New insights into influences on rift magmatism
from research in the East Africa Rift System and
Eastern North American Margin
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atterns of magmatism in the GeoPRISMS Rift Initiation and Evolution (RIE) primary sites (the East Africa Rift System - EARS,
and the Eastern North American Margin - ENAM) can be used to advance our understanding of controls on rift magmatism and

its relationship to extension. Multidisciplinary studies from these and other rifts have illuminated complex temporal and spatial
relationships between magmatism and extension that deviate from the classic decompression melting model. A common theme of recent
results in both of these rift systems is that the chemical and mechanical evolution of the continental lithosphere before, during and after

rifting may account for some of this complexity.

Introduction

The canonical model of rift magmatism involves decompression
melting in response to lithospheric thinning. This model makes
predictions for the timing, composition and volume of magmatism,
but the observed spatial and temporal patterns of magmatism
diverge from the predictions of the decompression melting model
hypothesis. Recent studies in GeoPRISMS and MARGINS focus
sites have facilitated the development of new constraints on some
of these potential controlling influences on rift magmatism. Here
we briefly review some examples from recent results that show how
the depletion or enrichment of the mantle lithosphere and variations
in lithospheric thickness, preceding, during, or after rifting, may
account for the complex relationship between magmatism and
extension.

Temporal evolution of magmatism and extension

Observations of magmatism from rifts worldwide demonstrate
highly varied temporal relationships between deformation and
magmatism, with implications for interplay between the two. Despite
the clear utility in linking magmatic events with extensional episodes,
challenges remain in comparing the magmatic and structural records
preserved within rifts.

Figure 1. Generalized location diagram for the East African

Rift after Rooney (2020d). The figure shows the extent of

Neoproterozoic rocks (pink) and Mesoproterozoic and older rocks
(vellow). The Tanzania craton is outlined in a white overlay (Foley
et al., 2012). Mesozoic rifting (northwest/southeast) and Cenozoic
rifting (north/south) is outlined by stippled patterns (Purcell 2018).
Eastern Branch regions are shown in yellow; Western Branch
locations are shown in black. NTD - Northern Tanzania Divergence.
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The relationship between magmatism and extension in East Africa
is not immediately apparent when considering the history of basin
development and the timing of eruption of significant volumes of
igneous rocks. Extensional activity during the Mesozoic resulted in
the formation of interconnected rifts (Fig. 1), but the region lacked any
associated wide-scale igneous events (e.g., Purcell, 2018). Deposition
of Cretaceous sandstones persisted in these rift basins until the onset
of magmatic activity during the Cenozoic (e.g., Tiercelin et al., 2012).
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The earliest manifestations of the Cenozoic Large Igneous Province =~ magmatism and faulting (e.g., Mohr 1967) are evidence for the
occurred during the Eocene (~45 Ma; Davidson & Rex, 1980; Ebinger  migration of strain away from rift border faults towards rift-central
et al,, 1993; George et al., 1998), resulting in the eruption of flood  zones of faulting and magmatic intrusion (Hayward & Ebinger
basalts in southern Ethiopia and northern Kenya (George & Rogers  1996; Ebinger & Casey 2001). Modern magmatism within the
2002). Evidence of contemporaneous extension is ambiguous and  less developed sectors of the EARS is broadly centered on discrete
best expressed in the Turkana Depression of northern Kenya (e.g.,  volcanic centers erupting relatively alkaline compositions (e.g.,
Purcell, 2018). Flood basalt magmatism continued through the Mana et al., 2015; Barette et al., 2017). However, even in the less
Oligocene, expanding into northern Ethiopia and Yemen (e.g., mature southern part of the Eastern Rift, strain migration also

Baker et al., 1996; Plk et a].., 1999; Purman et a].., 2016). FlOOd basalt appears Connected to magmatism and magmatic ﬂulds (Muirhead
magmatism eventually transitioned to more silicic activity along et al,, 2016).

the nascent rift (Ukstins et al., 2002), with some basaltic volcanism

persisting in central Ethiopia (Nelson et al., 2019). In aggregate, the existing evidence on the timing of magmatic events

in East Africa shows that extension and magmatism have become

Beginning ca. 26.9 Ma, a new dominantly basaltic phase of tightly linked. The pulsed nature of these magmatic and extensional

magmatism was recognized throughout the northern EARS (Rooney  eyents is an important addition to our understanding of what may

2017). These flows typically overlie paleosols, suggesting that this typically be considered a continuous process (Rooney 2020a). The

event followed a period of relative quiescence. The origin of this incorporation of such temporal variability into the next generation of
event is unclear - rifting continued along the Afar rift and in Turkana
(Purcell 2018), but there is no widespread surface manifestation
of rifting. During this time period, lithosphere-derived alkaline
volcanism also began as far south as Kivu-Virunga and Rungwe - the
first manifestations of volcanism in the Western Branch of the EARS  ENAM exhibits a similarly complex apparent relationship between
(Roberts etal, 2012; Rooney etal., 2014b; Pouclet et al., 2016). This the timing of magmatic and extensional phases (Figs 2, 3), Wide-
phase of magmatism continued to ~16 Ma, extending magmatic  spread extension leading to the formation of the rift basins along
activity into the nascent Kenya Rift (Rooney, 2020a). There then ENAM and conjugate margins began at ~235 Ma based on the ages
followed a largely silicic volcanic event dominated by the eruption  f synrift sediments in rift basins (e.g., Withjack et al., 2012 and
of flood phonolites in the southern EARS, while less alkaline activity  references therein). The timing and duration of extension varies

is evident farther north (Smith 1994, Rooney 2020a, b). This silicic  3]ong strike. In the northern ENAM, extension continued to younger
magmatic event exhibits linkage between the spatial distribution of

rifting models provides potentially new insights into the mechanisms
underpinning rift evolution.

EAsTERN NORTH AMERICAN MARGIN

ages (~200-195 Ma) in comparison to the south, where extension
magmatism and faulting (Ebinger et al., 2000). may have largely ceased by 215-205 Ma (Withjack et al., 2012)
Beginning ~12 Ma, the Mid Miocene Resurgence Phase isa period of ~ (Fig. 3). The earliest stages of extension appear largely amagmatic
dominantly basaltic activity recorded throughout the EARS (Rooney - there is an absence of contemporaneous sills and lavas within the
2020a), which is associated with a pronounced period of extension  rift basins, though synrift magmas may have intruded the crust at
in Afar and Turkana (e.g., MacGregor 2015) and more widespread depth during extension (Marzen et al., 2020).

volcanism in the Western Branch. This phase was followed

by silicic volcanism in the now developing rifts of the Eastern

Branch (Early Rift Development Phase: Rooney 2020a,b), and . 8‘5 ‘ 89 ‘
cycles of volcanism in the Western Branch (e.g., Fontijin et al., 45 - :

