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ABSTRACT

Mount Morning is 70 km south of Ross Island and is part of the Cenozoic McMurdo

Volcanic Group, which includes the presently active Erebus volcano. Few previous
studies have investigated the mountain.

The main exposures occur on two ridges on the northwest of the mountain, the field
area is a roughly 3x5 km area on the northern part of the Riviera Ridge. The exposed
geology indicates two main episodes of volcanic activity; Miocene trachytes and
trachyandesites and Quaternary basanites and phonolites.

This project is focused primarily on the Quaternary basanites and the objectives were:
e Describe the physical volcanology.
* Map and describe the surface geology and petrology and characterise the
geochemistry of the rocks.
¢ Develop models for the origin and evolution of the magmas represented by
the rocks.

o Characterise mantle xenoliths found in the area.

The Quaternary eruptives are represented by eroded scoria cone remnants, dikes, and
lava domes and flows. Breccia pipes mark eroded vent areas. Four scoria cones have
been mapped and sampled in detail and these are interpreted to have formed by
hawaiian and strombolian style activity. They contain distinctive agglutinate beds
which have formed lava flows as lapilli and spatter horizons have accumulated on the
flanks of cones close to source.

The dominant rock-type is strongly porphyritic olivine and clinopyroxene basanite
formed by crystal fractionation of olivine, clinopyroxene, opaque oxides, and minor
amphibole, apatite and feldspar

A dike within one of the scoria cones contains a spectacular suite of abundant, large
xenoliths. Ultramafic mantle xenoliths include peridotite and pyroxenites, crustal
xenoliths are granulite and granite. The presence of these xenoliths indicates that
some basanites are very primitive.
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Chapter One Introduction

CHAPTER ONE - INTRODUCTION

1.1 MCMURDO VOLCANIC GROUP

The McMurdo Volcanic Group includes all the Cenozoic volcanic rocks found on the
Western side of the Ross Embayment, Antarctica (Kyle, 1990a). These occur in a
discontinuous volcanic belt over 2000 km long parallel to both the Transantarctic
Mountains and Ross Sea Embayment (Worner, 1999). Figure 1.1 shows the main

occurrences of the McMurdo Volcanic Group rocks.

Within the McMurdo Volcanic Group are three distinct volcanic provinces (Wéorner,
1999);

e Hallet

e Melbourne

e FErebus

The Hallet Province is the northernmost of the three and is a 260km chain of both on
and offshore volcanoes along the Ross Sea coast in northern Victoria Land (McIntosh
and Kyle, 1990).

The Melbourne province contains four main volcanic fields within which there are
several large stratovolcanoes, including Mount Melbourne and Mount Overlord near
the north end of the Terror Rift (Kyle, 1990c).

The Erebus Province is the southernmost province and most volcanics are found in
two volcanic fields at the south end of the Terror Rift, centered around Mount Erebus
on Ross Island and Mount Discovery 70 km SE of Ross Island on the mainland.

The Balleny Islands lie several hundred kilometers northeast of Victoria Land
(Verwoerd et al, 1990) and were originally included as a fourth province of the
McMurdo Volcanic Group. (e.g. in Kyle and Rankin, 1976) but they have since been

excluded because they are geographically and tectonically unrelated to the other

1
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McMurdo Volcanic Group rocks (Kyle, 1990a). They are believed to be related to a

separate deep mantle plume source (Lanyon et al., 1 993).

-McMurdo Volcanic Group

/
] ooo e submarine volcano
% active volcano
CAPE ADARE ‘
ROSS SEA

MELBOURNE

(83

5°F

McMURDO SOUND

ROSS

2 #o ISLAND
KILOMETERS " T. EREBUS
Mt Discovery *
Mt. Moming * ROSS ICE SHELF
150° 160° 170° 180° 17Q°

Fig. 1.1: Map showing the distribution of the McMurdo Volcanic Group rocks on the

western side of the Ross Embayment and the Erebus Province at the southem end of

the Terror Rift (adapted from Kyle, 1990a).
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1.2 WEST ANTARCTIC RIFT SYSTEM

The Ross Sea Rift is an active zone of extension and subsidence between Marie Byrd
Land and the Transantarctic Mountains (Wérner, 1999). The rift system measures
about 3200 x 880 km and is depicted in Figure 1.2 as the large trough linking the
Bellinghausen and Ross Seas (LeMasurier, 1990). Lithospheric thinning is indicated
by the large basins making up the rift, each bounded by a system of ridges and
grabens. The crust is 40-45 km thick under the Transantarctic Mountains but is
thinned to 17-20 km under the Ross Sea (Worner, 1999). The deepest of these

grabens is the Terror Rift next to the Transantarctic Mountains.

Volcanism occurs on the east side of Marie Byrd Land and on the west side of the rift

adjacent to the Transantarctic Mountains (Worner, 1999).

The cross-section in Figure 1.3 shows the occurrence of volcanism on the thinned

crust between the Transantarctic Mountains and the Terror Rift

The distribution of the McMurdo Volcanic Group is tectonically controlled by both
the uplift of the Transantarctic Mountains and basin subsidence in the Ross
Embayment (Kyle, 1990a). Volcanoes of the Erebus Province are possibly associated
with crustal fractures and faults developed during earlier uplift and rifting. (Kyle,
1981)

Rifting in the Ross Embayment began around 95 Ma, following the breakup of
Antarctica and Australia, but most activity has occurred since the Cenozoic. The
Transantarctic Mountains are the uplifted shoulder on the margins of the rift and have
formed since 60 Ma, probably in several separate phases of tectonism (Worner,
1999). At the same time as the Transantarctic Mountains were being formed rifting

and stretching was continuing in the Ross Sea and Marie Byrd Land reached its

3
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Fig.1.2: The West Antarctic Rift system (adapted from LeMasurier, 1990).

current position during the early Cenozoic (Lawver, 1991). There is possibly as much
as 20 km of crustal offset between the uplifted Transantarctic Mountains and the
subsiding Basins in Ross Sea (Wdrner, 1999). Volcanism post-dates mountain
building and early rifting and the volcanoes of the Erebus Province are possibly
associated with crustal fractures and faults that have been present since the earlier

uplift and rifting phase (Kyle, 1981).
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Fig.1.3: Cross section from the Transantarctic Mountains to the Terror Rift and

Victoria Basin (Redrawn from Wérner, 1999).
1.3  EREBUS PROVINCE

The Erebus Volcanic Province is the most studied of the provinces in the
McMurdo Volcanic Group; the earliest studies were those carried out by members
of Scott’s and Shackleton’s expeditions in the early 1900’s (Kyle, 1990b). Most
volcanism in the Erebus Province has occurred in two subprovinces; Ross Island
and Discovery. There are other minor occurrences in the Dry Valleys, Royal
Society Ranges and several magnetic anomalies in the western Ross Sea may

indicate the presence of volcanic rocks (Kyle, 1990b).

The Antarctic and subantarctic volcanoes are dominantly alkaline and are
dominated by basaltic products, which make up over 70 % of the total erupted

volume (LeMasurier, 1990). The most common rocks within the Erebus province
5
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are basanites, phonolites and trachytes (Fig.1.4) but some intermediate

compositions also occur (Kyle, 1990b).

-
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Fig.1.4: Classification of Erebus Province volcanics (shaded field) on a total alkali
silica diagram. Dot-dashed line shows alkali/subalkali field boundary of Irvine
and Baragar (/971). (Adapted from LeBas et al., 1986 and LeMasurier, 1990)

Several magmatic lineages are represented in the Erebus Province. Rocks younger
than 11 Ma are generally part of a basanite-tephrite-phonolite trend and have been
subdivided into the Dry Valley Drilling Project and Erebus lineages (Kyle, 1981).
The older (>11 Ma) rocks are mostly trachytic but fractionation trends are poorly
defined because of the lack of exposure of these rocks. There are only three
locations where trachytic rocks are found; Mason Spur and Riviera and Hurricane

Ridges on Mount Morming (Kyvle, 1990b).
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Fig.1.5: Erebus and Discovery volcanic centres showing the distribution of the
main areas of volcanism and possible radial symmetry about Mounts Erebus and

discovery. Adapted from Kyle and Cole (1974).

