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Incremental growth of magma chambers by epizodic assembly ~ mass are transported through the crust (and therefore rheology
of magma pulses, as proposed by recent models of magma  and deformation of orogenic belts), and how we view and
chamber construction, dramatically affects the nature of in-  thus solve the emplacement problem. Understanding internal
ternal processes, the rates and mechanisms by which heat and  processes and their structural expression in plutons is crucial



114

GeoLinNes 16(2003)

for complex evaluation of composite magmatic systems. In
the present study, we focus on physical processes operating
along internal boundaries between individual magma pulses in
a magmatic system, evolving from early sheeting to younger
nested diapirs (Tuolumne Batholith, central Sierra Nevada,
USA) and we show that structures preserved along internal
contacts may record information about the rheological state of
juxtaposed magma batches, complex flow along these bounda-
ries, and late fabric formation during emplacement of progres-
sively younger magma pulses and regional tectonic strain.

The Tuolumne Batholith is a large composite batholith expo-
sed in the central Sierra Nevada (California, USA), emplaced as
a nested diapir during Late Cretaceous into low-grade metased-
imentary and metavolcanic rocks and older plutons. Succesive
emplacement of four main units making up the batholith (Kuna
Crest, Half Dome and Cathedral Peak granodiorites, Johnson
granite porphyry) produced concentric array of internal con-
tacts between compositional domains. In detail, however, inter-
nal contacts and associated igneous features vary widely, from
simple sharp or gradational contacts, sheeted domains, to very
complex zones of mingling and flow. We discovered several
domains of very complex magma mingling and flow in the east-
ern part of the Tuolumne Batholith, typically asocciated with
geometric irregularities and deflections of the contact. These
domains are characterized by the presence of complex magma
mingling, complicated schlieren patterns, disequilibrium micro-
structures, multiple magmatic sheets, gravitational instabilities
and physical accummulations of K-feldspar megacrysts. Four
distinct magmatic fabrics are developed in this domain, two of
which occur throughout the Tuolumne Batholith. The two earli-
est fabrics record strain during flow in pulses. A slightly young-
er NNW-SSE foliation is typically parallel to internal contacts,
whereas the youngest WNW-ESE foliation runs across all
internal contacts and overprints older magmatic features. Both
the regionally developed foliations share a single steeply plung-
ing magmatic lineation, defined by identical igneous minerals.
These multiple magmatic fabrics record a temporal evolution of
strain caused by flow during chamber construction to tectonic
strain of a relatively static chambers.

Based on our field research, we reached the following
conclusions: (i) simple gradational zones between two juxtapo-
sed magma batches represent stable contacts allowing partial
homogenization of magma pulses within transition zones and
implying slower rates of interactions and small rheological
contrasts; (ii) zones of complex magma mingling and flow,
often displaying complex, but ordered patterns, develop due
to multiple gradients introduced to the system during em-
placement of magma surges along wall-rock irregularities;
(iii) internal emplacement mechanisms recorded in domains
along internal contacts in the Tuolumne Batholith involve mul-
tiple rheology-dependent processes, e.g. magma escape flow
and shortening in magmatic stage, negative volume change
of cooling magmas along margins with progressive accum-
mulation of outward-younging sheets and thermal fracturing
and magmatic stoping of older solidified magmas; (iv) The pre-
sence of internal contacts and spatial distribution of other igne-
ous structures in the Tuolumne Batholith are in contrast with
chamber-wide convection models, we argue for small-scale
convective structures operating during final stages of magma
chamber construction; (v) overprinting relationships show
that the youngest WNW-ESE magmatic fabrics formed after
chamber construction and represent late increments of regional
tectonic strain. We emphasize that physicochemical gradients
across the contact, relative rheology of juxtaposed magma
pulses, geometry and spatial orientation of the interface and
temporal evolution of the system, are the most important fac-
tors controlling the nature of processes along internal bounda-
ries in magma chambers. In addition, our study provides some
field constrains on dynamic forward modelling work (Ber-
gantz, 2000) predicting the geometry of interface between jux-
taposed magma pulses for various rheologies and geometries
of the modelled system.
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