THE UNIVERSITY

of ADELAIDE

The Stenian-Cambrian Tectonic Evolution of
Central Madagascar

Donnelly Brian Archibald

Department of Earth Sciences
School of Physical Sciences
The University of Adelaide

May 2016






Table of Contents

Abstract

List of figures

List of tables

List of supplementary appendices
Declaration

Journal Articles
Acknowledgements

Chapter 1 — Introduction and Geology of Madagascar
1.1 Introduction

1.2 Project outline

1.3 Project aims and hypotheses

1.4 Regional geology of Madagascar

1.5 Thesis outline

Chapter 2 — The Ambatolampy Group
Statement of Authorship
Abstract
2.1 Introduction
2.2 Regional geology of Madagascar
2.3 The Ambatolampy Group
2.3.1 Group description
2.3.2 Lithologies and stratigraphy
2.3.3 Previous work and interpretation
2.4 Analytical Methods
2.4.1 Zircon separation and imaging
2.4.2 Zircon U-Pb geochronology
2.4.3 Zircon oxygen isotope analysis
2.4.4 Zircon Lu-Hf analysis
2.5 Sample information and results
2.6 Discussion
2.6.1 Depositional age constraints of the Ambatolampy Group Protoliths
2.6.2 80 in the Ambatolampy Group
2.6.3 Relationship to metasedimentary units in central Madagascar
2.6.4 Provenance and potential source regions for the Ambatolampy Group
2.7 Summary and conclusions

Vi

Xi
Xii
xiii

Xiv

o NN DN

10
12

15
16
18
18
19
22
22
23
23
23
23
24
24
24
25
32
32
33
33
37
38



2.8 Acknowledgements

Chapter 3 — Zircon isotopic characteristics of the Imorona-Itsindro Suite

Statement of Authorship
Abstract
3.1 Introduction
3.2 Regional geology of Madagascar
3.3 The Imorona-Itsindro Suite
3.3.1 Suite description and contact relationships
3.3.2 Previous isotopic work
3.4 Analytical methods
3.5 Results
3.5.1 Sample description and U-Pb zircon results
3.5.1.1 lkalamavony Domain
3.5.1.2 Itremo Domain
3.5.1.3 Central Antananarivo Domain
3.5.1.4 Northern Antananarivo Domain
3.5.1.5 Eastern Antananarivo Domain
3.5.1.6 Masora Domain
3.5.2 Oxygen and hafnium isotope results
3.5.1.1 lkalamavony Domain
3.5.1.2 Itremo Domain
3.5.1.3 Central Antananarivo Domain
3.5.1.4 Northern Antananarivo Domain
3.5.1.5 Eastern Antananarivo Domain
3.5.1.6 Masora Domain
3.6 Discussion

3.6.1 Zircon U-Pb geochronological data for the Imorona-Itsindro Suite
3.6.2 Oxygen and hafnium isotopes in the Imorona-Itsindro Suite
3.6.3 Temporal and spatial distribution of the Imorona-Itsindro Suite

3.6.4 Tectonic implications
3.7 Summary and conclusions
3.8 Acknowledgements

Chapter 4 — Geochemistry of the Imorona-Itsindro Suite

Statement of Authorship
Abstract

39

41
42
44
44
45
49
49
50
51
54
54
54
55
55
58
59
64
64
64
64
65
65
66
67
68
68
69
72
74
77
78

79
80
81



4.1 Introduction

4.2 Regional geology of Madagascar

4.3 Analytical methods

4.4 Results
4.4.1 Field descriptions and contact relationships
4.4.2 Petrography and mineral chemistry
4.4.3 Whole-rock geochemistry

4.5 Discussion
4.5.1 Petrogenesis of the Imorona-Itsindro Suite
4.5.2 Tectonic implications

4.5.3 Implications for the tectonic development of central Madagascar

4.6 Summary and conclusions
4.7 Acknowledgements

Chapter 5 — Geochemistry of the Ambalavao-Maevarano Suite

Statement of Authorship
Abstract
5.1 Introduction
5.2 Regional geological context
5.3 Geology of Madagascar
5.3.1 Lithotectonic domains and unit descriptions
5.3.2 Structural and metamorphic context
5.4 Field relationships and previous work
5.4.1 Ambalavao Suite
5.4.2 Maevarano Suite
5.5 Analytical methods
5.6 Results
5.6.1 Sample descriptions and U-Pb geochronology
5.6.1.1 Ambalavao Suite in the Antananarivo Domain
5.6.1.2 Ambalavao Suite in the Itremo Domain
5.6.1.3 Ambalavao Suite in the lkalamavony Domain
5.6.1.4 Maevarano Suite in the Antananarivo Domain
5.6.2 Oxygen isotopes
5.6.2.1 Ambalavao Suite
5.6.2.2 Maevarano Suite
5.6.3 Hafnium isotopes

5.6.3.1 Ambalavao Suite
iii

81
83
85
86
86
86
95
106
106
112
115
117
118

119
120
121
121
123
123
123
127
128
128
129
130
131
131
131
133
134
135
135
135
135
137
137