Volcanic glass in drill cores from McMurdo Sound indicates volcanism and
erosion occurring back to the early Oligocene (~40 Ma) (Kyle, 1990b). The oldest
surface exposures in the province are eroded trachyte centers ranging in age from
19-12 Ma on the lower slopes of Mount Morning at Gandalf Ridge, Riviera Ridge
and Mason Spur (Kyle, 1990b).
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Generally the ages of basanitic-phonolitic volcanics in the Discovery subprovince

are greater than 4.5 Ma;

e Minna Bluff. 11.0 - 9.0 Ma (northern end)
8.7 - 7.3 Ma (centre)
e Black Island 10.9 Ma (northern end)

e Mount discovery 53-44Ma

The ages of volcanics in the Erebus subprovince are younger;
e Mount bird 4-3Ma
e Mount Terror 2-0.6 Ma
e Hut Point Peninsula 1.8 — 0.4 Ma
e Mount Erebus >1 Ma

These age distributions agree well with Kyle’s (/990b) suggestion of a mantle

plume migrating from the Discovery to Erebus centre.

There has also been more recent volcanic activity in the Discovery subprovince at;
e Black Island 3.8-34Ma
e Brown Peninsula 2.8-2.0Ma )
e Mount Morning >2Ma
e  White Island 0.2 Ma

The volcanic centers in the McMurdo Volcanic Group and the Erebus Province
contain many types of volcanic structures and landforms. Kyle (1990a) grouped
these into three general types;
e Basaltic shield volcanoes
e.g. Mount Bird and Mount Terror
e Stratovolcanoes, mainly trachytic or phonolitic

e.g. Mount Discovery, Mount Erebus, Mount Morning

All reported ages are from Kyle, 19905
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o Basaltic scoria cones and flows, usually small and isolated but also

occurring on the slopes of larger shield volcanoes and stratovolcanoes.

14 MOUNT MORNING

There has been little previous geological investigation on Mount Morning. The
existing literature includes the theses of Muncy (1979) and Wright-Grassham
(1987) and a summary of all investigations prior to 1987 by Wright and Kyle
(Kyle, 1990b). The latter was published as a report in “Volcanoes of the Antarctic
Plate and Southern Oceans”, edited by LeMasurier and Thompson (7990). There
have also been several reports on the wider McMurdo Sound area that have
mentioned Mount Morning. For example Kyle (1976) investigated the mineralogy
and geochemistry of the McMurdo Group Volcanic rocks including several
samples from Mount Morning and Armstrong (/978) carried out K-Ar dating of
McMurdo Group Volcanic rocks and included two samples from Mount Morning

in his study.

Much of the mountain has a permanent snow and ice cover but there are good
exposures on Riviera and Hurricane Ridges on the NE slopes of the mountain, and

on the upper mountain (Fig. 1.6).

The geology exposed on the mountain records two main episodes of volcanic
activity - Miocene and Quaternary. Miocene rocks are present as eroded
subvolcanic trachyte and trachyandesite complexes on the lower mountain at
Riviera Ridge and Gandalf Ridge (Fig.1.7). At Gandalf Ridge they
unconformably overlie and cut Koettlitz Group basement units. The Miocene
outcrops on Riviera Ridge are overlain unconformably by alkali basalt—

trachyandesite domes and flows (Wright and Kyle, 1987).

10
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Fig.1.6: Geological map of Riviera and Hurricane Ridges, Mount Morning
(Wright and Kyle, 1987).

The upper mountain is Quaternary in age (Wright and Kyle, 1987). There is a
summit caldera 2 km wide and several phonolite domes occur on the upper slopes.
The youngest volcanic products found on the mountain are Quaternary basanite
cinder cones and lava flows found on Riviera and Hurricane Ridges (Wright and
Kyle, 1987).

Wright and Kyle (7987) reported representative geochemical analyses and alkali-
silica plots for samples of older (>11 Ma) and Quaternary volcanic rocks from
Mount Morning. All data given are from the work of Muncy and Wright-
Grassham. These show two distinct geochemical trends for each volcanic episode.
The data for the older rocks define separate peralkaline and non-peralkaline

trends, while the younger rocks form a basanite-phonolite trend.

11
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Fig.1.7: Trachyte pinnacles on Riviera Ridge. The largest pinnacle is estimated at 100 m in height.
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Chapter Two Physical Volcanology

CHAPTER TwO PHYSICAL VOLCANOLOGY

2.0 INTRODUCTION

This chapter concentrates on the structure and stratigraphy of the scoria cones
within the field area, based on detailed stratigraphic columns made through the
pyroclastic units of two typical, well exposed cones. Other associated features of
the field area will also be discussed such as;

e lava flows

e lavadomes

e dikes and sills

e vent breccias

Basanitic scoria cones are common on the lower slopes of the large phonolitic
stratovolcano, Mount Morning. More than forty scoria cones or eroded cone
remnants were observed during field work on the lower parts of Riviera and
Hurricane Ridges. Four of these scoria cones occur within the field area covered
by this study, all are glacially eroded remnants. The locations of these cones and
other features of the field area are shown in Figure 2.1. Scoria Cones 1, 2 and 4
are extensively eroded, probably due to glacial activity. Erosion by glacial activity
is interpreted because of the presence of striated surfaces and numerous erratic

boulders, the largest erratic seen is shown in Figure 2.2.

All photos by T. vanWoerden unless noted otherwise.
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Chapter Two Physical Volcanology

Fig.2.2: Large basaltic glacial boulder in an outcrop of trachyte.

2.1.1 SCORIA CONES
2.1.1.A SCORIA CONE 1

Scoria cone 1 is the largest in the field area, approximately 1 km in length. Four
detailed stratigraphic sections (Figs. 2.17, 21, 25, 27) were described and drawn
through the exposed pyroclastic sequences on the eastern and southern sides of
this cone at locations 33, 37, 38 and 58 (Fig.2.1). The typical units of this cone are
red brown and partially-densely welded with small bombs in a lapilli matrix. Two
pyroclastic sequences are identified, one dipping towards the north and northwest
and a sequence of units dipping towards the east and northeast. The basal contact
of the northwest dipping sequence with the underlying geology is obscured by
moraine and snow. The east and northeast dipping sequence unconformably
overlies the northwest dipping sequence at Location 33 and overlies Scoria Cone

2 at Location 58.

15
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Chapter Two Physical Volcanology

Fig.2.3: The northernmost part of Scoria Cone 1, and Scoria Cone 2 viewed from
the northwest. On the left are the northeast dipping units 58a-k of Scoria Cone 1
and on the right are the south to southwest dipping units of Scoria Cone 2.

2.1.1.B SCORIA CONE 2

This eroded scoria cone remnant underlies Scoria Cone 1, separated by an angular
unconformity. A stratigraphic section was described and drawn (Fig. 2.30)
through the pyroclastic sequence exposed on the western side of the cone. This
scoria cone is characterised by a sequence of alternating agglutinated grey-brown
units and bright red spatter units. The most distinctive of these agglutinate beds
are in the upper units 59a and 595 and seen in Figure 2.4 as the gray bands near

the top of the outcrop

s <

Fig.2.4: Scoria Cone 2 viewed from the west. The pale layers near the top of the

sequence are the agglutinate beds near the top of Unit 59a.
16
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2.1.1.c SCORIA CONE 3

This cone is found on the eastern edge of the field area. It consists of two adjacent
scoria cones, one of these is relatively intact and the other is extensively eroded.
These cones are constructed from coarsely bedded spatter deposits containing
large (up to 50 cm) bombs and thick coalesced agglutinate beds. Small (<1 cm)

peridotite, pyroxene megacrysts and gabbro xenoliths were found.

Fig.2.5: Scoria Cone 3 viewed from the west.

