
be very viscous, is seemingly much more fluid. Explosions
also seem milder and less frequent. In short, over the last 5
years, since the 1972-1973 field season when lava was first
observed in the crater, the lava lake has grown and the ex-
plosive activity seems to have decreased.

An examination of some of the anorthoclase phonolite
from bombs that appear to represent material ejected since
the last field season indicates no change in the character of
the lava. It still is remarkably similar to the much older
anorthoclase phonolite lavas that occur on the summit and
western flanks of Mount Erebus.

Several attempts were made to visit Carapace Nunatak to
study the volcanic rocks. Weather forced us to turn back
each time.

This research was supported by National Science Founda-
tion grant DPP 72-05800.
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consist simply of debris deposited by glaciers after transpor-
tation from other locations.

Measurements were made across eleven volcanic patches
(nine in Taylor Valley, one near Goodspeed Glacier in
Wright Valley, and one by the head of Meserve Glacier in
the Asgard Range). The nine outcrops in Taylor Valley were
distributed among four sites: Mount Coates, Mount J.J.
Thomson, Sollas Glacier, and Nussbaum Riegel. The rug-
ged topography restricted measurements to a single profile
across most of the outcrops.

Model analysis of the data has not been completed.
However, some preliminary observations are possible. The
anomalies range from several hundred to several thousand
gammas. The small cone in Wright Valley is positively
magnetized, but the outcrop on the wall of Taylor Valley
adjacent to Sollas Glacier is reversely polarized, suggesting
that there has been more than one period of intrusion. Many
of the other profiles exhibit considerable fluctuation.

The presence of a plug at depth is strongly indicated on
some profiles, but the evidence is somewhat ambiguous on
others. Detailed modeling should help to resolve this ques-
tion. Although many of the anomalies have significant
amplitude, they have rather short wavelengths and would
therefore be easily missed by an aeromagnetic survey using a
2-kilometer line spacing and a discrete sampling interval.

Field work was supported by National Science Foundation
contract C-642 (Dry Valley Drilling Project).

Ground magnetic studies of
volcanic rocks in the Taylor and

Wright Valleys region

C. PATRICK ERVIN and M.G. WOLF

Department of Geology
Northern Illinois University

DeKaib, Illinois 60115

During the 1971-1972 and 1972-1973 austral summers,
geophysicists from Northern Illinois University conducted a
regional aeromagnetic survey of the area around Ross Island
and the dry valleys of southern Victoria Land (Wong, 1973).
Analyses of these data indicated that magnetic anomalies
that could be detected using airborne techniques are
generally associated with the Ferrar Dolerite (Pederson,
1974). Except for these relatively discrete anomalies, the
magnetic field is quite smooth.

In Taylor Valley and, to a lesser extent, in Wright Valley,
there are numerous volcanics, primarily on the sides of
valleys (McCraw, 1967; Fleck, Jones, Behling, 1972).
Although volcanic rocks are usually quite magnetic, there is
no indication of their presence in the aeromagnetic map.

During the 1976-1977 austral summer, we made ground
magnetic measurements along profiles across a number of
these volcanic outcrops to ascertain why their presence was
not detected in the aeromagnetic survey, to provide ground
control for interpretation of the aeromagnetic data, and to
determine if the volcanics have associated feeder-pipes or
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Soil development in the Taylor
Valley and McMurdo Sound area

J.G. BOCKHEIM

Department of Soil Science
University of Wisconsin

Madison, Wisconsin 53706

In view of the paucity of suitable materials for absolute
dating, soils are useful in the relative dating of late Cenozoic
glacial events in East Antarctica. The following is a sum-
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mary of our soil studies for the last two field seasons
(1975-1976 and 1976-1977).

Detailed descriptions were made of 97 soil profiles on
moraine crests and ground moraine representative of Ross
Sea, Taylor, and alpine glaciations (Denton et at., 1971).
We collected 418 soil samples and compiled laboratory data
for 282 samples representing 68 soil profiles. These analyses
included pH, specific conductivity, water-soluble cations
(K + , Na +, Ca2 +, Mg2 +), water-soluble anions (Cl-,
SO42- , HCO3 -), and particle-size distribution. Extractable
iron and silt and clay mineralogy were determined on
selected soils derived from till deposited by Taylor Glacier.