2012; Mesko, 2020). The pulsed nature of this magmatism and
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basaltic event in the Eastern Branch beginning ~4 Ma (The 1
Stratoid Phase: Rooney 2020a,b,c) that is also linked with a 40"
period of extension within the Turkana Depression and in Afar.
In the more developed sectors, zones of focused basaltic |
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Figure 2. Eastern North American Margin. Rift i
basins (blue) and Paleozoic structures (purple) 1
after Withjack et al (2012). Sills and dikes from 1
Ragland et al (1983) and McHone (2000).  30°—
Magnetic anomalies from Miiller et al (1997). 1
The East Coast Magnetic Anomaly is plotted 1
from EMAG2, with darker colors indicating larger 1
magnetic anomalies. Inset shows the estimated
aerial extent of CAMP over a reconstruction of
Pangea after Marzoli et al (2018)
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At ~201 Ma and lasting < 1 million years, the Central Atlantic
Magmatic Province (CAMP) formed over a 10 million km? region,
including the ENAM (e.g., Hames et al, 2000; Blackburn et al 2013;
Marzoli et al., 2018; Fig. 2). The timing of extension of onshore basins
varies along the margin, leading to varied temporal relationships
between extension and CAMP magmatism. CAMP magmatism
may have occurred in the northern regions of ENAM before the
southern regions (Blackburn et al., 2013). In rift basins in the
northern ENAM, CAMP dikes are parallel to rift basins, and were
thus likely emplaced during rift development (Olsen, 1997; Schlische
et al,, 2003). In contrast, the extension necessary to form basins in
the southern ENAM appears to have preceded CAMP (e.g., Schlische
et al.,, 2003) as the orientation and distribution of sills and dikes at
the surface bear little relationship to rift basins here (McHone, 2000;
Schlische et al, 2003). However, recent studies imply there may be
a correlation between some rift basins and magmatic intrusions at
depth (Marzen et al, 2020).

Continued extension culminated in the rupture of Pangea and was
accompanied by significant magmatism on the ENAM rifted margin
based on seismic imaging of seaward dipping reflectors - SDRs
(e.g., Austin et al.,1990; Oh et al.,, 1991; Bécel et al, 2020), elevated
lower crustal seismic velocities interpreted to represent mafic
intrusions and/or underplating (LASE Study Group, 1986; Trehu
et al., 1989; Holbrook & Kelemen, 1993, Shuck et al., 2019), and the
prominent East Coast Magnetic Anomaly (e.g., Alsop & Talwani,
1984). However, the timing of extension and magmatism are poorly
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known due to a lack of deep drilling and uncertainties associated
with the interpretation of magnetic and seismic data (e.g., Oh et al.,
1991, 1995; Labails et al., 2010; Heffner et al, 2013; Greene et al.,
2017). The correlation of a dated sill onshore with offshore seismic
reflection data was interpreted to indicate that offshore magmatism
was considerably younger than CAMP (Lansphere, 1983; Oh et al.,
1991), though both the age of the sill and the correlation have been
questioned by recent work (Olsen et al., 2003; Hames et al., 2010;
Heflner et al., 2013). Recent modeling of the magnetic signature
of SDRs implies they were emplaced over at least 6 million years
and possibly up to 31 million years (Davis et al, 2018), in contrast
to the rapid apparent emplacement of CAMP onshore (Blackburn
etal., 2013).

Voluminous magmatism during crustal thinning on the US margin
was followed by the emplacement of a ~150-km-wide zone of thin
and highly faulted crust with anomalously high seismic velocities
(Shuck et al., 2019; Bécel et al, 2020). This zone could have either
been emplaced by asymmetric seafloor spreading or by an unstable
early ridge system that later jumped east (Labails et al., 2010; Kneller
etal, 2011; Greene et al, 2017). At the Blake Spur Magnetic Anomaly,
an abrupt thickening of crust and reduction in faulting is observed
(Shuck et al., 2019; Bécel et al., 2020), implying a relatively rapid
transition to much more magmatically robust spreading. Farther
north, the Canadian part of the ENAM experienced a very different
history of magmatism. Offshore Nova Scotia, geophysical data
suggest a rapid transition from magma-rich to magma-poor rifting



(Lau et al, 2019), and the Canadian margins farther north are type
examples of magma-poor rifting followed by the emplacement of
highly faulted slow spreading oceanic crust (e.g., Hopper et al., 2004;
Tucholke et al., 2004; Van Avendonk et al, 2006; Shillington et al.,
2006, Lau et al., 2006).

Intriguingly, spatially limited magmatism persisted on the US
Margin long after rifting, with volcanics as young as ~47 Ma observed
in Virginia (Furman and Gittings 2003; Mazza et al., 2017). Both
Virginia and New England are underlain by low-velocity anomalies
(Wagner et al, 2016; Schmandt & Lin, 2014; Porter et al, 2016; Biryol
etal,, 2016), implying warmer mantle compared with that expected
for a ~200 Ma old passive margin. In conclusion, the evolution of the
Eastern North American Margin includes apparently magma-poor
early extension, the rapid emplacement of a large igneous province,
possibly prolonged magmatic rifting leading to rupture, followed by
slow, magma-starved early seafloor spreading and then magma-rich
spreading. Spatially limited postrift magmatism continued for over
~120 million years after the onset of seafloor spreading.

Influence of pre-existing lithospheric composition

The continental lithospheric mantle is dominantly composed of
peridotite but is compositionally more complex and may play a more
important role in the initiation and development of a continental
rift than initially understood. There is a growing awareness that
the continental lithospheric mantle records interaction with
sub-lithospheric reservoirs over the life of the plate. Depletion of the
lithospheric mantle is commonly associated with its initial formation,
and results from melt extraction. However, the interaction between
the continental lithospheric mantle and fluids/melts that percolate
from sub-lithospheric reservoirs have the potential to: (A) enrich the
continental lithospheric mantle in incompatible elements including
volatiles; (B) create heterogenous lithologic domains; and (C)
generate unusual isotopic signatures. Resulting variations in mantle
lithosphere composition may control the location and composition
of magmatism, and the rheology of the plate and its response to
extension. Probing the continental lithospheric mantle is commonly
achieved through the study of mantle xenoliths carried within
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alkaline eruptions, but the volume of material sampled by such
events is extremely limited. Alternatively, continental rifts provide
another avenue by which the continental lithospheric mantle can be
studied through destabilization and incorporation into rift magmas.

East AFRICAN RIFT SYSTEM

Within the EARS, the type of lithosphere through which a magma
erupts is the single most important control on compositional
heterogeneity within the rift (Rooney 2020d), supporting the
strong linkage between the existing composition of the continental
lithospheric mantle and erupted magmatic products. Prior studies
have shown that lavas erupted in the southern EARS record a
composition requiring interaction with a relatively thick continental
lithospheric mantle that had an extensive history of enrichment and
overprint (e.g., Furman & Graham 1999; Rogers et al., 1992; 1998).
Magmas erupting through the younger lithosphere located in the
northern EARS exhibit evidence of contributions from a continental
lithospheric mantle that was enriched during the Pan-African
subduction/orogenic events and during recent plume interaction
(Rooney et al., 2014b; 2017; Nelson et al., 2019). Enriched domains
within the lithospheric mantle — termed ‘metasomes’ — are considered
the source of highly alkaline eruptions in the Western Branch of the
EARS (Roberts et al., 2012), and in the northern EARS during the
early Miocene (Rooney et al., 2014b; 2017; Nelson et al., 2019). These
enriched domains of the lithospheric mantle have diverse origins
that are formed through the interaction of sub-lithospheric melts/
fluids with the continental lithospheric mantle and contain phases
that will readily melt upon minor thermo-baric perturbation of the
continental lithosphere. These enrichment events, while important
in generating signatures of prior instances of mass exchange between
lithospheric and sub-lithospheric geochemical reservoirs, have
potentially profound implications for the terrestrial mass distribution
of important geochemical species such as CO,. Rifting of a continent
may liberate vast quantities of such species with attendant impacts
on atmospheric CO, levels (Lee et al., 2016; Brune et al., 2017).

