of Michigan, Ann Arbor.

Boldanig House Mound series, Yap
Charcoal from the site of Boldanig House Mound (09° 35' N Lat, 138°
10' F Long), Malaj Village, Kanifay municipality, Yap. Coll. 1956 and subm.
by F. W. Cifford, University of California, Berkeley.

M-791.

Boldanig House Mound, 60 to 66 in. deep
1110

Sample associated with potsherds and other artifacts.

M-792.

Boldanig House Mound, 54 to 60 in. deep
100

± 200
+ 200
-100

Sample associated with potsherds and other artifacts. Comment: other
radiocarbon dates from Yap from material obtained by Gifford, including one
for this same site, have been published in Michigan III. The previous sample
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from the Boldanig House Mound (M-631) was from the 30- to 42-in, level and
dated 320 ± 200. Gifford will discuss the archaeology of Yap in an article to
he published in 1959.

M-666.

Waiahukini, Hawaii

1000 ± 200

Charcoal from bottom of cultural deposit in Waiahukini Shelter, Site H 8,
Kau (18° 57' N Lat, 155° 42' W Long), Hawaii. The sample came from 25 to
27 in, below the surface in sq. D10-D11. Fisherman's shelter is a lava tube
yielding over 800 fishhooks evenly distributed 'stratigraphically, hence a control
site for the period of its use. Coll. December 28, 1956 by W. J. Bonk; suhm. by
K. P. Emory, Bishop Museum, Honolulu, who has a publication in preparation.

200 ± 150
Haye,s Cave, Hawaii
Charcoal from Site H 51, Kiilae, South Kona (19° 24' 45" N Lat, 155°
54' W Long), Hawaii. Sample is from a surface hearth on the floor of refugee
cave, upper tube, east juncture of north and south Keokea tube. Coll. February
9, 1957 and subm, by K. P. Emory, Bishop Museum, Honolulu. Comment:
proves use of cave after establishment of City of Refuge (Honaunau) 1 mi
distant.
M-667.

M-767.

Moomomi Shelter, Hawaii

550

± 300

Charcoal from 45 in, below surface at the bottom of the cultural deposit
in Moomomi Shelter, Site Mo. 1, West Molokai (21° 12' N Lat, 157° 9' 30"
W Long), Hawaii. Coll. July 1952 by W. J. Bonk; subm, by K. P. Emory,
Bishop Museum, Honolulu.

M-863A.

Putt Alii, Hawaii

580

± 150

Charcoal from Puu Alii, Site H 1, South Point, Kau (18° 54' 45" N Lat,
155° 41' W Long), Hawaii. The sample is from a hearth 18 to 21 in, below
top of cultural stratum buried under a sand dune in sq. J-11. Coll. October 18,
1953 by W. J. Bonk; subm. by K. P. Emory, Bishop Museum, Honolulu. Conament: according to Emory the hook types immediately above the hearth compare with those o:f the very bottom of the Waiahukini shelter of M-666 (1000
+ 200). Therefore, as with the other two samples tested from the beginning of
the occupation of this site (M-479, 200 ± 200; M-538, <200, Michigan II),
contamination appears to cause these specimens to date later than their true
age according to our interpretation.

M-863B.

Waiahukini, Hawaii

730

± 200

Charcoal from Waiahukini Shelter, Site H 8, Kau (18° 57' N Lat, 155°
42' W Long), Hawaii. The sample was taken from a level 17 to 21 in, below
the surface in sq. F 5. It was stratigraphically above the sample (M-666, above)
obtained from the 25- to 27-in, level in an adjacent area. The agreement of
these two dates with their stratigraphic position suggests their reliability. The
later date of 730 ± 200 marks the upper limit of a clearly defined cultural
period. Coll. 1956 by W. J. Bonk; subm. by K. P. Emory, Bishop Museum,
Honolulu. Emory has a publication dealing with this site in preparation.
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G. South Pacific

M-711.

Vinapu, Easter Island

730

± 200

Charred human bone from crematorium of ceremonial center of Vinapu
(27° 32' S Lat, 109° 17' W Long), Easter Island. Crematorium from which
sample was taken is just to seaward of Ahu #1 (see below, M-732). The date
established that cremation activities and the structure were part of the Epoch
II occupation of the site. Coll. December 1955 by W. Mulloy, University of
Wyoming; subm. by him for Thor Heyerdahl. Comment: Mulloy will prepare
the report on the excavation and significance of the site. For other dates from
+ 260
Vinapau: (M-709, 120
M-710, 1100 ± 200, Michigan 1II)
-1.20 ;

M-732.

Aim Tepeu, Easter Island

1640 ± 250

Totora reeds, dry and unburned, from north coast of Easter Island (27°
08' 06" S Eat, 109° 25' 54" W Long). From Ahu #1. Ahu Tepeu Site (E-13).
Ahu Tepeu is a masonry structure embodying three stages of construction.
Crave #2 belongs to either the first or second period of construction. The reeds
were directly associated with the skeletons of nine individuals in a stone chamber without earth fill, buried under stone masonry arid a fallen statue. The
chamber and its contents belongs either to Period i or Period II in the construction of the Ahu. Elsewhere on Easter Island such chambers correlate with
the second period which falls between ca. 250 to 850 B.P. Coll. December 19,
1955 by Carlye S. Smith, University of Kansas, Lawrence; subm, by him for
Thor Heyerdahl. Comment: Smith is preparing a report on this site and by
then Michigan will have run fresh totora reeds to test their C" age. Smith believes that a possible source of error is that these reeds grow only in freshwater
lakes within the confines of three volcanic craters.