Surface weathering features were recorded on plots rang-
ing from 39 to 314 square meters; these features include
boulder frequency, cavernous weathering, ventifaction,
planing to the surface, desert varnish, fragmentation in situ,
spalling, and pitting.

Despite variations in surface weathering, we observed few
differences in soils on drift representing the different Ross
Sea glaciations. Ross soils generally are unoxidized, low in
water-soluble salts, and poorly consolidated; and they do
not contain pseudomorphs. These soils occur on ground
moraine in relatively humid, coastal localities where ice-
cemented permafrost is close to the surface (18-46 cen-
timeters). Congeliturbation may inhibit or decelerate
horizonation and development of Ross soils. Ross soils are
more strongly developed on moraine crests away from the
direct influence of the ocean than on ground moraine. In
Wright Valley, drift on the "Loop Moraine,"* (77130'S '
162'18'E.) which was probably deposited by Ross ice,
features an oxidation profile 14 centimeters thick, matrix
salts to a depth of 39 centimeters, and salt concentrations to
depths exceeding 90 centimeters. Unlike Ross soils in the
McMurdo Sound vicinity, the soil on the "Loop Moraine" *
did not contain ice-cemented permafrost in the upper 1
meter. The "Loop Moraine" * soil is more strongly developed
than Taylor II soils but less developed than Taylor III soils.

Soils are similar on all alpine moraine systems adjacent to

name.

the Rhone, LaCroix, Canada, Hughes, Sollas, Marr, and
Walcott Glaciers. These soils commonly feature a thin,
slightly consolidated oxidation layer (10 centimeters or less)
over unoxidized, loose sand and gravel. Depth to ice-
cemented permafrost is variable. Pseudomorphs usually are
absent in alpine soils. Salt encrustations occur to maximum
depths ranging from 0 to 60 centimeters, depending on
depth to ice-cemented permafrost and proximity to playas
or modern lakes. Soils data indicate that alpine moraines
may be (a) young and of similar age or (b) so youthful that
soils are not useful in delineating small differences in age.
Alpine III soils are slightly less developed than Taylor II and
Ross II soils.

Differences were observed in soils derived from till
deposited by various advances of the Taylor Glacier. In ad-
dition to age, variation in Taylor soils is caused by
microclimate, especially the influence of past and present
lakes, frost sorting, and lithology of the parent material.
Table 1 summarizes morphologic characteristics of soils
derived from drift bearing (1) mixed igneous and metamor-
phic rocks in the lower Taylor Valley, and (2) rocks from the
Beacon Supergroup in the upper Taylor Valley. Even
though 22 soil profiles were described in detail for each of
the materials, additional sampling will be necessary. Inten-
sive sampling on two lateral moraines of different ages yield-
ed coefficients of variation as great as 98 percent. The varia-
tion in certain chemical soil properties on a single moraine
may be greater than the variation of that property on
moraines of widely differing ages.

Taylor II soils show the least profile development and ap-
pear to be considerably younger than Taylor III soils.
Taylor III and IV soils are similar in morphology, par-
ticularly in the lower Taylor Valley. Salt-cemented horizons
often are best expressed in Taylor III soils. Taylor IVa and
IVb soils are most differentiated in the upper Taylor Valley.
Soil formation proceeds more rapidly in soils derived from
Beacon materials than in soils originating from mixed ig-
neous and metamorphic materials, on surfaces of com-
parable age.

Soils were examined on Taylor II, Taylor III, and Alpine
III drifts above and below the uppermost level of Glacial

Table 1. Morphologic properties of soils developed on Taylor Valley moraines, as related to age and lithology of the drift.

