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Small-scale variability of physical
properties and structural

characteristics of a single ice floe
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Most studies of the physical properties and structural-strati-
gaphk characteristics of sea ice have concentrated on large-scale
regional variations evident in multiple floes. In order to understand
the large-scale variability it is also important to understand the
snall-scale variability within single floes. Apart from studies by
Tucker et al. (1984) and Eickenet al. (1991) there have been few such
ir vestigations. Our study focuses on small-scale variations of snow
d --pth, ice thickness, structure-stratigraphy, temperature, and sa-

. ty of an ice floe located 1 kilometer south of the Drygaiski Ice
ngue (75 32'.191'S 164 22.631'E) in the western Ross Sea.
On 1 January 1992 snow depth and ice-thickness measure-

ents were made at 1-meter intervals along lines A, B, and C, and
at 2-meter intervals along line D (figure 1). Salinity, temperature,

d structure-stratigraphy analyses were completed for ice cores
DRY 1-7 (with the exception that no structure-stratigraphy core

as obtained at site DRY 7).
The mean snow depth over the entire site is 0.16± 0.034 meters

(see table), with a range of 0.095 to 0.27 meters. Although snow
depth varies very little over the entire site, there is a significant

ifference between transects, e.g., A and B (table). The mean ice
thickness over the entire site is 1.218± 0.066 meters (table) with a.
range of 1.02 to 1.335 meters. This is only slightly lower than the
1.40 ± 0.45-meters mean ice-thickness value calculated from data
obtained in February and March on first-year ice in the Weddell
Sea, as presented by Gow et al. (1987). As with the snow-depth
variability, although statistically the ice thickness varies by only
0.066 meters over the entire site, there are significant differences
between individual transects, e.g., A and B, A and D(table). In the
Weddell Sea, Lange and Eicken (1991a) report thinner mean snow
depths ranging from 0.08 to 0.59 meters and a wider range of ice
thickness, 0.52 to 2.65 meters. Their standard deviations were
significantly greater than ours, with the mean snow-depth stan-
dard-deviation values ranging from 0.12 to 0.84 meters. The
greater ice-thickness standard deviations reported by Lange and
Eicken (1991a) probably reflect the greater number of floes and
deformed sites they sampled compared to our study of a single,
apparently undeformed floe.

Overall, the data show a general relationship of deep snow
overlying thinner ice. This is common in floes dominated by
congelation growth and is due to the insulating effects of the
snow reducing the heat floe from the water to the atmosphere
through ice and snow. In the case of the Drygaiski floe, the snow-
ice thickness relationship is probably a coincidence, since none of
the cores contain congelation ice.

Each core contained granular frazil ice in amounts varying
between 95 and 100 percent of the core length. Platelet ice was
found only at the base of core DRY 2. The large amount of frazil
ice is not unusual and reflects ice growth as small crystals in the
turbulent, supercooled water conditions that are common in the
antarctic ice pack (Gow etal. 1987; Jeffries and Weeks in press (a);
Lange and Eicken 1991b).

Each ice core has a roughly S-shaped temperature profile, with
the warmest temperatures at the ice surface and the coldest tem-
perature at the base (figure 2). Ice temperatures are all close to the
melting point, with an overall mean temperature of -1.09 C and a
range of -1.4 C to -0.6 C. For all cores, the least ice temperature
variability occurs at depths of 0.3 to 0.4 meters, where the tempera-
ture is -1.0 C (figure 2). The S-shaped temperature profile probab-
ly results from surface heating during the summer as the air temp-
erature rises and raises the temperature of the near-surface ice.

The mean ice salinity of the seven cores is 3.60 parts per
thousand, with a range of 0.8 to 5.25 parts per thousand. The
salinity profiles have a reverse S-shaped pattern, with the lowest
salinities at the surface and the highest salinities at the base of the
ice. Similar profiles have been observed in McMurdo Sound
(Jeffries and Weeks in press (b)) and the northwestern Weddell
Sea (Eicken et al. 1991). Two zones of maximum salinity in each
core group occur at 0.4 to 0.6 meters (salinity range, 3.74 to 3.9
parts per thousand) and in the bottom 0.2 meters (salinities
exceeding 5.0 parts per thousand). Standard-deviation values are

C	 D

DRY 1,2,3:2 m triangle
A\ /B	DRY 1,4,5:10 m triangle

DRY 5 to 7:25 m
DRY 7 to 6:25 m

DRY 4

Figure 1. Diagram of the 1992 Drygalskl ice-floe sampling scheme
with Ice-core (DRY 1 to 7) positions. The 1O-meter triangle connecting
sites DRY 1, 4, and 5 consists of lines A, B, and C, and line D Is the
50-meter distance between DRY 5 and 6.
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Mean and standard deviation of snow-depth and
Ice-thickness measurements from the Drygaiski ice floe

Snow	 Ice
Transect	 depth	 thickness
A	 0.179 ± 0.047 (10)	1.182 ± 0.078 (10)

B	 0.161 ± 0.024 (10)	1.174 ± 0.047 (10)

C	 0.160±0.033(11)	1.197±0.068(11)

ABC	0.167 ± 0.036 (31)	1.185 ± 0.064 (31)

D	 0.153±0.031 (25)	1.260±0.040 (25)

CD	 0.155±0.031 (36)	1.241 ±0.058 (36)

ABCD	0.160 ± 0.034 (56)	1.218 ± 0.066 (56)

Figures in parentheses represent the number of samples.

lowest in the upper salinity maximum. The two zones of low
salinity values are at the uppermost layer (salinity range, 1.0 to
1.85 parts per thousand) and one at a depth of 0.5 to 0.8 meters
where the salinities fall between 3.43 and 3.47 parts per thousand.
Prior to summer warming, sea-ice salinity profiles are chara-
teristically C- or double C-shaped (e.g., Weeks and Lee 196;
Nakawo and Sinha 1981). As the air and near-surface temper-
tures rise, brine will drain out of the uppermost layers, decreasin
the ice salinity and leading to a reverse S-shaped salinity profi1.
The salinity maximum we observe at 0.4 to 0.6 meters may Ie
partly due to this downward brine drainage. The highest salinity
values found at the base of the ice probably reflect reduced brine
drainage from the colder ice.

