
�������� ��	
�����

Multiple mantle sources of continental magmatism: Insights from “high-Ti”
picrites of Karoo and other large igneous provinces

Vadim S. Kamenetsky, Roland Maas, Maya B. Kamenetsky, Gregory M.
Yaxley, Kathy Ehrig, Georg F. Zellmer, Ilya N. Bindeman, Alexander V.
Sobolev, Dmitry V. Kuzmin, Alexei V. Ivanov, Jon Woodhead, Jean-Guy
Schilling

PII: S0009-2541(16)30449-1
DOI: doi: 10.1016/j.chemgeo.2016.08.034
Reference: CHEMGE 18048

To appear in: Chemical Geology

Received date: 25 April 2016
Revised date: 23 August 2016
Accepted date: 26 August 2016

Please cite this article as: Kamenetsky, Vadim S., Maas, Roland, Kamenetsky, Maya
B., Yaxley, Gregory M., Ehrig, Kathy, Zellmer, Georg F., Bindeman, Ilya N., Sobolev,
Alexander V., Kuzmin, Dmitry V., Ivanov, Alexei V., Woodhead, Jon, Schilling, Jean-
Guy, Multiple mantle sources of continental magmatism: Insights from “high-Ti” pi-
crites of Karoo and other large igneous provinces, Chemical Geology (2016), doi:
10.1016/j.chemgeo.2016.08.034

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.chemgeo.2016.08.034
http://dx.doi.org/10.1016/j.chemgeo.2016.08.034


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

Multiple mantle sources of continental magmatism: Insights from “high-Ti” 

picrites of Karoo and other large igneous provinces 

Vadim S. Kamenetsky 
a,
*, Roland Maas 

b
, Maya B. Kamenetsky 

a
, Gregory M. Yaxley 

c
, 

Kathy Ehrig 
d
, Georg F. Zellmer 

e
, Ilya N. Bindeman 

f
, Alexander V. Sobolev 

g
, Dmitry V. 

Kuzmin 
h
, Alexei V. Ivanov 

i
, Jon Woodhead 

b
, Jean-Guy Schilling 

j
 

a
 School of Physical Sciences, University of Tasmania, Hobart, TAS 7001, Australia 

b
 School of Earth Sciences, University of Melbourne, Parkville, VIC 3010, Australia 

c
 Research School of Earth Sciences, the Australian National University, Canberra, ACT 0200, 

Australia 
d
 BHP Billiton Olympic Dam, Adelaide, SA 5000, Australia 

e
 Volcanic Risk Solutions, IAE, Massey University, Palmerston North 4442, New Zealand 

f
 Department of Geological Sciences, 1272 University of Oregon, Eugene, OR, United States 

g
 Université Grenoble Alpes, Institute Science de la Terre, CNRS, F-38041 Grenoble, France 

h
 VS Sobolev Institute of Geology and Mineralogy SB RAS, Novosibirsk 630090, Russia 

i
 Institute of the Earth's Crust, Siberian Branch of the Russian Academy of Sciences, 664033 Irkutsk, 

Russia 
j
 University of Rhode Island, Narragansett, RI, United States 

⁎ Corresponding author at: School of Physical Sciences, University of Tasmania, Hobart, TAS 7001, 

Australia. 

E-mail address: Dima.Kamenetsky@utas.edu.au (V. Kamenetsky). 

ABSTRACT 

Magmas forming Large Igneous Provinces (LIP) on continents are generated by extensive melting in 

the deep crust and underlying mantle and associated with break-up of ancient supercontinents, 

followed by formation of a new basaltic crust in the mid-oceanic rifts. A lack of the unifying model in 

understanding the sources of LIP magmatism is justified by lithological and geochemical complexity 

of erupted magmas on local (e.g. a cross-section) and regional (a single and different LIP) scales. 

Moreover, the majority of LIP rocks do not fit general criteria for recognizing primary/primitive melts 

(i.e. < 8 wt% MgO and absence of high-Fo olivine phenocrysts).  

This study presents the mineralogical (olivine, Cr-spinel, orthopyroxene), geochemical (trace 

elements and Sr-Nd-Hf-Pb isotopes) and olivine-hosted melt inclusion compositional characteristics 

of a single primitive (16 wt% MgO), high-Ti (2.5 wt% TiO2) picrite with high-Mg olivine (up to 91 

mol% Fo) from the Letaba Formation in the ~180 Ma Karoo LIP (south Africa). The olivine 

compositions (unusually high 
18

O (6.17‰), high NiO (0.36-0.56 wt%) and low MnO and CaO (0.12-

0.20 and 0.12-0.22 wt%, respectively)) are used to argue for a non-peridotitic mantle source. This is 

supported by the enrichment of the rock and melts in most incompatible trace elements and depletion 

in heavy rare earth elements (e.g. high Gd/Yb) that reflects residual garnet in the source of melting. 

The radiogenic isotopes resemble those of the model enriched mantle (EM-1) and further argue for a 

long-term enrichment of the source in incompatible trace elements. 

The enriched high-Ti compositions, strongly fractionated incompatible trace elements, presence of 

primitive olivine and high-Cr spinel in the Letaba picrites are closely matched by olivine-phyric rocks 

from the ~260 Ma Emeishan (Yongsheng area, SW China) and ~250 Ma Siberian (Maimecha-Kotuy 

region, N Siberia) LIPs. However, many other compositional parameters (e.g. trace element and 
18

O 

compositions of olivine phenocrysts, Fe
2+

/Fe
3+

 in Cr-spinel, Sr-Nd-Hf isotope ratios) only partially 

overlap or even diverge. We thus imply that parental melts of enriched picritic rocks with forsteritic 
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