5.6.3.2 Maevarano Suite 139

5.6.4 Whole-rock geochemistry 140
5.6.4.1 Ambalavao Suite 140
5.6.4.2 Maevarano Suite 140

5.7 Discussion 142

5.7.1 Age of the Ambalavao and Maevarano Suites 142

5.7.2 Oxygen and hafnium isotopes 145

5.7.3 Genesis of the Ambalavao and Maevarano Suites 147

5.8 Summary and conclusions 150
5.9 Acknowledgements 151
Chapter 6 — The Dabolava Suite 153
Statement of Authorship 154
Abstract 155
6.1 Introduction 155
6.2 Regional geology of Madagascar and Neoproterozoic tectonic development 158
6.3 The Dabolava Suite 161
6.4 Analytical methods 161
6.5 Results 162

6.5.1 Petrography 162

6.5.2 U-Pb geochronology 163

6.5.3 Oxygen and hafnium isotopes 167

6.5.4 Whole-rock geochemistry 168

6.6 Discussion 169

6.6.1 U-Pb age and zircon isotopes 169

6.6.2 Petrogenesis of the Dabolava Suite 175

6.6.3 Implications for Neoproterozoic tectonics in Madagascar 176

6.6.4 Implications for the amalgamation of Rodinia 180

6.7 Summary and conclusions 181
6.8 Acknowledgements 182
Chapter 7 — Summary and conclusions 183
7.1 The Proterozoic tectonic evolution of central Madagascar 184
Chapter 8 - References 189



Abstract

Madagascar occupies an important location in many Proterozoic plate reconstructions. It lies
within the East African Orogen, which involves a collage of Proterozoic microcontinents and
arc terranes wedged between older cratonic units during Gondwana assembly. Oceanic crust
IS an important component of palaeogeographic reconstructions that is often overlooked
because exposures of in situ oceanic crust older than ~200 Myr do not exist. Therefore,
studies of ancient oceanic crust require proxies such as analysing the products of magmatic
arcs. The Malagasy basement preserves five magmatic suites emplaced consecutively from
~1100-500 Ma. During this time, the Rodinia supercontinent amalgamated then dispersed and
the Gondwana supercontinent formed. This whole-rock geochemical and zircon isotopic study
attempts to unravel the Proterozoic tectonic history of central Madagascar using the tectonic
setting and duration of various Stenian to Cambrian magmatic episodes. These magmatic
suites are the ~1080-980 Ma (Dabolava Suite), ~850-750 Ma (Imorona-Itsindro Suite) and
~650-520 Ma (Kiangara, Ambalavao and Maevarano Suites). Gabbroic and granitoid rocks
of the Dabolava Suite combined with the coeval Ikalamavony Group represent a magmatic arc
and volcano-sedimentary sequence deposited in an oceanic-arc environment based on isotopic
and geochemical characteristics. The Imorona-Itsindro Suite represents contemporaneous
emplacement of various lithologies from gabbro to granitoids and syenite. Oxygen and
hafnium isotope data have a broad inverse relationship with apparent magmatic cycles
occurring on the scale of ~15-40 Ma that emphasize periods of significant supracrustal
assimilation evolving to “mantle-like” (or below) signatures. The spatial distribution of
isotopic data indicates that the isotopic character of Tonian-aged zircon replicates the
basement domain into which the magmas intruded. Samples intruding the lkalamavony
Domain exhibit a less evolved eps(t) isotopic signature than Tonian-aged rocks intruding the
domains to the east, implying melting of different source material. The zircon isotopic dataset
emphasises the age range and composition of the Tonian lithosphere beneath central
Madagascar. Geochemically, mid-Tonian rocks are calc-alkaline with trace-element
characteristics consistent with a continental arc genesis. Radiogenic isotope data show
evolved Sr and Nd signatures. Changes in subduction zone dynamics, crustal anatexis and
crustal assimilation of the diverse basement domains into ascending magmas contributed to
geochemical variations. Prolonged subduction (>100 Myr) provided sufficient time for the arc
to mature and a shallow (<100km), metasomatised spinel lherzolite mantle source is
preferred. The isotopic and geochemical characteristics of the Imorona-Itsindro Suite argue
for a collective genesis in a supra-subduction zone tectonic setting with the Neoproterozoic
suture located west of the lkalamavony Domain. The Ediacaran to Cambrian Kiangara,
Ambalavao and Maevarano Suites are post-collisional, mainly granitoid suites emplaced
during the final assembly of Gondwana. Magmas incorporated crustal material and isotopic
signatures reflect the basement unit in which samples intrude and these rocks are related
spatially and temporally with major late-Neoproterozoic deformation episodes. Collectively,
these data identify a previously unrecognised and long-lived (~500 Ma) active continental
margin correlative to the present-day Pacific Ocean margin. Understanding this large dataset
is critical for understanding Madagascar’s tectonic evolution during the Stenian to Cambrian.
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