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Figure 3. Fresh anorthoclase phonolite bombs found during
November 1977 on the northeastern rim of Mt. Erebus crater.

Whole-rock major element analyses of volcanic ejecta erupted
from Mt. Erebus.'

197273b	1974-75'	197576b	197778d -

Si02	56.13	56.32	(0.l2)e	55.96	56.21	(0.45)
Ti02	0.95	0.93	(0.02)	0.98	0.96	(0.04)
Al 203 20.04	20.18	(0.04)	19.92	20.11	(0.16)
Fe203f	5.36	5.17	(0.17)	5.49	5.28	(0.25)
MnO	0.21	0.21	(0.01)	0.22	0.22	(0.01)
MgO	0.84	0.83	(0.01)	0.89	0.86	(0.04)
CaO	2.68	2.67	(0.06)	2.65	2.62	(0.07)
Na20	8.41	8.54	(0.08)	8.48	8.66	(0.07)
K20	4.50	4.54	(0.06)	4.57	4.62	(0.11)
P205	0.39	0.38	(0.01)	042	039	(0.02)
Summary 99.51	99.77	 99.58	99.93

aAnalysis made by X-ray fluorescence.
bOne analysis.
'Three analyses.
dFour analyses.
'Standard deviations given in parentheses.
Total Fe as Fe203.
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Kyle, P. R., R. R. Dibble, W. F. Giggenbach, andJ. Keys. In press.
Volcanic activity associated with the anorthoclase phonolite lava
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on Antarctic Geology and Geophysics, Madison, Wisconsin, 1977.

Figure 4. Recently erupted Pole's Hair found tying on the
northern flank of Mt. Erebus about 1.5 kilometers from the

crater.
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Figure 5. Changing patterns of convection, minor degassing
eruptions (lava bubbles), and areas of downwelllng observed
In the anorthoclase phonolite lava lake, Mt. Erebus, between

1030 and 1150 22 January 1978.

PHILIP R. KYLE and H. LEE MUNCY

Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

During December 1977 we undertook field investigations
of McMurdo volcanic group rocks on the northern slopes of
Mt. Morning, with the specific aim of mapping in detail an
area 5 kilometers east of Lake Morning. A sample collected
by Kyle in 1972 from the area had yielded a K-Ar
(potassium-argon) age of 15.4 million years (Armstrong, in
press), making it the oldest known McMurdo volcanic group
sample.

The McMurdo volcanics at Gandaif Ridge (unofficial
name) (78°20'S.164°8'E.) overlie a basement of skeiton
group granitic intrusive rocks and intercalated metasedimen-
tary schists. The granite is similar to intrusives around the
head of Koettlitz Glacier, which tentatively have been termed
the "crag granite" by D. N. B. Skinner (personal com-
munication, February 1978). According to Skinner, the schist
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probably belongs to one of two formations, most likely the
cocks formation (Skinner, 1978); however, it may be an
amphibolite from the anthill limestone (Gunn and Warren,
1962).

Highly sheared and jointed trachyandesite overlies the
basement. The volcanic pile is extremely broken up and
strongly altered. The mode of eruption of the trachyandesite
is uncertain; there is little to suggest subaqueous eruptions, so
it is believed the lavas were erupted subaerially. Relic flow
banding and zeolite-filled amygdales and vugs show random
orientations. Breccias are common but show no bedding
within themselves or relative to the massive trachyandesite;
some of the brecciation is post-depositional and related to
subsequent events.

The highly sheared nature of the trachyandesite is caused
by intrustion of strongly oversaturated peralkaline trachyte
dikes. The dikes form a general east-west orientated dike
complex which is best exposed at the north end of Gandaif
Ridge. The dikes are steeply dipping and vary from 0.2 to 10
meters in width. Most are porphyritic with large phenocrysts
of feldspar, although fine-grained nonporphyritic types do oc-
cur. The 15.4 million-year age determination (Armstrong, in
press) was made on a dike sample. It is probable that the
dikes are part of a high-level subvolcanic complex, the dikes
being feeders to a now-eroded peralkaline trachyte volcano.

At the extreme south end of Gandalf Ridge there are
several massive peralkaline trachyte lava flows. These are
chemically very similar to the dikes (figure) and are undoubt-
edly a small erosional remnant of the former volcanic cone.

The trachyandesite and dike complex is cut by north-
south trending faults, shear zones, and zones of intense hy-
drothermal alteration and silicification. It is apparent that
many of the fault planes have provided paths for the migra-
tion of hydrothermal fluids. The faulting may be either local,

related to volcanism, or of regional significance associated
with uplift and tectonism of the Transantarctic Mountains.
The latter suggestion is supported by the faults paralleling the
trend of the nearby Transantarctic Mountains. Faults with
associated hydrothermal veins were mapped by D. N. B.
Skinner (personal communication, February 1978) along the
foothills of the Royal Society Range; these are parallel, and
possibly similar, to the Gandalf Ridge faults. All the faults
could be part of a wide fault zone adjacent to the Transan-
tarctic Mountains. The Gandaif Ridge faults are believed to
be the first documented evidence of Neogene faulting in the
Ross Sea area.

A breccia or diamictite, possibly formed from lahars, over-
lies the trachyandesite and dike complex. The clasts, which
occasionally exceed 5 meters, are volcanic and consist mainly
of peralkaline trachyte and occasionally of porphyritic
trachyandesite. The matrix is strongly altered and weathered.