2.1.1.p SCORIA CONE 4

This cone is large and partially eroded, the exposed units dip towards the south
and southeast. The basal contact is with pale orange brown breccia, which could
be the underlying geology or a breccia from an initial vent clearing eruption.
Mantle and lower crustal xenoliths are common as bombs in pyroclastic units and
as inclusions in a large dike that occurs on the western side of the cone (Figs. 2.9,
5.6). The uppermost surface of the cone is a non-welded pyroclastic deposit
containing very large breadcrust, spindle and ribbon bombs up to 1.5 m in size
(Fig.2.7). The presence of these large bombs indicates proximity to a vent.

17



81

Fig.2.7: Large breadcrust (a, b) and spindle (¢, d) bombs on the upper surface of scoria ne 4
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Fig.2.6: Scoria Cone 4 viewed from the south. (photo: A Martin)

2.1.2 LAVAFLOWS

There are two large lava flows in the field area, found next to each other at
locations 3 and 4, separated by an 8 m thick pyroclastic deposit. The lower and
upper flows are 8 and 5 m thick respectively and both have rubbly ‘a‘a type upper
and lower margins up to 1.5 m thick enclosing a dense slightly jointed interior
(Fig.2.8). Both flows are characterised by the occurrence of lower crustal
xenoliths ranging in size from 1-20 cm (e.g. Fig.5.4).

19
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2% 2 LY i — s

Fig.2.8: Thick jointed basanite lava flow at Loc 3.

2.1.3 LAVA DOMES

Three lava domes were identified in the field area, all roughly circular in shape
with diameters estimated at 20-40 m (e.g. Fig. 2.9). The domes lie on the flanks of
eroded scoria cones and appear to have been extruded following erosion of these
cones. The dome adjacent to Scoria Cone 2 has been partially eroded to expose
three dikes crosscutting it, possibly these were part of the feeder structures to the
dome. This may indicate two episodes of erosion; the first occurring after the
formation of the scoria cone but before dome emplacement and the second

following the formation of the lava dome.

20
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Fig.2.9: Lava dome adjacent to Scoria Cone 1 (circled).
2.14 DIKES

There are three large and many small dikes are found in the field area. Most of
these have fine grained chilled margins and a rubbly interior.

Fig.2.10: Dike on Scoria Cone 4 showing abundant mantle and crustal xenoliths
(photo: R. Price)

21
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The largest dike is found intruded through breccia and pyroclastics on the western
side of Scoria Cone 4. This dike is estimated at 1 km in length and its width varies
from 1-5 m. There are several smaller dikes branching off and a series of small
dikes en echelon to it. Mantle xenoliths are abundant in this dike (Figs. 2.9, 5.6)
and suggest that this dike is a feeder structure to the vent that produced the

adjacent pyroclastic deposits containing many mantle xenolith cored bombs.

The two other large dikes are each several hundred meters long and have a width
of 0.5-1 m. One of these is intruded into breccia on the western ridge (Loc. 99)
and the other into trachyte to the north of the field area (Loc. 23).

2.1.5 VENT BRECCIA
Four outcrops of a brown coloured breccia form a roughly north-south lineament

approximately 500 m long. The largest outcrop is approximately 20-30 m tall and
100 m wide (Fig. 2.11).

Fig.2.11: The largest of four breccia outcrops. (photo A. Martin)
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Both light and dark brown variations are seen in the breccia. The dark brown
breccia has a 1-10 mm matrix containing abundant basanite clasts up to 40 cm,
with some of these showing evidence for recycling. The lighter brown breccia is
finer grained and contains fewer and smaller bombs. Both breccia types also
contain inclusions of gabbro and phonotephrite and megacrysts of pyroxene. The
majority of the breccia is massive, but some discontinuous layering occurs at a

scale of tens of centimeters to meters and occasional fine grained laminations are

found.

- ! S

Fig.2.12: Part of breccia outcrop showing a contact between the light and dark

breccia types. (photo: R. Price)

The largest breccia outcrop contains a dike and a sill of basanitic composition.
The dike is sinuous and stretches for over 20 m up the face of the outcrop with a
variable width of up to 1 m. The sill is approximately 80 cm thick. Fine grained
veining occurs at several places in the breccia, which may be gas escape

structures.
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2.2 STRATIGRAPHY OF SCORIA CONE 1

2.2.1 UNiT34

The stratigraphically lowest unit found on this scoria cone is a dark grey,
westwards dipping, pyroclastic deposit found at Location 34. This unit consists of
well sorted, fine-medium grained, olivine rich basanitic lapilli. Very weathered
red-brown basaltic bombs are common, up to 60 cm in size. Some well developed
bedding is seen, with partially welded layers approximately 25 cm thick separated
by coarser non-welded subunits approximately 5 cm thick. This very dark unit is
unlike any others found elsewhere on Scoria Cone 1 so may be part of an

underlying sequence, or a lithic rich deposit from an initial vent clearing eruption
2.2.2 STRATIGRAPHIC COLUMN AT LOCATION 33

This column is described from the prominent cliffs on the northwestern side of
Scoria Cone 1 and summarised in Figure 2.18. The stratigraphic column is a
composite of four subsections and depicts approximately 28 m of section (Figs
2.13, 14). Thirteen pyroclastic units are identified, these are distinguished by
colour, grain size, sorting, degree of welding and grading. Most units are red
brown pyroclastic deposits, partially to densely welded, with large grey,
scoriaceous, basanitic bombs and occasional blocks, in a matrix of fine-medium
lapilli. The matrix in these units is olivine and pyroxene rich, although olivine
crystals are hard to identify because they are weathered to a dark red colour. The

matrix appears to be the same composition as the bombs and blocks.

Welding terms:
e non-welded - loose, non-resistant deposits
e partially welded - resistant, no/little deformation of bombs
e densely welded - resistant, bombs generally deformed
o extremely welded - very resistant and dense, individual grains are

difficult to identify
25
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Fig.2.13: The lower part of the stratigraphic column described and drawn at

location 33 showing units 33a-j.

Unit 33a

This is the lowest unit in the section logged at Location 33. It is a red brown
partially-densely welded pyroclastic unit at least 1 m thick, and the lower contact
lies beneath a cover of moraine and snow so cannot be identified. The unit is
supported by a matrix of fine-medium lapilli (2-10 mm). Some of these fragments
show ragged spatter and fluidal morphologies. Occasional vesicular basanitic

bombs up to 20 cm occur.
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Fig.2.14: Scoria cone 1 at Location 33, showing the stratigraphic column described and drawn.
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Unit 33b

Overlying this is a 0.75 m thick densely welded unit with a mottled red grey
brown colour. This unit has a matrix of fine-medium lapilli supporting bombs up
to 50 cm in size. Both the matrix clasts and the bombs have ragged spatter

textures. Pyroxene crystals up to 3 mm and granite clasts up to 5 cm are found in

the matrix.

Unit 33¢

Overlying this is an orange buff coloured, partially to densely welded unit
containing three reversely graded subunits; 33¢;, 33¢; and 33c;. Unit 33c, is the
lowermost of these three subunits (Fig. 6.6). The base of this subunit has a grain
size of <1 mm and this grades up over a height of 25 cm to a matrix of up to 3 cm
and containing vesicular bombs up to 10 cm in size. This unit is very porous,
containing many spaces between the matrix grains. Unit 33c; is 50-60 cm thick
and ranges from a coarse ash at its base up to a coarse pebbly matrix containing
vesicular bombs up to 50 cm. Unit 33¢; is 60 cm thick and grades from a 2-3 mm
matrix at its base, up to a 5-50 mm matrix containing blocks and vesicular bombs

up to 50 cm of pyroxene rich basanite.

Unit 33d
This unit is a poorly sorted, densely welded, coarse pyroclastic unit 80 cm thick.
Many grey brown vesicular pyroxene basalt bombs up to 40 cm are found in a

matrix of red-brown fine-medium lapilli (5-30 mm).