Figure 4. Cartoon representing generalized melt
generation processes within the Eastern Branch of
the East African Rift System (after Rooney 2020d).

The existing Pan-African aged lithosphere has

been enriched by chromatographic metasomatism

as fluids/melts passed through the lithospheric
mantle. The asthenosphere in this area has been
hybridized and homogenized by interaction with
lithospheric materials. Melts from this hybridized
asthenosphere interact with the Afar plume and melt
by decompression forming the majority of lavas within
the rift. Other magmatic events may be the result of
the thermo-baric destabilization of amphibole-bearing
metasomes within the lithospheric mantle or from
delamination of the lithosphere.
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Prior to the Mesozoic phase of extension, ENAM experienced
multiple cycles of collision and extension (e.g., Hatcher et al, 2010)
that exerted a strong control on many aspects of magmatism and
extension (e.g., Puffer, 2003; Thomas, 2006; Withjack et al., 2012;
Benoit et al., 2014; Whalen et al, 2015; Marzen et al., 2019). Despite
the continued debate on the origin of CAMP, an emerging point of
agreement is that the source of CAMP magmas was enriched with
subduction components from prior collisional events (e.g., Puffer,
2003; Whalen et al, 2015). Subduction influences may have included
sediments and sediment melts, pyroxenitic source arising from
the reaction of peridotite with silicious material from subducting
sediments or crust, metasomatism from subduction derived fluids,
or some combination thereof (e.g., Puffer, 2003; Callegro et al, 2013;
Whalen et al., 2015; Elkins et al., 2020). The mantle source appears
to vary considerably across CAMP, including along the ENAM,
suggesting local variations in subducted materials and modification
of the mantle lithosphere (Whalen et al., 2015; Elkins et al., 2020).
A more significant subduction component is observed in the north
than the south, possibly due to the different prior accretionary
histories (Whalen et al., 2015).

CAMP was associated with major environmental change and a mass
extinction event at the Permian-Triassic Boundary (Blackburn et al.,
2013) - increased CO, was an important component of this event
(e.g., McElwain et al., 1999). Some of this CO, likely originated from
degassing of intruded sediments (Heimdal et al., 2018). However,
geochemical analysis of melt inclusions in CAMP lavas demonstrates
that at least some of the CO, released in this event must originate
in the middle/lower crust or mantle (Capriolo et al., 2020), which
may have been sourced in the subducted components in the mantle
source of CAMP. Degassing from intrusive components may have
also occurred before their extrusive counterparts (e.g., Davies et
al, 2017).

In both ENAM and the EARS, evolving lithospheric thickness
and magmatism are broadly linked. The surface expression of
magmatism is strongly modified by pre-existing and synrift changes
inlithospheric thickness (e.g., Ebinger & Sleep, 1998; Burov & Gerya,
2014; Koptev et al.,, 2015). Magmatism can also infiltrate and erode
the mantle lithosphere (e.g., Holtzman & Kendall, 2010; Havlin et
al,, 2013). Feedbacks between focusing of magmatism in regions
of thinned lithosphere and thermochemical erosion can result in
dramatic variations in the thickness and/or velocity structure of
the mantle lithosphere (e.g., Bastow et al., 2010; Tiberi et al, 2019)
and may exert a strong control on the spatiotemporal evolution of
magmatism.

EasT ArFricAaN RIFT SYSTEM

The lithosphere within which the EARS formed exhibits significant
diversity of lithospheric structure. The thick Tanzania craton and
surrounding Proterozoic mobile belts dominate the southern portion
of the Eastern Branch and most of the Western Branch of the EARS;
the thinner Pan-African Mobile Belt lithosphere is most pronounced

farther north (e.g., Fishwick, 2010). The resulting variations in
lithospheric composition and thickness control compositional
variations in the magmatic products erupted within the EARS, as
we have described earlier, and influence the localization of extension
and magmatism (e.g., Corti et al, 2007). For example, recent work
in the Tanzanian divergence and northern Malawi Rift shows that
lithospheric modification is localized at the boundaries between
pre-existing lithospheric terranes (Tiberi et al., 2019; Hopper
et al., 2020). Superimposed upon this lithospheric arrangement
are Mesozoic rifts that have also impacted the development of
magmatism in the Cenozoic EARS (Purcell, 2018). Lithospheric
attenuation during the Mesozoic may have controlled the subsequent
distribution of flood basalt magmatism throughout East Africa
(Ebinger & Sleep, 1998), and facilitated the early development of
magmatism in some regions (e.g., Tepp et al., 2018; Grijalva et al,,
2018; Rooney 2020b). While pre-existing rifting episodes clearly
impart a significant influence on rift magmatism, ancient reactivated
shear zones located throughout the rift have an equally prominent
role and may help explain the distribution of some off-axis volcanism
(Abebe et al. 1998;2014; Corti et al., 2018; Le Gall et al., 2008; Smets
etal., 2016).

Unsurprisingly, the distribution of magmatism within the EARS is
also closely intertwined with modern rifting events. The mechanisms
by which thinning of the continental lithosphere proceeds are
among the most intensely studied in the rifting community and
include plate dilation, thinning, and removal (e.g., Ayele et al., 2007;
Mazzarini et al., 2013; Muirhead and Kattenhorn., 2018; Rooney
et al., 2011). Within developed sectors of the EAR, such as Afar,
there exists a clear relationship between the age of magmatism
and extension, suggesting almost oceanic-like characteristics - the
most recent basalts occur within the axial grabens with evidence
of symmetric magnetic lineations (Ferguson et al., 2013; Bridges
et al., 2012). However, the processes by which such localization
occurs remains unclear — recent work has shown zones of focused
intrusion occurring outside of the rift border faults (Rooney et al.,
2014a; Chiasera et al., 2018).

While dilation of the lithosphere may be associated with focused
zones of magmatic intrusion, thinning of the continental lithosphere
may be revealed in other magmatic events. Lithospheric thinning
by stretching persists even in regions of advanced rift development
such as Afar, and results in significant volumes of basalt erupted
at the surface (Bastow & Keir 2011). Thinning of the plate may
also influence and be influenced by early rift magmatism. Seismic
imaging and gravity data reveal higher degrees of thinning of the
lithospheric mantle compared with the crust in the Albertine rift
(Wolbern et al.,, 2012) and in the northern Malawi Rift (Njinju et
al., 2019; Hopper et al., 2020). Although magmatism appears to be
limited below the Western Rift at present (O’Donnell et al., 2013;
Accardo et al, 2020), at least small degrees of magmatism may have
enabled weakening and thinning the lithosphere by thermochemical
erosion (Wolbern et al., 2012; Hopper et al, 2020). Another possible
mechanism for lithospheric destruction is by ‘delamination’ or ‘drip’
wherein gravitational instabilities in the continental lithospheric
mantle result in the removal of portions of the continental



lithosphere, accompanied by a magmatic pulse (Furman et al., 2016).
Metasomatism of the lithosphere by prior events has been proposed
to make it more susceptible to both foundering (Furman et al., 2016)
or to small degrees of melting that could promote thermochemical
erosion of the lithosphere (Hopper et al., 2020).

