


The Hallett Volcanic Province,

Antarctica

By WARREN HAMILTON

CONTRIBUTIONS TO THE GEOLOGY OF ANTARCTICA

GEOLOGICAL SURVEY PROFESSIONAL PAPER 456-C

Prepared on behalf of the
National Science Foundation

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1972



UNITED STATES DEPARTMENT OF THE INTERIOR
ROGERS C. B. MORTON, Secretary

GEOLOGICAL SURVEY
V. E. McKelvey, Director

Library of Congress catalog-card No. 77-187573

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402 - Price 70 cents (paper cover)
Stock Number 2401-2054



CONTENTS

Page Page
Abstract _ C 1 | Offshore volcanoes—Continued
Introduction - .. __ 1 The breccias _ .o ____ 27
Antarctica ____ ——- e 1 Palagonite breccia ___________________________ 27
Ross Sed petrologic provinece ____________________ 2 Palagonite tuff ______________________________ 27
Other work in northeastern Victoria Land ________ 4 Palagonite ______________________ __________ 33
Present work — oo __ 5 Nodular lavas . _____ 33
Offshore volcanoes - . _ 7 Megapillows ___ ... 37
General . 7 The breccias and glaciation ______________________ 37
Crustal setting - e 9 Prior ice levels . ___ 37
Coulman Island -- —— - - - 9 Ice-contact breccias of Iceland ________________ 39
Coulman caldera ________ 10 Origin of the Antarctic breccias — o _______ 40
Daniell Peninsula — - - _— 10 Late Cenozoic glaciation of Antaretica ________ 41
Basement rocks o _______________ 13 Erosion 42
Hallett Peninsula —_______________________________ 13 | Volcanic rocks of the mainland ___.. . ______________ 42
Eastern belt _________________________________ 13 Voleanic rocks north of 73° 8. latitude —__.________ 42
Northern volcano ________________________ 16 Mount Overlord and Mount Melbourne ____________ 43
Eastern volcanoes . ______________________ 16 | Petrology — -l 43
Southeastern volcano ____________________ 16 Rock eclassification — . _______________________ 44
Southwestern voleanoes ___.__ . ___________ 17 Distribution of rock types _______________________ 44
Seabee Hook ________________________________ 20 Petrography 44
Adare Peninsula ________________________________ 20 Ultramafic inclusions __._ .. ___________ 46
Southern dome ______________________________ 20 High-pressure megacrysts _____ . _oo_______ 46
Northern peninsula __________________________ 23 Descriptions of analyzed specimens __________ 46
Ridley Beach _____________________ . ____._ 23 Chemistry ___ o 54
McCormick Island _______________________________ 23 Major oxides - e 54
Possession Islands ... __________________________ 24 Minor elements __________ o _____ 57
Age of voleanie rocks ____________________________ 25 Petrologic comparisons —__________________________ 59
Bathymetry . __ _____ o _____ 25 | References cited __________ oo 59
ILLUSTRATIONS

Page
FIGURE 1. Map showing tectonic and volcanic provinces of Antaretica _________ . C2
2. Map showing upper Cenozoic volcanic rocks of the Ross Sea region ________________________________ 3
3. Photograph of Borchgrevink’s huts at Ridley Beach, Cape Adare __________________________________ 4

4. Map of northeastern Victoria Land, showing distribution of pre-Tertiary rocks and of upper Cenozoic
voleanic rocks - e 6
5. Aerial view southward over Moubray Bay _______ e 7
6. Map of Coulman Island and the southern part of Daniell Peninsula ________________________________ 8
7. Aerial view southward along Coulman Island .. _.________________ . 9
8. Photograph showing outward-dipping breccias of northwestern Coulman Island __________________ 9
9. Photograph of young basaltic cinder cone, Coulman Island _________________________________________ 10
10. Aerial view northward along Daniell Peninsula - ______ 11
11. Aerial views westward over Daniell Peninsula - 12
12. Photograph southward across Tucker Glacier to Daniell Peninsula ___________________ ______________ 13



v CONTENTS

Page

FIGURE 13. Photograph of basement rocks beneath basaltic breccias, Daniell Peninsula __________________________ C13

14. Shaded-relief map of Hallett Peninsula and northern Daniell Peninsula _...________ - 15

15. Aerial views westward over ends of Hallett Peninsula ____________________ ———— 16

16. Aerial view northward over Hallett Peninsula ______________________ 17

17. Shaded-relief map of Adare Peninsula region __________ o~ 19

18. Photograph of Mount Harcourt from Tucker Glacier ________________ e 20

19. Aerial view of Cape Hallett and Seabee Hook . 20
20-23. Aerial views:

20. Eastward to Adare Peninsula ___ e 21

21. Shield volecano of Adare Peninsula ___ 22

22, Ridley Beach o e e o 23

23. The islands east of Adare Peninsula —-_ e . A4

24, Bathymetric map of the northwestern Ross 8e@ - oo o 26
25-30. Photographs:

25. Breccias of Hallett Peninsula _____ . ________ JE 28

26. Breccias of Coulman Island . e 31

27. Palagonite breccia of Coulman Island . e 32

28. Palagonite tuff _______ e 34

29, Nodular 1avas o oo e 36

30. Megapillows e 38

31. Schematic profile showing ice levels when continental ice sheet overrode Cape Adare ________________ 39

32. Aerial views of stratovolcanoes ___ __ 43

33-35. Diagram showing:

33. Contents of K20 and Na=0 e 54

34. Magnesia variation ____ e 55

35. Iron in the volcanic rocks - _____________. e e 56

36. AFM diagram . __ e 56

37. Ternary diagram of CaO, Na,O, and KeO e 56

38. Variation diagram of P:0s, Cl, F, and MnO __ . e 57

39. Variation diagram of minor elements _____ 58

40. AFM diagram for several basalt-and-trachyte provinces ______ . o 59

TABLES
Page

TaelE 1. Potassium-argon dates from whole-rock samples of basalt low in the volcanic piles of the Hallett province _. C25
2. Chemical analyses and calculated components of volcanic rocks of Hallett Peninsula _______________________ 48

3. Chemical analyses and calculated components of volcanic rocks of Hallett Province, other than Hallett
Peninsula 50





















































































































HALLETT VOLCANIC PROVINCE

SW

C39

Adare Peninsula NE

+2

Mainland mountains

Range of possible ice surfaces at time
of glaciation of Cape Adare

Maximum
+1

Minimum

Pre
Sent -
N
l’fa
Ce

SEA

Mainland erratics
on Cape Adare

Outer likely limit of grounded ice
(edge of continental shelf)

A\

LEVEL

ALTITUDE IN KILOMETERS

\‘\Ioor o

C
of Robertso®

10

20MILES
|

10

20KILOMETERS
|

-2

FIGURE 31.—Schematic profile across Robertson Bay, Cape Adare, and the continental shelf, showing ice levels at the time the continental
ice sheet overrode Cape Adare. The ice-cap profile (shown in maximum and minimum positions) is that now typical of the Antarctic ice

sheet (Bakayev, 1966, pls. 21, 22). Isostatic depression due

to more extensive glaciation is not included but would increase maximum

ice thickness above Cape Adare by several hundred meters. Vertical exaggeration X 10.

If the erratics were carried on the top of the ice sheet
from which they were melted, then projection of
standard ice-sheet profiles, disregarding isostatic alti-
tude changes, indicates that the ice sheet extended
about 15 km north of Cape Adare and that it stood
about 800-1,000 m above present ice levels at the main-
land margin of Robertson Bay. It is of course unlikely
that the erratics were at the top of the ice sheet. The
outer limit for grounded ice is provided by the shelf
break, which is only about 15 km beyond the minimum
limit of the ice. Projection of a standard profile from
the shelf break provides about 300-400 m more ice
at Cape Adare and perhaps 200 m more at the main-
land coast (fig. 31). Adding the allowance for isostatic
depression of Robertson Bay and the continental shelf
by the load of the expanded ice sheet into these cal-
culations increases the thickness of ice that is per-
mitted at Cape Adare by the shelf-break limitation by
something like 300 m, or to a height of about 1,200 m
above present sea level.

The central Adare Peninsula breccias inferred to be
of ice-contact origin to the present altitude of 1,800 m
are 40-50 km from the shelf break (fig. 24). Projec-
tion of a standard ice profile (fig. 31) from the shelf
break would put ice to 1,000~-1,200 m above sea level

at east-central Adare Peninsula, and to this height
should be added approximately 500 m for isostatic
depression of the continental shelf. This gives a total
of about 1,600 meters of ice above present sea level.
This calculation, using uncertain variables, thus yields
an ice thickness about the same as that inferred from
the upper limit of the breccias.

ICE-CONTACT BRECCIAS OF ICELAND

Palagonite breccia complexes strikingly like those
of the Hallett province were produced in Iceland by
eruptions beneath Quaternary ice caps. These basaltic
complexes form about an eighth of the surface of Ice-
land and have been described and interpreted by vari-
ous geologists, including FEinarsson (1966), Jones
(1969a, b, 1970), Kjartansson (1967), Noe-Nygaard
(1940), Peacock (1926), van Bemmelen and Rutten
(1955), and Walker and Blake (1966).

The most distinctive occurrences are in steep-sided
table mountains, which consist largely of piles of mas-
sive to thinly interbedded palagonite breccia and tuff.
The breccias contain abundant but disconnected pil-
lowlike nodules of basalt, and fragments derived from
them, in a matrix far richer in glass and palagonite
than that of subaerial Icelandic tuffs. Breadecrust
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bombs, scoria, airborne ash, and lapilli are lacking in
the palagonitic complexes. Masses of pillow lavas,
with primary dips to 30°, are abundant. Overlying
many of these piles of palagonite breccia are irregular
nodular flows, which in turn are overlain by normal
subaerial basalt flows. Published descriptions of the
various tuff, breccia, and nodular occurrences could
largely be applied to the analogous complexes in the
Hallett region, but the proportion of palagonitic brec-
cias and tuffs low in the section is much greater in
the Antarctic volcanic piles than in the Icelandic ones,
and the Antarctic piles lack good pillow lavas.