Unit 33e

This unit is 50 cm thick, red brown, partially-densely welded and reversely
graded. The lower 10 cm is coarse ash (1-2 mm), the centre 15 cm is coarser at 1-
3 cm and contains grey vesicular bombs up to 2 cm. The upper 25 cm has
vesicular, grey brown, slightly deformed basanitic bombs up to 30 cm set in fine-

medium lapilli (1-5 mm).
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Unit 33f

This unit is 50 cm thick, pale red brown, partially to densely welded and showing
a hint of reverse grading. The lower 5 cm of the unit is coarse ash (0.5-2 mm) in
size. This rapidly grades up into a homogenous, very poorly sorted subunit of
pyroxene rich basanite blocks and bombs up to 30 cm supported in a 2-30 mm

matrix.

Unit 33g

This unit is 1.2 m thick, red brown, densely welded and poorly sorted. Coarse
layering occurs with 15-20 cm thick resistant layers are separated by less resistant
20 cm beds. The matrix is 2-20 mm and contains flattened vesicular bombs up to

50 cm long and 5 cm thick.

Fig.2.15: Unit 33g showing deformed and flattened bombs gray bombs in a red

brown matrix (photo: R. Price).
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Unit 334

This unit is red, clast supported, partially welded and poorly sorted with a blocky
surface appearance. It is supported by abundant blocks and vesicular grey brown
bombs up to 15 cm. A bomb-free, ash and fine lapilli (1-5 mm) sized bed occurs
40 cm below the top of the unit.

Unit 33i

This partially welded red unit is 2 m thick and coarsely bedded. The matrix is 1-
10 mm in the fine beds and 2-5 cm in the coarse beds. Vesicular bombs up to 70
cm and rare blocks up to 40 ¢cm occur in both the fine and coarse beds. A
discontinuous ash layer up to 15 cm thick in places occurs at the base of the unit.
It contains laminations defined by grain size, alternating between 1-2 mm and

<0.5 mm.

4P SEk 4P 3 Ldx

Fig.2.16: The fine laminated layer at the base of Unit 33i and the underlying
blocky Unit 33/ (photo R. Price)
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Unit 33j

This partially welded unit is 4.5 m thick, is red in colour and is coarsely bedded. It
contains four finer layers, each 40-100 cm thick and with an ash sized matrix (<1
mm). These are separated by coarse blocky clast supported layers containing 2-15
cm bombs. Occasional blocks up to 30 cm and vesicular bombs up to 40 cm occur
in both the fine and coarse beds. Both blocks and bombs are pyroxene basanite,

but containing less pyroxene than the lower units in this section.

Unit 33k
This unit is 1.5 m thick, red in colour, coarsely bedded, poorly sorted and non-
welded, shown by its recessive nature. There is continuous range in clast size from

1-2 cm up to 50 cm. Most bombs have ragged spatter or fluidal textures.

Unit 33/

This is a 6 m thick, massive, densely welded red brown unit. The matrix has a
grain size of 0.5-15 mm but due to the extent of welding the individual grains are
barely identifiable. Grey brown vesicular basanitic bombs occur, up to 20 cm in

size, some of them in very poorly defined bomb rich layers.

Unit 33m

The uppermost unit in this section is a 10 m thick, massive, fine grained, densely
welded red brown unit. This unit dips towards the east and is unconformable with
the lower NW dipping units. There unit thins towards the north, seen in Figure
2.14 as a decrease in thickness from left to right. Figure 2.17 shows the thick

massive deposit forming a distinctive deposit at the top of this outcrop.

The lower 3 m of the unit is bedded with alternating fine and coarse beds. The
finer beds are very well sorted and <4 mm in grain size while the coarser beds
have a grain size of 2-3 cm. The upper part (~5 m) of the unit is made of very well
sorted, very densely welded coarse ash and fine lapilli (1-5 mm), in parts welding
is so intense that individual clasts are no longer visible. Bombs are very rare and

small, up to only 10 cm in size. Figure 2.18 is a close up view of this welded
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section. The pitting shows where small vesicular bombs have been weathered

from the densely welded matrix.

Fig.2.17: Unit 33m forming a prominent bluff at the top of the outcrop.

Fig.2.18: The densely welded upper part of unit 33m (photo: R. Price)
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Unit Max. Max.

Colour Welding Matrix bomb size block size Comment
33m Upper 5 m massive, Lower

Red-brown Extreme 1-50 mm 10 cm - 3 m coarsely bedded
331 Massive,

Red-brown Dense 0.5-15 mm 20 cm - occ. Bomb rich beds
33k Fine beds: <20 mm,

Non- Coarse beds: 20-80

Red welded  mm clast supported 40 cm 40 cm Coarse bedding

33j Fine beds: <10 mm
Coarse beds: 10-150
Red Partial mm clast supported 40 cm 40 cm Coarse bedding
Coarsely bedded,

33i Red Partial 20-50 mm 70 cm - V. fine laminated base
33h Clast supported <150 15cm, v. Fine (1-5 mm) basal layer

Red Dense mm deformed  15cm 10 cm thick
33g Poor sorting,

Red-brown Dense 2-20 mm 50 cm 30cm Coarse bedding

Pale red- Partial- Poor sorting, Fine (0.5-2
33f brown dense 2-30 mm 30 cm 30cm mm) basal bed 5 cm thick
33e Partial -  Upper: 1-5 mm,

Red-brown dense Base: 1-2 mm 30cm - Reversely graded
33d  Red-brown Dense 5-30 mm 40 cm - V. poor sorting
33c Partial -  Upper: 5-50 mm,

Orange/ buff dense Base: <3 mm 50 cm - 3x reversely graded subunits
33b  Red-grey- V. poor sorting

brown Dense 10-30 mm 50 cm - Granite xenoliths < 50 mm
33a Partial -

Red-brown dense 2-10 mm 20cm - Poor sorting

Fig. 2.18a: Scoria Cone 1 — descriptive stratigraphic column at Location 33.



Max. grain size (cm) Degree of welding
0 100 Non - Partial - Dense

Fig. 2.18b: Scoria Cone 1 - stratigraphic column at Location 33.
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2.2.3 STRATIGRAPHIC COLUMN AT LOCATION 37

This stratigraphic column describes a section approximately 40 m thick on the
southern side of Scoria Cone 1 and summarised in figure 2.22. Twelve units (37a-
I) were identified on the basis of colour, grain size, sorting, degree of welding and
grading. Typical units in this stratigraphic column are red brown, coarse grained,
bomb rich, partially welded and crudely bedded.

e

L
Fig.2.19: Photograph of the sequences described in stratigraphic columns 37
(units 37a-I) and 38 (units 38m-r) (photo: R. Price)

4;.1:—-"-’ & = P T ¥ -.. »

Unit 37a

This is the lowest unit in this sequence, it is an orange brown, partially welded
pyroclastic deposit over 2.5 m thick. The basal contact is covered by snow and
moraine. The matrix is fine lapilli (2-20 mm) and contains bombs of 5-30 cm.

These clasts are both vesicular bombs and rare dense blocks, both composed of
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pyroxene and olivine rich basanite. Some of the bombs are deformed to give the

outcrop a streaky appearance. Rare granite inclusions are found.

Unit 37b

Overlying this is a 20 cm thick, pale grey, unit of agglutinated pyroclastic
fragments. In parts the clasts are completely welded and deformed to give a
streaky appearance and in others it has a rubbly surface and some clast outlines
can still be seen. Small crustal xenoliths are common.

Fig.2.20: A typical deposit of stratigraphic column 37 (Unit 37d?). Coarsely
bedded, partially welded pyroclastics with occasional beds of non-flattened
bombs.
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Unit 37¢

This is a coarse grained, partially-densely welded, porous, bomb rich pyroclastic
unit 2.8 m thick. It contains abundant grey basaltic bombs up to 15 cm in a red
brown matrix of coarse ash and fine lapilli (1-10 mm). Many of the bombs are

highly flattened to give the outcrop a streaky grey and red appearance.

Unit 37d

This is a coarse, partially-densely welded, crudely bedded pyroclastic unit 3.2 m
thick. The bedding is defined by coarser medium lapilli (2-10 cm) and fine-
medium lapilli (2-10 mm) layers. The finer beds are ~10 cm thick and are a
yellow orange colour while the coarser beds are ~30 cm thick and a dark red

brown colour. Bombs up to 40cm occur, none of these are flattened.