EAsTERN NORTH AMERICA

Inherited and evolving variations in lithospheric thickness likely
strongly influenced the evolution of rifting and magmatism along
ENAM at different stages of development, though the manner
of that influence is still debated. Competing models for CAMP
magmatism during the early stages of rifting invoke changes in
lithospheric thickness. The edge-driven convection models require a
pre-existing step in lithospheric thickness (King & Anderson, 1995).
Some models require delamination to explain temporal and spatial
patterns of CAMP magmatism (e.g., Whalen et al.,, 2015). During
the late stages of continental rifting, magma-rich rifting and crustal
rupture was followed by the emplacement of a thin, highly faulted
early oceanic crust with relatively fast lower crustal seismic velocities
that may be explained by magma generation resulting from elevated
mantle potential temperatures beneath a ~15- to 20-km-thick
remnant lithospheric lid (Shuck et al. 2019; Bécel et al. 2020). The
abrupt transition to a thick, smooth oceanic crust at the Blake Spur
Magnetic Anomaly could be the consequence of lithospheric rupture.
Finally, ongoing post-rift magmatism along ENAM as recently as
47 Ma may be caused by lithospheric delamination (Mazza et al,,
2014;2017; Meyer & van Wijk, 2015). This is supported by numerical
models that predict instabilities can develop due to changes in
lithospheric thickness resulting from rifting (Meyer & Van Wijk,
2015). Seismic imaging of the upper mantle reveals low velocity
zones beneath parts of the ENAM (Schmandt & Lin, 2014; Porter

References

Abebe, T. (2014). The occurrence of a complete continental rift type of
volcanic rocks suite along the Yerer—Tullu Wellel Volcano Tectonic
Lineament, Central Ethiopia. J Afr Earth Sci 99, 374-385

Abebe, T., F. Mazzarini, F. Innocenti, P. Manetti (1998). The Yerer-Tullu
Wellel volcanotectonic lineament; a transtensional structure in
central Ethiopia and the associated magmatic activity. J Afr Earth
Sci 26, 135-150

Accardo, N.J., et al. (2020). Thermo-chemical modification of the upper
mantle beneath the Northern Malawi Rift constrained from shear
velocity imaging. Geochem Geophys, 21, e2019GC008843, doi:
10.1029/2019GC008843

Alsop, L.E., M. Talwani (1984). The East Coast Magnetic Anomaly. Science,
226, 1189-1191

Austin, J.A., Jr.,, P.L. Stoffa, J.D. Phillips, J. Oh, D.S. Sawyer, G.M. Purdy, E.
Reiter, J. Makris, (1990). Crustal structure of the Southeast Georgia
embayment-Caroline trough: Preliminary results of a composite
seismic image of a continental suture (?) and a volcanic passive
margin. Geology, 18, 1023-1027

Ayele, A., G. Stuart, I. Bastow, D. Keir (2007). The August 2002 earthquake
sequence in north Afar: Insights into the neotectonics of the Danakil
microplate. J Afr Earth Sci, 48, 70-79, doi.org/DOI 10.1016/].
jafrearsci.2006.06.011

Baker, J., L. Snee, M. Menzies (1996). A brief Oligocene period of flood

et al., 2016; Biryol et al., 2016; Wagner et al., 2016) that could be
explained by delamination.

Discussion and future questions

The factors described in previous sections represent only a few
examples of the important controls on rift magmatism probed
by recent research at GeoPRISMS primary sites. Although there
has been substantial progress towards understanding the causes
and consequences of rift magmatism over the last decade, many
questions remain, in part due to critical data gaps. One key gap is
timing. In ENAM, the absence of deep drilling data means that the
timing and rates of extension and magmatism, and their relationship
to onshore events, are very poorly known. In the EARS, there is
a growing, yet inadequate record of the ages of magmatism, but
corresponding temporal constraints on rift basin development are
comparatively limited, leaving uncertainties in the relationships
between the evolution of magmatism and extension. Another
important unknown for understanding both ancient and active
rifts is the chemical and rheological evolution of the continental
lithosphere before, during, and after extension, which clearly has a
controlling influence on rift evolution. The final stages of continental
rupture and transition to seafloor spreading continues to be poorly
understood despite decades of research. As studies of rifted margins
continue farther offshore, we learn that this transition may continue
longer and be more complex than previously recognized. Close
collaboration between the rift and ridge communities is required
to address this question. For all of these questions, future progress
requires that new data be combined with broader syntheses of
existing data across entire rift systems in order to connect focused
studies of individual sectors into a larger framework. ®

volcanism in Yemen: Implications for the duration and rate of
continental flood volcanism at the Afro-Arabian triple junction.
Earth Planet Sci Lett, 138, 39-55

Barette, F.,, S. Poppe, B. Smets, M. Benbakkar, M. Kervyn (2017). Spatial
variation of volcanic rock geochemistry in the Virunga Volcanic
Province: Statistical analysis of an integrated database. J Afr Earth
Sci, 134, 888-903

Bastow, I.D., D. Keir (2011). The protracted development of the continent-
ocean transition in Afar Nat Geosci, 4, 248-250, doi.org/Doi 10.1038/
Ngeo1095

Bastow, I.D., S. Pilidou, J.M. Kendall, G.W. Stuart (2010). Melt-Induced
seismic anisotropy and magma assisted rifting in Ethiopia:
Evidence from surface waves. Geochem Geophys, QOABOS5,
doi:10.1029/2010GC003036

Bécel, A., J.K. Davis, B.D. Shuck, H.J.A. Van Avendonk (2020). Evidence for
a prolonged continental breakup resulting from slow extension rates
at the Eastern North American volcanic rifted margin. J Geophys Res,
125, 9, doi.org/10.1029/2020JB020093

Benoit, M.H., C. Ebinger, M. Crampton (2014). Orogenic bending around
a rigid Proterozoic magmatic rift beneath the Central Appalachian
Mountains. Earth Planet Sci Lett, 402, 197-208

Biryol, C.B., L.S. Wagner, K.M. Fischer, R.B. Hawman (2016). Relationship
between observed upper mantle structures and recent tectonic

Final Volume Issue No. 43 GeoPRISMS Newsletter « 23



activity across the Southeastern United States. J Geophys Res, 121,
3393-3414, doi:3310.1002/2015J/B012698

Blackburn, TJ., PE. Olsen, S.A. Bowring, N.M. McLean, D.V. Kent, J.
Puffer, G. McHone, E.T. Rasbury, M. Et-Touhami (2013). Zircon U-Pb
Geochronology Links the End-Triassic Extinction with the Central
Atlantic Magmatic Province. Science, 340, 941-945