M-727A.

Bato Caves, Philippines

2280 + 250

Sea shells represented by two species, Stromhus isabella and Area capoides,
from Bato Jar-Burial Cave #1, Sorsogon Province (13° 01' S Lat, 124° 06' E
Long), Philippines. The shells were found as food offerings in large earthenware burial jars. Coll. August 1956 and subm, by Ti. B. Fox, University of the
Philippines, Quezon City. Comment: the Bato Caves provide for Philippine
archaeology the first unquestionable instance of an association of pottery and
stone tools; a pre-iron site. Eleven caves with an identical assemblage of materials have been found in the Albay Gulf area, and this "culture" is called the
Circum-Albay Gulf, Stone Tool and Jar Burial Assemblage (Fox and Evangelista, 1957).

M-728.

Bato Caves, Philippines

2550 ± 200

Sea shells represented by Strombus isabella and Area capoides from Cave
#2, Sorsogon Province, at the same location as M-727A. The shells were found
in a small, unstratified midden at the mouth of Cave #2. Coll. August 1956
and subm. by R. B. Fox, University of the Philippines, Quezon City.

M-727B.

Sugod Bay, Philippines

500 + 200

Live sea shells of Stromhus isabella arid Area capoides coll, along the
shores of Sugod Bay, Sorsogon Province, some 550 m from the Bato Caves
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A BIBLIOGRAPHY OF RADIOCARBON DATING'
FREDERICK JOHNSON
Robert S. Peabody Foundation, Andover, Massachusetts
The scope of the problems which are involved in the determination of
radiocarbon dates renders complete, or detailed, classification of the published
results of the research most complicated. In assembling this bibliography
several such classifications were discarded before the present simplified one
emerged. It was found, for example, that in a detailed classification of subject
titles a large number of papers would have to be listed under several, sometimes as many as four, different headings. This complicated and lengthened
the listing and also materially increased the chance of inaccurately locating a
title. In such an event it would be "lost" to all but the most meticulous searcher. The reduction in the number of subject headings is open to criticism. We
suspect, however, that these are answered by the simplicity of the present
outline.
The primary heading here is "Method". Under this have been entered
titles of articles which contributed to the development and recent ramifications
of the method. It was appropriate to include analyses of cosmic ray flux, the
carbon dioxide cycle, phenomena related to atomic bomb explosions, discussions of instrumentation, and so on. Some of the early papers by Libby and
a few others are important historically as well as for other reasons. There has
been a concentrated attempt to lust all of the most significant works and as
many as possible which treat of details of the background, development and
operation of the method.
The section including lists of dates requires no comment except to say
that added to the formal lists are titles reporting dates not yet published in a
list. There is a chance of duplication here but it is better to err in this direction than to muss an interesting or important determination.
The sections on the use and interpretation of the significance of the dates
will never be satisfactory, even to the compiler. It is patently impossible to
list all the papers which employ radiocarbon dates. It is probable that during
the past eight or ten years every paper dealing with a Pleistocene or postPleistocene event, be it geologic or archaeologic, has in some way made use of
the results of the method.
In this generalized and necessarily restricted bibliography an attempt has
been made to provide a significant title for every area which has been the
subject of chronological study. We have also tried to supply titles which represent different types of discussion, or, shall we say, ideas concerning the manner
in which dates may I)e employed. It must be emphasized that the selection is
entirely personal and, somewhat illogically, is sometimes influenced by journals, or even reprints, which may be at hand. This section, certainly, will only
be tolerably satisfactory.
I wish to acknowledge the assistance of Dr. W. F. Libby who made it
possible to list his interesting and important collection of publications, reprints,
and other papers. I am also deeply indebted to Dr. Hilde Levi who was the
199

Frederick Johnson

20O

first to struggle with the bibliographic problem. In order to avoid long periods
of searching in special libraries. 1 have shamelessly copied a number of titles
from her two published lists and thus added details which might not otherwise

have appeared here.
All entries in this bibliography have been scrutinized by E. S. Deevey and L. J. Graadded some and rearranged others, and have takeii special pains to insure
that the eleeklist of date lists (Section L) is a complete listing of primary sources of
h nski, who have

()

radiocarhon dates. Entries marked with an asterisk
have not been collated with the
original publications. There is room for difference of opinion, in the other sections, as to
which articles are "significant", and many of the additions reflect this, but no deletions,
other than privately circulated manuscripts, have been made from Mr. Johnson's list. The
bibliographies of Hilde Levi (1955, 1957) contain many more entries related to the sections on Interpretation [The Editors].
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v. 127, p. 1098.1105.

-- 1123.-

1958, University of Michigan radiocarbon dates

III: Science,

v. 128, p. 1117-
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Ii'redcrick Johnson

202
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