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abstraCt

The a151 Ma Guadalupe Igneous Complex (GIC) is a tilted, bi-modal intrusion that provides a 
rare view into the deeper, mantle-derived portions of a granitic pluton. Major oxide relationships show 
that GIC granitic rocks formed by in situ differentiation. Assimilation of sedimentary country rock is 
precluded, as GIC alumina saturation indices (ASI) are too low by comparison, while TiO2 and P2O5 
FRQWHQWV�GLVDOORZ�SDUWLDO�PHOWLQJ�RI�PHWDYROFDQLF�ORZHU�PLGGOH�FUXVW��,Q�FRQWUDVW��5E�6U�V\VWHPDWLFV�
support in situ magmatic differentiation, as unaltered GIC whole rock samples fall on a single 151 Ma 
isochron (initial 87Sr/86Sr = 0.7036) matching zircon age dates (Saleeby et al. 1989). 

&U\VWDO�OLTXLG�VHJUHJDWLRQ��WKRXJK��ZDV�QRW�FRQWLQXRXV��PD¿F�DQG�IHOVLF�VDPSOHV�IRUP�GLVFRUGDQW�
compositional trends, with a gap between 60–66% SiO2. We posit that crystal/liquid segregation is 
continuous between 50–60% SiO2, and leads to the genesis of intermediate composition liquids that 
are then too viscous to allow further continuous liquid segregation. Further crystal/liquid separation 
thereafter occurs discontinuously (at F |���±������WR�\LHOG�D�PD¿F�FU\VWDOOLQH����±����6L22) residue 
and a silicic (70–75% SiO2) liquid (Bachmann and Bergantz 2004), which are, respectively, preserved 
in the Meladiorite and Granite/Granophyre units of the GIC. Outcrops in the gabbroic section support 
WKLV�YLHZ��ZKHUH�PD¿F�FU\VWDOOLQH�OD\HUV�IHHG�GLUHFWO\�LQWR�JUDQLWLF�GLNHV��DQG�LQWHUPHGLDWH�FRPSRVL-
tions are absent; mass balance calculations at the outcrop scale also support this model. It is unclear, 
though, to what extent this model applies to larger Sierran plutons; the smaller GIC may represent an 
HQG�PHPEHU�SURFHVV��ZKHUH�UDSLG�FRROLQJ�OLPLWV�PL[LQJ��GXH�WR�UDSLG�LQFUHDVHV�LQ�PD¿F�IHOVLF�PHOW�
viscosity contrasts.
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7KH�6LHUUD�1HYDGD�%DWKROLWK��61%��SURYLGHV�W\SH�H[DPSOHV�
of pluton emplacement (Blanquat et al. 2011; Paterson et al. 
������� DQG� FRQWLQHQWDO� FUXVW� IRUPDWLRQ� DW� DUFV� �H�J���5XGQLFN�
������7DWVXPL�������%URZQ��������5HFHQW�ZRUN�DOORZV�IRU�XQ-
precedented detail regarding emplacement of large plutons and 
batholithic complexes (e.g., Zak and Paterson 2009; Zak et al. 
2009; Memeti et al. 2010, and references therein). These studies, 
however, reveal only the latest stages of upper-level granite em-
placement; the underlying processes by which granitic magmas 
are generated and delivered to a growing magma chamber are 
mostly hidden from view.

:LHEH�DQG�&ROOLQV���������5RELQVRQ�DQG�0LOOHU���������DQG�
Wiebe et al. (2002) demonstrate that granitic magmas are inti-
mately connected to a mafic magma-driven thermal engine, and 
isotopic studies indicate a role for both mantle- and crust-derived 
components in Sierran granites (e.g., Kistler and Peterman 1973; 

DePaolo and Farmer 1984; Ague and Brimhall 1988; Ducea and 
Saleeby 1998; Lackey et al. 2008, 2012; Cecil et al. 2012). What 
remains unclear is to what extent mantle-derived melts merely 
provide thermal energy for crustal partial melting, or contribute 
mass to a growing granitic magma chamber. Studies of mantle 
xenoliths provide some insights into the gabbro-granite connec-
tion (Ducea and Saleeby 1998; Ducea 2002; Lee et al. 2006) 
but a direct parent-daughter relationship is highly uncertain. 
$QG�ZKLOH�1R\HV�HW�DO���������DQG�5DWDMHVNL�HW�DO���������������
suggest that mafic enclaves are the solid residues of lower crust 
partial melting, Barbarin (1990) and Dodge and Kistler (1990) 
provide evidence that some enclaves have a magmatic history. 
Such uncertainties emphasize the need to understand larger 
mafic systems.

Heterogeneous intrusive bodies of the western Sierra (e.g., 
Saleeby et al. 1989; Clemens-Knott et al. 2000) allow us to draw 
a clearer connection between mafic and silicic magmatism (e.g., 
Dufek and Bergantz 2005; DeBari and Greene 2011). An excel-
lent example is the Late Jurassic Guadalupe Igneous Complex 
(Best 1963; Figs. 1 and 2), or GIC. The GIC is a well-exposed, 