Bridges, D.L., K. Mickus, S.S. Gao, M.G. Abdelsalam, A. Alemu (2012).
Magnetic stripes of a transitional continental rift in Afar. Geology,
40, 203-206, doi.org/10.1130/932697.1

Brune, S., S.E. Williams, R.D. Miiller (2017). Potential links between
continental rifting, CO, degassing and climate change through time.
Nat Geosci, 10, 941-946, doi.org/10.1038/s41561-017-0003-6

Burov, E., T. Gerya (2014). Asymmetrical 3D topography over mantle
plumes. Nature, 513, 85-89

Callegaro, S., A. Marzoli, H. Bertrand, M. Charadia, L. Reisberg, C. Meyzen,
G. Bellieni, R.E. Weems, R. Merle (2013). Upper and lower crust
recycling in the source of CAMP basaltic dykes from southeastern
North America. Earth Planet Sci Lett, 376, 186-199

Capriolo, M., et al. (2020). Deep CO, in the end-Triassic Central Atlantic
Magmatic Province. Nature Comm, 11, 1670, doi.org/10.1038/
s41467-020-15325-6

Chiasera, B., T.O. Rooney, G. Girard, G. Yirgu, E.B. Grosfils, D. Ayalew,
P. Mohr, M.R.R. Zimbelman (2018). Magmatically assisted off-rift
extension - The case for broadly distributed strain accommodation.
Geosphere, 14, 1544-1563, doi.org/10.1130/ges01615.1

Corti, G., J. van Wijk, S. Cloetingh, C.K. Morley (2007). Tectonic inheritance
and continental rift architecture: Numerical and analogue
models of the East African Rift system. Tectonics, 26, TC6006,
doi:10.1029/2006TC002086

Corti, G., F. Sani, S. Agostini, M. Philippon, D. Sokoutis, E. Willingshofer
(2018). Off-axis volcano-tectonic activity during continental rifting:
Insights from the transversal Goba-Bonga lineament, Main Ethiopian
Rift (East Africa). Tectonophysics, 728-729, 75-91, doi.org/10.1016/j.
tecto.2018.02.011

Davidson, A., D.C. Rex (1980). Age of volcanism and rifting in Southwestern
Ethiopia. Nature, 283, 657-658

Davies, J.H.F.L., A. Marzoli, H. Betrand, N. Youbi, M. Ernesto, U.
Schaltegger (2017). End-Triassic mass extinction started by intrusive
CAMP activity. Nature Comm, 8, doi:10.1038/ncomms15596

Davis, J.K., A. Becel, W.R. Buck (2018). Estimating emplacement rates
for seaward-dipping reflectors associated with the U.S. East Coast
Magnetic Anomaly. Geophys J Int, 215, 1594-1603

Ebinger, C.J., T. Yemane, G. WoldeGabriel, J.L. Aronson, R.C. Walter
(1993). Late Eocene-Recent volcanism and faulting in the southern
main Ethiopian Rift. ] Geol Soc London, 150, 99-108

Ebinger, C.J., N.H. Sleep (1998). Cenozoic magmatism throughout east
Africa resulting from impact of a single plume. Nature, 395, 788-791

Ebinger, C.J., M. Casey (2001). Continental breakup in magmatic
provinces: An Ethiopian example. Geology, 29, 527-530

Ebinger, C.J., T. Yemane, D.J. Harding, S. Tesfaye, S. Kelley, D.C. Rex (2000).
Rift deflection, migration, and propagation: Linkage of the Ethiopian
and Eastern rifts, Africa. Geol Soc Am Bull, 112, 163-176

Elkins, L.J., C.M. Meyzen, C. Callegaro, A. Marzoli, M. Bizimis (2020).
Assessing origins of end-Triassic tholeiites from Eastern North
America using hafnium isotopes. Geochem Geophys, 21,
e2020GC008999, doi:10.1029/2020GC008999

Ferguson, D.J., A.T. Calvert, D.M. Pyle, J.D. Blundy, G. Yirgu, T.J Wright
(2013). Constraining timescales of focused magmatic accretion and
extension in the Afar crust using lava geochronology. Nat Commun,
4, 1416, doi.org/10.1038/ncomms2410

Fishwick, S. (2010). Surface wave tomography: Imaging of the lithosphere-
asthenosphere boundary beneath central and southern Africa?
Lithos, 120, 63-73

Foley, S.F., K. Link, J.V. Tiberindwa, E. Barifaijo (2012). Patterns and origin
of igneous activity around the Tanzanian craton. J of Afr Earth Sci,
62, 1-18

Fontijn, K., D. Williamson, E. Mbede, G.G. Ernst (2012). The Rungwe
volcanic province, Tanzania—a volcanological review. J Afr Earth Sci,
63, 12-31

Furman, T, D. Graham (1999). Erosion of lithospheric mantle beneath
the East African Rift System; geochemical evidence from the Kivu

24 . GeoPRISMS Newsletter Issue No. 43 Final Volume

volcanic province. Lithos, 48, 237-262

Furman, T, H. Gittings (2003). Eocene basalt volcanism in Central Virginia:
Implications for Cenozoic tectonism. Southeastern. Geology, 42, 111-
122

Furman, T., W.R. Nelson, L.T. Elkins-Tanton (2016). Evolution of the East
African rift: Drip magmatism, lithospheric thinning and mafic
volcanism. Geochim Cosmochim Acta, 185, 418-434

George, R., N. Rogers, S. Kelley (1998). Earliest magmatism in Ethiopia:
Evidence for two mantle plumes in one flood basalt province.
Geology, 26, 923-926

George, R.M., N.W. Rogers (2002). Plume dynamics beneath the African
Plate inferred from the geochemistry of the Tertiary basalts of
southern Ethiopia. Contrib Mineral Petrol, 144, 286—-304

Greene, J.A., M. Tominaga, N.C. Miller, D.R. Hutchinson, M.R. Karl
(2017). Refining the formation and early evolution of the
Eastern North American Margin: New insights from multiscale
magnetic anomaly analyses. J Geophys Res, 122, 8724-8748, doi:
8710.1002/2017JB014308

Grijalva, A., A.A.Nyblade, K. Homman, N.J. Accardo, J.B. Gaherty,
C.J. Ebinger, D.J. Shillington, P.R. Chindandali, G. Mbogoni, R.W.
Ferdinand (2018). Seismic evidence for plume-and craton-influenced
upper mantle structure beneath the Northern Malawi Rift and the
Rungwe Volcanic Province, East Africa. Geochem Geophys, 19, 3980-
3994

Hames, W.E., P.R. Renne, C. Ruppel (2000). New evidence for geologically
instantaneous emplacement of earliest Jurassic Central Atlantic
magmatic province basalts. Geology, 28, 859-862

Hames, W.E., V.J. Salters, D. Morris, M.Z. Billor (2010). The middle Jurassic
Flood Basalts of Southeastern North America. GSA Annual Meeting,
Denver