The structure-stratigraphy of the cores, which are comprise
almost entirely of frazil ice, indicates that individual floes c
have a fairly uniform growth pattern when the growth conditio
do not vary throughout the growth season. This structural un -
formity may account for the general similarity of the physic 1
properties and ice thickness within the floe over distances as grea t
as 50 meters. Despite ice temperatures close to the melting poin,
the ice retains a significant amount of brine, particularly in th
basal layers. Further analysis of small-scale variability of th
physical properties of sea ice is needed to fully understand th
extent to which each parameter varies with horizontal distanc
and the mechanisms that cause these differences.

This research was supported by National Science Foundatio
grant DPP 89-15863. Kim Morris, U.S.C.G.C. Polar Sea crew
member DCI Gary Currier and members of the aviation depart-
ment assisted with the field work.
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Figure 2. Mean temperature and salinity profiles for selected groups
of cores. DRY 1-3, for example, represents the combined data sets
of cores DRY 1, 2, and 3. The standard deviation error bars are least
reliable at the base of the profiles since core lengths varied, and
there may be only one or two data points for calculation of the mean
and standard deviation.
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Sea-ice investigations on Nathaniel
B. Palmer: Cruise 92-2

S.F. ACKLEY AND A.J. Cow

USA CRREL
Hanover, New Hampshire 03755

V.I. LYFLE AND N.E. YANKIELUN

Dartmouth College
Hanover, New Hampshire 03755

185 10 0 932K.8 I'm

Princeton University
Princeton, New Jersey

In this and accompanying reports (see references), we present
preliminary results of studies made on sea ice in the western
Weddell Sea, in May and June of 1992 aboard the vessel Nathaniel
B. Palmer. This work was done to complement the sea ice pro..
gram during the deployment of Ice Station Weddell #1(ISW
(Ackley and Lytle et al. 1992; Ackley and Lytle 1992). Our princi-
pal objective was to obtain some regional depiction of the ice
properties and processes over several scales, from microstruc-
tural properties, to the variability of ice types, over the length of
the track.

Several of the measurement programs were similar to those on
ISW, where the ice properties were monitored over a period of
four months, and the objective was to examine the evolution of
the different sea-ice processes over several months. The mea-
surements aboard the ship will help to expand these time
series results to a larger region and to determine how typical or
atypical the ice types seen around the camp are of the region.

The shipboard scientific team had ten members as listed in the
table. Five members were associated with the Young Scholars
Antarctic Research Experience (Darling et al. 1992).

The Nathaniel B. Palmer left Punta Arenas, Chile on 22 May
entering the ice edge on 24 May; she again left the ice edge on 19
June, arriving back in port on 22 June. About six days were spent
recovering the equipment and personnel from the ISW in con-

junction with the Russian Icebreaker Academik Federov. Data were
collected on both the inbound and outbound legs of the cruise and
consisted of observations collected both while the ship was
stopped at ice stations and while the ship was underway.

The vessel stopped for a total of 14 full ice stations and 1 coring
station (see figure of cruise tracks with ice stations). A complete
ice station consisted of:

a. The collection of four cores to be used in determining the
physical and structural characteristics of ice, biochemical studies
of ice and entrapped brine, salinity profiles, and dielectric mea-
surements (Cow et al. 1992).

b. Snow-pit studies in which physical property measurements
were made of the snow. Snow temperatures, grain sizes, crystal
types, densities, salinities, and dielectric properties were exam-
ined as a function of depth in the snow pack (Lytle and Ackley
1992).

c. Snow surface elevation surveys in which the snow elevation
above sea level, snow thickness, and ice level measurements were
made along 100 meter lines at 0.5 meter spacing. When time
permitted, ice thickness holes were drilled at 10 meter increments
along the profile lines (Lytle and Ackley 1992).

d. Radar backscatter investigations of snow thickness and
snow/ice interface characteristics (Yankielun and Ackley 1992).

With the exception of the radar measurements, these studies
were similar to those collected on ISW, and will be compared to
extend the detailed snow and ice measurements over a broader
region than could be accomplished from the camp. While much
of the data is still being analyzed, a few observations can be
readily compared.

The ice types seen during the cruise were similar to those
monitored for about four months on ISW. The ice types on the
camp varied from new thin lead-ice, to medium thick first-year to
thick deformed old ice with initial thickness ranging from 0.5 to
4 meters. The ice cores collected on the ship ranged from 0.59 to
2.3 meters, with ice types similar to those sampled on the camp,
with the exception of very thick deformed ice. Although we did
encounter thick deformed floes, in general we sampled the
smoother, thinner sections of the floe in order to examine the
growth sequence as reflected in the crystalline texture and other
physical properties.

Underway observations: While the Palmer was traveling through
the ice, several types of data were collected on a regular basis.
Although these are not directly comparable to observations col-
lected on ISW, they will be used to extend the detailed ice and
snow data collected during the ice stations described above and
at ISW over a larger area.

a. A 24-hour record of sea ice observations was maintained
from the bridge of the ship. These observations included: total ice
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