Stockholm Natural

Radiocarbon Measurements I

After almost a year of construction
and trouble, radiocarbon dating work in
Stockholm began early in 1955 with the
black-carbon method, using the double
screen-wall counter of the type developed
in Copenhagen (7). However, after only
a few months, it was evident that the
measuring techniques had to be changed
because of several disturbances from air-
borne radioactive contamination. In the
autumn of 1955, construction was started
of the present carbon dioxide propor-
tional-counting apparatus. This appara-
tus came into routine operation early in
1956. Tables 1 and 2 give the results ob-
tained using the black-carbon method
(indicated by an asterisk) and the new
method up to 12 May 1957 (2), when
the apparatus was demounted for trans-
portation from the temporary localities
in the Royal Institute of Technology to
the Swedish Geological Survey.

Techniques

The preparation and measuring meth-
ods now used are similar to those used
by the Groningen (3), New Zealand (4),
and Lamont (5) laboratories. A few facts
only are given here (6).

The sample is converted to extremely
pure carbon dioxide, taking care to ex-
clude the carbon dioxide of the air. The
proportional-counting tube has a net vol-
ume of 1.00 liter and a working pressure
of 3 bar. Each sample is counted at least
two times, for 20 hours each time, and
with 14 days between the two periods.
Before every counting period, the purity
of the gas is carefully controlled by
checking the gas amplification by means
of an external source of radioactivity.

Oak tree rings grown about A.n. 1850
are used as a standard. Thereby we avoid
the isotopic dilution effect on modern
plant carbon caused by the industrial
burning of coal and oil. This effect has
been observed by Suess (7). The varia-
tion of the isotopic composition of the
carbon of living plants and animals (8),
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together with possible isotopic fractiona-
tion in the preparation of the sample,
has an influence on the activity of the
sample. Therefore, all purified carbon
dioxide samples for gas counting, except
those with zero activity, have been mass-
spectrometrically analyzed for their

. C18/C22 ratio (6, 9).

Our counter characteristics follow:
modern carbon, 18.5 C1# counts per min-
ute over the background of 3.78 counts
per minute, the former figure having been
calculated from measurements of our
standard wood. The background figure
has a distinct dependence on atmos-
pheric pressure, as is shown in Fig. 1.
The solar flare on 23 February 1956
caused a small effect on the counting
rate; the result obtained that day was
rejected. With the exception of the ef-
fect mentioned, no sample has ever
shown other uncontrolled fluctuations
than those expected from purely statis-
tical reasons.

Calculations

The ages given in Tables 1 and 2 were
calculated by using the adopted value of
a half-life of 5568 * 30 years for C14, as-
suming sufficient long-time constancy of
the natural radiocarbon production, and
trusting the physical correctness and free-
dom from organic materials of wrong age

of the samples when submitted to the
laboratory.

For calculation of the age, the net
count rate of the sample, as obtained
from the actual measurings of the sample
itself, and the background figure taken
from a curve consistent with Fig. 1, and
corrected according to the C!3 analysis
are used. The net count for modern car-
bon is obtained as the average calculated
from several measurements in the same
manner.

The errors 64 in the ages are obtained
from the equation

t
04 = 5lE + (By- 1R)s + (2Bn) P

where Ej, is the relative error in the ratio
R between numbers of C!'4 counts per
minute in the standard and in the sam-
ple; Ej is the relative error in the half-
life, and E,; the relative error in the
measurement of the C13/C?2 ratio (+0.1
percent). Of these three parts, Ep gives
by far the greatest contribution. Ep is
calculated from the relative errors of the
sample and modern carbon net count
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Fig. 1. Influence of the atmospheric pres-
sure on the net background counting rate

during September, October, and Novem-
ber 1956.

Table 1. Radiocarbon measurements of industrial samples.

Isotopic
.. Sample composition
Description No. corre-
spondence
Korsnis Ltd., Givle, Sweden. Organic incrust inside a boiler St-16%  47.5+1.6%
tube in the Korsnis cellulose works. The object was to determine recent carbon
the origin of the incrust, whether from petroleum or cellulose.
Submitted by W. Rosén.
Ostrand Manufacturing Co., Timrd, Sweden. Barium carbo- St-141 30+£1%

nate made from highly chlorinated organic compounds in the

recent carbon

chlorine plant. The purpose was to determine whether the com-
pounds were formed from the action of chlorine on ebonite or
on graphite. Submitted and described by G. Wranglén (10, p.