The steep sides of the table mountains are regarded
as constructional, not erosional, by most Icelandic
geologists (but not by Einarsson, 1966), and as gen-
erally interpreted by them require accumulation
against ice walls: the mountains were built by vol-
canism in cylindrical chambers that were melted in the
ice from beneath by volcanic heat. The first eruptions
must have occurred in vaults at the base of the ice,
and the final subaerial lavas must have formed after
the structures were built above the ice level or after
the ice had receded. The nodular lavas just beneath
the capping subaerial lavas presumably hardened at
shallow depths beneath the lake surfaces. The many
geologists studying the palagonite complexes agree
that they were deposited wholly under water that was
in contact with ice but disagree on details, such as
which of the breccias were erupted under water and
which were erupted explosively above the melt-water
lakes from lava that was quenched by its rise through
the saturated pile.

ORIGIN OF THE ANTARCTIC BRECCIAS

Like the Icelandic breccias, the breccias of the
Hallett region formed in contact with water and were
hydrated when hot. The palagonite tuffs were water
laid. Fragmentation and hydration of lava produced
palagonite breccias. Some of these were hot and mobile
and moved as thick masses that contained molten or
solid lava lenses which were deformed and fragmented
by the motion of the whole. Concentrically structured
spheroids of lava, now clasts in the breccias, crystal-
lized from detached globs of magma in hot, moving
breccias. Other breccias were less mobile and grew
upward and outward primarily by the outflow of new
material on their surfaces rather than by motion of
the body as a whole. Lava within the hot breccias in-
truded them complexly as dikes, sills, and megapil-
lows; small intrusions may have had little relation to
vent areas, representing instead only migrations of
magma within mobile breccias. The mobility of the
breccia is further demonstrated by the abundant clastic
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dikes of palagonite breccia. Many eruptive units dis-
play an upward succession from chaotic breccias to
thinly interlayered lava and breccia, showing that
fluidity of extrusions in such units increased during
the eruptive episodes. Units hundreds of meters thick
formed during single episodes of eruption. The cones
of moderately dipping palagonite tuff demonstrate
that some of the breccia units had steep sides at least
several hundred meters high, down which the tuff
cascaded.

The steep temporary sides of the breccia units re-
corded by the cones perhaps occur where extrusions
were dammed against the ice walls of the melt-water
vaults, the cones having formed after the ice wall
melted back. Violent convective currents in the water
around the hot breccias may have winnowed out the
fine clasts and carried them to the sides of the masses
to what became the apexes of the cones. Continuing
growth of the breccias buried the cones. Breccias may
also have been extruded upon ice and may have then
been jumbled when the ice was melted.

Basalt magma, chilling from its liquidus to 0° C,
could melt ice to about ten times its own volume
(Goranson, 1942). Actual melting would be less, for
much heat would be lost to the atmosphere through
steam escaping to the surface and through evaporation
of hot water after melting had produced a lake reach-
ing the ice surface. Presumably the melting would
tend to form an upward-widening conical chamber
within the ice. The thinner the ice cap above the vent
and the more voluminous the eruption, the greater the
likelihood that melting would proceed to the surface
and produce a lake rather than a melt-water vault at
the base of the ice.

A melt-water vault, pressurized and partly sealed
by the overlying ice, might contain very hot water
with or without steam, or even supercritical water, in
contact with the eruptive mass. Rapid loss of heat
from magma should produce a violently convecting
water mass varying greatly in temperature. (This
situation is not to be compared with eruption into a
lake or the ocean, for the water volume would be small
proportional to the lava volume, and a large allow-
ance must be made for melting inertia of the ice and
loss of heat to the atmosphere.) On the other hand,
insulation of the igneous mass by a thick chilled crust
would retard the release of heat, and the vault or-
lake could then be filled with cool water.

An origin of the breccias by submarine eruptions is
not indicated. Breccias of this type are not known
elsewhere in submarine complexes; and compact pillow
lavas are lacking here. Were the breccias submarine,
they would have had to be erupted in water 2,000 m
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deep—fully oceanic depths—yet continental basement
rocks lie beneath them; and all of the uplift to present
altitudes would have to have occurred in late Quater-
nary time.

The contrast between the Antarctic breccias and the
products of submarine eruptions is perhaps due in
considerable part to the presence of very hot water in
contact with the lavas. The breccias were saturated
with water—liquid, steam, or supercritical—from the
times of their initial fragmentation, which presumably
was at a temperature near their solidus, throughout
their cooling histories. The slower the cooling, the
more thorough would have been the palagonitization
of small clasts. Water fluidized the breccias and per-
mitted them to flow. Chilled margins were produced
on masses of lava mixed into cold breccias, but not
where breccias were hot.

The altitudes of the breccias provide minimum
thickness for the past ice sheet of the Ross Sea. The
upper limit of exposed ice-contact breccias is at an
altitude of about 1,500 m at the southwest end of
Hallett Peninsula (fig. 18), 1,500 m on Coulman Is-
land, 1,700 m on the seaward side of Hallett Peninsula,
1,800 m on the seaward side of central Adare Penin-
sula (fig. 21), and higher than 600 m on the outer
coast of Daniell Peninsula. Ice grounded on the con-
tinental shelf of the Ross Sea, about 500 m below
present sea level, reached to at least these altitudes
above sea level. It was shown previously that even the
Adare Peninsula limit is compatible with formation
against an ice sheet grounded across the continental
shelf.

There are few volcanic rocks which could be in-
terpreted as subaerial—I recognized none that are cer-
tainly subaerial—below the capping veneers of the
various volcanic piles. Throughout most of the period
of volcanism in the region, then, the Antarctic ice
sheet was much more extensive than it is at present,
and grounded ice thickly filled the Ross Sea region.

LATE CENOZOIC GLACIATION OF ANTARCTICA

The late Miocene and Pliocene age determinations
for basalts in subglacial breccias low in the Hallett
and Coulman volcanic piles indicate that ice grounded
on the continental shelf of the Ross Sea, far beyond
present ice limits, existed throughout late Cenozoic
time. This conclusion is in accord with much informa-
tion obtained in the last few years from Antarctica
and the Southern Ocean.

In the McMurdo Sound region of South Victoria
Land, most of the glacial sculpturing of valleys now
largely free of ice occurred before the eruption of
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basalts 2.7-8.7 m.y. ago (Armstrong and others, 1968;
Denton and others, 1970), and hence within Tertiary
time. In Marie Byrd Land, ice-contact breccias of sev-
eral early (the oldest date is given as 42+9 m.y.),
middle, and late Cenozoic ages have been found by
Le Masurier (1970), indicating at least intermittent
glaciation beyond present ice levels during much of
the Tertiary.

Antarctic and Arctic waters are now characterized
by sinistrally coiled Globigerina pachyderma (a
planktonic foraminifer). This foram had major ex-
pansions toward the equator in the middle Pliocene
and very late Miocene, indicating that the Greenland
and Antarctic ice sheets were probably then much
more extensive than they are now (Bandy, 1968). No
period markedly warmer than the present is recorded
in the sediments representing the last 5 m.y. in the
Southern Ocean (Goodell and others, 1968).

The Antarctic Convergence is marked by its high
biological productivity and correspondingly high rate
of pelagic sedimentation. The thickest pelagic sedi-
ments of the Southern Ocean lie between 50° and
55° S., considerably north of the present convergence,
and indicate that during most of the past 10 m.y. or
so the convergence has been well north of its present
position (Ewing and others, 1969). This accords with
the concept that Antarctica was ice covered well be-
yond present ice limits during most of late Miocene
and Pliocene time.

Margolis and Kennett (1971) studied subantarctic
deep-sea cores and identified early Eocene, late-middle
Eocene, and Oligocene episodes of Antarctic glaciation
on the basis of the presence of ice-rafted sand (recog-
nized by electron microscopy) and of low-diversity
foraminiferal faunas in the sediments. They found a
general warming recorded through the early and mid-
dle Miocene by increasing species diversity and by
lack of rafted sand. A sharp cooling is recorded in
the late Miocene sediments, and continued cold since.

A worldwide drop in sea level during late Miocene
time is suggested by many data from some relatively
stable coastlines, and the drop presumably accom-
panied the onset of major glaciation in Antarctica
(Alt, 1968; Kennett, 1967). Shorelines in the south-
eastern United States record a marked eustatic drop
of sea level following late Miocene time, from a level
of about 70 m above present sea level; Pliocene levels
were at their highest about 30 m above present sea
level, and Quaternary ones fluctuated from 15 m above
to far below the present level (Alt, 1968). The late
Miocene withdrawal of water needed to cover Ant-
arctica with an ice sheet would account quantitatively
for the Miocene and Pliocene sea levels.
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The extensive and prolonged late Miocene and Plio-
cene glaciation of Antarctica renders untenable the
speculation by Hollin (1962) and Grindley (1967)
that Antarctic glaciation markedly more extensive
than that of the present could occur only when sea
level was lowered by widespread glaciation in the
Northern Hemisphere. The Antarctic data give no
support to the more general assumption by some
geologists (for example, Péwé, 1966) that Antarctic
glacial advances have been synchronous with the
glaciations of middle northern latitudes.

Ice-contact breccias such as characterize the volcanic
piles of the Hallett province are, as noted in the intro-
duction, uncommon in the McMurdo volcanic province
at the south end of the Ross Sea. I infer from this that
the exposed McMurdo volcanic rocks are largely of
Quaternary age and that they postdate the great late
Miocene and Pliocene ice sheet of the Ross Sea.

EROSION

The offshore volcanic piles have constructional
upper surfaces formed of upper Quaternary lavas and
tuffs but largely covered by ice caps. These surfaces
where exposed show evidence of only minor glacial
erosion.

The sides of the volcanic piles by contrast are mostly
erosional cliffs which fall sheer from the summit sur-
faces to sea level. The volcanic structures are formed
mostly of poorly consolidated tuffs and breccias which
are subject to rapid erosion. Marine and glacial ero-
sion have both obviously contributed to the formation
of the chiffs, although the proportion of each is un-
certain. These cliffs are highest on the seaward (east)
sides of the piles and reach a height of 2,000 m on the
east face of central Adare Peninsula. The height of
the cliffs is largely a measure of the amount of lateral
erosion into the volcanic structures, although steep
sides of primary “table mountains” may have con-
tributed. Each pile, if complete, would be a symmet-
rical elongate dome with a maximum crestal altitude
of about 2,000 m. Coulman Island and the northern
two-thirds of Daniell Peninsula preserve this sym-
metry and have been cut back only moderately from
the sides. Hallett and Adare Peninsulas by contrast
have been eroded from the east to or beyond their
crestlines: more than half of each volcanic pile has
been removed by erosion.

