
sea F

and
(9)

heat flow analyses of polar regions undergoing
rel changes, volcanism, isostatic fluctuations,
ciaI burial;
global tectonic significance of the McMurdo

volca ics;
(1 ) glacial loading effects on crustal bending, on

isosta ically induced mantle current, and on geo-
physi a! anomalies.

Alt ough these goals will not be fulfilled until core
is sub ected to intensive study, it is possible to indicate
wher goals may be reached based on preliminary
observations of core.

Because a complete geological record of rocks in
the region was not obtained, items (1) and (3) can
not be realized. Item 1 could be obtained from fur-
ther drilling at New Harbor and from drilling at the
proposed McMurdo Sound site next field season. Item
3 probably will not be achieved through DVDP; it best
woukl be realized from surface or near surface geo-
logical studies. The remaining goals have been com-
pletely or partially met. The nine holes thus far
drilled to various depths will be used as a basic guide
in planning the drill program during the final DVDP

field season (1974-1975).
This research was supported by National Science

Foundation contract C-642.
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I5ry Valley Drilling Project (DvDP) hole 3 was
drilled 3 meters north of DVDP hole 2 (Treves and
Kyle, 1973) at the base of Observation Hill (adjacent

to the Thiel Earth Sciences Laboratory, Hut Point
Peninsula, Ross Island). The elevation of the drill site
is about 47 meters above sea level. Drilling started
on September 21, 1973, and continued until October
19. The hole was drilled to a depth of 381 meters
below the level of the drill platform and 341.16 meters
of core were recovered. The recovery rate was 99
percent. Coring started at a point 9.45 meters below
the level of the drill platform. Because of the difficulty
of drilling thick ice layers and because the core from
the upper 171 meters of hole 3 was duplicated by the
core of hole 2, several intervals in the overlap zone
were triconed and no core was recovered. Table 1
shows the geologic units cored.

The general geology of the core and the correla-
tion with hole 2 is presented below. Holes 2 and 3
are very similar. Treves and Kyle (1973) discussed
the correlation of holes 1 and 2; the correlation be-
tween holes 2 and 3 is shown in table 2.

Megascopic and microscopic examination of the
core resulted in the identification of 10 lava flow units
and of five pyroclastic units. These units, from young-
est to oldest, consist of hawaiite, of augite-kaersutite
basalt, and of olivine-augite basalt hyaloclastite. The
hawaiite lavas are 54.95 meters thick and consist of
six flow units. To facilitate drilling, several intervals
within this sequence were triconed and, therefore, no
core was recovered. Recovered intervals were num-
bered independently of units identified in hole 2.
Thus, units 2 to 6 of hole 2 are equivalent to units 1
to 5 of hole 3, as indicated in table 2. Descriptions
of the missing intervals and a detailed discussion of
these units is presented in Treves and Kyle (1973).

Eleven thin sections were examined and described.
All are characterized by andesine and are hawaiites.
Megascopically, the lavas are aphyric; microscopically,
they show microphenocrysts of kaersutite, augite, and
andesine. The kaersutite ranges from unaltered to
completely oxidized. The groundmass is hyalopilitic
and contains microlites of andesine, augite, and
opaque minerals. Some samples are spotted. Micro-
scopic examination of the spots indicates that they are
more glassy than the rest of the groundmass.

Augite-kaersutite basalt is characteristic of only
two units, a pyroclastic breccia and a flow, with a
total thickness of 30.76 meters. The pyroclastic unit
(unit 7) is 16.10 meters thick and is ice cemented.
The flow is 14.66 meters thick and has an oxidized,
scoriaceous base that is 0.64 meter thick.

In thin section and in hand specimen, the rocks are
porphyritic with phenocrysts of augite and kaersutite;
a feature that differentiates them from the overlying
hawaiites, which are generally aphyric. Preliminary
petrographic data suggests that the composition of the
blocks of the pyroclastic breccia (unit 7) represent a
transitional basaltic phase, intermediate between the
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Table 1. Geologic units cored in hole 3.