Unit 37e

This is a densely welded 3.2 m thick pyroclastic unit of coarse ash-medium lapilli
containing deformed bombs up to 15 c¢m in size. These deformed bombs give the
outcrop a streaky appearance. Fine grained layers of coarse ash-fine lapilli (1-10

mm) form discontinuous beds stretching for 2-3 m.

Unit 37f

This is a coarse, partially-densely welded, crudely bedded, 7.8 m thick pyroclastic
unit. The lower 2.5 m of the unit contains bedding defined by continuous coarse
(2-10 cm) and fine (2-10 mm) beds. Above this the unit grades up into a more
welded and deformed part of the unit with a streaky appearance, similar to Units
37c and 37e.

Unit 37g

This is a red coloured, coarse, densely welded pyroclastic unit 4 m thick. It is clast
supported and composed of ragged spatter fragments 1-10 cm in size. The outcrop
is mainly massive but there are some more welded parts with a streaky appearance

and occasional fine grained discontinuous layers.
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Unit 37h
This is a massive, partially welded, bomb rich, red-brown pyroclastic unit 1.7 m
thick. It has a matrix of fine to coarse lapilli (2-30 mm) containing abundant

olivine rich basaltic bombs up to 50 cm. None of the bombs present show any

flattening.

Unit 37i
This is a coarse, massive, red brown, partially welded pyroclastic unit 1.7 m thick.
A well sorted matrix of fine-medium lapilli (1-4 cm) occasional larger bombs up

to 20 cm in size. This unit is shown in Figure 2.21.

Unit 37j

This unit is 2.2 m thick, non-partially welded and crudely bedded. It is clast
supported and contains ragged spatter fragments ranging in size from 0.5-10 cm
and occasional larger bombs up to 30 cm in size. Bedding is defined by bomb rich
layers roughly 10 cm thick. The outcrop is an orange brown colour but shows a

change to a grey colour along the strike of the outcrop.

Unit 37k

This is a thin grey densely welded layer 40 cm thick. The matrix is very well
sorted coarse ash-fine lapilli (2-20 mm). Small deformed bombs occur, the largest
of these are 10-15 cm wide and 4 cm high and give the outcrop a streaky

appearance. A pale blotchy surface alteration occurs on the surface of some clasts.

Unit 371

This is the uppermost unit in the section, it is a sequence at least 10 m thick of
dark red brown, crudely bedded, non-welded to partially welded pyroclastics. The
bedding is defined by bomb rich layers, finer grained layers and more densely

welded deformed streaky layers.
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Fig. 2.21: Partially welded, coarsely bedded pyroclastics of unit 37/.
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37k

37i

37g

37f

37e

37d |

37c

37b &

37a

Max. bomb

Max.

37j

37h [

Unit Colour Welding Matrix size block size Comment
Bedding defined by;
Orange- Weak- 5-100 mm clast -bomb rich beds
371 brown partial supported 30cm - fine grained beds
37k 15 cm,
Grey Dense 2-20 mm deformed - V. densely welded
37j Orange- 5-100 mm clast Bedding defined by
brown-grey  Partial supported 30 cm - bomb rich beds
37 Red-brown Partial 10-40 mm 20 cm - Well sorted, massive
37h  Red-brown Partial 2-30 mm 50 cm - Massive
37g 10-100 mm clast Massive, occ fine
Red-brown Dense supported 50 cm 30cm grained beds
37f Coarse: 20-100 Some larger
Partial -  mm, Fine: 2-10 clasts Crude bedding defined
Red-brown  dense mm deformed - by grain size
Discontinuous fine
15 cm, grained (1-10 mm)
37e Red-brown Dense 1-10 mm deformed - beds
37d Coarse: 20-100
Orange-red- Partial- mm, Fine: 2-10 Bedding defined by
brown dense mm 40 cm - grain size
3¢ 15 cm,
Red-brown  Dense 1-10 mm deformed - V. porous
37b Completely coalesced
Grey Extreme - - agglutinate
Orange-
37a_ brown Partial 2-20 mm 30cm 30 cm Rare granite clasts

Fig.2.22a: Scoria Cone 1 — Stratigraphic Column at Location 37
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2.2.4 SCORIA CONE 1 - STRATIGRAPHIC COLUMN AT LOCATION 38

This column describes a series of pyroclastic units with a total thickness of
approximately 30 m on the southern side of Scoria Cone 1 and summarised in
Figure 2.26. Nine units (38m-u) were identified on the basis of colour, grain size,
sorting, degree of welding and grading. There is approximately 10 m of section
not logged between the top of unit 37/ and the base of this section. Units 38m-r

can be seen in Figure 2.19.

Unit 38m

This unit is the lowest unit of the section beginning at Location 38. It is a 3.5 m
thick grey densely welded deposit. In the most welded part of the unit the
individual grains are not visible and above and below this there is a gradual

transition into a streaky deposit of highly deformed clasts.

Unit 38n

Overlying this unit is a dark grey, coarsely bedded, moderately welded unit 2.2m
thick. The bedding is defined by alternations of 5-10 cm thick ash layers (1-2 mm)
and 40 cm thick fine-medium lapilli layers (2-50 mm). Bombs are rare and

slightly flattened.

Unit 380

This is a 90 cm thick, moderately welded pyroclastic unit. The matrix is yellow
brown coarse ash-fine lapilli (1-10 mm). Only a few grains in the matrix have
fluidal textured surfaces. Many vesicular grey basaltic bombs ranging in size from

1-10 cm occur throughout the unit.
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Fig. 2.23: Yellow brown unit 38p.

Unit 38p

There is 2-3 m of snow cover separating this from unit 370, it may be that the
units identified as 380 and 38p are actually the upper and lower parts of the same
yellow brown grey unit. This is a dark yellow grey clast supported unit composed
of scoria ranging in size from fine lapilli to small bombs (2-100 mm). Larger
bombs up to 20 cm of grey vesicular basalt are rare. This unit is seen in Figure
2.23

Unit 38¢
This massive, moderately-densely welded grey brown unit forms a distinctive
bluff 8 m tall (Fig. 2.24). The matrix is composed of coarse ash-fine lapilli (1-10

mm) and contains abundant bombs and blocks up to 60 cm in size.
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Fig.2.24: The thick, bomb and block rich unit 384.

Unit 387

This is a 6 m thick red brown densely welded pyroclastic deposit with some
coarse bedding. The majority of the clasts have fluidal textures and range from
coarse ash-medium lapilli (1-50 mm). The bedding is distinguished by slightly

coarser and finer beds, some very bomb rich with bombs up to 15 cm in size.

Unit 38s
This is a very densely welded red brown spatter deposit forming a darker band 5

m thick between the red units 387 and 38s. Clast outlines are not easily
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identifiable. Where they can be seen the fragments are coarse ash sized (1-2 mm).

Rare larger bombs and blocks occur.

Unit 38¢
This is a very highly welded red spatter deposit 1.8 m thick. It contains bombs up
to 15 cm in a coarse ash-medium lapilli matrix (1-40 mm), many fragments show

obvious fluidal texturing.

Unit 38«
This unit is a 1 m thick, coarse, dark brown deposit of densely welded fragments,
they majority with fluidal textures. Slight grading in this unit, near the base it has

a grain size of 1-10 cm and this decreases to 2-30 mm near the top. Occasional

blocks occur up to 40 cm in size, one of these is shown in Figure 2.25.

