
rier and then move in directions between south and
west.
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Foundation grant DPP 76-16743.
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Temporal variations and
correlations in chemistry of snow

on Ross Ice Shelf

J . V. MOLENAR and J . A. WARBURTON

Desert Research Institute
University of Nevada System

Reno, Nevada 89506

Our investigations during the 1974-75 and 1976-77
Ross Ice Shelf Project (RIsP) field seasons included the
excavation of seven 2-meter-deep pits on the Ross Ice
Shelf and the chemical analysis of samples from various
depths. The pits were dug at Roosevelt Island (RI) and
Roosevelt Island Camp (Ric) and at sites C-7, RISP-BC,
J-9, Q-13, and F-9.

The accompanying figure provides an example of the
variations with depth observed in the chemistry of these
pits. It shows the concentrations of sodium (Na), calcium
(Ca), magnesium (Mg), and potassium (K) with depth at
site F-9. Concentrations are expressed in parts per bil-
lion (ppb) and varying scales are shown on the ordinate
axis for the different elements.

It can be seen that the concentrations of these ele-
ments vary quite markedly with depth. Distinct maxima

and minima occur for all four elements at each site. In
any one particular profile, the peaks and minima of the
elemental concentrations occur at nearly the same depth
and thereby are well correlated. This wide variation in
chemistry is generally supported by documentation in
the literature that the chemical composition of precipi-
tation can vary by orders of magnitude between storms
and even during single precipitation events (Junge,
1963).

These variations probably are related to temporal
changes in the cloud microphysics producing the pre-
cipitation and the cloud dynamics of the maritime
storms crossing the ice shelf. Stronger, more vigorous
storms over the Ross Sea increase the proportion of the
ocean surface occupied by breaking waves, thereby lead-
ing to a higher production of sea-salt nuclei. The tur-
bulent ocean mixes the chemically enriched surface layer
of the sea with deeper water. Thus marine aerosols gen-
erated during these storms are expected to have sea-salt
concentration ratios similar to those of bulk seawater.

The precipitation from such strong storms thus con-
tains an abundance of marine trace metals imposed on
the background aerosol. The stronger the storm, the
higher the concentrations of these metals and the closer
their ratio to those found in seawater. In a weaker storm,
global background aerosol and any chemical fractiona-
tion during the production of the marine aerosols con-
stitute greater factors in precipitation chemistry.

Evidence of this effect is seen in the calculated en-
richments of the elemental profiles. Sodium is used as
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Table 1. Average enrichments of peaks and minima for
magnesium, calcium, and potassium at each sampling site

Sampling	E (Mg)	E (Ca)	E (K)
Site	Peaks Minima Peaks Minima Peaks Minima

C-7 -0.04 -0.16	0.17	0.98 -0.07	0.41
0-13	0.11	0.26	0.48	0.95	0.22	0.46

RI	0.32	0.52	0.19	0.29 -0.03	0.06
RIC	0.27	0.74	0.41	0.79	0.47	1.19

	

RISP-BC 0.16	0.33	1.10	1.57	0.15	0.18
J-9	0.18	0.33	2.04	2.63 -0.42	0.27
F-9	0.28	1.38	3.11	4.09	0.30	2.10

the seawater reference because it is assumed that the
overwhelming majority of the sodium present in the at-
mosphere comes from marine sources.

Table 1 lists the average enrichments of the peaks and
minima in the profiles at each sampling site. The peaks
have enrichments lower than those in the minima. Thus,
there is a higher proportion of marine aerosol in the
precipitation associated with the peaks in the chemical
profiles.

In comparing profiles from the different sites, it is
essential to recognize that two separate field seasons
were involved and that questions still exist regarding the
accuracy of Crary's accumulation data, (Clausen and
Dansgaard, 1977). Nevertheless, the data appear to in-
dicate valid correlations among some of the sampling
sites.

Warburton and Linkletter (1977) have reported on
tentative correlations found in the profiles taken during
the 1974-75 field season. Table 2 represents an expan-
sion of their work. The minimum and maximum in the
RISP-BC and RIC profiles at depths of 30 and 38 centi-
meters appear to have been smeared out in the C-7
profile. No samples were taken at C-7 below 120 cen-
timeters, nor at RLSP-BC between 65 and 90 centimeters.
The RIG samples 11 and 12 seem to have overlapped
and covered the minimum seen at 105 centimeters in
the RISP-BC profile.

The depth ratios are the ratios of the average depths

of the peaks and minima in the samples. These ratios
indicate that the peaks and minima at RISP-BG and RIC
correlate. According to Crary et al. (1962), the average
accumulation rate at RISP-BC is 13.4 grams per square
centimeter per year (g/cm2/yr). The accumulation iso-
pleths in his data predict that the accumulation rate at
RIG JS similar to that at RISP-BC. The depth ratios near
unity of the features in the two profiles agree with equal
accumulation rates at the two sites. This suggests that
the same storm systems are producing the chemical vari-
ations at both sites.

