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15 Minutes From Manhattan Theres A Place
Where Even The Cops Fear To Tread.

B The Cops Last Stand.
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Magma Ocean Evolution

plagiociase foaty

sink

Result of hot accretion
Light minerals floated
Dense minerals sank
Whole mantle / partial mantle convection —
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Proc. Lunar Sci. Conf. 6th (1975), p. 221-230.
Printed in the United States of America

Petrologic evidence for a plutonic igneous origin of
anorthositic norite clasts in 67955 and 77017

LEwIis D. ASHWAL

Department of Geological and Geophysical Sciences, Princeton University,
Princeton, N.J. 08540

Abstract—Clasts of anorthositic norite in 67955 and 77017, and several other samples, are suggested
to represent material which crystallized from a silicate magma in a plutonic environment. Although no
statement can be made regarding the ultimate origin of the parent melt, its composition was relatively
felsic, starting within the primary field of crystallization of either plagioclase or spinel. The sequence
of crystallization was: plagioclase (andfor spinel)—olivine—low-Ca pyroxene—high-Ca pyroxene.

DUCTION

the conclusion that large-scale melting
rustal development. However, among the
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Reprinted from Nature, Vol. 306, No. 5944, pp. 679-680, 15 December 1983
© Macmillan Journals Lid., 1984

Esotopic evidence from the eastern
Canadian shield for geochemical
discontinuity in the Proterozoic mantle

L. D. Ashwal* & J. L. Wooden™

Lunar and Planetary Institute, 3303 NASA Road 1, Houston,
Texas TTO58, USA

Most workers agree that Proterozoic anorthosite massifs rep-
resent the crystaflization products of mantle-derived magmas'~,
although the composition of the parental melts is a major
unsolved petrological problem3. As mantle-derived rocks, the
massifs can be used as geochemical probes of their late Precam-
brian upper mantle sources. We report here Nd and Sr isotopic
compositions of anorthosites and related rocks from the Gren-
ville and Nain Provinces of the eastern Canadian shield. Here
75% of the Earth’s known anorthosite is found in a 1,600-km
belt from the Adirendack Mountains of northern New York
State to the eastern coast of Labrador® (Fig. 1). The resulis
indicate that the massifs were derived from at least two distinet
mantle source regions which were established before 1,650 Myr
ago, and were episodically imvolved in magmatista over
~3500 Myr. One reservoir, below the Grenville Province, and
probably below much of the eastern Superior Province, was
isotopically similar to the depleted, modern-day mid-ocean
ridge basalt (MORB) source. The other reservoir was chondritic
to moderately enriched, and is most easily identified in the Nain
Province, but may have occcurred scattered thronghout the
Superior Province.

The anorthosites were emplaced into presumed Archaean
quartzofeldspathic gneisses, although in large areas of the Gren-
ville Province, both massifs and basement rocks were reworked
during late Proterozoic (about 1,000 Myr) Grenvillian meta-
morphism®. The Adirondack anorthosite may have crystallized
as much as 300 Myr befere high-pressure granulite facies meta-
morphism®. The other anorthosite massifs that we analysed are
unmetamorphosed and include the large (7,000-8,000 km?)
composite massifs at Harp Lake® and Mealy Mountains,
Labrador’, and a smaller complex (300 km?) at St Urbain,
Quebec® (Fig. 1). Isotopic data have been published for three
mafic intrusions in Labrador: the Kiglapait layered intrusion® !
and the Flowers River gabbro'?, both associated with the Nain
anorthosite complex, and the Shabogamo gabbro, which
intrudes supracrustal rocks of the Labrador Trou%h on both
sides of, but within 25 km of the Grenville Front'*1* (Fig. 1).

Sr and Nd isotopic data for these anorthositic and mafic
intrusions are given in Tabie 1. The massifs can be divided into
two types based on location and Nd isotopic signature (Fig. 2).
This division is possible despite uncertainties of up to 200 Myr
in age and five epsilon units in initial Nd isotopic ratio (eng as
defined in ref. 15}, caused by the effects of metamorphism and
crustal contamination’, South-east of a line roughly parallel to
the Grenville Front {Fig. 1) anorthosites have positive ey,
values, implying sources with long-term depletion in light rare
carth elements (LREE). To the north-west, anorthosites and
mafic intrusions in Labrador have negative eny values that
suggest derivation from LREE-enriched sources Wlth the
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Fig. 1 Geological map of eastern North America showing loca-
tions of major Proterozoic anorthosite massifs and mafic intrusions.
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Diepleting mantle

1,600 21000 SN
Age (Myr)

Fig. 2 Plot of ape versus sy, for Proterozoic anorthositic and
mafic intrusions from the eastern Canadian shield. Massifs derived
from sources with a depleted signature plot above the chondritic
evolution line (CHUR), and include St Urbain (SU), Adirondacks
(A) and Mealy Mountains {MM)}. Intrusions plotting below the
CHUR line including Kiglapait (K1), Shabogamo (SH), Flowers
River (FR) and Harp Lake (HL) may have been derived from
enriched reservoirs. Data for some massifs are shown as polygons
because of age uncertainties and contamination effects. Curve
representing evolution of depleting mantle is from ref. 135; field
showing evolution of 2,700-Myr silicic crust is from unpublished
data of J.L.W. Ranges of £y, for modern-day MORB?" and Aus-
tralian kimberlites (KIMB)'® are also shown.