Fig.2.25: Unit 38u showing a large basanite block in a fine grained spatter matrix.
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38u fi¢

38t

38s |-

38r |°

Unit Max. Max.
bomb block
Colour Welding Matrix size size Comment
38u Upper: 2-30
Dark mm Lower: 10-
brown Dense 100 mm - 40 cm
38t Red Dense 1-40 mm 15cm -
38s Dark Dense-
brown extreme 1-2 mm 15cm -
38r Red- Bedding defined
brown Dense 1-50 mm 15cm - _by grain size
38q Red- Partial-
brown dense 1-10 mm 60 cm 60 cm
38p Yellow- 2-100 mm, .
brown Partial clast supported 20 cm - Possibly 380, 38p
are part of the
380 Yellow- same unit
brown Partial 1-10 m 10 cm -
38n Coarse: 2-50
mm Fine: 1-2 Bedding defined
Dark grey  Partial mm - - by grain size
38m Unknown d.t. Completely
Dense- amount of coalesced
Grey extreme  welding - _agglutinate bed

' Fig. 2.26a: Scoria Cone 1 — Stratigraphic Column at Locanon 38
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38u
38t
38p

380 ‘

38n
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Fig. 2.26b: Scoria Cone 1 - Stratigraphic Column at Location 38
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2.2.5 STRATIGRAPHIC COLUMN AT LOCATION 58

This column describes a series of pyroclastic units with a total thickness of
approximately 40 m at the southern end of Scoria Cone 1. Eleven units (58a-k)

were identified on the basis of colour, grain size, sorting, degree of welding and

grading.

Fig.2.27: Sequence described in stratigraphic column 58.

Unit 58a

This is the lowest unit exposed in this sequence. It is a 1.7 m thick, dark brown,
coarse pyroclastic unit intruded by a lensoidal dike of olivine rich basanite up to 2
m thick. The pyroclastics have a coarse ash-medium lapilli (1-10 mm) base and a
coarser 3-100 mm centre containing vesicular bombs up to 30 cm long. The
intrusion of the dike has fused and baked the contact with the pyroclastics, so that

individual grains can no longer be identified along this contact.
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Unit 58b
This unit is a 4.4 m thick dark red brown pyroclastic unit. Flattened grey vesicular
bombs, with abundant crustal fragments up to 3 cm and pyroxene crystals up to 2

cm occur in a coarse ash-fine lapilli matrix. The upper 60-70 cm of the unit is

densely welded.

Unit 58¢
This is a 3.3 m thick yellow brown, slightly purple pyroclastic unit. A matrix of
fine-coarse lapilli (2-50 mm) contains rare flattened bombs up to 20 cm long and

occasional crustal fragments and large pyroxene crystals. There is a thin densely

welded layer near the top of the unit

Unit 58d

This is a 3.8 m thick pyroclastic unit similar to unit 58¢ but distinguished by
larger and more common bombs. The base and center of the unit is a blotchy
yellow brown colour, while in the upper part it changes to a red-brown colour.
The unit is clast supported by fragments 1-80 mm in size with common larger
deformed bombs up to 35 cm long. A thin (30 cm) layer near the top is highly
welded.

Unit 58e

This unit is 6.8 m thick pyroclastic deposit forming a red brown bluff. The matrix
is composed of coarse ash-medium lapilli (1-30 mm), many with ragged spatter
textures, these contain abundant blotchy grey basaltic bombs up to 40 cm in size.
There is a thick extremely welded olivine rich basanite bed near the top of the

unit, with gradational change to deformed agglutinate above and below.

Unit 58f

This is a 2.5 m thick, bright red, highly welded spatter deposit. The unit is clast
supported by ragged spatter fragments ranging in size from 2-100 mm, although it
is difficult to identify individual grains due to the amount of welding. Weak

layering is shown by streaky deformed clasts up to 15 cm in size.
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P

Fig.2.28. Bright red spatter deposit unit 58f.

Unit S8¢g

This is a 3.7 m thick, red brown unit with a distinctive streaky grey fabric caused
by deformed vesicular bombs. The unit is clast supported and has a grain size of
2-50 mm, most fragments have ragged spatter textures.

Unit 58h
This unit is 80 cm thick, red grey in colour and similar to the underlying Unit 58g.
The unit has several resistant, densely welded layers alternating with erosive, non-

partially welded layers each 15-20 cm thick.

Unit 58i
This is a bright red, 3 m thick spatter deposit very similar to unit 58f. The unit is
clast supported and made of 2-100 mm clasts, most with fluidal or ragged spatter

textures. Occasional basaltic blocks up to 30 cm in size occur.
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Unit 58
This is a 2 m thick, non-partially welded, recessive, grey brown spatter deposit,
similar to unit 58g and 58h. Grain size is typically coarse ash-medium lapilli (1-40

mm) lapilli with ragged spatter clasts and rare deformed bombs up to 15 cm in

size.

Unit 58k

This is the uppermost unit in the sequence and forms a red brown 5 m thick bluff
capping the underlying units. The unit is composed of lapilli-fine bombs (2-100
mm) with a very streaky appearance and containing many crustal fragments.
Several discontinuous highly welded grey layers 20 cm thick and several meters
long appear in the center of the unit. The upper part of the unit is densely-

extremely welded for a thickness of 1-1.5 m.

The upper units of columns 38 and 58 can be correlated. The thick bluff forming
units 38q and 58e are equivalent, and the yellow brown units 380, p are equivalent
58¢c, d. The units in column 58 display higher degrees of welding than their
equivalents in column 38. Units 58¢c, d, e contain agglutinate beds but their
equivalent units in column 38 do not. This may indicate that the deposits of
column 58 deposits are closer to the vent than those in column 38. This is

consistent with a vent positioned to the southwest of these deposits.
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Unit Max.
Max. bomb block

Colour Welding Matrix size size Comment

58k 3-100 mm, Rare crustal fragments Thick
Grey-brown Dense clast supported - agglutinate bed

58j 15 cm,
Grey-brown Non-partial  2-50 mm deformed -

58i Bright red Dense 1-50 mm 10 cm 30 cm

58h Bedding defined by

Partial- 10 cm, alternating erosive/resistant

Red-grey dense 2-50 mm deformed - beds

58g 10 cm,
Red-brown Dense 2-50 mm deformed -

58f 2-100 mm, 15 cm,
Bright red Dense clast supported  deformed -

58e Dense- 2-100 mm,
Dark brown extreme clast supported 40 cm - Thick agglutinate bed

58d Yellow- 30 cm . .

’ 1 ed

brown Dense 2-80 mm deformed - Thin agglutinate b

58

¢ Occ. Px xtals and crustal

Yellow- Dense- frags Thin agglutinate bed
brown extreme 2-50 mm 20 cm -

58b Px. xtals <20 mm Crustal
Dark red- Dense- frags <30 mm Thin
brown extreme 2-30 mm 30 cm - agglutinate bed

58a 2-100 mm clast

Dense- supported Base:

Dark brown extreme 1-10 mm 30 cm - Contains a basanitic dike

Fig.2.29a: Stratigraphic column at Location 58 of Scoria cone 1
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Fig.2.29b: Stratigraphic column at Location 58 of Scoria Cone 1



Chapter Two Physical Volcanology

2.3 STRATIGRAPHY OF SCORIA CONE 2

2.3.1 STRATIGRAPHIC COLUMN AT LOCATION 59

Twelve pyroclastic units are identified and described, these are distinguished by;

colour, grain size, sorting, degree of welding and grading. The stratigraphic

column is summarised in Figure 2.31.

Unit 59/

This is the stratigraphically lowest unit in the exposed stratigraphic sequence of
scoria cone 2. It is a densely welded deposit of red brown coarse pyroclastic
fragments at least 3 m thick. It is a clast supported deposit of medium lapilli (1-4
cm). An 80 cm thick section near the top of the unit is extremely coalesced and

agglutinated into olivine rich basanite.

Unit 59k

This is a grey brown, densely welded, massive, bomb rich pyroclastic unit 7 m
thick. Rounded grey vesicular bombs up to 40 cm in size are common in a matrix
of fine-medium lapilli (2-20 mm). At least two discontinuous bright red units

similar to units 594, j occur within the rest of the unit.

Unit 595

This is a fine grained, bright red and densely welded unit 5 m thick. The matrix is
made of fine lapilli (2-10 mm), but the amount of welding makes it difficult to
distinguish individual grains. Rounded grey vesicular bombs up to 15 cm in size

are common.