401).

* Measurement made by the black-carbon method.
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rates, the errors in these rates being cal-
culated according to the afore-mentioned
method. Lower values of ¢ than *0.03
count per minute for background and
+£0.06 count per minute for modern car-

bon rates have not been used, even when
lower figures were formally defensible,
owing to the great number of measure-
ments.

When a minimum age is given, it cor-

responds to 3¢ in the net count of the
very old sample, added to the actual net
count rate, negative rate taken as zero.
This calculation thus gives 99.86 percent
or better certainty in the statement (3).

Table 2. Radiocarbon datings. All ages are given in years before the present. All samples, except when it is otherwise stated, were
collected in Sweden. Determinations made by the black-carbon method are marked by an asterisk (*) after the sample number.

Description Sample No. Age Description Sample No. Age
I. Cross-check samples and samples of known age Kil, Vidrmland. Spruce wood (Picea) St-113 > 30,000
Angelsta, Smdland. Hewed stub of fir, found at a depth of 30 m in the glacio-
found at a depth of 3.5 m in Rya Moor, fluvial deposits at Fryksta, north of Kil, in
Angelsta, together with a fragment of dio- 1918. Described as Finiglacial by L. von
rite, possibly a part of a stone axe. Several Post (15). Submitted by G. Lundgvist.
kilograms of the wood are at our disposal, Lund. Relics of tree roots (Alnus), St-158 3930 £ 80
and the material is in an excellent state of found 200 m southwest of Rabyholm, in a
preservation. Submitted by the Museum of vertical position in glacial sand underlain
National Antiquities, Stockholm. by northeastern moraine and partly covered
Tree rings No. 1 to 50 from the core, St-13% 2560 + 190 by Baltic moraine. No roots were found at
dated by the black-carbon method. a higher level than 2 m below the surface.
Tree rings No. 101 to 150 from the core, St-156 2470 =65 In spite of this, the sample evidently repre-
dated by the carbon dioxide method. The sents tree roots that grew down in post
same rings were dated at the Lamont lab- glacial time. In the superficial layers, the
oratory (sample L-296), and an age of roots may have been destroyed by weather-
2600 + 80 yr was obtained (11). ing without leaving any traces. Submitted
Lake Nemi, Italy. Wood from one of St-103A 1940+ 70 by H. Moller, department of geology, Uni-
Caligula’s ships. Historically dated to about St-103B 2090 + 75 versity of Lund.
A.p. 50. The sample was taken from the Average Lund. Relics of tree roots (Alnus or St-159 4060 + 80
innermost tree rings. The total number of 2010 + 65 Betula), found at Méasvigen 18, in glacial
rings to the bark is not known. Submitted sand covered by 1.3 m of Baltic moraine
by C. Cortesi and M. Beneventano, C' and underlain by northeastern moraine.
laboratory, Rome. The sample was taken 1.5 m below the sur-
Ruds Vedby, Zealand, Denmark. Small St-18% 10,200+ 370 face. No traces of similar roots were seen in
pieces of wood from the zone boundary be- the covering Baltic moraine. In spite of this,
tween the Alleréd and younger Dryas peri- the sample evidently represents post glacial
ods. The samp]e was submitted by H. tree roots. Submitted by H. Maoller.
Tauber, and has been dated by the Co- Oje Kapell, Kopparberg, Dalarna. St-11* > 24,000
penhagen laboratory (samplc K-lol) to Wooden IOg found under moraine at O_]C St-181 > 4’0,000
10,890 + 240 yr (1). Kapell. Submitted by G. Lundgqvist, who
Sequoia tree rings. This series of samples has also described it (16).
has been dated to check the reliability of Pilgrimsstad, Jamtland. Several relics of
the C* method, since a recent paper (12) a mammoth in primary position were dis-
suggests that one would obtain results covered in sand (7).
which are 200 yr too high for an age of A felty, 1-cm-thick bed of Drepanocladus St-211 > 39,000
2000 yr. The samples were submitted by sp. in a lacustrine sequence of strata under
R. Sievert at the Radiophysical Institute, the thin ground moraine. Collected and
Stockholm. No one but he himself knew submitted by O. Kulling, Swedish Geologi-
anything about the ring age of the samples cal Survey.
we received. We were told the exact age Plant sediments in connection with the St-205 > 35,000
when a signed certificate with our values mammoth find. Submitted by A. Martins-
was given to him. son, department of paleontology, Univer-
Sequoia 1. Ring age, 2390 yr. St-193A 2400+ 75  sity of Uppsala.
St-193B 2330 + 65 Sjobo, Skdne. Peat on the Baltic moraine St-212 10,980 * 140
Average at Robertsdal, 20 km southeast of Sjdbo.
2360 + 60 The find was described as interstadial by
Sequioa 2. Ring age, 2000 yr. St-213A  1845+60  H. Munthe (I8), but is evidently post
St-213B 1910 + 60 glacial. Submitted by G. Lundqvist.
Average Vilbacken, Lake Storsjon, Jamtland. St-206 > 37,000
1875 + 55 Plant remains at a depth of 16 m in ice
Sequioa 3. Ring age, 2180 yr. St-214A 2170 + 65 lake sediments, between two moraines. Sub-
St-214B 2120 + 65 mitted and described by P. Torslund, Swed-
Average ish Geological Survey (19).
2145+ 60
II1. Prehistory of the Baltic Sea
Baltic Sea. Stump of fir found on the St-120 9100+ 120
I1. Geologic, submorainic samples bottom of the sea at a depth of 43 m of
Boliden, Visterbotten. Small pieces of St-19*% > 24,000 water in the Baltic Sea south of Karlskrona,
wood from submorainic deposits found at at lat. 56°00’N, long. 15°28’E. Submitted
Bjurliden, near Boliden. Submitted and de- by B. Kullenberg, Oceanographic Institute,
scribed by Jan Lundqvist, Swedish Geo- Gothenburg.
logical Survey (13). Baltic Sea. Stump of fir from the sea bed St-179 9330+ 120
Bolings, Hilsingland. Pieces of wood in St-105 > 30,000 between Kaseberga and Bornholm at a

