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ABSTRACT 

In the Emmaville-Tenterfield region of northeastern New South Wales, Late 
Permian comagmatic volcanic and high-level intrusive rocks are spatially associated 
with large cauldron structures. Major economic concentrations of cassiterite, 
molybdenite and wolframite are associated with specific leucogranitoid plutons 
which were intruded to subvolcanic levels in regions between discrete cauldrons. 
Chemical, mineralogical and field data, used to relate the associated calc-alkaline 
volcanic and intrusi ve rocks and the various types of mineralization, have led to the 
recognition of a volcano-plutonic association displaying features common to volcano
plutonic associations developed in evolved geosynclinal environments in many other 
parts of the world. 

Igneous activity in the Emmaville-Tenterfield region commenced with the 
accumulation of large volumes of leucoadamellite and adamellite magma generated 
by minimum and non-minimum progressi ve partial melting of lower crustal rocks of 
presumed adamellitic composition. Intrusion of these magmas to high levels within 
Early Permian silicified siltstones and sandstones induced doming and fracturing of 
the brittle sedimentary rocks above specific magma chambers, leading to the upward 
venting of magmas along arcuate fractures and eventual eruption in the form of 
pyroclastic volcanism. The Emmaville Volcanics so formed, consist of a large 
number of individual ash flows, minor lava flows and rare ash-fall units which 
comprise a thick sequence of dominantly rhyolitic volcanics ranging in composition 
from dacite to high-silica rhyolite. Rare andesites and associated mafic rhyodacites 
are also present and constitute a geochemically distinct group apparently unrelated 
to the bulk of the Emmaville Volcanics. The evacuation of large volumes of magma 
from the high-level chambers caused subsidence of the overlying sedimentary and 
fresh volcanic rocks, forming simple cauldrons of the Glencoe type. 

The second episode of volcanism in the region, dated at 242 Ma (Evernden and 
Richards, 1962), was marked by eruption of the ignimbritic Dundee Rhyodacite from 
central vents in the subsided blocks of a number of calderas. Mineralogical evidence 
suggests that the Dundee Rhyodacite magma was generated by very high 
temperature partial melting of an intermediate source rock and that the magma 
separated from the melting zone virtually devoid of incorporated partial melting 
refractory resi dua. The distincti ve microgranular groundmass textures of the 
Dl.I1dee Rhyodacite, its remarkable compositional uniformity, lack of flow banding, 
welding zonation and other ma~roscopic volcanic structures, and the presence of only 
locally derived accidental xenoliths are features which indicate that eruption 
occurred simultaneously in all cauldron centres and that the erupted magma cooled 
in a manner analogous to high level plutons. In some cases cauldrons were overfilled, 
producing outflow facies Dundee Rhyodacite displaying microscopic eutaxitic 
textures and a relatively wide range in whole-rock chemical composition resulting 
from crystal accumulation and liquid (groundmass) separation during emplacement. 

During the final stage of the second volcanic episode the ring fracture(s) 
partly surrounding the largest caldera near Dundee were reactivated and rhyodacitic 
magma from the underlying chamber was erupted in the form of numerous thin ash 
flows now recognized as constituting the Tent Hill Volcanics. These volcanics range 
in composition from dacite to siliceous rhyodacite but contain the same phenocrysts 
as the Dundee Rhyodacite and completely overlap whole-rock compositions of the 
intra-caldera and outflow facies of the Dundee Rhyodacite. All facies of the Tent 
Hill Volcanics and Dundee Rhyodacite collectively represent a crystal-liquid mixing 
series. 

Immediately following the second episode of volcanism (i.e. 238 - 236 Ma) the 
still-fluid early phase magmas were able to rise to even higher crustal levels, 
ultimately to reside within the base of the Emmaville Volcanic pile. Major crustal 
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structures such as the Tenterfield and Demon Faults and the steeply dipping ring 
fractures defining individual calderas imposed controls on granitoid emplacement so 
that magmas were largely directed away from cauldron blocks, doming and intruding 
the intervening country rocks. Leucocratic magmas in pristine high-level chambers 
that apparently were not vented during the first volcanic episode, were also able to 
intrude to subvolcanic levels. 

The final phase of calc-alkaline igneous activity in the region was marked by 
the intrusion of Early Triassic (222 Ma) leucogranitoids north of the Tenterfield 
Fault. These leucogranitoids are geochemically and mineralogically similar to 
leucocratic plutons of the first intrusi ve episode and probably were generated by 
partial melting of the same parent rock. 

Specific leucogranitoid plutons of the first and second intrusi ve episodes are 
hosts for cassiterite-wolframite or molybdenite mineralization and are spatially 
associated with hydrothermal base metal sulfide deposits which occur as veins in the 
adjacent sedimentary and intrusive country rocks. Assessment of all aspects of the 
petrogenesis of these mineralized plutons led to the conclusion that they probably 
crystallized from magmas generated from the same parent as the other siliceous 
granitoids but, unlike their barren counterparts, were not related to earlier cauldron
forming volcanism. Residual magmas in high-level chambers partly voided during the 
first episode of volcanism were substantially depleted in volatile components 
regarded as essential for the magmatic concentration, transport and ultimate 
deposition of ore trace metals. By contrast, leucocratic magmas in untapped high
level chambers contained significantly higher concentrations of volatile components 
and were able to effect the migration of selected metals to economic concentrations 
in the apical regions of the chambers. Subtle differences in physicochemical 
conditions prevailing during the evolution and crystallization of these magmas may 
explain why individual plutons are hosts for specific tin-tungsten or molybdenum 
minerali zation. 
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