Unit	 Description

1	Hawaiite flow
2	Hawaiite flow
3	Hawaiite flow
4	Hawaiite flow
5	Hawaiite flow
6	Hawaiite flow
7	Uawaiite pyroclastic breccia
8	Augite-kaersutite basalt flow
9	Olivine-augite basalt pyroclastic
10	Olivine-augite basalt flow
11	Olivine-augite basalt pyroclastic
12	Olivine-augite basalt flow
13	Olivine-augite basalt pyroclastic
14	Augite-olivine basalt flow
15	Hyaloclastite

Depth	 Thickness
(meters)	 (meters)

9.45-20.48	 11.03
20.48-25.37	 4.89
32.31-35.36	 3.05
45.42-52.41	 6.99
52.41-55.78	 3.37
63.40-64.40	 1.00
64.40-80.50	 16.10
80.50-95.16	 14.66
95.16-99.60	 4.44
99.60-107.78	 8.18
107.78-109.14	 1.36
109.14-153.17	 44.03
153.17-155.42	 2.25
155.42-166.83	 11.41
166.83-381.00	 214.17

hawaiite of unit 6 and the augite-kaersutite basalt of
unit 8.

Correlation with hole 2 is shown in table 2. It
should be noted that hole 2, unit 9, was not identified
in the core of hole 3. This suggests that hole 2, unit 9,
may be a large block or bomb in the base of the
pyroclastic phase.

The olivine-augite basalt units are 71.67 meters
thick and consist of three flow units (units 10, 12, and
14) and three pyroclastic units (units 9, 11, and 13).
The flows range in thickness from 8.18 to 44.03
meters; the pyroclastic units are thinner, ranging from
1.36 to 4.44 meters in thickness.

Unit 9 consists of 3.24 meters of lapilli-crystal tuff
and lapilli tuff and 1.20 meters of ice cemented,
blocky, scoriaceous, pyroclastic breccia. Pyroclastic unit
11 is 1.36 meters thick and probably is the scoriaceous
top of flow unit 12. Unit 13 is a mixed unit consisting

Table 2. Correlation of holes 2 and 3.

Hole 2	 Hole 3	Difference
Unit	Height	Unit	Height	(meters)

(meters)	 (meters) Hole 3 to Hole 2

2	30.15 a.s.l.	1	27.15 a.s.l.	3.00*
5	1.23 a.s.l.	4	4.51 b.s.l.	5.24
7	10.41 b.s.l.	6	16.77	6.36
9	24.68	7	32.87	8.19
10	40.99	8	47.53	6.54
11	46.81	9	51.97	5.16
12	54.18	10	60.15	5.97
13a	55.29	11	61.51	6.22
13b	97.95	12	105.54	7.59
14	101.20	13	107.79	6.59
15	110.16	14	119.20	9.04*

Mean: 6.48

*Not included in calculating mean.
Above sea level = a.s.l.; below sea level = b.s.l.

of a pyroclastic flow-top and an olivine-augite basalt
flow.

The upper 1.46 meters of flow in unit 10 is brec-
ciated and oxidized; the remaining 6.72 meters con-
sists of massive olivine-augite basalt. Unit 12 is an
olivine-augite basalt that is 44.03 meters thick; it is
the correlative of unit 13, hole 2. The basal 5.35
meters of unit 12 shows some hydrothermal alteration,
a streaky texture, and some veins of secondary
minerals. Unit 14 is 11.41 meters thick; the basal 1.03
meters is oxidized and shows a chilled margin

In thin section, the rocks contain phenocrysts and
microphenocrysts of opaque minerals, plagioclase (la-
bradorite), and rhonite. The groundmass ranges from
partly glassy to intergranular and subophitic and con-
sists of olivine, augite, plagioclase (labradorite),
opaque minerals (oxides), and rare rhonite.

Unit 15 is the oldest and thickest unit penetr ted.
The first 20.62 meters of this 214.17 meters thick unit
consists of a mixed, volcanic breccia in which bI cky,
palagonitic, lapilli tuff predominates. Intercalated por-
phyritic olivine-augite basalt flows (?) or pillows (?)
show strongly shattered bases and, locally, chilled ar-
gins. The rest of the unit (193.55 meters) is comp sed
of lapilli tuff and blocky lapilli tuff with minor tuff
and black vitric tuff. A palagonitic matrix chara ter-
izes the lapilli tuffs; tuff bands often show laminat ons.
The whole unit is ice cemented except for the lower
10 meters, which is uncemented and rubbly.

Preliminary petrographic examination of 56 thin
sections indicates that the lapilli and blocks of the
hyaloclastite are almost all olivine-augite basalt. A
petrographic discontinuity occurs at about 218 meters.
Here, a lapilli tuff (3-218.47) shows a variet of
rock types and many of the lapilli show some rouncing,
a feature that probably indicates that they were trans-
ported some distance.
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Ice occurs throughout the core. It fills vesicles, cavi-
ties, and fractures, and cements the hyaloclastite. Sev-
eral areas of ice-free core were encountered below
370 meters, a feature that may indicate that the
permafrost boundary is nearby.