submorainic position. Described by B. E:son
Halden (I14). Submitted by C. Lundqvist,
Swedish Geological Survey.
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depth of 35 to 37 m. The sample was sub-
mitted by Tage Nilsson, department of
geology, University of Lund.
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Description

Sample No.

Description

Age Sample No. Age

Frijel, Gotland. Sample of the peat St-174 9190+ 130 River. Amblystogium peat collected 5 cm
under the Ancylus beach at Gaistes (Go6- above the limit between gyttja and peat,
stas) in Frojel. The sample was collected which in the middle of the bog is situated
by H. Munthe in 1890. Submitted by G. 3.70 m below surface.

Lundqvist. Ldngared, Vistergotland. Peat collected St-173 8500+ 110

Moélner, Klinte, Gotland. Peat below St-185 9510+ 140 1.85 m below the bottom of a peat pit in
the Litorina beach. Collected by H. Munthe the southern part of Langaredmossen Bog.
and submitted by G. Lundgqvist.

Ramsds, Ménsterds, Smdland. Peat sam- St-191 7030 £ 110 V. Archeological samples from Lappland
ple below the Litorina beach. Collected by and neighboring provinces
H. Munthe in 1901 and submitted by G. Géddede, Frostviken, [Jimtland. Char- St-187 311575
Lundgqvist. coal from the hearth of the Stone Age

Stigstide, Havdhem, Gotland. Oak wood St-190 4355 =90 settlement T 61. No reliable archeological
found under Litorina sand by the late R. dating. Submitted by H. Hvarfner, Royal
Sernander. From the Museum of the Swed- Office of National Antiquities, Stockholm,
ish Geological Survey. Gillivare, Lappland. Charcoal from the St-152 1150 £ 65

bottom of a hunting pit filled with stones
IV. Geologic samples from peat bogs at Saivorova. No archeological dating. Sub-
A. Datings of recurrence surfaces. [A re- mitted by H. Hvarfner.
currence surface has been defined by Hotingsjon, Tdsjo, Angermanland. A very
Granlund (20) as a boundary between interesting system of dwelling places. The
highly humified peat under less humi- samples were submitted by H. Hvarfner.
fied material, indicating a climatic Charcoal from a Stone Age settlement St-188 5470+ 100
change to a colder and wetter weather from which the oldest archeological find
type.] was dated to the Middle Neolithic.