Erosion by the Ross Sea ice sheet may have caused
much of the erosion of the seaward sides of the penin-
sulas and of both sides of Coulman Island. The high-
est cliffs that are clearly attributable to glacial erosion,
however, are those on the south side of Hallett Penin-
sula, where Tucker Glacier has cut cliffs as high as
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1,200 m (fig. 16). The lower cliffs on the west sides
of Daniell and Hallett Peninsulas must also have been
cut largely by ice.

Marine erosion must have contributed to all the
seaward cliffs and may have been the dominant factor
in their formation. Antarctic storms are the most
violent on earth and wave attack must be correspond-
ingly severe during open-water periods. Strong cur-
rents flow northward along the west side of the Ross
Sea and may serve to carry away and redistribute
debris eroded from the volcanic piles. The cliffs
bounding the islands and stacks of the Possession
group (fig. 23) are obviously sea cliffs and reach alti-
tudes of 200 m, limited only by the elevations of the
island summits.

Calderas have been breached by erosion, chiefly
glacial, on Adare Peninsula (fig. 208), Daniell Penin-
sula (figs. 10, 114, 12), and Coulman Island (fig. 7).
The floors of the southern Daniell calderas are near
sea level, so the breaching of these calderas gives their
sector of the peninsula a very irregular map configura-
tion. The walls of the calderas stand as cliffs where
not buried by ice and reach heights of 2,000 m.

VOLCANIC ROCKS OF THE MAINLAND

Small masses of upper Cenozoic volcanic rocks lie
on the Paleozoic rocks of the mainland west of the
large offshore volcanic piles (figs. 4, 14, 17; the size
of some of the exposures is exaggerated in fig. 4 to
permit their depiction). All exposures shown north
of 73° S. and east of 166° E. were seen during the
present work; three of the localities were sampled on
the ground, but the others were only mapped from the
air. Larger masses of volcanic rocks are present in the
coastal region south of 73° S. These were not visited
in this work, but published information on them is
summarized briefly.

VOLCANIC ROCKS NORTH OF 73° S. LATITUDE

The small mainland exposures of volcanic rocks
north of 73° 8. and east of 166° E. are of basalts and
subordinate trachyte, which have been much eroded
by ice.

The small mass between Whitehall and Borch-
grevink Glaciers, west of central Daniell Peninsula
(fig. 14), consists of basaltic aa breccia, which fills a
small saddle on a ridge in Paleozoic metasandstone.
The source of this remnant has been removed by
erosion.

A minor vent area for olivine basalt eruptions is
exposed near upper Trafalgar Glacier (loc. 215, fig.
4). A bench eroded in metasandstone is partly covered
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hydrated glass, and brownish secondary materials vary
greatly in abundance. Many specimens are mostly
vitric, the glass being either fresh or hydrated.

Olivine is present in most specimens of basalt and
trachybasalt, but in these occurs mainly in amounts of
only a trace to 5 percent; it was not seen to constitute
much more than 10 percent of a specimen. Olivine is
greenish yellow to nearly colorless where fresh and
occurs entirely as small phenocrysts in some specimens
and as phenocrysts and groundmass granules in others.
The phenocrysts are variously euhedral, fragmental,
and resorbed, only one of these types being abundant
in any one specimen. The phenocrysts are altered in
various degrees to iddingsite(?) in some Specimens,
and the groundmass granules in some samples are
completely altered.

The pyroxene in the basaltic rocks is exclusively
monoclinic and pale colored. Most of the phenocrysts
are yellowish gray or dusky yellow in thin section.
Phenocrysts in some specimens have narrow yellowish-
brown rims. Groundmass granules and microprisms
are faintly green or pale yellowish brown. Pleochroism
is weak, and extinction angles mostly moderate. Some
of the basalts and trachybasalts contain abundant
phenocrysts of augite that is black and of almost
vitreous appearance in hand specimen.

Plagioclase in the basaltic rocks occurs primarily as
groundmass laths but also forms sparse phenocrystic
tablets or fragments in many specimens. The composi-
tion is typically labradorite, but andesine is common
and some bytownite was found. Interstitial anhedra
of alkali feldspar are present in amounts up to about
15 percent in many specimens; the grains are too small
to be satisfactorily identified optically, but X-ray ex-
amination of specimens by George M. Fairer (written
commun., 1967) revealed the common presence of
high-temperature anorthoclase. Anhedral nepheline
was recoghized in only a few sections. Analcite 1s
common both as a filling or lining of vesicles and as an
anhedral groundmass mineral.

Much of the basalt and trachybasalt occurs as pa-
lagonite tuff and breccia. The tuff and breccia consist
of clasts of all sizes, from less than a millimeter to
many meters, of widely varied basalts, in porous
frameworks whose interstices are partly filled by clays,
caleite, and analcite and other zeolites. The smaller
clasts typically have groundmasses of yellowish-orange
nearly isotropic hydrated glass—palagonite. Most of
the larger clasts are much less altered, even though
they too contain considerable clay, carbonate, and
zeolite. Most of the clasts display rapid chilling in
their fabrics.

Most of the trachytes are porphyritic with well-
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shaped or resorbed phenocrysts of oligoclase (uncom-
monly andesine) or anorthoclase, or both. Ground-
masses are mostly dominated by flow-alined laths of
alkali feldspar that is variously oligoclase, albite,
sanidine, and anorthoclase. Interstitial material con-
sists of anhedra of alkali feldspar, analcite, and
nepheline(?), glass, and unidentified secondary min-
erals. The dominant mafic silicate is clinopyroxene,
generally greenish, limited to the groundmass, and
variously acicular, granular, and anhedral. Some
specimens contain long prisms of brown hornblende,
which are more or less replaced by opaque granules.
A little olivine, or reddish iddingsite(?) after it, is
present in some of the trachytes, and a little brown
biotite occurs in others. Opaque dust and granules are
generally abundant, and they render the groundmasses
of some trachytes nearly opaque, as seen in thin section.

The trachytes also form hydrated tuffs which occur
in the same manner as the basaltic palagonites. Clasts
of trachyte varying widely in texture and mineralogy
are much altered to clay, analcite, and other secondary
minerals.

Latites are common but subordinate in amount to
trachytes. The latites contain phenocrysts of andesine
and either augite or brown hornblende, or both.
Groundmasses display laths of andesine or oligoclase,
abundant microprisms of clinopyroxene and granules
of opaque minerals, generally some olivine or iddings-
ite, and much alkali feldspar, glass, analcite, and sec-
ondary minerals.

The three specimens of quartz trachyte that were
examined all contain phenocrysts of anorthoclase,
which shows at most poorly developed grid twinning.
Groundmasses are dominated by flow-alined laths of
alkali feldspar, mostly sanidine in one specimen, but
mostly albite in two others which contain also abun-
dant anhedral interstitial anorthoclase. Quartz occurs
as veinlets, tiny pods, and interstitial anhedra in two
of the specimens, and the chemical analysis of the
third indicates the occult presence of quartz in glass.
One of the quartz trachytes contains sparse micro-
phenocrysts of green clinopyroxene, one contains a
fibrous secondary amphibole, and the third has a
barkevikitic(?) amphibole. Opaque minerals, as dust,
granules, and interstitial or replacement anhedra, are
abundant in all three specimens.

Phonolite was recognized in only one occurrence—
an intrusive megapillow on the east side of Hallett
Peninsula—but it presumably is present elsewhere.
The holocrystalline specimen that was examined con-
sists of about one-third nepheline, one-third sanidine,
and one-third total clinopyroxene, opaque minerals,
oligoclase, hornblende, natrolite, and analcite.
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Only one specimen that was identified certainly as
basanite was studied in thin section. This is a pyroxene-
rich olivine-bearing ultramafic volcanic rock which
contains no visible feldspar or feldspathoid, although
its chemical analysis indicates that a little calcic
plagioclase and considerable feldspathoid are occult in
the brown glass that forms about a quarter of the
specimen.

A single specimen of a possibly ultramafic volcanic
rock type was examined in thin section but was not
analyzed chemically. This rock contains about 10 per-
cent of tiny grains of augite, 25 percent of yellowish-
brown hornblende, and 5 percent of fresh olivine, in
glassy matrix clouded by opaque material. No feld-
spar is visible.

ULTRAMAFIC INCLUSIONS

The only ultramafic inclusions found are sparse
granule-sized aggregrates, presumably cumulates, of
olivine and augite in some of the basaltic rocks.

HIGH-PRESSURE MEGACRYSTS

The rocks in which the small ultramafic aggregates
occur typically also contain abundant large separate
crystals of minerals which are more likely to be prod-
ucts of deep-crustal or upper-mantle crystallization
than of shallow crystallization. Large—to at least 1
cm—equant crystals of augite, black and nearly vit-
reous as seen in hand specimen and lacking conspicu-
ous cleavage, typically occur in these rocks. So do
corroded or reaction-rimmed crystals of olivine,
smaller than the augites but larger than is typical in
most of the other basaltic rocks. Sparse, large—to as
much as 2 cm—hornblende prisms are present. A sin-
gle 6-mm octahedron of dark-gray spinel was noted.
These minerals resemble the high-pressure megacrysts
described by Binns (1969) from compositionally simi-
lar basalts and basanites in Australia. Binns deduced
that the pressure at the site of crystallization of the
megacrysts was between 10 and 18 kb, indicating a
depth between 35 and 65 km. The large corroded crys-
tals of plagioclase and anorthoclase in many basaltic
and trachytic rocks of the Hallett province may also
be products of crystallization at depth.

DESCRIPTIONS OF ANALYZED SPECIMENS

The 34 rock specimens for which chemical analyses
are reported in tables 2 and 3 are described briefly in
this section. Two numbers are given for each specimen :
the first is the column number of the sample in the
tables, and the second, in parentheses, is the field num-
ber. The sample localities are indicated on the maps
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(figs. 4, 6, 14, 17) by the field numbers without the
suffixed letters (which distinguish types at each
locality).

Hallett Peninsulo
Nos. 1-14 (table 2)

1 (213A). Nepheline-andesine trachybasalt. Dense medium-
dark-gray rock, studded by small black crystals of hornblende
and augite. Contains about 5 percent of seriate phenocrysts of
olivine, pleochroic to dusky yellow; 1 percent of phenocrysts
of labradorite with narrow rims of andesine; and less than
1 percent of phenocrysts of brown hornblende rimmed by
opaque granules. Groundmass consists of subequal amounts
of tiny (0.02 mm long) prisms of greenish clinopyroxene and
of alined laths (0.05-0.6 mm long) of andesine (~Ans),
with abundant granules (0.004—0.5 mm) of opaque minerals
and abundant poikilitic anhedra of anorthoclase and nepheline.
Sparse nepheline crystals are euhedral. Apatite and carbonate
occur in minor amounts. Subaerial flow capping ridge west of
Arneb Glacier at altitude 450 m (fig. 14).