Hatcher, R.D., R.P. Tollo, M.J. Bartholomew, J.P. Hibbard, P.M. Karabinos
(2010). The Appalachian orogen: A brief summary, from Rodinia
to Pangea: The Lithotectonic record of the Appalachian Region:
Geological Society of America Memoir. GSA, 1-19

Havlin, C., E.M. Parmentier, G. Hirth (2013). Dike propagation driven by
melt accumulation at the lithosphere—asthenosphere boundary.
Earth Planet Sci Lett, 376, 20-28, doi.org/10.1016/].epsl.2013.06.010

Hayward, N.J., C.J. Ebinger (1996). Variations in along-axis segmentation
of the Afar Rift system. Tectonics, 15, 244-257

Heffner, D.M., J.H. Knapp, O.M. Akintunde, C.C. Knapp (2013). Preserved
extent of Jurassic flood basalt in the South Georgia Rift: A new
interpretation of the J horizon. Geology, 40, 167-170, doi:110.1130/
G32638.32631

Heimdal, T.H., H.H. Stvensen, J. Ramezani, K. lyer, E. Pereira, R. Rodrigues,
M.T. Jones, S. Callegaro (2018). Large-scale sill emplacement in
Brazil as a trigger for the end Triassic crisis. Scientific Reports, 8, 141

Holbrook, W.S., P.B. Kelemen (1993). Large igneous province on the US
Atlantic margin and implications for magmatism during continental
breakup. Nature, 364, 433-436

Holtzman, B.K., J-M. Kendall (2010). Organized melt, seismic
anisotropy, and plate boundary lubrication. Geochem Geophys, 11,
doi:10.1029/2010GC003296

Hopper, E., J.B. Gaherty, D.J. Shillington, N.J. Accardo, A.A. Nyblade, B.K.
Holtzman, C. Havlin, C.A. Scholz, P. Chindandali, R.W. Ferdinand,
G. Mbogoni, G. Mulibo (2020). Preferential localised thinning of
lithospheric mantle in the melt-poor Malawi Rift. Nat Geosci, 13,
584-589

Hopper, J.R., T. Funck, B.E. Tucholke, H.C. Larsen, W.S. Holbrook, K.E.
Louden, D. Shillington, H. Lau (2004). Continental breakup and the
onset of ultra-slow spreading off Flemish Cap on the Newfoundland
rifted margin. Geology, 32, 93-96

King, S.D., D.L. Anderson (1995). An alternative mechanism of flood basalt
formation. Earth Planet Sci Lett, 136, 269-279

Kneller, E.A., C.A. Johnson, G.D. Karner, J. Einhorn, TA. Queffelec (2011).
Inverse methods for modeling non-rigid plate kinematics: Application
to mesozoic plate reconstructions of the Central Atlantic. Comput
and Geosci, 49, 217-230

Koptev, A., E. Calais, E. Burov, S. Leroy, T. Gerya (2015). Dual continental
rift systems generated by plume-lithosphere interaction. Nat Geosci,
8, 388-392

LASE Study Group (1986). Deep structure of the US East Coast passive



margin from large aperture seismic experiments (LASE). Mar Pet
Geo 3, 234-242

Labails, C., J.-L. Olivet, D. Aslanian, W.R. Roest (2010). An alternative
opening scenario for the Central Atlantic Ocean. Earth Planet Sci
Lett, 297, 355-368

Lanphere, M.A. (1983). “°Ar/*°Ar ages of basalt from Clubhouse Crossroads
test hole 2, near Charleston, S.C., in: Gohn, G.S. (Ed.), Studies related
to the Charleston, South Caroline earthquake of 1886 - Tectonics and
Seismicity: U.S. Geol Survey Professional Paper 1313, B1-B8

Lau, KW.H., K.E. Louden, T. Funck, B.E. Tucholke, W.S. Holbrook, J.R.
Hopper, H.C. Larsen (2006). Crustal structure across the Grand Banks
- Newfoundland Basin continental margin (Part 1) - Results from a
seismic refraction profile. Geophys J Int, 167, 127-156

Lau, K.W.H., M.R. Nedimovic, K.E. Louden (2019). Along-Strike variations
in structure of the continent-ocean transition at the Northeastern
Nova Scotia margin from wide-angle seismic observations. ] Geophys
Res, 124, 3, 3172-3196, doi:10.1029/2018/B016894

Le Gall, B., P. Nonnotte, J. Rolet, M. Benoit, H. Guillou, M. Mousseau-
Nonnotte, J. Albaric, J. Déverchére (2008). Rift propagation at craton
margin: Distribution of faulting and volcanism in the North Tanzanian
Divergence (East Africa) during Neogene times. Tectonophysics, 448,
1-19

Lee, H., J.D. Muirhead, T.P. Fischer, C.J. Ebinger, S.A. Kattenhorn, Z.D.
Sharp, G. Kianji (2016). Massive and prolonged deep carbon
emissions associated with continental rifting. Nat Geosci, 9, 145

Macgregor, D. (2015). History of the development of the East African Rift
System: A series of interpreted maps through time. J Afr Earth Sci,
101, 232-252

Mana, S., T. Furman, B.D. Turrin, M.D. Feigenson, C.C. Swisher Il
(2015). Magmatic activity across the East African North Tanzanian
Divergence Zone. J Geol Soc, 172, 368-389

Marzen, R.E., D.J. Shillington, D. Lizarralde, S. Harder (2019). Constraints on
Appalachian orogenesis and continental rifting in the Southeastern
US from wide-angle seismic data. ] Geophys Res, 124, 7, 6625-6652,
doi.org/10.1029/2019JB017611

Marzen, R.E., D.J. Shillington, D. Lizarralde, J.H. Knapp, D.M. Heffner, J.K.
Davis, S. Harder (2020). Limited and localized magmatism in the
Central Atlantic Magmatic Province. Nat Commun, 11, 3397, doi.
0rg/10.1038/541467-020-17193-6

Marzoli, A., S. Callegaro, J. Dal Corso, J.H.F.L. Davies, M. Chiaradia, N.
Youbi, H. Bertrand, L. Reisberg, R. Merle, F. Jourdan, F. (2018). The
Central Atlantic Magmatic Province (CAMP): A Review, in: Tanner,
L.H. (Ed.), The Late Triassic World, Topics in Geobiology. Springer
International Publishing, 91-125

Mazza, S.E., E. Gazel, E.A. Johnson, M. Bizimis, R. McAleer, C.B. Biryol
(2017). Post-rift magmatic evolution of the eastern North American
“passive-aggressive”’ margin. Geochem Geophys, 18, 1, 3-22, doi.
0rg/10.1002/2016GC006646

Mazza, S.E., E. Gazel, E.A. Johnson, M.J. Kunk, R. McAleer, J.A. Spotila, M.
Bizimis, D.S. Coleman (2014). Volcanoes of the passive margin: The
youngest magmatic event in eastern North America. Geology, 42,
483-486, doi:410.1130/G35407.35401

Mazzarini, F, T.O. Rooney, I. Isola (2013). The intimate relationship
between strain and magmatism: A numerical treatment of clustered
monogenetic fields in the Main Ethiopian Rift. Tectonics 32, 49-64,
doi.org/10.1029/2012tc003146