We made brief reconnaissance of the area west of Lake
Morning. The most striking features there are several large
pillars which are erosional remnants of acidic (possibly
peralkaline trachyte) intrusive breccia pipes. These intrude
five thin peralkaline trachyte flows. A porphyritic peralkaline
trachyte dike, which is very similar to the dikes at Gandalf
Ridge, cuts the flows and breccia pipes. These rocks probably
are similar in age to those at Gandaif Ridge and are further
evidence for the existence of widespread Miocene volcanism
in the area.

Major and trace element analyses of 43 Mt. Morning sam-
ples (figure) show that many are petrologically distinct from
the younger basanite-phonolite Suite exposed elsewhere in the
Erebus volcanic province (Goldich et al., 1975; Kyle and
Cole, 1974; Kyle and Rankin, 1976). Many of the analysed
samples are oversaturated. The dikes are strongly peralkaline.

Field and laboratory work was supported by National
Science Foundation grant DPP 76-23440.
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Soil weathering sequences in
Wright Valley

J. G. BOCKHEIM

Department of Soil Science
University of Wisconsin

Madison, Wisconsin 53706

During the 1977-78 field season, I examined soils in
Wright Valley to establish their relationship to Wright Lower,
Wright Upper, and alpine glaciations and to compare them
with soils previously investigated in Taylor Valley
(Bockheim, 1977).

Detailed descriptions were made for 55 profiles. I col-
lected 295 soil samples and recorded surface weathering
features at 28 localities. Laboratory and field methods were
described earlier (Bockheim, 1977).

Wright Lower Glaciations. Soil properties and surface
weathering were examined on moraines of the Trilogy (see
figure, location A) and Loop (figure, location B) glacial
episodes (Nichols, 1971). Several small, indistinct lateral
moraines extending about 100 meters above the Loop
Moraine (figure, Cl) and an associated end moraine (figure,
C2) 1.6 kilometers west of the Loop Moraine also were ex-
amined. Finally, several small, indistinct lateral moraine seg-
ments on the north side of the valley 1.5 kilometers west of the
C2 end moraine were sampled (figure, D).

Soils on the various moraines differ markedly in depths of
oxidation, ghosts, salt encrustations, and coherence (table 1).
Soils on D moraines feature a salt-cemented horizon averag-
ing 12 centimeters in thickness. In places these soils overlie
buried soils derived from a light gray, silty, pulverulent drift

which crops out widely further up-valley to the west. Trilogy,
Loop, C, and D moraines were distringuished on the basis of
surface boulder frequency, fragmentation of boulder in situ,
and the extent of cavernous weathering and ventifaction (ta-
ble 2).

Alpine Glaciations. Alpine moraines were examined adja-
cent to the Goodspeed, Hart, Meserve, and Bartley Glaciers.
A sequence similar to that described by Behling (1971) and
Everett (1971) was observed. Soil morphology and surface
weathering data appear in tables 1 and 2.

Alpine I and II soils are similar to Alpine I (II in Denton
et al., 1971) and 11(111) soils in Taylor Valley (Bockheim,
1977). However, soils equivalent to Alpine III soils in Wright
Valley were not observed in Taylor Valley. This suggests that
Alpine III moraines, if they existed in Taylor Valley, were
destroyed by the subsequent Taylor IV glaciation(s) or by
Ross Sea glaciations. Wright Valley, to the east of Lake Van-
da, apparently has not experienced major axial glaciations
from the Polar Plateau in the past 4.2 million years (Fleck et
al., 1972). A less plausible explanation for the lack of Alpine
III moraines in Taylor Valley is that the mechanisms con-
trolling the fluctuations of alpine glaciers in Taylor and
Wright Valleys may differ and Alpine III moraines may
never have existed in Taylor Valley.

The lower portions of Alpine III moraines adjacent to
Hart and Meserve Glaciers, and possibly to the Bartley
Glacier, have been overridden by advances of the Wright
Lower Glacier (table 3). Surface weathering is less on the
lower, overridden portions of these lateral moraines. Salt
pans, which are common to Alpine III soils above the junc-
tion, are conspicuously absent in the portion of the moraine
that has been reworked by ice from the Wright Lower
Glacier.

Wright Upper Glacier. Silt deposits depicted by Vucetich
and Topping (1972) as representing the Prospect Formation
were examined in detail at three locations: 726, 730, and 734
(figure). Soils derived from the silts have a characteristic light
gray (2.5Y 7/2, Munsell soil color chart notation) color, are
poorly oxidized, and are pulverulent or powdery. The soils
feature a thin (7 centimeter), white, salt-indurated layer just
below the surface. Striated diabase cobbles were found within
soils 726 and 734.

Soils derived from the fine-textured Prospect Formation
are poorly developed. However, at Prospect Mesa (figure, E)
soils developed in coarser textured debris fan material overly-
ing the Prospect sediments are among the most strongly
developed soils that have been examined in Wright Valley
(tables 1 and 2). The soils are oxidized to about 25 cen-
timeters, contain ghosts to depths exceeding 25 centimeters,
and feature a salt pan at least 15 centimeters thick.

Correlation of Wright Valley and Taylor Valley Soils. Using soil
properties and surface weathering criteria, moraines of
Wright Valley and Taylor Valley are correlated in table 4.
The correlations are subject to revision following further field
work in Wright Valley and examination of laboratory data.

All soil pits were backfilled and the landscape restored to
its original conditions as near as possible.

This research was supported by National Science Founda-
tion grant DPP 74-20991 to George H. Denton, University of
Maine. I am grateful to him for his assistance in locating crit-
ical sites for soils investigation, for valuable discussions in the
field, and for reviewing this manuscript. A. James Pastene,
Ernest F. S. Downes, and Montague Alford assisted in the
field work.
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