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standing crop is low, such as the northern edges of the Wed-
deli Sea (El-Sayed and Taguchi, 1977) where pack ice break-
up would also be relatively high. More details of the work
reported here are in press (Ackley, et al).

This work was supported by National Science Foundation
grants DPP 76-15351 to the U.S. Army Cold Regions
Research and Engineering Laboratory and DPP 76-80738 to
Texas A&M University.
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Tritium and carbon-14
distributions in McMurdo Sound,

1977

R. L. MICHELandP. M. WILLIAMS

Scripps Institution of Oceanography
University of California

San Diego, California 92093

T. L. JACKSON and T. W. LNIcK	 During the 1977-1978 season at McMurdo Sound, tritium
Department of Chemistry	 samples were collected with a 5-liter niskin bottle and

October 1978	 71



analyzed as outlined in Michel and Suess (1975), and car-
bon-14 samples were collected and analyzed by the procedure
described in Williams and Linick (1975). Carbon-14 samples
were obtained from the uppermost layer of the seawater col-
umn. Occasionally a freshwater layer was present above the
seawater, and samples were collected from beneath this layer.
A sample of atmospheric CO2 was collected from outside the
Earth Science Laboratory at McMurdo. No artificial radioac-
tivity is allowed at this laboratory, so there were no con-
tamination problems. Tritium sampling was conducted from
the top layer to about 100 meters. Ice cores of 1-year-old pack
ice were collected at the McMurdo sampling site. The cores
were sectioned into segments about 20 centimeters long and
analyzed for tritium. The sampling was done in conjunction
with microbial studies conducted by the Marine Food-Chain
Research Group of the Scripps Institution of Oceanography
(Holm-Hansen et al., 1977).

Data for all these samples are listed in tables 1 and 2.
Blank values at the La Jolla Tritium Laboratory are 0.1 tri-
tium units. (One tritium unit is one tritium atom per 10 18 hy-
drogen atoms.) Tritium values given without error values in
table I can be assumed to have an uncertainty of 0. 1 tritium
units. The uncertainties for the carbon-13 values are ±0.2
parts per million.

The seawater sampling program was directed toward
determining any differences in tracer distributions within
McMurdo Sound. Dayton and Oliver (1977a, 1977b) had
concluded from biological observations that water flows
northward from under the Ross Ice Shelf on the west side of
McMurdo Sound. On the east side, the flow was less cons-
tant, and a strong influence from southward-flowing water

Table 1. Tritium and carbon-14 results from seawaters in
McMurdo Sound.

Depth	 Sal
Location	(meters)	TU	o/00b	13(	A 14C

770 52'S. 166020'E.
(McMurdo)	5	0.82	 +1.0 -69±
780 13'S. 162054'E.
(Heald Island)	0	2.89 ± 0.22 10.464

10	0.64	 +0.8 -109±
30	0.52	34.483
75	0.54	34.508

77 0 57'S. 164038'E.
(Cape Chocolate)	0	3.9 ± 0.3	1.723

9	0.53	 +0.2 -114±
25	0.58	34.327
50	0.65	34.523

78°0I 'S.167°2l'E.
(White Island)	0	0.64	33.903

5	0.57	 +0.4 -106±
20	0.68	34.190
50	0.73	34.189

770 38'S. 163050'E.
(New Harbor)	0	5.39 ± 0.27	1.504

10	0.61	33.948
20	0.50	34.218

aTU = tritium units (one TU is one tritium atom per 10 18 hydrogen
atoms)
bSalinity in parts per mill.
'Atmospheric CO  at McMurdo Station: 13C = -11.1A I4C =
+ 290±

Table 2. Tritium concentration in pack ice cores at McMurdo
Station.

Depth (millimeters)	 TUa	 Sal (0/00)b

ICE CORE I
snow from top of core	23.7 ± 0.8	 0.008

	

0-11	 5.6 ± 0.3	 6.512

	

12-36	 0.96±0.21	 5.84

	

37-56	 1.26±0.19	 6.226

	

57-76	 0.92±0.18	 6.176
ICE CORE 2

	20-40	 1.08±0.18	 6.140

	

41-77	 0.86±0.18	 6.72

	

78-105	 1.06±0.18	 6.506

	

106-139	 0.97±0.18	 6.802
BRINE

-	 0.66±0.28	43.857

'tritium units
bsalini ty in parts per mill.

was noted. Foster and Bruchhausen (1977) studied tem-
perature and salinity distributions in McMurdo in 1977 and
also concluded that water in the central and western parts of
McMurdo flowed northward. The microbial activity studies
of Holm-Hansen and other (1977) correlated closely with the
planktonic observations of Dayton and Oliver (1977a,
1977b). The highest activities were found at the McMurdo
Station, and the lowest activities were found on the west side
of the sound.