McElwain, J.C., D.J. Beerling, F.I. Woodward (1999). Fossil plants and
global warming at the Triassic-Jurassic Boundary. Science, 285,
1386-1390

McHone, J.G. (2000). Non-plume magmatism and rifting during the
opening of the central Atlantic Ocean. Tectonophysics, 316, 287-296

Mesko, G.T. (2020). Magmatism at the Southern End of the East African
Rift System: Origin and Role During Early Stage Melting. Columbia
University, New York, 516

Meyer, R., J. Van Wijk (2015). Post-breakup lithosphere recycling below
the US East Coast: Evidence from adakitic rocks. Geol Soc Am Spec
Pap, 514, 65-85, doi.org/10.1130/2015.2514(06)

Mohr, PA. (1967). Major volcano-tectonic lineament in the Ethiopian rift
system. Nature, 213, 664—665

Muirhead, J.D., S.A. Kattenhorn, H. Lee, S. Mana, B.D. Turrin, T.P. Fischer,
G. Kianji, E. Dindi, D.S. Stamps (2016). Evolution of upper crustal

faulting assisted by magmatic volatile release during early-stage
continental rift development in the East African Rift. Geosphere, 12,
1670-1700

Muirhead, J.D., S.A. Kattenhorn (2018). Activation of preexisting
transverse structures in an evolving magmatic rift in East Africa. J
Struct Geol, 106, 1-18, doi.org/10.1016/j.jsg.2017.11.004

Miiller, R.D., W.R. Roest, J.-Y. Royer, L.M. Gahagan, J.G. Sclater (1997).
Digital isochrons of the world’s ocean floor. ] Geophys Res 102, 3211-
3214

Nelson, W.R., B.B. Hanan, D.W. Graham, S.B. Shirey, G. Yirgu, D. Ayalew,
T. Furman (2019). Distinguishing plume and metasomatized
lithospheric mantle contributions to post-flood basalt volcanism on
the Southeastern Ethiopian Plateau. J Petrol, 60, 1063-1094, doi.
0rg/10.1093/petrology/eqz024

Njinju, E.A., E.A. Atekwana, D.S. Stamps, M.G. Abdelsalam, E.A.
Atekwana, K.L. Mickus, S. Fishwick, F. Kolawole, T.A. Rajaonarison,
V.N. Nyalugwe (2019). Lithospheric structure of the Malawi Rift:
Implications for magma-poor rifting processes. Tectonics, 38, 3835-
3853

O'Donnell, J.P, A. Adams, A.A. Nyblade, G.D. Mulibo, F. Tugume (2013).
The uppermost mantle shear wave velocity structure of eastern
Africa from Rayleigh Wave tomography: Constraints on rift evolution.
Geophys J Int, doi.org/10.1093/gji/ggt135

Oh, J., J.D. Phillips, J.A.J. Austin, P.L. Stoffa (1991). Deep penetration
seismic profiling across the southeastern United States continental
margin, in: Meissner, R., Brown, L., Durbaum, H.J., Franke, W.,
Fuchs, K., Seifert, F. (Eds.), Continental Lithosphere: Deep Seismic
Reflections, Geodyn. Ser. . AGU, Washington D.C., 225-240

Oh, J., J.A.J. Austin, J.D. Phillips, M.F. Coffin, P.L. Stoffa (1995). Seaward-
dipping reflectors offshore the southeastern United States: Seismic
evidence for extensive volcanism accompanying sequential
formation of the Caroline trough and Blake Plateau basin. Geology,
23,9-12

Olsen, P.E. (1997). Stratigraphic record of the early Mesozoic breakup of
Pangea in the Laurasia-Gondwana rift system. Ann Rev Earth Planet
Sci, 25, 337-401

Olsen, PE., D.V. Kent, M. Et-Touhami, J. Puffer (2003). Cyclo-, magneto-,
and bio-stratigraphic constraints on the duration of the CAMP event
and its relationship to the Triassic-Jurassic Boundary. in The Central
Atlantic magmatic province: Insights from fragments of Pangea
(eds. Hames, W. E., McHone, J. G., Renne, P. R. & Ruppel, C.) 7-32
(AGU 2003), doi:10.1029/GM136

Pik, R., C. Deniel, C. Coulon, G. Yirgu, B. Marty (1999). Isotopic and trace
element signatures of Ethiopian flood basalts; evidence for plume-
lithosphere interactions. Geochim Cosmochim Acta, 63, 2263-2279

Porter, R., Y. Liu, W.E. Holt (2016). Lithospheric records of orogeny within
the continental US. Geophys Res Lett, 43, 144-153

Pouclet, A., H. Bellon, K. Bram (2016). The Cenozoic volcanism in the
Kivu rift: Assessment of the tectonic setting, geochemistry, and
geochronology of the volcanic activity in the South-Kivu and Virunga
regions. J Afr Earth Sci, 121, 219-246

Puffer, J.H. (2003). A Reactivated Back-arc Source for CAMP Magma, the
Central Atlantic Magmatic Province: Insights from fragments of
Pangea, 151-162

Purcell, PG. (2018). Re-imagining and re-imaging the development of the
East African Rift. Pet Geosci, 24, 21-40

Ragland, PA., R.D. Hatcher, D. Whittington (1983). Juxtaposed Mesozoic
diabase dike sets from the Carolinas: A preliminary assessment.
Geology, 11, 394-399

Roberts, E.M., N.J. Stevens, P.M. O'Connor, P.H.G.M. Dirks, M.D. Gottfried,
W.C. Clyde, R.A. Armstrong, A.LS. Kemp, S. Hemming (2012).
Initiation of the western branch of the East African Rift coeval with
the eastern branch. Nat Geosci, 5, 289-294

Rogers, N.W., M. Demulder, C.J. Hawkesworth (1992). An enriched mantle
source for potassic basanites - Evidence from Karisimbi Volcano,
Virunga volcanic province, Rwanda. Contrib Mineral Petrol, 111,
543-556

Rogers, N.W.,, D. James, S.P. Kelley, M. de Mulder (1998). The generation
of potassic lavas from the eastern Virunga Province, Rwanda. J
Petrol, 39, 1223-1247

Rooney, T.0. (2020a). The Cenozoic magmatism of East Africa: Part

Final Volume Issue No. 43 GeoPRISMS Newsletter « 25



Il — Rifting of the mobile belt. Lithos, 360-361, 105291, doi.
0rg/10.1016/].lithos.2019.105291

Rooney, T.0. (2020b). The Cenozoic magmatism of East Africa: Part Ill —
Rifting of the craton. Lithos, 360-361, 105390, doi.org/10.1016/.
lithos.2020.105390

Rooney, T.0. (2020c). The Cenozoic magmatism of East Africa: Part
IV — The terminal stages of rifting preserved in the Northern East
African Rift System. Lithos, 360-361, 105381, doi.org/10.1016/.
lithos.2020.105381

Rooney, T.0. (2020d). The Cenozoic magmatism of East Africa: Part V —
Magma sources and processes in the East African Rift. Lithos, 360—
361, 105296, doi.org/10.1016/j.lithos.2019.105296