Thickness	Depth of

	

Approx. age	No. of	Depth oxida-	Depth of salt	salt-cement-	pseudo.	Depth consoli-
Glaciation	(yrs x 106 B.P.)'	profiles	tion (cm)	encrust. (cm)	ed horizon (cm)	morphs (cm)	dation (cm)

MIXED IGNEOUS AND METAMORPHIC

Taylor ll	0.25	 2	0.11(5)2	12-70(41)	 0	 12.15(14)	28+50(39)
Taylor III	0.32	 3	15.25(20)	50-80(64)	0-17(10)	0.21(10)	62 + - 100 +(n.d.)
Taylor IVa	<1.6	 5	6.54(27)	25-56(45)	0.7(1)	0-23(12)	6 - 100+(n.d.)
Taylor IVb	2.1-3.9	12	10-39(24)	18-54(34)	0.4(0)	0-39(16)	14 - 100 +(n.d.)

22

BEACON SANDSTONE AND FERRAR DOLERITE

Taylor 11	0.25	 9	5-22(12)	0-16(9)	 0	 0.50(13)	5-33(14)
Taylor III	0.32	 7	5.30(21)	10-94(40)	0-20(11)	0-40(9)	10 —80+(n.d.)
Taylor IVa	<1.6	 3	10-26(16)	37-50(46)	0-7(2)	0-40(13)	62	- 103(n.d.)
Taylor IVb	2.1-3.9	3	27-36(31)	44-65(53)	8-26(17)	15-40(27)	30 - 105+(n.d.)

22

'From Denton et at., 1971; and Denton (personal communication).
'Average values given in parenthesis.
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Lake Washburn in lower Taylor Valley. The lake apparent-
ly was present for a sufficient length of time to arrest soil
development on Taylor surfaces below 300 meters in eleva-
tion (the uppermost lake level). Depth of oxidation and
depth to which pseudomorphs are found are greater in soils
above the upper strandline in Taylor II and III surfaces
(table 2). With the exception of depth of pseudomorphs,
results are erratic on Alpine III moraines adjacent to the
Rhone Glacier. Gelifluction on steep, bouldery slopes has in-
fluenced soil formation in this area.

Buried, truncated, and relict soils were examined in
Arena Valley (77'49'S. 161001 'E.) on moraines overridden
by subsequent glacial advances. Very little glacial erosion is
suggested locally by the presence of buried soils containing a
desert pavement complete with ventifacts in situ (figure).
Other soils appear to have been mixed by the overriding
glacier.

Whereas Taylor II drift is generally greater than 3 meters
thick in Arena Valley, Taylor III drift is comparatively thin,
ranging from 0 to about 2 meters in thickness. Relict and
truncated soils of Taylor IV age (or earlier?) exist in inter-
moraine areas on what is otherwise believed to be a Taylor
III surface. Taylor IV drift is likewise thin on steep valley
walls, ranging from several centimeters to 2 meters in depth.
Soils are being used to study glacier dynamics in Arena
Valley.

Preliminary soil chemical data show a preponderance of
sodium and sulphate ions, regardless of soil age and loca-
tion, in the Taylor Valley-McMurdo Sound vicinity. The
chemistry, mineralogy, and origin of these salts are being
studied. Other problems being considered include the cause
of the disparity between soil weathering and surface rock
weathering in specific areas of McMurdo Sound and the ef-
fets of frost sorting on rates of soil formation.

Answers to these and other questions will contribute to

-t_
' V'4	.	-. -

-	<---	-.
a	 -

IJIz	.

,.

Buried soil in Arena Valley, showing desert pavement (II Db)
containing a ventif act preserved in situ (arrow). Measuring
tape is 90 centimeters long. Soil horizons are shown to

right.

1 B2

Table 2. Effect of Glacial Lake Washburn on soil morphology, Taylor Valley, Antarctica.

	

Depth	Thickness
Depth oxida-	salt encrust-	salt-cemented	Depth pseudo-	Depth consoli-

Profile No.	 Location	 tion (cm)	ations	(cm)	horizon (cm)	morphs (cm)	dation (cm)

TAYLOR II

75-15	Rhone Glacier	Above lake	U	 70	 0	 15	 50
76-9	Catspaw Glacier	Below lake	0	 12	 0	 12	 28

TAYLOR III

75-7	SollasGiacier	Above lake	25	 50	 17	 10	 100+
76-8	SollasGiacier	Above lake	21	 80	 0	 21	 98+
76-25	Hughes Glacier	Below lake	15	 62	 13	 0	 62+

ALPINE III

76-3	Rhone Glacier,	Above lake	0	 7	 0	 12	 12
West

76-4	Rhone Glacier,	Below lake	0	 50	 0	 0	 36
West

76-11	Rhone Glacier,	Above lake	25	 35	 0	 25	 25
East

76-12	Rhone Glacier,	Below lake	29	 28	 0	 12	 80+
East
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our knowledge regarding the morphology, genesis,
classification, and use of Cold Desert soils.