These investigations indicate that the seawater on the east
side of McMurdo may have undergone a more recent interac-
tion with the atmosphere than the west side. Thus, higher
concentrations of bomb-produced radionuclides such as tri-
tium and carbon-14 might be present. In the case of both
radioisotopes, higher concentrations were found at the
McMurdo sampling site. However,Jacobs (1977), working in
the open Ross Sea at the same time, found a tritium con-
centration (0.5 tritium units) closer to values found in the
west side of McMurdo. Thus, other factors, such as snow
melt, may influence concentrations at McMurdo.

Table 2 gives tritium and salinity values for water from
two ice cores taken at the McMurdo sampling site. The two
cores were approximately 3 meters apart. Also listed are a
snow sample from above the pack ice and a sample of brine
collected from the core hole. The ice at this site was 2 meters
thick, and we were unable to obtain a core through the whole
ice column. Because the water volume obtained was small,
we had to shorten our tritium enrichment procedure, and as a
result, uncertainties are larger.

Ignoring the top of core 1, the average tritium concentra-
tion was 1.01 tritium units. This is slightly higher than the tri-
tium concentration found in the seawater at McMurdo, in-
dicating a possible fractionation during pack ice formation.
The brine is probably a mixture of seawater and brine and
could be slightly depleted in tritium. The tritium at the top of
core 1 shows the influence of melted and refrozen snow.

E. M. Druffel and C. S. Hutto assisted in analytical
analyses. 0. Holm-Hansen and R. E. Hodson assisted in
sample collection.

The analytical work was supported by National Science
Foundation grants DPP 77-20579, OCE 77-17567, and EAR
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76-22623. The sampling program was supported by National
Science Foundation grant DPP 76-22134.
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Surface layer kinematics of the
circumpolar current as inferred

from Nimbus 6

A. D. KIRWAN, JR. and E. REYNA

Department of Oceanography
Texas A&M University

College Station, Texas 77843

In December 1977 five satellite (Nimbus 6) tracked
drifters were deployed from the USCGC Burton Island in the
Antarctic Circumpolar Front south of New Zealand on the
leg from Wellington to McMurdo Sound. This was a pilot ex-
periment conducted as part of the International Southern
Oceans Study. It was designed principally to test the
feasibility of making oceanographic measurements of the sur-
face layer currents, air and sea temperatures and atmospheric
pressure in the Circumpolar Current during the First Global
Atmospheric Research Program Global Experiment. To
reduce wind drag on the drifters so that their movements
closely paralleled the flow of the Circumpolar Current, the
drifters were drogued at 100 meters by 9.2-meter personnel
parachutes.

As explained by Kirwan and others (1976, 1978) the Ran-
dom Access Measurement System (R.'Ms) on Nimbus 6
determines the drifter's position by Doppler shift of a con-
tinuous radio signal from the drifter. The radio signal also

contains the particular identifier (ID) for each drifter along
with eight data words. For this experiment, the data words
were sea surface pressure, air temperature, sea surface tem-
perature, and a drogue indicator to determine if the drogue
remained intact and deployed.

Two of the drifters failed shortly after they were deployed.
The failure has been traced to faulty crystals in the buoy
transmitter terminals. The other three have operated suc-
cessfully, at least until 9 March 1978. The only problem on
these drifters has been that their pressure sensors have not
worked since deployment.

The three drifters have provided new information on sur-
face kinematics in the Circumpolar Current. Figure 1 shows
the trajectories of those drifters up until 9 March. Drifter ID
1204 was deployed just south of the subarctic front. Its trajec-
tory indicates that after a large southward meander in that
front, it moved almost due north for 300 kilometers. After
reaching 54'S. it started slow eastward zonal flow. The tra-
jectory from drifter ID 1134 shows that it was deployed in a
cyclonic eddy. The existence of this eddy was verified by an
expendable-bathythermograph survey from the Burton Island
(Olson and Emery, 1978). After one revolution in the eddy,
this drifter moved off to the northeast, paralleling the track of
1204. It then began moving southward, changed direction
about 300 kilometers due south, executed a series of rather
complicated movements, and, after reaching 600 S., started
eastward zonal flow. Drifter ID 1102, deployed just north of
the subpolar front, has moved eastward along the front. Its
trajectory indicates a large northward meander of the front
centered around 179°W. Meanders similar to this have often
been reported in this front.

Figures 2, 3, and 4 are plots of the velocities of these three
drifters. Maximum eastward velocity of ID 1204 was about
.38 meter per second, just at the beginning of 1978. Since
then its eastward velocity has averaged only about 0.11 meter
per second. The record for ID 1134 shows considerably more
variability.

50S

55S

60S

170 E	175 E	180	175 W 170 W

Figure 1. Trajectories of drifters 1204, 1134, and 1102, from
day 355, 1977 to day 68, 1978.
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