Rooney, T.O. (2017). The Cenozoic magmatism of East-Africa: Part | —
Flood basalts and pulsed magmatism. Lithos, 286, 264—-301. doi.
org/10.1016/].lithos.2017.05.014

Rooney, T.O., I.D. Bastow, D. Keir (2011). Insights into extensional
processes during magma assisted rifting: Evidence from aligned
scoria cones and maars. J Volcanol Geotherm Res, 201, 83-96, doi.
org/10.1016/j.jvolgeores.2010.07.019

Rooney, T.O., I.D. Bastow, D. Keir, F. Mazzarini, E. Movsesian, E.B.
Grosfils, J.R. Zimbelman, M.S. Ramsey, D. Ayalew, G. Yirgu
(2014a). The protracted development of focused magmatic
intrusion during continental rifting. Tectonics, 33, 875-897, doi.
0rg/10.1002/2013TC003514

Rooney, T.0., W.R. Nelson, D. Ayalew, B. Hanan, G. Yirgu, J. Kappelman
(2017). Melting the lithosphere: Metasomes as a source for
mantle-derived magmas. Earth Planet Sci Lett, 461, 105-118, doi.
0rg/10.1016/j.epsl.2016.12.010

Rooney, T.O., W.R. Nelson, L. Dosso, T. Furman, B. Hanan, B. (2014b).
The role of continental lithosphere metasomes in the production of
HIMU-like magmatism on the northeast African and Arabian plates.
Geology 42, 419-422, doi.org/10.1130/9g35216.1

Schlische, R.W., M.O. Withjack, P.E. Olsen (2003). Relative timing of
CAMB, rifting, continental breakup, and basin inversion: Tectonic
significance, in: Hames, W.E., Mchone, G.C., Renne, P.R., Ruppel, C.
(Eds.), The Central Atlantic Magmatic Province, 33-59

Schmandt, B., F-C. Lin (2014). P and S wave tomography of the mantle
beneath the United States. Geophys Res Lett, 41, 6342-6349

Shillington, D.J., W.S. Holbrook, H.J.A. Van Avendonk, B.E. Tucholke, J.R.
Hopper, K.E. Louden, H.C. Larsen, G.T. Nunes (2006). Evidence for
asymmetric nonvolcanic rifting and slow incipient oceanic accretion
from seismic reflection data on the Newfoundland margin. J Geophys
Res, 111, doi.org/10.1029/2005JB003981

Shuck, B.D., H.J.A. Van Avendonk, A. Bécel (2019). The role of mantle
melts in the transition from rifting to seafloor spreading offshore
eastern North America. Earth Planet Sci Lett, 525, doi.org/10.1016/].
epsl.2019.115756

Smets, B., D. Delvaux, K.A. Ross, S. Poppe, M. Kervyn, N. d’Oreye, F. Kervyn
(2016). The role of inherited crustal structures and magmatism in
the development of rift segments: Insights from the Kivu basin,
western branch of the East African Rift. Tectonophysics, 683, 62-76

Smith, M. (1994). Stratigraphic and structural constraints on mechanisms

26 - GeoPRISMS Newsletter Issue No. 43 Final Volume

of active rifting in the Gregory Rift, Kenya. Tectonophysics, 236,
3-22.

Tepp, G.et al. (2018). Seismic anisotropy of the upper mantle below the
Western Rift, East Africa. J Geophys Res, 123, 5644-5660

Thomas, W.A. (2006). Tectonic inheritance at a continental margin.
GSA Bulletin 16, 4-11, https://www.geosociety.org/gsatoday/
archive/16/2/pdf/gt0602.pdf

Tiberi, C., et al. (2019). Lithospheric modification by extension and
magmatism at the craton-orogenic boundary: North Tanzania
Divergence, East Africa. Geophys J Int, 216, 1693-1710

Tiercelin, J.-J., J.-L. Potdevin, P.K. Thuo, Y. Abdelfettah, M. Schuster, S.
Bourquin, H. Bellon, J.-P. Clément, H. Guillou, T. Nalpas (2012).
Stratigraphy, sedimentology and diagenetic evolution of the Lapur
Sandstone in northern Kenya: Implications for oil exploration of the
Meso-Cenozoic Turkana depression. J Afr Earth Sci, 71, 43—-79

Tréhu, A.M., A. Ballard, L.M. Dorman, J.F. Gettrust, K.D. Klitgord, A.
Schreiner (1989). Structure of the lower crust beneath the Carolina
Trough, U.S. Atlantic Continental Margin. J Geophys Res, 94, 10,585-
510,600

Tucholke, B.E., et al. (2004). Proc. ODP, Init. Repts., 210: College Station,
TX (Ocean Drilling Program). doi:10.2973/odp.proc.ir.210.2004

Ukstins, I.A., P.R. Renne, E. Wolfenden, J. Baker, D. Ayalew, M. Menzies
(2002). Matching conjugate volcanic rifted margins; 40Ar/39Ar
chrono-stratigraphy of pre- and syn-rift bimodal flood volcanism in
Ethiopia and Yemen. Earth Planet Sci Lett, 198, 289-306

Van Avendonk, H.J.A., W.S. Holbrook, G.T. Nunes, D.J. Shillington,
B.E. Tucholke, K.E. Louden, H.C. Larsen, J.R. Hopper (2006).
Seismic velocity variations across the rifted margin of the
eastern Grand Banks, Canada. J Geophys Res, 111, B11404,
doi:11410.11029/12005J/B004156

Wagner, L.S., K.M. Fischer, R.B. Hawman, E. Hopper, D. Howell (2016).
The relative roles of inheritance and long-term passive margin
lithospheric evolution on the modern structure and tectonic activity
in the southeastern United States. Geosphere, 14, 1385-1410

Whalen, L., E. Gazel, C. Vidito, J. Puffer, M. Bizimis, W. Henika, M.J.
Caddick (2015). Supercontinental inheritance and its influence on
supercontinental breakup: The Central Atlantic Magmatic Province
and the breakup of Pangea. Geochem Geophys, 16, 3532—-3554,
doi:3510.1002/2015GC005885

Withjack, M.O., R.W. Schlische, P.E. Olsen (2012). Development of the
passive margin of Eastern North America: Mesozoic rifting, igneous
activity and breakup, Phanerozoic rift systems and sedimentary
basins. Elsevier, 301-335

Woélbern, I., G. Riimpker, K. Link, F. Sodoudi (2012). Melt infiltration of
the lower lithosphere beneath the Tanzania craton and the Albertine
rift inferred from S receiver functions. Geochem Geophys, 13, 8, doi.
0rg/10.1029/2012GC004167



	Newsletter_Final2020_022321_-_web 18
	Newsletter_Final2020_022321_-_web 19
	Newsletter_Final2020_022321_-_web 20
	Newsletter_Final2020_022321_-_web 21
	Newsletter_Final2020_022321_-_web 22
	Newsletter_Final2020_022321_-_web 23
	Newsletter_Final2020_022321_-_web 24
	Newsletter_Final2020_022321_-_web 25
	Newsletter_Final2020_022321_-_web 26