Astorp Moor, Nyed, Virmland. Peat Charcoal from another point, situated St-198 7600 £ 110
samples submitted by Jan Lundqvist. 100 m south of the former. The very great

A very thin recurrence surface 115 cm St-180 1225 £ 65 age is a little confusing at this locality, and
below the surface. a new sample will be collected as soon as

A recurrence surface 130 cm below the St-184 1225+ 70 possible.
surface. Lake Storuman, Stensele, Lappland. St-207 215+ 60

Blomskog, Virmland. Peat from a recur- St-167 2165 £ 65 Wooden remnants from the covering of a
rence surface 295 to 300 cm below the sur- ritually buried bear. Submitted by H.
face in Blomma Mossen (Blomma Moor), Hvarfner.

Técksmark. Submitted by G. Lundqvist. Lake Storuman, Stensele, Lappland. St-208 1010 £ 60

Brdtenmossen, Grismark, Virmland. Peat St-178 2435 + 70 Charcoal from the hearth of a camp at the
from a recurrence surface 225 to 230 cm same place as sample St-207. Archeological
below the surface, found to be near the be- finds of scanty fragments of bronze kettles
ginning of the Picea curve by pollen analy- make it reasonable to date this part of the
sis. Submitted by G. Lundgqvist. camp to the end of the Viking period or

Kindsjé, Bograngen, Virmland. Peat at St-176 278070 the early (Scandinavian) Medieval. Sub-

a depth of 150 to 155 cm below the surface, mitted by H. Hvarfner.

at a recurrence surface about 35 cm below Tdrna, Visterbotten. Peat with sand St-110 1070 + 80
the level of the rational limit of the Picea lenses near Solberget. The sand was thrown St-131 1165 +85
curve. Submitted by G. Lundqvist. up when a hunting pit was being dug. Sub- Average

Mosstakan, Arvika, Virmland. Peat sam- St-177 3010+ 70 mitted by G. Lundgvist. 1115 +60
ple collected at a recurrence surface 370 to Tdsjo, Angermanland. Wood from the St-170 450 £ 55
375 cm below the surface. Submitted by G. bottom of a hunting pit at Lake Rorstrém,

Lundgvist. T4sjo. The pit is a part of a system of hunt-
ing pits, the existence of which has been
B. Samples of special palynologic interest historically fixed to about A.p. 1273 and

Adak Mire, Mald, Visterbotten. Profile also to the beginning of the 17th century.
of peat at the open cut of the mine. The Submitted by H. Hvarfner.
samples are intended to show the correla- Trehorningsjo, Angermanland. Ancient St-161 2870+ 70
tion between the pollen diagram and the ski found in 1907 at a depth of 60 cm in
C* dates (21). Submitted by G. Lundquvist. a peat bog in the parish of Treh6rningsjo.

Taken 5 cm below surface. St-138 650+ 70 The ski is of the Bothnian type, which, ac-

Taken 35 cm below surface. St-139 3000+ 75 cording to pollen analysis, together with

Taken 80 cm below surface. St-140 5360 = 80 several other finds, dates from the period

Taken 130 cm below surface. St-143 6940+ 105 1500 B.c. to a.p. 1000. Submitted by E.

Taken 175 cm below surface. St-144 8575+ 120 Manker, Nordiska Museet, Stockholm.

Samples St-217, St-172, and St-173 were
taken from peat bogs in the levels where V1. Various Swedish archeological samples
the curve of Alnus starts in the pollen dia- Alvastra, Ostergotland. The Neolithic
grams. The date for this point in the dia- dwelling place in the former swamp at
gram from different parts of Sweden has Dags Moor, Alvastra. Archeological dating,
great importance for reference. The samples 2000 to 3000 B.c. Submitted by L. Kaelas,
were submitted by G. Wenner, department Museum of National Antiquities, Stock-
of geology, University of Stockholm. holm.