Unit 59i
This 1.1m thick unit has an extremely welded olivine rich basanite core 40 cm
thick. Above and below the core the unit grades into streaky deformed clasts then

to a rubbly grey deposit.
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Unit 59h
This is a fine grained red-brown, partially welded pyroclastic unit 5 m thick. The
matrix consists of well sorted, angular fine lapilli (3-10 mm). Grey vesicular

bombs are scattered throughout the unit, some concentrated in bomb rich beds.

Unit 59g
This is a partially welded, coarsely bedded grey-brown unit 4 m thick. The ragged
spatter textured clasts making up the unit are typically lapilli size (5-60 mm),

although larger (up to 25 cm) vesicular grey bombs occur, some concentrated into

bomb rich horizons.

Unit 59f
This is a prominent 1.2 m thick, bright red partially to highly welded unit.

Vesicular grey bombs up to 10 cm are found in a matrix of fine-medium lapilli (2-
30 mm).

Unit 59¢

This unit is 12 m thick and composed of grey-brown pyroclastic debris. Vesicular
grey bombs up to 40 cm in size are found in a matrix of medium-coarse lapilli (5-
50 mm). Several bright red, 1-2 m thick, bands of densely welded spatter deposit

similar to unit 59d occur through the unit.

Unit 59d

This is a 2 m thick, bright red deposit. The unit is clast supported and is made of
fine lapilli to fine bomb sized ragged spatter fragments. The unit is coarsely
bedded with partially welded resistant layers alternating with non-partially welded

recessive layers.

Unit 59¢
This is a 6 m thick recessive unit of dark red brown, crudely bedded, partially

welded pyroclastics. It is a clast supported unit of medium lapilli-small bomb
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sized ragged spatter fragments. Larger grey brown flattened vesicular bombs (40 x
10 cm maximum) also occur.

Unit 595
This is a 5 m thick, grey brown, massive pyroclastic unit. The matrix is fine-

medium lapilli (2-20 mm) and contains rare bombs up to 20 c¢m in size and also

rare crustal fragments. In most parts the unit is partially-densely welded with a
rubbly or streaky deformed texture, but a layer 60-100 cm thick is extremely
welded to a dense lava with a gradational change to highly deformed, rubbly
textured, densely welded deposit above and below.
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Unit 59a

This is the uppermost unit in the sequence, it is a 13 m thick, grey brown,
pyroclastic unit with weak bedding. The unit is generally moderately welded, but
has an extremely welded olivine rich basanite layer 1-1.5 m thick near the top.
The matrix is coarse ash-medium lapilli (1-20 mm) and contains rare bombs up to

15 cm in size. Large (up to 1 m) blocks are rare in this unit.
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59a

59b

59¢

59d

5%

59f
59g

5%h

501 B

59

59k

591

Unit Max. Max.
bomb block
Colour Welding Matrix __ size size Comment
59a Grey- Thick (1.5 m)
brown Densely 1-20mm 15cm 100 cm agglutinate bed
59b Grey- Thick (1 m)
brown Densely 2-20mm 20 cm - agglutinate bed
59¢ Dark red- 3-100
brown Partial mm 40 cm - Recessive
59d Bedding defined by
resistant/recessive
Brightred  Non-densely 2-80mm 15cm - beds
59e Grey- Contains several thin
brown Densely 5-50mm 40 cm - bright red beds
59f Brightred  Densely 2-30mm_10cm -
59g Grey-
brown Partial 5-60mm _25cm - Occ. bomb rich beds
59h
Red-brown  Partial-dense  3-10 mm - Occ. bomb rich beds
59i Dense- Thin agglutinate bed
Grey extreme - (40 cm)
59j Brightred  Dense 2-10mm _15cm -
59k Grey- Contains several thin
brown Dense 2-20mm 40cm - bright red beds
591 Grey- 1040 Thick agglutinate
brown Dense mm - bed (80 cm)

Fig.2.31a: Scoria Cone 2 — Stratigraphic Column at Location 59.
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Fig.2.31b: Scoria Cone 2 — Stratigraphic Column at Location 59.
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CHAPTER THREE PETROLOGY
3.0 ROCK TYPE CLASSIFICATION

The Mount Morning rocks have been classified using the total alkali-silica diagram of
Le Bas er al, (1986) as a basanite-phonolite series (Fig.3.1). Basanitic compositions
are the most common in the field area. There is a relatively continuous compositional
range of basanites, from 42.6 to 49.1 SiO, wt%. Trachyte outcrops at only two
locations (95, 96) in the field area.

This basanite-phonolite trend is similar to other basanite-phonolite lineages such as;
¢ Dunedin Volcanics (Coombs and Wilkinson, 1969)
e Tristan da Cunha (Le Roex et al., 1990)
e Erebus Province volcanics. e.g. Mount Erebus, Mount Discovery, Hut Point

Peninsula, Brown Peninsula (Kyle, 1976; Kyle et al., 1979; Kyle, 1981)

Previous analyses from Riviera and Hurricane Ridges and Mason Spur (on the
southeastern flank of Mount Morning) by Muncy (1979) and Wright-Grassham
(1987), are summarised in Kyle (1990b) and shown as shaded fields in Figure 3.1. All
the data from this study plots within the range of previous analyses of the Quaternary

geology from Mount Morning.

The rocks have been separated into five petrographic groups on the basis of their
major and trace element chemistry. These groupings are consistent in most major and

trace element variation diagrams (e.g. Fig.3.1), and rare earth element plots.

The symbols used in Fig. 3.1 are consistent in all geochemistry plots
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© Primitive basanite
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Fig.3.1: Total-alkali silica classification for Mount Morning rocks. Shaded fields are
compositions of Quaternary Mount Morning and Mason Spur volcanic rocks from
Kyle (1990b). (Volatile free, all iron as FeO, field boundaries from Le Bas et al,
1986)

These five main petrographic groups observed are;
e Trachyte
e High Si basanite
¢ Evolved basanite
¢ Primitive basanite

e Low alkali basanite
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The trachyte composition lies within the shaded field representing the Quaternary

phonolites and trachytes analysed by Muncy (1979) and Wright-Grassham (1987). It
plots very close to the trachyte-trachyandesite field boundary.

The high silica basanite group forms a tight cluster in the high silica corner of the
basanite field with silica contents of 48.3-49.1 weight percent and total alkali values
of 7.2-7.7 weight percent.

The evolved basanite group has a large variation in both silica (44.7-47.9 wt%) and
total alkali (4.6-6.9 wt%) contents. One member of this group is strictly classified as

basalt and others plot very close to the basanite-trachybasalt boundary.

The primitive basanites form a tight group with little variation in silica (42.6-44.2
wt%) or total alkali (4.2-4.7 wt%) contents, although two samples form outliers to

this main cluster with total alkali contents of 5.0 and 5.9 weight percent.

The low alkali basanites are all very similar in composition, forming a tight group

with little variation in silica (44.7-45.0 wt%) or total alkali (3.7-3.8 wt%) content.
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Legend Fig.3.2: Geological map of field
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3.1 PETROGRAPHIC DESCRIPTIONS

3.1.1 TRACHYTE

Trachyte is found at two adjacent locations (Loc. 95 and 96) high on the ridge to the west
of the field area (Fig.3.2). In hand specimen this rock appears pale, crystal rich and
aphyric. In thin section the rock is seen to be fine grained (<0.5 mm) and dominated by
feldspar (~75 %) and pale green pyroxenes (~15 %), with minor (<6 %) olivine, apatite,
and opaque oxides (Fig.3.3).

polarised light.

Feldspar

The feldspars are oligoclase and anorthoclase, occurring as crystals 0.25-0.50 mm long.
Some areas of a typical thin section show an alignment of crystals in a trachytic texture

(Fig.3.3) while in others the crystals are arranged randomly. There are also some larger,

Mineral abundances were determined by point counts of several representative thin
sections from each petrographic group (Appendix 2.2) Mineral chemistry was analysed
by microprobe analysis of minerals from representative samples (Appendix 2.4).
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blockier feldspar phenocrysts up to 1.5 mm and subhedral to anhedral. Many of these

have resorbed, reaction rims characterised by inclusions of glass and opaque oxides, an

example is shown in Figure 3.4.