2 (214B). Nepheline trachybasalt. Dense medium-dark-gray
rock studded by small black phenocrysts. Seriate augite
euhedra to 3 mm long are faintly pleochroic in pale olive
and form 3 percent of the rock; phenocrysts of brown horn-
blende rimmed by opaque granules form 1 percent. Plagioclase
(~Ang) laths, most shorter than 0.2 mm, form 10 percent of
the groundmass, which consists largely of dark and extremely
fine grained holocrystalline material containing very abundant
0.002-mm granules of opaque minerals, granules and tiny
prisms of green clinopyroxene, and very poikilitic finely granu-
lar nepheline and alkali feldspar. This specimen is almost iden-
tical chemically to number 1 and may be from the same
lava flow, but it is very different petrographically, for it con-
tains little plagioclase, and that markedly more calcic than
in the other specimen, so the granular feldspars must differ
markedly. Subaerial flow capping ridge west of Arneb Glacier
at altitude of about 600 m (fig. 14).

3 (212C). Olivine-andesine trachybasalt. Dense medium-
light-gray rock. Holocrystalline and nonporphyritic. Contains
about 40 percent andesine (~Ans) in laths 0.1-0.5 mm long,
in part enclosed in ophitic plates of titaniferous(?) pale-
yellowish-brown augite (about 20 percent of the rock), and
in part separated by anhedra of sodic anorthoclase (refractive
index = balsam ; confirmed by X-ray methods; about 20 per-
cent of rock). Small grains of slightly altered yellowish
olivine form about 5 percent of the rock, and opaque granules
about 8 percent. Nepheline appears in the norm (4 percent)
but was not recognized petrographically. This rock is similar
in bulk composition to samples 1 and 2 and may belong to
the same fiow, but it is quite distinet petrographically from
either of the others. Subaerial fiow capping ridge west of
Arneb Glacier at an altitude of about 300 m (fig. 14).

4 (212A). Analcite-olivine trachybasalt. Medium-gray rock
that contains sparse small vesicles. Nonporphyritic, holocrystal-
line, fine grained. About half the rock consists of laths 0.1-0.5
mm long of plagioclase (~Ans), and about 15 percent con-
sists of yellowish-gray to greenish-yellow clinopyroxene in
needles and short prisms shorter than 0.03 mm. Variably
iddingsitized olivine crystals smaller than 01 mm form 5
percent of the rock; analcite constitutes a similar amount,
occurring both as a groundmass mineral and as vesicle linings.
Anorthoclase anhedra constitute about 15 percent of the rock,
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and opaque granules about 7 percent. Analeite, anorthoclase,
and phillipsite were identified by G. M. Fairer by X-ray
methods; phillipsite was not recognized optically. Pillow-clast
in palagonite breccia, at altitude of about 275 m on ridge west
of Arneb Glacier (fig. 14).

5 (211B-2). Olivine-andesine trachybasalt. Dense medium-
dark-gray rock speckled by lighter spots 2-8 mm in diameter.
Holocrystalline, fine grained. About 50 percent of the rock
consists of plagioclase—one-third of it in seriate tabular pheno-
crysts to 2 mm long of labradorite (~Ane), the rest in
0.1-mm laths of andesine (~Ang). Olivine, partly altered to
iddingsite, constitutes 5 percent of the rock and occurs mostly
as groundmass granules but partly as microphenocrysts. About
15 percent of the rock consists of 0.005- to 0.01-mm granules
and microprisms of pale-olive clinopyroxene, a like amount
consists of poikilitic 0.01-mm anhedra of anorthoclase, and 10
percent consists of opaque granules and microphenocrysts.
Apatite, calcite, and analcite are present in amounts of a
percent or so each. Pillow(?)-lava complex in the palagonite
breccia section, altitude 180 m on the ridge west of Arneb
Glacier (fig. 14).

6 (247A). Augite-sanidine-nepheline phonolite. Massive,
medium-light-gray holocrystalline rock. The texture is chaotic,
with patchy distribution of masses of varying texture and
mineralogy, a dominance of anhedral and poikilitic shapes,
and an abundance of replacement relationships. Phenocrysts:
oligoclase, about 3 percent, in tablets to 4 mm long, variably
replaced by granular nepheline and zeolites; augite, about 5
percent, pleochroic in olive green, with or without dusky-
yvellow cores; and pseudormophs, about 3 percent, of finely
granular augite and opaque minerals after brown hornblende,
which remains as ragged cores in some pseudomorphs. The
groundmass consists mostly of ragged-edged tablets of sani-
dine, typically about 1 mm long, composing about 35 percent
of the rock, and anhedra of nepheline, also about 35 percent,
which partly are interspersed with sanidine and partly occur
in purer masses of ragged anhedra. Natrolite and analcite
each composes about 5 percent of the rock, and occur in part
in masses of these two minerals alone or with calcite, and
in part as groundmass anhedra throughout the rock. Small
ragged anhedra of augite constitute about 5 percent of the
rock and are dispersed throughout it, as are small granules
of opaque minerals. Interior of an intrusive megapillow, east
side of Hallett Peninsula (fig. 14).

7 (247B). Phonolite. Light-olive-gray rock, seamed by a
fine network of white to olive veinlets of analcite or calcite,
or both. The rock consists largely of a fine-grained (~0.01
mm) hash of high-birefringence clay, clinopyroxene granules,
zeolites, and unidentified felsic minerals. Scattered through
this are several percent each of microphenocrystic laths of
sanidine and euhedra of nepheline and their argillitic pseu-
domorphs, and a few percent of tiny needles of hornblende
pseudomorphed by finely granular clinopyroxene and opaque
minerals. Margin of intrusive megapillow (same mass as no.
6), east side of Hallett Peninsula (fig. 14).

8 (236B). Olivine - clinopyroxene - anorthoclase - oligoclase
trachyte. Dense aphanitic holocrystalline medium-gray rock.
Sparse phenocrysts of oligoclase as thin tablets, anorthoclase
as stubby, resorbed, poikilitic crystals, variably altered olivine,
and green aegerine-augite(?), which is pleochroic in pale
olive and has a large +2V. Grqundmass consists of laths of
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oligoclase, granules of green clinopyroxene, iddingsite, and
opaque minerals, and very poikilitic small anhedra of anortho-
clase and possibly feldspathoids. Large lava pod in palagonite
breccia, altitude 280 m, west side of Hallett Peninsula (fig.
14).

9 (249E). Hydrated trachyte tuff. Earthy yellowish-gray
rock. Consists of poorly defined clasts, mostly a few millimeters
in diameter, of texturally varied trachytes, greatly altered to
clay, analcite, and other minerals. Most clasts contain tiny
laths of sanidine, small equants of anorthoclase, and opaque
granules. The thin section contains one cluster of small
clinopyroxene phenocrysts pleochroic in green. Matrix for
breccia, east side of Hallett Peninsula near Cape Wheatstone
(fig. 14).

10 (274-1). Olivine basalt scoria. Mottled grayish-red and
reddish-gray finely scoriaceous rock. Seriate phenocrysts of
pale-olive augite, and fewer of olivine, are set in a groundmass
of laths of labradorite, granules of clinopyroxene, fewer gran-
ules of iddingsite, minute crystals of unidentified alkali min-
erals, and hematite-clouded glass. Cinder cone, altitude 1,700
m, east of crest of Hallett Peninsula (fig. 14).

11 (249D). Porphyritic trachybasalt. A rock of striking
appearance: abundant black equant euhedra of augite to 1.5
cm in diameter are set in a grayish-red groundmass. The
augite phenocrysts are pleochroic in pale olive and have nar-
row rims pleochoric in pale yellowish brown. There are sparser
phenocrysts of yellowish pseudomorphs after olivine and of
calcic labradorite. The groundmass is holocrystalline and con-
sists of laths of sodic labradorite, anhedral anorthoclase, sub-
ophitic augite, pleochroic in pale yellowish brown, and gran-
ules of iddingsite and of opaque minerals. Center of steep
dike about 5 m thick, intrusive into trachyte breccia; east
side of Hallett Peninsula, near Cape Wheatstone (fig. 14).

12 (246C). Trachyte. Medium-gray microvesicular rock
containing sparse euhedral phenoerysts of andesine. The domi-
nant mineral is oligoclase, which forms seriate laths 0.02-0.5
mm long, the larger ones showing marked flow parallelism.
The groundmass also contains tiny anhedra of anorthoclase(?),
minute needles of greenish clinopyroxene, abundant opaque
granules, irregular volumes in which hematite is concentrated.
masses of highly birefringent light-brown material, and a
little glass. Interior of dike, half a meter thick, cutting
trachyte plug, east side of Hallett Peninsula (fig. 14).