Degerfors, Nirke. Gyttja 19 cm above St-217 8880+ 120 Wooden pile from the pilework. St-9% 4210+ 150
the limit between clay and gyttja at the Peat from the corresponding culture St-15 4090 + 230
southern end of Lake Grytsjén. The actual layer. Average
level is 3.05 m below the present water : 4180 + 130
level of the lake. Angelsta, Smdland. Flax found in a St-128 435+ 85

Hallesjo, Jamtland. The peat bog of Hal- St-172 9100+ 120 moor at Hedenstorp, together with several

lesjdbmyren, not far from the Angerman
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wooden artifacts. No archeological dating.
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Description

Sample No. Age

Description

Sample No. Age

Submitted by A. Oldeberg, Museum of Na-
tional Antiquities.

Badelunda, Visterds. Wood from a grave
with rich gold findings in Badelunda, city
of Visterds. Archeologically dated to the
beginning of the 4th century A.p. Submitted
by D. Selling, Museum of National An-
tiquities.

Badelunda, Visterds. Wood from ship
grave 75 in Badelunda. Archeological dat-
ing, latter part of 9th century A.p. Sub-
mitted by B. Schénbeck, Museum of Na-
tional Antiquities.

Kattegat. Wood from a ship, found by
trawling at 75-m depth in the Kattegat,
40 nautical miles northeast of Christianso.
No archeological dating. Submitted by
Trelleborg’s Museum.

Falsterbo, Skdne. Cattle hair oakum
from a ship found in 1932 in the southern
Baltic Sea outside Falsterbo. Palynologically
and archeologically suggested to come from
early Medieval. Submitted by J. Tandberg,
Swedish C* Board.

Falun. Three samples in a series that
will be used to date the beginning of min-
ing at Falun Copper Mines. Submitted by
Stora Kopparbergs Bergslag, Ltd.

Uppermost peat layer below the mineral
waste northwest of the opening.

Piece of wood in the mineral waste 10
cm above the peat layer.

Wooden branches on the surface of the
peat under the mineral waste.

Galtabéick, near Varberg, Halland. Cat-
tle hair oakum from a ship, excavated in
1928. Previous geologic and archeological
datings are controversial, both 5th to 7th
centuries and 12th to 13th centuries A.D.
having been proposed. Submitted by
C.-A. Moberg, Gothenburg Archaeological
Museum.

Hasslév, Halland. Resin packing from
a hexagonal stone cist containing bronze
finds. Museum of National Antiquities. No.
3987 : 5, c. Archeologically dated to the
later part of the IV period of the Bronze
Age (about 800 B.c.). Submitted by A.
Oldeberg.

Hogom, Selanger, Medelpad. Charred
wood from a tumulus containing a richly
furnished warrior’s grave. Archeologically
dated to about A.p. 500. Submitted by D.
Selling, Museum of National Antiquities.

Hylletofta, Smdland. Wooden log with
runic carvings found in the floor at the
altar in the Roman church of Hylletofta.
Archeological dating uncertain. Submitted
by P.-O. Westlund, Museum of National
Antiquities.

Ljungsbro, Ostergstland. Gyttja from the
“Hell Marsh” (Helveteskdrr) at 0.9-m
depth where a primitive-looking male hu-
man skull was found, showing a cut from
a stone axe. Pollen analysis places the sam-
ple just above Granlund’s recurrence sur-
face V, about 2000 B.c. (20). Submitted by
N.-G. Gejvall, Museum of National An-
tiquities.

Stendsa, Oland. Part of a wooden log St-135

675+75

(oak?) found under the floor of the apse

St-148 1805 =70

in the Roman church of Stendsa. Sub-

mitted by Iwar Andersson, Museum of Na-
tional Antiquities. The sample was in a
rather poor condition, and it was not pos-
sible to determine how far from the bark
the actual rings had been located.

St-150 1225 + 65

Tingstdde Trdsk, Gotland. The swamp

of Tingstide contains the remnants of a
large wooden fortification called Bulverket.
It consisted of a central part of heavier
piles and a palisade of thinner ones. The -

St-27 650 * 150

pile-work fortifications are architecturally

and archeologically dated to about A.D.
1000, but have been the subject of many

discussions.

Outer tree rings of a log from a- raft. St-10
Submitted by G. Lundqvist from the collec-

St-137 85070

790+ 120

tions of the Swedish Geological Survey.

Plank from the palisade, tree rings near St-125

960 + 60

the bark. Submitted by G. Arwidsson,
department of archeology, University of

Stockholm.

Central tree rings of a wooden prop St-118

85070

about 35 rings thick, from the central part.
Collected in the autumn 1955 and sent in

by G. Arwidsson.