* LA - ’ - 2
= - Sighe A2V = E= 7Y

Fig.3.4: Large feldspar phenocryst in trachyte. (crossed polarised light)

Clinopyroxene
Pale green crystals of diopside and hedenbergite make up over 14 % of the rock. They are

up to 0.3 mm in size and anhedral or subhedral in shape. Some display a pale yellow to

pale green pleochroism.

Opaque oxides

Magnetite crystals make up 6 % of the rock. Individual crystals are up to 0.25 mm in size

and either subhedral and equant or anhedral with irregular edges.

Olivine

Olivine crystals which make up 6 % of the rock are subhedral or anhedral and mostly
equant and up to 1.5 mm in size. There is little alteration of olivine, only a thin orange
brown alteration product occurring around the rim and in fractures of some crystals.
Some of the larger crystals are heavily embayed with feldspar infilling fractures and

embayments.
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Pale brown, rare (<1 %), fluid inclusion rich, apatites are euhedral and needle-like or

prismatic and up to 0.2 mm in size.

3.1.2 BASANITE

Most of the basanite in the field area is similar in petrology. The basanites of the low
alkali, primitive and evolved basanite groups are typically strongly porphyritic,
containing large (up to 8 mm) phenocrysts of olivine and augite, with minor feldspar,
amphibole and opaque oxides in a groundmass dominated by opaque oxides, augite and
feldspar. Most basanites are poorly vesicular, although some samples have vesicularities
of up to 20 %. The high silica basanites are less porphyritic, dominated by feldspar and

often show a trachytic alignment of crystals.

3.1.2a HIGH SILICA BASANITE

High silica basanites were found at three locations in the field area (Loc. 86.A, 91, 124)
and as bombs in the large breccia outcrop at location 118 (Fig.3.2). Four samples were
examined and all are aphyric in hand specimen and either grey or rusty brown in colour

depending on the amount of oxidation.

Typical basanites are porphyritic and dominated by feldspar (~60 %), and also contain
large phenocrysts (up to 2.5 mm) of olivine and opaque oxides with minor pyroxene,

apatite and calcite in a groundmass of feldspar and opaque oxides.
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Vi n o I \55’& adik R SR ves e . =t .. R e W55, ‘ B2 -
Fig.3.5: Altered olivine (a) and pale green pyroxene (b) phenocrysts in high silica
basanite. (both in plane polarised light)

Feldspar

This makes up approximately 60 % of the rock and mostly occurs as subhedral crystals of
plagioclase, ranging from andesine to labradorite in composition, up to 0.5 mm in size
and showing either indistinct twinning or simple twinning. There are also rare larger

phenocrysts up to 2.5 mm in size. All of these are anhedral and extensively resorbed
(Fig.3.6).

- - i o W \ - o A

Fig.3.6: Large feldspar phenocrysts in high silica basanite. Note strong resorption of
phenocrysts and flow alignment of groundmass plagioclase. (both in crossed polarised

light)
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Qlivine
These pale yellow or colourless crystals are up to 1.5 mm in size and are both subhedral
and anhedral in shape. Many show alteration around their rims and along fractures or are
completely altered to blood red iddingsite. An altered olivine phenocryst is shown in

Figure 3.5a.

Opagque oxides
Magnetite crystals are common and make up 5-20 % of the rock. Individual crystals are

up to 0.75 mm and equant and subhedral in shape

Calcite
Calcite is identified by relief and high birefringence. It occurs in small patches and

infilling cracks to form veins, some continuous for over 10 mm.

Pyroxene
Pale green pyroxene (probably diopside) phenocrysts are rare (<1 %), subhedral, and up

to 0.75 mm in size (Fig.3.5b).

Apatite
Very pale brown, fluid inclusion rich, apatites are rare (<2 %), and up to 0.5 mm. They
are euhedral in shape, either needle-like or showing a hexagonal cross-section through the

crystal.

Groundmass
The groundmass consists of fine grained feldspar, augite and opaques. Samples 86.A and
91 have a well defined trachytic groundmass texture (e.g. Fig.3.6b), while sample 124

shows no alignment of crystals.
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3.1.3b EVOLVED BASANITE

Evolved basanite occurs as outcrops high on the westem ridge (89, 97, 98), and as dikes
(23, 122) and as lava flows (3, 4.B). They are strongly porphyritic with large (upto 8
mm) subhedral and anhedral phenocrysts of olivine, augite, altered amphibole, opaque
oxides and feldspar, in a feldspar dominated groundmass making up 35-40 % of the rock.

Rare peridotite and lower crustal micro-inclusions up to 3.5 mm in size are found in
evolved basanites from some localities (e.g. Loc. 4.B, 97). Peridotite inclusions are
granuloblastic textured with equant grains of olivine and pyroxene 0.3-1.2 mm in size
(Fig.3.7). Small (<1 mm) granulite and granite crustal inclusions are rare and made up of

equant, equigranular feldspar and pyroxene crystals 0.3 mm in size.

3 e Sifa e B B
2 A TSR FEEL T i 2o R e e UL N A

Fig.3.7: Peridotite micro-inclusion in evolved basanite in (a) plane polarized light and (b)

crossed polarised light.

Many crystals contain inclusions of other minerals. These can be used to interpret the
order of crystallisation. Apatite is found as inclusions in phenocrysts of olivine (Fig.3.9),
pyroxene, feldspar and altered amphibole (Fig.3.115). Feldspar occurs as inclusions in

pyroxene (Fig 3.10a) and opaque oxide inclusions are found in pyroxene and feldspar
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crystals. Therefore it is thought that olivine, pyroxene and amphibole were the first to
crystallise, followed by feldspar, and then opaque oxides and apatite.

Feldspar

Plagioclase is abundant (18-43 %) and found as subhedral to anhedral phenocrysts up to 6
mm in size. Feldspars are typically labradorite and bytownite, although some rare alkali
feldspar also occurs. Many plagioclase phenocrysts show extensive resorption rims (e.g.

Fig.3.8a) and sieve textures characterized by inclusions of opaques and glass, some with

further overgrowths around the original resorbed crystal.

Olivine
Large (up to 8 mm maximum), pale yellow or colourless olivine crystals are common (9-
21 %), and mostly subhedral, although some are euhedral and anhedral. Generally they

are relatively unaltered with only a fine rim of orange or brown alteration (Fig.3.9).
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Fig.3.9: Partially altered olivine phenocryst containing an apatite inclusion in evolved
basanite (plane polarised light).

E yroxene

Fig.3.10: Diopside phenocrysts in evolved basanite. (@) zoned and (b) with an included
feldspar crystal. (both in crossed polarised light).

These occur as large (up to 5 mm) pale purple brown and pale brown diopside
phenocrysts with abundances of 3-22 %. Some show a pale yellow brown to
pink/purplish brown pleochroism. Diopside occurs as euhedral, subhedral and rare
anhedral crystals, some with resorbed reaction rims defined by inclusions of opaque

oxides. Some crystals show zoning from a pale green core to purplish brown edges in
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plane polarized light and many more show light/dark oscillatory zoning in crossed
polarised light. A zoned diopside crystal is shown in Figure 3.10a. Yellow brown to pale

green pleochroic pyroxenes are very rare.

Amphibole

These only occur in some of the basanites of this group, being most abundant (6 %) in
samples from locations 89, 97 and 98. Amphiboles are completely pseudomorphed with
no remnant core of the original crystal left (Fig. 3.11). The pseudomorphs are up to 2.5
mm in maximum dimension and made up of opaque oxides, olivine, pyroxene, feldspar
and calcite with a dark opaque rich rim. Some contain inclusions of apatite (e.g. Fig.
3.115).
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Fig.3.11: Altered amphiboles in evolved basanite. Note apatite inclusions in (). (both in
plane polarised light)

Opagque oxides
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