13 (246A). Quartz trachyte. Dense yellowish-gray rock pep-
pered with dark minerals. Fractures parallel to strong fiow
structure display bright sheen. Euhedral phenocrysts of
anorthoclase make up a few percent of the rock. The ground-
mass is formed mostly (about 80 percent) of densely packed
well-oriented laths of sanidine, typically about 0.3 mm long
and having smooth side pinacoids and less regular other
faces. Other minerals are ragged and interstitial and are
irregularly distributed. Extremely irregular quartz constitutes
about 5 percent of the rock. There are two amphiboles—a
dusky-yellow nonpleochoric low-birefringence fibrous one that
contains rare cores of altered clinopyroxene, and an extremely
pleochroic (dark-green, yellowish-brown, nearly opaque bluish-
green) high-birefringence amphibole which in part occurs as
separate anhedra and in part occurs as tips and margins of
anhedra of the fibrous amphibole. The dark amphibole may
be a barkevikitic hornblende; the two amphiboles together
make up about 5 percent of the rock. A few percent of the
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TABLE 3.—Chemical analyses and calculated components of wvolcanic

[Specimens described in text; sample localities shown on figures 4, 6, 14, and 17. Samples 15, 16, 20, 22-28, and 31-34 analyzed in U.S.
analyses by A. L. Sutton, Jr. Samples 17-19, 21, 29, and 30 analyzed in U.S. Geol. Survey laboratories, Washington, D.C., 1965:
tative spectrographic analyses by J. L. Harrls. n.d.,, not determined. Looked for but not detected: Ag, As, Au, B, Bi, Cd, Eu, Ge,

Mainland Coulman Island
Olivine
basalt Olivine Olivine
Olivine in basalt basalt Latite
basalt Olivine basalt palag- Quartz pillow cinder lens in  Trachyte
plug aa flows onite trachyte lava cone breccia lava
Sample No. o _________ 15 16 17 18 19 20 21 22 23
Field No. e oo 210B 215C 223 251C 252-3 216 217 220C 218-1
Major oxides as
8102 44,89 43.12 45.4 47.6 69.6 44.50 47.6 52.37 60.87
%lsOa 13.20 13.20 14.2 18.0 14.7 16.07 16.6 17.67 17.37
ron :
FeOs o __ 2.40 2.87 5.7 3.3 1.8 4.89 10.4 6.19 3.21
F 8.26 9.09 6.5 8.3 1.5 7.94 1.5 2.50 1.62
(Total a8 FeQ) o .__ (10.4) 11.7) (11.6) (11.3) (3.1) (12.4) (10.7) (8.1) (4.5)
20 12.86 11.51 9.3 4.6 .0 5.22 4.1 2.12 57
CaO 9.67 11.41 11.0 8.1 .62 9.07 7.3 5.44 1.06
Naz0 3.11 2.80 2.7 4.4 6.5 4.29 4.9 5.72 7.53
K20 1.15 1.30 93 1.7 4.5 1.52 1.7 2.61 4,80
H:0+ 79 18 .46 1.2 .30 1.25 .60 1.29 1.11
HO .25 10 .34 44 07 44 40 .85 32
TiO: - 2.31 3.45 2.2 27 17 3.34 2.5 1.84 .66
P05 54 57 49 95 02 95 1.9 .62 a1
MnO 19 .20 .19 .21 11 23 .25 27 .23
COz 38 .02 .05 .08 <.05 19 A1 .19 .19
C1 04 05 n.d. n.d n.d 13 n.d. 15 .08
- - 07 10 n.d n.d n.d 12 n.d 13 15
_______________ 100.11 99.97 ——— ——— ——— 100.12 ——— 99.96 99.88
______________ 100.07 99.92 99 99 100 100.07 100 99.88 99.80
Minor elements,
07 .03 .05 .002 07 .03 .1 .07
0 .0001 .0001 .0007 0 .0001 0 .0007
0 0 .01 .07 0 0 015 .02
.005 .007 .005 0 .003 .007 .001 0
.07 .07 L0015 .0003 007 i .0002 0
.01 007 .003 .00015 005 007 .001 0
.002 001 0015 003 .003 .001 .003 005
005 0 .01 .05 .007 0 .01 .01
0 .0005 .0005 .001 0 L0005 0 0
007 .003 .003 .015 .01 .003 015 .02
.007 .02 015 .02 .01 .02 .02 .02
.05 .05 .02 0 .003 1 0 0
0 .0015 0 003 0 0 0 0
.003 .003 001 0 0015 .001 .0007 .0003
0 0 0 .0015 0 0 0 0
A5 .05 1 .0007 .15 1 15 01
.05 .02 .015 0 .03 .01 007 0
002 .002 .003 .007 .003 .003 .003 .003
.0002 .0002 .0003 .0007 .0003 .0003 .0003 .0003
015 .02 .02 15 .03 .02 .02 .1
Major oxides, recalculated to 100 percent
Sio: - 45.5 43.3 46.0 48.8 69.9 45.3 48.2 53.6 61.2
AlLOs . __ 13.4 13.2 14.4 18.5 14.8 164 16.8 18.1 17.7
Fez0s - 2.4 2.9 5.8 3.4 1.8 5.0 10.5 6.3 3.3
FeO . 8.4 9.1 6.6 8.5 1.5 8.1 1.5 2.6 1.7
MgO 13.0 11.6 9.4 4.7 0 5.3 4.2 2.2 .6
CaO . 9.8 11.5 11.2 8.3 .6 9.2 7.4 5.6 1.1
Naz0 3.2 2.8 2.7 4.5 6.5 4.4 5.0 5.9 7.7
KO ________ 1.2 1.3 9 1.7 4.5 1.6 1.7 2.7 4.9
Ti02 —oomee 2.3 3.5 2.2 .3 a7 3.4 2.5 1.9 7
P30s - .6 .6 b 1.0 .02 1.0 1.9 .6 A1
MnO . ___ .19 .20 .19 22 .11 .23 .25 .28 .23
Normative
Salic:
Q (8102) o ___ 0 1] 0 0 14.0 0 0 0 0
Or (K20 ¢ Al203+ 68102) _ 6.9 7.7 5.6 10.0 26.7 9.2 10,2 15.8 28.9
Ab (NazO « Al20s » 68102) 14.2 6.8 21.2 28.4 50.8 24.1 42,0 47.2 58.6
An (CaO « Al20s » 28i02) _ 19.1 19.9 24.2 25.1 0 21.0 18.5 15.8 0
Le (K20 » Al20348102) - 0 0 0 0 0 0 0 0 0
Ne (Naz0 » Al20s » 2810:2) 6.6 9.0 1.1 5.4 0 6.4 0 .6 2.8
Hl (NaCl) —____________ .07 .08 0 0 0 2 0 3 1
Femic:
Ae (Naz0 » Fe203 » 485102) 0 0 0 0 3.9 0 0 0 4
Wo (CaO » 8102) - 10.7 13.6 11.6 4.1 1.2 7.5 1.5 2.9 1.5
En (MgO - 8102) _ 7.5 9.5 8.9 1.9 0 4.9 1.6 2.5 1.3
Fs (FeO « 8102) - 2.3 2.9 1.5 21 2.3 2.1 0 0 0
Fo (2MgO » 8102) 17.5 13.5 10.2 6.9 0 5.8 6.1 2.0 1
Fa (2Fe0 » 8i02) _ 5.8 4.7 1.9 8.2 0 2.7 0 0 0
Mt (FeO e Fex0s) ____..._ 3.5 4.2 8.4 4.9 7 7.2 0 3.7 4.1
Hm  (Fe0s) ____________ 0 0 0 0 0 0 10.5 3.8 .3
11 (FeQ+TiO2) ________ 4.4 6.6 4.2 .6 .3 6.5 3.8 3.6 1.3
Tn (CaQ+*TiO2+8i0z) __ 0 0 0 0 0 0 1.4 0 0
Pf (CaQ » TiO2) ________ 0 0 0 0 0 0 0 0 0
Ap [3(Ca0 « P203 +» CaF2)] 1.3 1.4 1.2 2.4 .05 2.3 4.6 1.5 3
Fr (CaFs) oo 0.1 2 0 0 0 .2 0 .2 .3
S Salie - _____ 46.8 43.5 52.0 68.9 91.5 60.9 70.6 79.8 90.4
> Femic __________ 53.2 56.5 48.0 31.1 8.5 39.1 29.4 20.2 9.6
Differentiation index :
(Q4Or+ Ab+Le+-Ne) 27.7 23.5 27.8 43.8 91.5 39.7 52.1 63.7 90.2
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rocks of Hallett Volcanic Province, other than Hallett Peninsula

Geol. Survey laboratories, Denver, 1965: major oxides by Ellen 8. Daniels by gravimetric methods, and 6-step semiquantitative spectrographic
major oxides by X-ray fiuorescence and colorimetric methods by P.L.D. Elmore, Samuel Botts and Lowell Artis, and 6-step semiquanti-
Hf, Hg, In, Li, Pd, Pr, Pt, Re, Sb, Sm, Ta, Te, Th, Ti, V, and W]