Secondary minerals occur throughout much of the
core. Their distribution is similar to that described by
Treves and Kyle (1973) for the core from holes I
and 2.

Holes 2 and 3 are only 3 meters apart and the cor-
relation of units, therefore, is obvious (table 2). It
also is obvious from table 2 that the match of units
is not perfect. This mismatch may be due to a minor
fault or may reflect differences in relief on flow sur-
faces.

M;.crofossils were discovered in rocks of the Hut
Point Peninsula pyroclastic sequence at depths of
198.42 and 378.23 meters by Mr. F. Morelli, Darwin
Research Institute, a DYOP environmental monitor,
while in the course of his sampling of the core for
microbiological monitoring purposes. The microfossils
have been tentatively identified as diatoms; those of
the upper portions of the core are freshwater forms,
and the lower portions of the core contain marine
forms.

Treves and Kyle (1973) tentatively correlated the
rocks of holes 1 and 2 with sequences related to vents
exposed at the surface. Some recent radiometric dates
(Kyle and Treves, 1974; Forbes et al., 1974), pre-
liminary geochemical work (Kyle, 1974), and detailed
petrographic studies (Treves and Au, 1974) indicate
that the geologic history of Hut Point Peninsula is
much more complex than the surface geology sug-
gests. In the light of these new data, the correlation
of Treves and Kyle (.1973) no longer is completely
valid. Therefore, we propose that the application of
our sequence names to core units be discontinued, but
that sequence names be retained for surface units
Kyle and Treves, 1973).
Our present data indicate that the units of holes

2 and 3, which are located only a few meters apart,
may be the product of a single vent and the differentia-
tion products of a single magma chamber; whereas,
the history of hole 1 is much more complicated. In
the sections that follow, the geologic history of holes
2 and 3 is presented. The correlation of holes 2 and
3 is uncomplicated (table 2). A detailed discussion
of the relationships and correlation of holes 1, 2, and
3 is given in Kyle and Treves (in preparation) and in
DVDP Bulletin 3.

The flow and pyroclastic units of holes 2 and 3,
with the possible exception of some parts of the thick
basal pyroclastic sequence (units 16 and 17 of hole
2 and unit 15 of hole 3), discussed below, constitute
a differentiation sequence.

The oldest flow and pyroclastic units of hole 3
(units 9 to 15), and even most of unit 15, essentially

are olivine-augite basalts, as are their correlatives in
hole 2. These olivine-augite basalts give way to augite-
kaersutite basalt pyroclastics (unit 7) and a flow unit
(unit 8). The remaining units of hole 3 are kaersutite-
hawaiite flows (units I to 6) as are their correlatives
of hole 2. These relationships indicate that the rocks
of holes 2 and 3 represent a simple differentiation
sequence as follows: olivine-augite basalt, augite-
kaersutite basalt, kaersutite-hawaiite. Superimposed on
this rather simple scheme, however, is a more complex
history indicating that alkali-rich differentiates were
produced several times, even as the magma evolved
from olivine-augite basalt to hawaiite.

Stratigraphic, petrographic, and chemical data sug-
gest that the phonolite of Observation Hill and The
Gap are more extreme differentiates of the magma
chamber that gave rise to the lavas of holes 2 and 3.

The oldest unit penetrated by holes 2 and 3 is a
hyaloclastite; that it is not the correlative of the
hyaloclastite of hole 1 also is clear. At both sites, how-
ever, these units represent early eruptive events that
took place under a cover of ice or subaqueously. At
hole 3 this interpretation is supported by Mr. Morelli's
finding of diatoms in unit 15. These diatoms appear
to be freshwater forms in the upper part of unit 15
and marine in the lower reaches of this very thick,
214.47-meter pile of hyaloclastite. Lyons' D/H de-
terminations also support this interpretation as do
the presence of pillow-like structures. That the history
of this pile might be more complicated is indicated by
a mineralogic and petrographic discontinuity that
occurs at about 218 meters.

In summary, the rocks of holes 2 and 3 indicate a
history of marine volcanism that built a hyaloclastite
pedestal which perhaps impinged on a thick ice shelf
that covered the Ross Sea more than 1.2 million
years ago.

The lavas that mantle this pile of hyaloclastite
appear to be subaerial flows and pyroclastic units
which represent a differentiation series that started
with olivine-augite basalts and ended with the phono-
lites of Observation Hill and The Gap.
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