St-163 1105 £ 60

St-165 690 +55
St-166 875+ 60

St-204 880 £ 65

Vals, Uppland. Heavy deal plank carved St-122
in the shape of a dragon’s head. The find
is stylistically dated to the end of the 8th
or the 9th century a.n. by W. Holmquist
(22), who also submitted the sample.

1140+ 65

VII. Archeological samples from other countries
Erimi, Cyprus. Charcoal from the Erimi
culture containing artifacts, approximately
dating between 3400 and 3000 yr B.c.
(23). Submitted by P. Dikaios, Cypus

Museum, Nicosia.
Layer No. 2.

§t-201 Layer No. 3.

281075

St-202
St-203

4630 £ 80
4540 + 80

Beaumont, Cotentin, France. Charcoal
from large wall constructions of uncertain
age at Le Hague-Dike. Described and sub-
mitted by H. Arbman (24), University of

Lund Historical Museum.
Cut I 1951 from the second layer of the St-153

St-186 157070

uppermost section.

Cut I 1951 from the second layer of St-146

deepest section.

Rang Mahal, Rajputana, India. Char- St-192
coal from a pit in the uppermost layers of

St-168 585 %60

2855+ 75
2710+ 65

1525+ 70

a mound. Archeologically and geologically
dated to about 500 A.Dp. Submitted by H.

Arbman.

Teotihuacdn, Mexico valley. Charcoal St-162

1720 £ 65

from a cremation under large ruin complex

St-109 3750+ 100

Tlamimilolpan, Teotihuacan. Excavated in

1935 under the nethermost of three con-
cretelike, intact floors. Artifacts from Maya
culture under the same floor point to a
date A.D. 278 to 593 (Goodman-Martinez-
Thompson correlation) or AD. 18 to 333
(Spinden’s correlation). Submitted by S.
Linné, Ethnographical Museum, Stock-

holm.
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frequent spells of bad health during the
last few years.
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impaired by an asthmatic condition, that
his mother sought relief for him in the
milder climate of Tennessee, where he
grew up and received his early educa-
tion.
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number of articles in which he ably
treated problems and questions that
come up during a transit circle pro-
gram. By the time he reached his middle
years his attention began to focus on the
fundamental quantities upon which as-
tronomy is built. He analyzed hundreds
of thousands of observations for the pur-
pose of obtaining a better knowledge of
the position of the equator, the motion
of the equinox, the constants of aberra-
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tion and nutation, the motion of the peri-
helion and corrections to the orbital ele-
ments of the planets. In his late years he
compiled his N30 catalog, in which are
given the definitive positions and motions
of 5268 stars. The fuhdamental coordi-
nate system established by the N30 and
the proper motions based on it have
formed the starting point for several re-
cent investigations, among which may be
mentioned a correction to the precession,
the luminosities of the nearest Cepheids,
and other researches related to the struc-
ture of the galaxy. Without doubt, the
N30 and its associated .papers represent
the greatest achievement of his career.

Morgan’s capacity in his field of spe-
cialization won him many recognitions.
In 1952 the National Academy of Sci-
ences awarded him the Watson medal
for his contribution to fundamental as-
tronomy and, by invitation, he presented
a report on the astronomical constants at
the Paris conference in 1950. He also
presented a discussion of the basis on
which the reference system of stellar po-
sitions rests at the symposium on the
Fundamental Properties of the Galactic
System conducted by the New York
Academy of Sciences in 1941.

He was a member of the National Re-
search Council, the Washington Acad-
emy of Sciences, and the Geophysical
Union. He served as vice president of the
American Astronomical Society from
1940 to 1942 and as chairman of Section
D of the American Association for the
Advancement of Science in 1936. He at-
tended his first meeting of the Interna-
tional Astronomical Union in 1928 and
served as president of the commission on
meridian astronomy of that organization
from 1938 to 1948. He was an associate
editor of the Astronomical [ournal from
1942 to 1948.

A humble man, Morgan conducted his
life in a very unpretentious manner. His
high sense of honor made personal deal-
ings with him a pleasure. His associates
at the Naval Observatory and his col-
leagues in the astronomical world re-
spected him, and will remember him, as
a valued friend and faithful worker.

F. P. Scorr
U.S. Naval Observatory,
Washington, D.C.
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