Danijell
Peninsula Adare Peninsula Small Islands
Olivine Olivine
basalt Olivine basalt Olivine basalt Palog- Latite Baganite Olivine basalt basalt
flow flows pillows onite dike pillow flows scoria
24 25 26 27 28 29 30 31 32 33 34
277 232B 240B-1 233F 233D 233G 233A 226A 227B 225A 225C-2
analyzed, weight percent .
44.70 46.09 41.77 40.34 42.64 38.2 49.0 41.18 46.85 44.94 46.21
16.17 15.26 14.28 13.87 14.48 13.0 18.0 18.52 15.64 15.59 16.41
8.10 711 4.64 9.10 5.54 5.8 6.5 3.57 3.24 2.25 3.88
5.2 .95 8.26 3.96 3.4 21 7.61 8. 7.18
(12.5) (11.4) (12.4) (12.2) (12.9) (8.8) (8.0) (12.1) (10.5) (10.9) (10.7)
7.46 8.56 6.53 10.5 8.0 9.48 7.32 7.61 6.01
8.98 9.78 11.74 10.96 11.50 9.0 5.7 12.25 9.86 10.48 9.61
3.98 3.71 3.41 3.47 2.99 31 4.8 4.43 4.27 3.87 4.30
75 1.57 1.39 1.02 1.4 2.7 1.69 1.58 3 1.55
117 .23 74 2.02 99 2.4 2.0 09 A1 . 34
12 47 1.90 51 2.5 1.8 07 .05 A7
3.87 271 3.78 3.61 4.01 2.5 1.8 3.47 2.81 2.98 2.90
.62 87 .68 70 . .83 a7 .99 .60 .66
19 21 21 .20 20 16 27 22 21 19 21
87 10 14 2.02 22 7.0 .86 .02 .02 .65 01
.07 06 .08 .59 05 n.d n.d. .34 10 A1 20
.09 .10 .08 . n.d n.d A1 .09 .09 10
100.13 100.12 100.20 100.35 100.16 ——— ——— 100.27 100.11 99.94 99.90
.08 .05 .08 .16 .05 — ——— .08
100.07 100.07 100.14 100.19 100.11 100 99 100.14 100.05 99.87 99.82
weight percent
05 1 .05 03 08 03 a1 07 07 07 1
0 0 0 0 0 .0005 0 0 0
0 0 0 0 0 0 .05 015 0 0 0
005 005 .005 005 .005 .008 0 .005 .005 .005 .007
.005 .03 .03 .02 .02 .05 .0005 .08 .08 .03 .05
007 01 .01 .01 .01 007 .0003 .01 .01 .01 015
002 003 002 .002 .002 .0015 .002 .003 .003 .008 .007
003 007 007 007 .007 0 3 .01 .007 007 015
0 001 0 001
.005 007 007 .005 .007 003 01 01 01 007 015
007 007 .007 .01 n, 02 02 01 1 01
002 01 01 01 .01 02 01 .02 02
0 0 0 0 .0001 .0007 0 0 0 0
.002 .003 .003 .002 .003 002 .0005 .003 .002 .002 .003
0 0 0 0 0 0 0 0 0 0
15 15 1 1 1 .07 a1 2 15 15 .8
1 .03 .05 .03 .05 015 .007 .05 .06 .05 07
.002 .002 .002 002 .002 .002 .003 .003 .002 002 005
.0008 .0003 .0002 .0002 .0002 .0002 .0003 .0003 .0003 .0003 0007
.02 .02 .02 .01 015 015 .03 .02 .02 .02 .08
for components listed, weight percent
45.9 46.2 42.3 42.7 43.3 43.6 51.8 41.1 46.7 454 46.6
16.6 15.3 145 14.7 14.7 14.8 19.0 13.5 15.7 15.8 16.5
8.3 71 4.7 9.6 5.6 6.6 6.9 3.6 3.2 2.8 3.9
5.4 5.0 8.4 4.2 8.1 3.9 2.2 8.9 7.6 9.0 7.2
5.1 7.5 8.7 6.9 7.5 12.0 3.2 9.5 7.3 7.7 6.1
9.2 9.8 11.9 11.6 11.7 10.2 8.0 12.2 2.9 10.6 9.7
4.0 3.7 3.5 3.7 3.0 8.5 5.1 4.4 4.3 3.9 4.3
.8 1.6 1.4 1.1 1.0 1.8 2.9 1.7 1.5 1.3 1.6
3.8 2.7 3.8 3.8 4.1 2.9 1.9 3.5 2.8 3.0 2.9
.6 T N N¢ T a .8 1.0 .6 N .8
20 .21 21 .21 .20 .18 29 .22 .21 .19 .21
composition
0 0 0 0 0 0 0 0 0 0 0
4.5 9.3 8.8 6.4 5.8 9.4 16.9 5.2 9.0 7.9 9.2
33.6 24.2 6.5 17.83 16.8 10.0 40.8 0 19.9 15.4 23.1
25.2 20.7 20.1 22.9 23.8 19.9 20.7 13.3 19.4 219 21.8
0 0 0 0 0 0 0 8.7 0 0 0
0 8.7 12.0 5.0 4.6 10.8 1.4 18.9 8.4 9.1 6.5
Ad 1 .1 1.0 a 0 0 .6 2 2 3
0 g 0 0 0 0 0 0 0 0 0
6.6 .7 141 12.4 12.1 11.0 1.6 18.9 10.5 10.8 8.7
5.9 8.4 10.2 10.7 9.1 9.5 1.4 11.6 7.0 6.7 5.9
0 0 2.7 0 1.8 0 0 8.9 2.7 3.5 2.2
4.6 7.2 8.0 4.6 6.7 14.2 4.6 8.4 7.9 8.7 6.5
0 0 2.3 0 1.5 0 0 3.1 3.4 5.0 2.6
7.0 8.8 6.8 3.2 8.2 4.8 2.6 5.2 4.7 3.3 5.7
3.5 1.1 0 7.5 0 3.3 5.1 0 1] 0 0
7.2 5.2 7.2 7.3 7.7 5.4 3.8 6.6 5.8 5.7 5.5
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
15 1.6 1.6 1.8 1.7 1.7 1.9 2.3 1.4 1.6 1.8
a a1 i d 1 0 0 1 i a 1
68.5 58.0 47.0 52.6 51.0 50.0 79.3 41.8 56.9 54.6 61.0
36.5 42,0 58.0 47.4 49.0 50.0 20.7 58.2 43.1 454 39.0
38.1 37.2 26.8 28.6 27.2 30.2 58.6 27.9 37.4 32.5 38.9
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rock is anhedral opaque granules. Large cylindrical plug of
trachyte intrusive into palagonite breccia, east side of Hallett
Peninsula (fig. 14).

14 (247C). Quartz trachyte (or quartz-poor rhyolite). Pale-
olive holocrystalline rock, speckled by lighter areas and by
small dark spots. About 5 percent is of euhedral anorthoclase
phenocrysts as much as 4 mm long which show no grid
twinning. One percent of the rock is of mafic phenocrysts—
pseudomorphs of fibrous dusky yellow amphibole after pris-
matic pyroxene or amphibole are irregularly transformed to
very poikilitic and irregular amphibole which is pleochroic to
moderate green. The very fine grained groundmass consists of
subhedral laths of sanidine dispersed in a raggedly anhedral
mosaic of alkali feldspar and subordinate quartz, and contain-
ing tiny shreds of moderate-green amphibole and opaque gran-
ules. Irregular small areas—the dark spots seen in hand
specimen—of the groundmass have been largely replaced by
opaque minerals and a little amphibole, these mafic materials
being printed across the fabric of the rock and replacing
quartz and anorthoclase but not albite. Sparse veinlets con-
sist of quartz, subordinate amounts of calcite, and locally a
radial-structured zeolite. Large irregular bulbous mass of
trachyte, east side of Hallett Peninsula (fig. 14).

Small masses of volcanic rocks of the mainland
Nos. 15-19 (table 3)

15 (210B). Olivine-diopside basalt. Dense medium-dark-gray
rock containing aggregates to as much as 5 mm across of
greenish-yellow olivine. About 5 percent of the rock is of frag-
mental phenocrysts of colorless olivine, and less than 1 percent
is of fragments of labradorite. The groundmass is an extremely
fine grained mass of poorly shaped laths of plagioclase shorter
than 0.1 mm, granules of greenish clinopyroxene about 0.01
mm in diameter, opaque granules, anhedral low-relief grains
(anorthoclase?—G. M. Fairer reported the presence of this
mineral from X-.ray analysis), and much brownish “chloro-
phaeite” and ‘“nontronite.” Plug of basalt intrusive into Paleo-
zoic granodiorite, west side of Moubray Bay (fig. 17).

16 (215C). Olivine basalt. Microvesicular dark-gray rock,
studded by greenish-yellow olivine phenocrysts several milli-
meters long. These phenocrysts are variably resorbed but are
unaltered, and compose about 2 percent of the rock; an addi-
tional 10 percent is of groundmass olivine granules and micro-
phenocrysts. Seriate phenocrysts of zoned augite (cores pleo-
chroic in light olive, rims in dusky yellow) form 1 percent of
the rock and are mostly smaller than 0.5 mm. About 40 percent
of the rock consists of groundmass clinopyroxene, as brownish
granules smaller than 0.1 mm, and 10 percent consists of
poorly shaped laths of calcic plagioclase shorter than 0.1 mm.
Opaque granules about 0.005 mm in diameter are abundant.
The rest of the groundmass is nearly isotropic, and its con-
stituents were not identified optically. Small remnant of vol-
canic rocks near Trafalgar Glacier (fig. 4).

17 (223). Olivine basalt. Medium-gray rock with abundant
microvesicles. A nearly opaque groundmass encloses seriate
phenocrysts of olivine, nearly colorless augite, and sodic labra-
dorite, all mostly smaller than 1 mm. Aa breccia, west of
Daniell Peninsula and north of Mount Prior (fig. 14), collected
by D. F. Crowder.

18 (251C). Olivine basalt. Dense medium-gray rock. About
20 percent of the rock consists of seriate microphenocrysts and
groundmass laths of labradorite, and 2 percent consists of
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olivine microphenocrysts and granules. The remainder is a
nearly opaque and extremely fine grained mass of opaque dust,
clinopyroxene microlites, low-birefringence minerals, glass, and
unidentified materials. G. M. Fairer reported X-ray recognition
of anorthoclase and sanidine as well as of several of the opti-
cally identified minerals. Lens of lava in small mass of
palagonite breccia, south of Tucker Glacier (fig. 4); collected
by D. F. Crowder.

19 (252-3). Quartz trachyte (or quartz-poor rhyolite).
Vesicular light-gray clinkery rock with strong flow structure.
Seriate phenocrysts of anorthoclase (small —2V, weak grid
twinning) and sparse microphenocrysts of green clinopyroxene
(large —2V, p<v, aegerine-augite?). Groundmass consists of
tiny tablets of albite, anhedra of anorthoclase(?), microlites
of green clinopyroxene, opaque dust, and glass which presum-
ably contains occult quartz and alkali feldspar. Small area of
voleanic rocks capping ridge of Paleozoic rocks, near Trainer
Glacier (fig. 4) ; collected by D. A. Coates.

Coulman Island
Nos. 20-23 (table 3)

20 (216). Olivine basalt. Dense aphanitic dark-gray rock.
No phenocrysts. About 3 percent of the rock consists of olivine
granules and prisms, smaller than 04 mm, variably idding-
sitized ; and about 20 percent consists of laths of labradorite
(about Ane), mostly shorter than 0.1 mm. The remainder con-
sists of pyroxene microlites and opaque dust densely clouding
isotropic glass. Sparse microvesicles are lined by a radial
fibrous nearly isotropic zeolite, which has negative relief and
is length-slow—apophyllite? Nodular lava in palagonite breccia,
north end of island (fig. 6).

21 (217). Olivine basalt scoria. Grayish-red cinder with a
glassy skin. Ten percent of the rock consists of seriate plagio-
clase (about Ans), reaching 7 mm long but mostly shorter than
1 mm, down to 0.03-mm laths in the groundmass; 2 percent
consists of partly altered colorless olivine microphenocrysts;
and less than 1 percent is of clinopyroxene microphenocrysts.
The remainder is a nearly opaque mass clouded darkly by
opaque dust and granules and green pyroxene microgranules.
Cinder cone, west fiank of summit volcano (fig. 6).

22 (220C). Latite. Dense medium-gray aphanitic rock.
Sparse phenocrysts of andesine and of pale-olive augite are
set in a nearly holocrystalline but very fine-grained ground-
mass. The groundmass consists of 0.1-mm anhedra of alkali
feldspar (anorthoclase?), which comprise perhaps 50 percent
of the rock, and are crowded densely with subhedra and
euhedra of the other minerals. These consist of 0.1-mm sub-
hedral laths of calcic oligoclase, about 20 percent of the rock;
minute prisms of slightly greenish clinopyroxene, about 10 per-
cent; tiny prisms of iddingsite, presumably pseudomorphs of
an iron-rich olivine, about 7 percent; 0.01-mm granules of
opaque minerals, about 5 percent; nearly opaque pseudomorphs
after biotite or hornblende, about 1 percent. There is a little
glass, carbonate, and clay(?). Nodular lava lens in breccia,
west side of island (fig. 6).