Crary's accumulation rate at C-7 is 18.7 g/cm2/yr.
Assuming similar snow densities at the three sites, the
accumulation ratio between C-7 and RISP-BC or RIG 1S
1.4. Although the depth ratios between C-7 and RISP-
BG and RIG (table 2) are not as uniform as those between
RIG and RISP-BC, correlation between the inland sites and
C-7 may exist. Since C-7 is closer to the Ross Sea, it is
affected by highly localized meteorological conditions
that need not extend inland. Thus the degree of cor-
relation between G-7 and the inland sites should not
necessarily be as strong.

More extensive sampling was done during the 1976-
77 field season. Two pits were dug at both J-9 and F-9.
Profiles A and B at each site came from one pit, the two
profiles being about 3 meters apart horizontally. Profile
C at each site came from pits about 3 or 4 kilometers
away from the A and B pits. Table 3 provides a listing
of the features of the profiles from the two sites. The
depths of the peaks and minima represent a best esti-
mate of the depth of the layer of interest using all the
profiles at one site and the stratigraphy of the pits. The
depth ratios of the features seem to indicate another
high degree of correlation.

New measurements of the average accumulation and
snow density at J-9 and F-9 by C. Cornish (pers. comm.)
agree quite strongly with this correlation. Working at
the Laboratory of Glaciology at Grenoble, France, he
used beta counting and dating techniques on 5-meter
profiles at both sites. He found an average accumulation
of 9.7 g/cm2/yr at J-9 and 8.9 g/cm 2/yr at F-9, with an
average snow density at both sites of 0.38 grams per
cubic centimeter. The accumulation ratio J-9/F-9 is then
1: 1, which corresponds very well with the depth ratios

Table 2. Profile features and depth ratios for sampling sites RISP-BC, RIC, and C-7

RISP-BC	 RIC
	 C-7

	
DEPTH RATIO

SAMPLE DEPTH SAMPLE DEPTH SAMPLE DEPTH
EXTREME	ID	(cm)

	
ID	(cm)
	

ID	(cm)
	

RICIBC	C-7/13c	C-7/RIC

	

MAX	BC-02	18	RIC-01	15	C7-03	25	0.8	1.4	1.7

	

MIN	BC-03	30	RIC-03	30	-	-	1.0	-	-

	

MAX	BC-04	38	RIG-1 7	38	-	-	1.0	-	-

	

IN	BC-05	45	RIC-04	40	C7-07	70	0.9	1.6	1.7

	

MAX	-	-	RIC-06
	

65	C7-09
	

90	-	-	1.4

	

MIN	-	-	R1C-19
	

80	C7-10
	

100	-	-	1.3

	

MAX	BC-09
	

100	RIG-11i
	

105	C7-13
	

130	1.1
	

1.3	1.2

	

MIN	BC-1
	

105	-	-	C7-14
	

140	-	1.3	-

	

MAX	BC-li
	

115	RIC-12
	

115	C7-15
	

150	1.0
	

1.3	1.3

	

MIN	BC-13
	

135	RIC-21
	

135	-	-	1.0

	

MAX	BC-14
	

145	RIC-15
	

150	-	-	1.0
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Table 3. Profile features and depth ratios for sampling sites J-9 and F-9

J-.9	 F-9
SAMPLE	 DEPTH	 SAMPLE	 DEPTH	DEPTH RATIOEXTREME	 ID	 (cm)	 ID	 (cm)	 J-9/F-9

MAX	 J9A-01
J913-01	 10	 -	 -	 -
J9C-01

MIN	 J9A-03	 F9A-03
J913-02	 25	 F913-02	 22	 1.1
J9C-02	 F9C-03

MAX	 J9A-05	 F9A-04
J913-05	 50	 F913-04	 38	 1.3
J9C-04	 F9C-04

MIN	 J9A-08	 F9A-08
J913-06	 80	 F913-08	 75	 1.1
J9C-07	 F9C-08

MAX	 J9A-09	 F9A-10
J913-08	 95	 F913-09	 90	 1.1MIN	 J9A-10	 F9A-11
J96-09	 110	 F913-10	 105	 1.1MAX	 J9A-12	 F9A-12
J9A-13	 F913-11
J913-11	 130	 F913-12	 115	 1.1
J96-12	 F9C-12
J913-12	 F9C-13

MIN	 J9A-15	 F9A-13
J913-15	 165	 F913-13	 135	 1.2
J9C-15	 F9C-14

MAX	 J9A-17	 F9A-16
J913-16	 185	 F913-14	 150	 1.2

MIN	 J9A-18

	

J9B-18	 195

MAX	 J9A-20

	

J9B-19	 215
J9C-18

in table 3. Similar comparisons have been made among
all of the sites and are reported on elsewhere.

In general, then, it appears that the correlation of
precipitation chemistry and accumulation at sites near
the ice front,C-7 and Q-13, is strong. The sites on the
southeastern portion of the ice shelf, J-9, F-9, RISP-BC,
and RIC, also show a strong correlation of precipitation
chemistry and accumulation. The fact that Roosevelt Is-
land (RI) stands alone may indicate the affect of the is-
land on local meteorology. Correlations between the
sites inland and those along the Ross Ice Shelf are weak,
but they do indicate the possibility of effects extending
across the entire ice shelf.

This work has been supported by National Science
Foundation grant DPP 77-22817.

F9C-16
F9A-18

	

F913-17	 170	 1.1
F9C-18
F9A-19

	

F98-20	 190	 1.1
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