It must be considered plausible that the Labrador massifs
north-west of the Grenville Front do not reflect the isotopic
compositions of their mantle sources, but instead were affected
by a ‘crustal’ contaminant enriched in 87Sr/%5Sr and depleted
in "*Nd/***Nd. 1t has been suggested, for example, that at least
20% assimilation of a granitic component by a mantle-derived
mafic melt would be required to lower the £, of the Shabogamo
gabbro from 0 to —5.3 (ref. 13). Much larger volumes of
contaminant would be required if the primary melts were
or:gmaily denvcd from a deplcted source (F1g 2) It is not clear
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Meteorites from Mars?

Physics

Advice to young scientists:

-Move off the corners of the tetrahedron

-Make measurements where no one

Geology
has made them before

-Don’t forget the scientific method

-- Observation
--Hypothesis

--Test hypothesis
--Refine hypothesis
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ALHA 84001 (Antarctica)- Lunar meteorite




{ ASTROGEOLOGY.
A biost on the Red Planet may

hove lounchad some rockson o
180 million-yeor tip to Earth

METEORITES
FROM MARS?

Oy MARCIA BARTUSIAK
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Lunar and Planetary Institute, Houston




Workshops: Early Crustal Genesis

1981- Early Crustal Genesis: Implications from Earth (Houston)
1985- The Earth as a Planet (Houston)

1985- Early Earth: Accretion to Older Archean (Houston)

1986- Tectonic Evolution of Greenstone Belts (Houston)

1988- Growth of Continental Crust (Oxford University)

1989- Archean Mantle (Houston)

Field Workshops

1982- Magmatic Processes of Early Planetary Crusts
(Beartooth Mountains, Montana)

1983- A Cross Section of Archean Crust
(Kapuskasing, Ontario)

1986- World’s Oldest Rocks
(West Greenland)

1988- Deep Continental Crust of South India
(Hyderabad & Southern India)






Mike Colucci




LTI TIPS ;
--"'L.U"%"'ugl-!.f BLbb g i e,
' T —

|-45 Dallas = Houston




!

O .l '.;b.a-!— e, gl o ) ‘A-’h

Grateful Dead, Manor Downs, Texas, 1982
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Earth and Planetary Science Letters, 96 (1989) 8-14
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

(6]

African lithospheric structure, volcanism, and topography

In Africa volumetrically minor,
Pan-African (500 + 150 Ma) crustal

Lewis D. Ashwal and Kevin Burke
Lunar and Planetary Institute, 3303 NASA Road One, Houston, TX 77058 (U1.§8.A.)

Received M| 1989

centrated in areas affected by
nic areas. We interpret this as

indicating that Pan-African areas ard? atons by depleted lithospheric

lithosphere: (1) Cratons were formed
depleted, sub-oceanic-type mantle h

e two kinds of African manile
r this reason are underlain by
nere has been delaminated from

beneath areas thickened during Tibefl” & vominanty Pan-Africang frican times) and replaced by

reactivated terrane

fertile material which now forms the 1§ ©iran-african ted crust. (3) When the African

arc-accreted terrane

plate came to rest with respect to sull @mcenozoic voicanism ut 30 Ma, heating from below

extracted magmas from the fertile bu

Post-Pan-African orogenies

E]Cratons b a result of interaction with an

underlying convective pattern for the 1 NW African v both Neogene elevations and

volcanism but cratonic areas display ¢

Introduction

2 Congo

i 3 Kalahari

1000

® the whole continent showing



Maarten de Wit (2003) Chris Roering (1995)
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6 Types of Anorthosite
1. Archean megacrystic

2. Proterozoic massif

3. Stratiform (layered intrusion)

4. Oceanic
mid-ocean ridge
ophiolite

5. Inclusions
cognate
xenolithic

- 6. Extraterrestrial
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Ankafotia anorthosite, SW Madagascar, 1992
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Madagascar, Generalized Geology

Mafic Gneiss and Schist Belts

B Proterozoic
I Archaean
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I Terfiary & Quatemary Volcdnics
[ Palaeozoic to Recent Sediments
Bl Neoproterozoic Granitoids (800-500 Ma)

] Proterozoic Shelf Sediments (QSC Series)
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B \ohibory Sequence
B Graphite Sequence
B Androyan Sequence
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Magnetic susceptibility:
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Bellevue borehole, Northern Limb, Bushveld Complex
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