23 (218-1). Trachyte. Greenish-gray rock displaying bright
sheen on breaks parallel to the groundmass fiow structure;
studded with white phenocrysts. About 10 percent of the rock
consists of euhedral grid-twinned anorthoclase phenocrysts,
more or less clustered, as much as 5 mm long. The groundmass
is dominated by very thin laths, typically 0.3 mm long and
0.01-0.02 mm thick, of oligoclase and sanidine, in spectacularly
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oriented swirled parallelism. The two groundmass feldspars
are so similar in appearance and occurrence that their pro-
portions cannot be estimated closely, but the sanidine is
dominant; it has straight extinction in sections perpendicular
to 010 and has entirely negative relief. The oligoclase has
nearly straight extinction, albite twinning, and negative to
slightly positive relief: the composition is near Ang. Subhedral
mierophenocrysts and tiny granules of clinopyroxene (aegerine-
augite >—pleochroic from 2’=light olive to #’=yellow green;
x /\ c about 30°) make up about 4 percent of the rock; partly
iddingsitized granules of greenish-yellow olivine make up
about 1 percent; and microphenocrysts of opaque-rimmed
brown biotite make up less than 1 percent. Interstitial analcite
makes up about 5 percent of the rock, and opaque granules
several percent. The optical identification of analcite and sani-
dine was confirmed by X-ray powder study by G. M. Fairer.
North rim of Coulman caldera (fig. 6).

Daniell Peninsula
No. 24 (table 3)

24 (277). Olivine basalt. Massive medium-dark-gray rock.
Sparse phenocrysts of labradorite and olivine, the latter now
mostly iddingsite. The groundmass is dominated by seriate
laths of plagioclase (about 50 percent of the rock) ; the larger
laths, typically about 0.5 mm long, are of labradorite with
narrow rims of andesine, whereas the smaller laths, typically
0.1 mm, are of andesine alone. About 5 percent of the ground-
mass consists of granules of iddingsite, 15 percent consists of
granules and microprisms of clinopyroxene, and 10 percent
consists of opaque granules. Interstitial and very poikilitic
alkali feldspar (anorthoclase?) makes up about 15 percent.
Veinlets of calcite cut the rock. Massive basalt lava, east side
of peninsula (fig. 6).

Adare Peninsula
Nos. 25-30 (table 3)

25 (232B). Olivine basalt. Microvesicular dark-reddish-gray
rock speckled by phenocrysts of greenish-yellow olivine, black
augite, and white plagioclase. Seriate phenocrysts, augite being
dominant over either olivine or plagioclase, compose about 20
percent of the rock—an unusually large amount for a basalt
in this province. The augite phenocrysts are euhedral to frag-
mental and are dusky yellow and almost nonpleochroic; a few
grains, not otherwise obviously different from the others, have
vermicular reaction rims. Olivine is fresh and also includes
both euhedra and fragments. Plagioclase (middle labradorite)
phenocrysts are poorly shaped and include both corroded and
fragmental grains; some grains display around parts of their
margins narrow inclusion-clouded reaction rims, outside of
which are narrow rims of uniform plagioclase more calcic
than that of the rest of the crystal. The microvesicular ground-
mass is darkly clouded by opaque dust and granules; labrador-
ite laths, augite euhedra, and olivine granules are recognizable,
and much glass appears to be present. Lava flow, Adare
Saddle (fig. 17).

26 (240B-1). Olivine basalt. Dense medium-dark-gray rock
studded by phenocrysts that are mostly small. Ten percent of
the rock consists of seriate phenocrysts of augite, weakly
pleochroic in dusky yellow, as much as 8 mm in diameter;
there are fewer phenocrysts of olivine and magnetite. The
groundmass contains much brown glass, in which are set 0.1-
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mm laths of calcic plagioclase, which constitutes only about
10 percent of the rock, and more abundant granules of clino-
pyroxene and opaque minerals. Lava flow, crest of peninsula
near north end, altitude 350 m (fig. 17).

27 (233F). Olivine basalt. Aphanitic medium-gray rock.
Sparse microphenocrysts of olivine and augite and tiny laths
of calecic plagioclase are set in a nearly opaque groundmass of
opaque minerals, glass, and unidentified materials. Only a few
percent of the rock consists of identifiable mineral grains.
Microvesicules are filled with calcite and analeite. Chilled mar-
gin of 3-m pillow in palagonite breccia, Cape Roget (fig. 17).

28 (233D). Olivine basalt. Aphanitic medium-dark-gray
rock. Seriate microphenocrysts of fresh colorless olivine and
pale-olive augite each constitute a few percent of the rock. The
groundmass is very fine grained, but holocrystalline, and con-
sists of about 30 percent of 0.05-mm laths of calcic plagioclase,
about 40 percent of 0.01-mm prisms of clinopyroxene, 10 per-
cent of opaque granules smaller than 0.01 mm, and about 10
percent of low-birefringence low-relief material which pre-
sumably includes alkali feldspar and nepheline. The ratio of
pyroxene to plagioclase is higher than is suggested by the
normative composition. Interior of 1-m nodule of lava in
palagonite breccia, Cape Roget (fig. 17).

29 (233G-1). Olivine - basalt palagonite tuff. Earthy
yellowish-gray obscurely bedded rock strewn liberally with
clasts to a few millimeters in diameter of medium-gray basalt.
In thin section the rock is seen to consist of brown clasts of
varied hydrated glassy basalts, which differ greatly in their
textures and their proportions of olivine, augite, magnetite,
and plagioclase. Most clasts have a yellowish-orange nearly
isotropic matrix. Interstices between clasts are filled mostly
with calcite, which also comprises abundant grains within
many clasts. Bedded palagonite tuff, Cape Roget (fig. 17).

30 (233A). Latite. Aphanitic light-olive rock with abundant
small flow-alined vesicles. Sparse small phenocrysts of pale-
olive augite, brown amphibole, andesine, and magnetite are set
in a microvesicular groundmass that displays strong trachytic
flow orientation of feldspar laths. About 55 percent of the rock
consists of andesine laths, typically 0.02 X 0.3 mm. Iddingsite
granules, needles and granules of clinopyroxene, and opaque
granules make up about 5 percent each. Interstitial material
makes up about 25 percent and appears to consist of anortho-
clase, analcite, calcite, and glass. Vesicles are variously empty,
lined with analcite, and lined with analcite and filled with
calcite. Center of dike 2.5 m wide, that cuts palagonite
breccia, Cape Roget (fig. 17).

Small islands
- Nos. 31-34 (table 3)

31 (226A). Basanite. Vesicular dark-gray rock. About 12
percent consists of fresh colorless olivine, mostly as seriate
phenocrysts and microphenocrysts, but partly as groundmass
granules. Pale greenish-yellow augite phenocrysts make up
3 percent of the rock, and dusky-yellow clinopyroxene prisms
and granules, mostly 0.02-0.1 mm long, make up 55 percent.
Opaque granules make up another 5 percent. Twenty-five per-
cent consists of mostly clear interstitial yellow and brown
glass. No feldspar or feldspathoid is present in erystalline
form ; the rock is named a basanite because the norm contains
23 percent nepheline plus leucite, demonstrating that the glass
must be mostly of feldspathoidal composition. Rubbly lava
flow, south end of Possession Island (fig. 17).
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32 (227B). Olivine basalt. Grayish-black very vesicular
rock. About 10 percent consists of olivine phenocrysts and
microphenocrysts, the largest 5 mm in diameter; the mineral
is unaltered, although some phenoccrysts have rims of granular
augite. Phenocrysts and microphenocrysts of pale-clive augite
constitute 20 percent, and there are rare microphenocrysts of
opaque-rimmed brown hornblende and sparse megacrysts of
hornblende to 2 em long. The groundmass consists of plagio-
clase laths, mostly shorter than 0.1 mm, and interstitial glass
crowded and made dark by minute granules of clinopyroxene
and opaque minerals. The thin section contains an aute-
lithie(?) inclusion of olivine-augite rock. Vesicles are empty.
Lava flow, McCormick Island (fig. 17).

33 (225A). Olivine basalt. Dark-gray vesicular rock. Augite
phenocrysts constitute about 15 percent of the rock; augite is
dusky yellow with or without pale-yellowish-brown rims. Color-
less phenocrysts of fresh but partly resorbed olivine make up
10 percent. The groundmass consists of laths of labradorite
(about 30 percent), prisms of pale-yellowish-brown clino-
pyroxene (about 20 percent), granules of olivine (5 percent),
octahedra of magnetite (about 8 percent), plates of ilmenite
(about 1 percent), and interstitial glass. Lava flow, Foyn
Island (fig. 17). ’

34 (225C-2). Olivine basalt. Dark-gray scoria. Phenocrysts
of olive augite and fewer phenocrysts of olivine are strewn in
a microscoriaceous groundmass which appears almost opaque
at low magnification. At high magnification, the groundmass
is seen to contain plagioclase microlaths, pyroxene granules,
alkali feldspar, glass, and abundant opaque dust and granules.
Cinder from near summit of Foyn Island (flg. 17).

CHEMISTRY

Thirty-four specimens of volcanic rocks from the
Hallett province were analyzed chemically (tables 2,
3). Specimens chosen represent a broad compositional
spectrum of fresh, hydrated, and oxidized rocks.

MAJOR OXIDES

The chemical analyses define the volcanic province as
one dominated by sodic basalts and containing subor-
dinate felsic rocks that range from extremely sodic
phonolite to relatively potassic quartz trachyte.

The highly alkaline character of most of the rocks
is illustrated by figure 33. Potassium and sodium in-
crease together in most rocks analyzed. Most of the
basaltic rocks have between 8 and 5 weight-percent of
Na,O and between 1 and 2 percent of K,O, the ratio
between these oxides being typically about 2.5:1. The
analyzed trachytes have between 5 and 8 percent Na,O,
and 3 and 5 percent K,O, and a ratio of Na,O to K,O
near 2: 1. The quartz trachytes are in general the most
potassic rocks sampled, having about 5 percent K.,O
and 6-7 percent Na,O, and they have the lowest ratio
of sodium to potassium in the suite. The most sodic
rocks are the two phonolites, each of which has more
than 10 percent Na,O, and 3-4 percent K,O. The
trachytes and quartz trachytes contain between 8 and
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FicuRe 33.—Contents of K:O and Naz20 in the volcanic rocks. Weight-
percent amounts from analyses recalculated anhydrous, tables 2
and 3; two analyses of hydrated tuffs are omitted. Dots, offshore
volcanic rocks; x’s, mainland voleanic rocks.