This study was supported by National Science Foundation
grant DPP 74-20991 to George Denton, Univeristy of Maine.
I am grateful to Dr. Denton for his assistance in all phases of
the study and for his congenial companionship in the field.
Bob Ackert, Tom Davis, Tom Kellogg, Galen Kenoyer,
John Pastor, and Noel Potter assisted in the field.
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Petrogenesis of Ferrar Group
rocks

PHILIP R. KYLE

Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

Jurassic Ferrar Group rocks are widespread throughout
the Transantarctic Mountains, occurring as lava flows

(Kirkpatrick Basalts), dolerite sills and dykes (Ferrar
Dolerite), and volcanic breccias and mudflows (Mawson
Formation). The large layered gabbroic Dufek intrusion in
the northern Pensacola Mountains is presumably correlative
with the Ferrar Group (Ford, 1976).

Major element analyses of the chilled margins of Ferrar
Dolerite sills and dikes indicate three main magma composi-
tions (Gunn, 1966). In order of decreasing MgO and in-
creasing Si0 2 , the types are: olivine tholeiite, hypersthene
tholeiite, and pigeonite tholeiite (figure 1). Analyses of
Kirkpatrick Basalt flows indicate some have similar major
element chemistry to the hypersthene tholeiites and
pigeonite tholeiites, while many of the flows from Storm
Peak, Beardmore Glacier (Elliott, 1972; Faure et al., 1974)
are more evolved (figure 1). Kirkpatrick Basalts from
Brimstone Peak, northern Victoria Land (Kyle, unpub-
lished data); Blizzard Peak, central Transantarctic Moun-
tains (Elliot, 1972); and Carapace Nunatak, southern Vic-
toria Land (Gunn, 1962) span the range hypersthene
tholeiite to pigeonite tholeiite (figure 1).

Electron microprobe analyses of pyroxenes in Kirkpatrick
Basalt samples (figure 2) show a well developed crystalliza-
tion trend. Some of the scatter in the pyroxene compositions
is due to metastable crystallization. The crystallization trend
is however very similar to that displayed by pyroxenes in the
Dufek Intrusion (Himmelberg and Ford, 1976) (figure 2),
although the trend in the magnesium-rich pyroxenes from
the Kirkpatrick Basalts is more extensive. The basal hidden
section of the Dufek Intrusion is estimated to be 1.8 to 3.5
kilometers thick (Behrendt et al., 1974). It is likely that the
magnesium-rich pyroxenes in the Kirkpatrick Basalts give a
good indication of the pyroxene compositions likely to be en-
countered at depth in the Dufek Intrusion.

Plots of major elements against silica for Kirkpatrick
Basalts and chilled margins of Ferrar Dolerite sills (i.e.,
figure 1) show systematic and regular changes. As Si0 2 in-

Figure 1. MgOlSiO2
variation diagram showing
the systematic variation in
the chemistry of Kirk-
patrick Basalt flows
(Elliot, 1970,1972; Faure et
al., 1974; Gunn, 1962; Kyle,
unpublished data) and
representative chilled
margins of Ferrar dolerite
sills and dikes (Gunn,
1966; Hamilton, 1965). BP
and GC represent the bas-
altic parent and granitic
contaminant respectively,
which Faure et al. (1974)
considered were mixed to
give the observed major
element chemistry of the
Strom Peak lavas. Initial
87Sr!85Sr ratios (Faure et
al., 1972, 1974; Compston
et al., 1968) are shown for
selected samples. Note
the general lack of correla-
tion between ("'Sr/865r)
and both 5i02 and MgO for
the Ferrar Group as a

whole.
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