18 percent Na,0O + K,O, the phonolites as much as
15 percent.

The “differentiation index”—the sum of the norma-
tive percentages of quartz, orthoclase, albite, leucite,
and nepheline (tables 2 and 3)—provides a useful
measure of the gross composition of these alkaline
rocks, although the genetic connotation of the term
“differentiation index” is certainly erroneous in many
rock suites, The major elements, of course, show a
strong correlation with this index, as a correlation is
forced by the calculation. The differentiation index is
an expression of the amounts of silicon, sodium, and
potassium in the rocks, so those elements necessarily
correlate positively with it; and as magnesium, iron,
and calcium are omitted from the index, they necessar-
ily correlate negatively with it. No major-oxide varia-
tion diagram is presented here incorporating the
differentiation index, because so much of the correla-
tion is an artifice of the calculations; but the relation-
ships with MgO and total iron are illustrated in
figures 34 and 35.

Among the individual major elements, magnesium,
the most refractory, provides the best single indication
of the bulk composition of the rocks. Figure 34 is a
magnesia-variation diagram of the analyses from the
Hallett province. Most of the other oxides show nearly
linear positive (FeQO, TiO,, CaO) or negative (SiO,,
Na,O, K,0) correlations with MgO within the range
MgO=0-5. For MgO>5, correlation zones with CaO
and Na,O have gentler slopes, and correlations with
SiQ0., total iron, TiO., and K;O are poor.

The degree of oxidation of iron in the volecanic rocks
(fig. 35) varies widely but is mostly high. From 50 to
90 percent of the iron is in the ferric state in all rocks
having less than 10 percent total iron, which corre-
sponds to the suite having a differentiation index of
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and 3. Two hydrated tuffs are omitted.

more than 56. By contrast, from 20 to 85 percent of
the iron is ferric in the rocks having higher (10-13
percent) total iron, but, in this group, the highly oxi-
dized iron is in rocks that are obviously either highly
differentiated or secondarily oxidized (as, red scoria).

The AFM ternary diagram (fig. 36) shows the usual
symmetry of trachyte-and-basalt provinces in having
a central cluster of analyses of basaltic rocks from
which trachytes and other felsic rocks trend toward
the alkali end of the alkali-iron join, and extremely
mafic rocks trend toward the magnesia corner. The
Hallett province is unusual, however, in its high pro-
portion of alkalis even in the most mafic rocks. The
contrasted trends away from the central cluster cannot
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FIGURE 386.—Ternary AFM diagram of weight-percent of alkalis,
magnesia, and total iron in volcanic rocks of the Hallett province.
Dots, offshore volcanoes; x's, mainland rocks. Data from tables 2
and 8; two analyses of hydrated tuff are omitted.

be the complementary products of a single process,
else they would fall on a single straight line. Among
the models by which the actual summetry could be
explained is one invoking accumulation of magnesian
crystals to explain in part the composition of the most
mafic rocks and separation of calcic and ferromagne-
sian crystals combined with addition of volatile
alkalis and ferric iron to explain the least mafic rocks.

The ternary diagram of calcium, sodium, and potas-
sium (fig. 87) shows, as does figure 33, that the ratio

Na,0

Phonolite ?

Trachyte

LatiteO

Basaltic rocks

Quartz trachyte

Ca0 K,0

of CaO,

by weight,
Naz0, and K:0 in volcanic rocks of the Hallett province. Dots,
offshore volcanoes; x’s, mainland rocks. Data from tables 2 and 3;
two hydrated tuffs omitted. ‘

FIGURE 87.—Ternary diagram of proportions,
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of potassium to sodium is nearly constant in the mafic
rocks but is erratically higher i the felsic ones. Vary-
ing amounts of volatile transfer of potassium might
account for the scatter in the felsic rocks. Sodium is
slightly to markedly dominant by weight—hence
strongly dominant in molecular proportion—over
potassium in all rocks (fig. 33).

The eleven analyses of volcanic rocks of the Hallett
province given by Harrington, Wood, McKellar, and
Lensen (1967, p. 69-72) show variations similar to
those reported here in major elements.

MINOR ELEMENTS

Minor elements also are listed in tables 2 and 3.
MnO, P,0;, Cl, and F were determined with the major-
oxide analyses, and other minor elements listed were
determined by semiquantitative spectrographic meth-
ods.? The differentiation index is used for the abscissa
against which minor-element concentrations are
plotted, because most of the major oxides correlate in
linear fashion with the index.

Four minor components, MnO, P,0s, Cl, and F, are
plotted in figure 38. Phosphorus is irregularly high
in rocks of low differentiation index and falls steeply
in linear fashion with increasing index in high-index
rocks; the extreme trachytes contain very little P.O;.
Chlorine determinations scatter considerably but on
the average are lower in the trachytes. Fluorine data,
by contrast, define a linear increase through a factor
of about 2 from the mafic basalts to the trachytes. The
concentration of chlorine in the mafic rocks is very
high (compare with data summarized by Johns and
Huang, 1967). The behavior of manganese is unex-
pected : through most of the range of the rock suite,
MnO increases with increasing index, although the
lowest values of MnO are in the three quartz trachytes.
Manganese thus tends to increase as both total and
ferrous iron decrease (compare figs. 35 and 38),
whereas in most igneous-rock assemblages manganese
and ferrous iron increase together.

2The spectrographic data contaln some analytical biases. The
analyses made by the two analysts in different laboratories are com-
parable for some elements but not for others. Similar values were
reported by both Sutton and Harris for Ba, Co, Cr, Nd, Ni, Y, Yb,
and Zr. Sutton reported generally higher values than did Harris
for Cu, Ga, Nb, Sr, and V. Harris has much more scatter than does
Sutton in La determinations. Sutton detected Be and Mo in only a
few samples and lead in none, whereas Harris reported those three
elements in most samples. Harris reported Ce in many more samples
than did Sutton, but the reverse is true of Sc. Each analyst has a
blas for certain numbers; Harris is twice as likely to report a 3
(that is, 0.3, 0.03, and so forth) as a 7, and Sutton is twice as
likely to report a 2 or 3 as a 5 or 15. The systematic variations in
many of the minor elements are great enough to be obvious despite
these small analytical biases,
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3. Two hydrated tuffs are omitted.
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F1GURE 39.—Semilogarithmic variation diagram of minor elements, plotted against differentiation index, for volcanic rocks of the Hallett
province. Dashed lines indicate threshold limits of detection by semiquantitative spectrographic. analysis; less-than-threshold (‘‘zero”)
determinations are plotted arbitrarily beneath these lines. Data from tables 2 and 3. Two hydrated tuffs are omitted.

Figure 39 is a variation diagram for most of the
spectrographically determined minor elements. (Four
elements are not plotted: lead and tin because they are
reported in so few samples, and beryllium and molyb-
denum because only one analyst generally reported
them, and in erratic amounts that do not show sys-

tematic variation with rock type.)

The metals cobalt, chromium, copper, nickel, and
vanadium show the expected negative correlation with
the differentiation index. These metals increase ex-
ponentially with iron and magnesium in the rocks.
The abundances of chromium range through three
orders of magnitude, and those of cobalt, copper,
nickel, and vanadium through about two orders each.
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Of the rare-earth and related metals, cerium, lan-
thanum, neodymium, yttrium, and ytterbium show
slight to marked increase with increasing differentia-
tion index, and so increase with silicon, potassium,
and sodium in the rocks. The degree of increase with
the index decreases roughly with increasing atomic
weight (in order for the elements listed: La, Ce, Nd,
Y, Yb), in accord with the conclusions of Haskin and
Frey (1966). Scandium shows the reverse correlation,
decreasing markedly with differentiation index, as
anticipated from its usual association with iron and
magnesium.

Barium shows a slight increase with differentiation
index across most of the range but, in the highest
index rocks, is very erratic, including by far the lowest
values. Several of the highest-potassium rocks have
very low contents of barium. (Nockolds and Allen,
1954, reported similar variation in other alkaline-
basalt provinces.) Niobium increases moderately with
differentiation index, and it presumably is associated
with titanium, which behaves in similar fashion.
Gallium (a difficult element to determine spectro-
graphically) shows a slight but irregular increase with
differentiation index, and a somewhat better correla-
tion with aluminum content. Strontium (the worst
element listed for spectrographic quantitative deter-
mination) decreases slightly with increasing differen-
tiation index, then scatters with erratic low values in
the highest-index rocks. Zirconium increases irregu-
larly with differentiation index.

PETROLOGIC COMPARISONS

The volcanic rocks of the Hallett voleanic province
are petrographically and chemically similar to those
of the McMurdo Sound region of the southern Ross
Sea (fig. 2, this rept.; Cole and Ewart, 1968; Harring-
ton and others, 1967, fig. 44; Jensen, 1916; Smith,
1954; my unpub. analyses), and to the volcanic rocks
of the intervening coastal region (Nathan and Schulte,
1968).

The broad patterns of major-oxide variations in the
Hallett province are also similar to those found else-
where in provinces of sodic basalts and trachytes, as
in oceanic islands. Figure 40 illustrates the similarity
in form of the alkali-iron-magnesium ternary varia-
tions of the Hallett volcanic rocks to those of rocks
from several other basalt-and-trachyte provinces.

The similarity of the Hallett rocks to those of other
basalt-and-trachyte provinces (for example, Tahiti:
McBirney and Aoki, 1968) suggests that detailed
petrologic study of the Antarctic suite will demon-
strate the existence of two divergent petrologic series,
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F16URE 40.—Ternary AFM diagram of total alkalis, total iron, and
magnesium for several sodic basalt-and-trachyte provinces. The
Ross Sea line applies to the Hallett volcanic province (fig. 36,
this rept.) and to the MecMurdo Sound province (Nathan and
Schulte, 1968, fig. 9). Other lines are from Nockolds and Allen
(1954, figs. 16-23).

one ranging to quartz syenite, the other to phonolite,
for rocks representative of these contrasted lines are
present in the Hallett province.
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