
locally contain either incommensurate or commensurate structures of the 
fallowing types: 

i) pervasive faults on (010), (110), and (100). The first two types 
are more common, and can be readily explained by removal of structural 
sub-units on these planes. DLS models of the fault structures confirmed 
that these faults are c.rystallographically viable. 

ii) ordered domains (possibly related to the incommensurate faults) 
with no characteristic ordering scheme, i.e., we observed a number of 
different periodicities of the extra reflections.. Because we sometimes 
found intensity maxima on streaked diffraction patterns from samples 
that contained the incommensurate structure, the different ordering 
schemes may be due to long wavelength modulations of the fault structure 

The faults on (010) formed by the addition of tetrahedral sites 
in ferrierite are also of interest as this fault is rather similar to 
the mordenite structure. Intergrowths of mordenite caused by small 
shifts on the (010) ferrierite faults may then account in part for the 
typical occurrence of these two zeolites in the same rock. 

METEORIC HYDROTHERMAL CIRCULATION ALONG THE TRAPDOOR I N~ 517 0 4 
RING FAULT SYSTEM OF TilE EONANZA CALDERA, N, E, SAN . 
JUAN VOLCANIC FIELO, COLORADO 

SMITH, Brian M. and VARGA, Robert J., Union Oil Research Center, 
P.O. Box 76, Brea, CA 92621 

The Oligocene Bonanza caldera developed on the summit of a large 
composite volcano, built from andesite and dacite lava flows and lahars 
collectively known as Rawley Andesite (RA), The caldera collapsed in a 
trapdoor fashion along a curvilinear system of listric-normal ring 
faults located several km inside the western topographic rim. 
Petrographic and whole-rock (WR) 0-isotopic studies were carried out 
on RA sample suites collected along several west-to-east traverses 
(-2 lan in length), from the topographic rim across the exposed portion 
of the ring fault system. 

All analyzed RA samples are profoundly hydrothermally altered and 
texturally recrystallized to assemblages containing calcite and 
chlorite, and some samples contain abundant epidote or green/brown 
smectite. Furthemore, all samples are significantly depleted in 18o 
([,lSoWR = +4.0 to -0.6 o/oo, relative to SMOW), compared to petrograph
ically unaltered RA samples taken from peripheral areas of the Bonanza 
volcanic field (f,lS!JwR = +7 .8 ± 0.8 o/oo). 0-isotopic profiles for the 
traverses are irregular 1 but show a general pattern of decreasing blBo 
to the eaSt. Locally, very steep 0-isotopic gradients are measured 
(5 o/oo in samples 500 m apart), implying extreme fluid channeling 
and/or tectonic juxtaposition of propylitically altered rocks from dif
ferent levels of the volcanic pile, The most important fluid pathway(s) 
along the ring fault system probably lies to the east (calderaward) of 
our easternmost samples, where outcrop is poor. The lBQ depletions 
measured in RA samples from the ring fault zone (1) imply that wide
spread propylitic alteration at Bonanza developed during circulation of 
heated, dominantly meteoric fluids, and (2) demonstrate the utility of 
oxygen isotopes in studies of caldera structure and paleohydrology, 

ENRICHMENT OF ARSENIC, ANTIMONY, AND 
TUNGSTEN IN THE WATERS OF SOME MODERN 
HIGH-TEMPERATURE GEOTHERMAL SYSTEMS 

50127 

SMITH, Cole L., and FICKLIN, Walter L., U.S. Geological Survey, 
Box 25046, MS S55, Denver Federal Center, Denver, CO 80225; and 
THOMPSON, John M., 345 Middlefield Rd., MS 910, 
Menlo Park, CA 94025 

Waters fran active geothennal systems at Roosevelt Hot Spring, Utah; 
Lassen National Park, Ca 1 i forni a; Steamboat Springs, Nevada; and Valles 
Caldera, New Mexico, contain amxnalously high concentrations of As, Sb, 
and \1. These trace elements and the trace elements Hg, Au, and T1 
(whose co~centrations were not detennined in the analyzed waters) are 
characten~tic of the upper portion of epithermal disseminated deposits; 
hence, the1r presence suggests that these active geothennal systems 
could be modern analogues of fossil geothermal systems that produced 
gold deposits of this type. Two features shared by both fossil 
geothermal systems that produced epithermal disseminated gold deposits 
an~ some moder~ ~igh-temperature geothennal systems are (1) abundant 
ev1dence of bo1l1ng and (2) anomalous concentrations of As, Sb and W in 
the systems. These similarities suggest there might be a relationship 
between the process of boiling and tre enrictment of certain charac
teristic trace elements in some ancient and modern geothennal systems. 
If As, Sb, and Ware rela~ively soluble in dense, high-temperature, 
high-pressure steam, boihng at 200• to 3oo•c might partially separate 
these trace metals from a liquid phase and selectively enrich them in 
the upper portion of the geothennal system, where the density and 
ther~f~re the transporting ability of the vapor are low. Changes in the 
sta~1l1ty of aqueous canplexes of all metals, in particular As, Sb, and 
~· ln resp~nse to cha~ging che~ical and physical conditions are probably 
1mportant 1n controll1ng the d1stribution of these trace metals in the 
upper portion of geothermal systems. 

EffECTS OF UNRECOt.iNIZED OLIGOCENE EXTENSION IN CENTRAL I N~ 52 0 6 9 
IIEVADA ON THE INTERPRETATION OF OLDER STRUCTURES . 

SMITH, David lee, Geology Dept., Stanford Univ., Stanford CA 94305 
Stratigraphic relations in central Nevada de100nstrate that the Ordovi
cian to Devonian deep-water rocks of the Roberts Mountains allochthon(RMA) 
were thrust over Devonian miogeoclinal rocks along the Roberts Mountains 
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thrust (RMT) during the 1 ate Devonian and early Mississippian. However, 
workers in central Nevada have often ignored the effects of later defor
mations, and many of the faults interpreted to be segments of the RMT 
actually place rocks of the RMA down onto deep structural levels of the 
autochthon and cut bedding at high angles. ~hus, they appear to be nor
mal displacement faults. In the northern To1yabe Range, these faults 
are overlapped by the 28.5 ±. 1.1 m.y. a 1 d tuff of II all Creek ( K-Ar, san
idine) which in turn has been tilted 35°SE. Removing this tilt restores 
the low-angle faults to 40-45•Nw dips which, together with their normal 
displacement, indicates that they formed as normal faults and have since 
been rotated to low angles. 

A second set of west-dipping normal faults cuts the first set and 
tilts rocks as much as 35°. Movement on these two sets of faults has 
produced significant extension (locally as much as 250%) and has strong
ly disrupted and til ted the RMA and other units. Although the RMT may 
be locally present, it has been cut and offset by these later faults and 
most of the faults now mapped as the RMT nre low-angle normal faults. 

Similar low-angle normal-displacement faults are present throughout 
centra 1 Nevada and it is 1 ike ly tho t th i s area underwent much more ex
tension in the Oligocene tl1an previously thought. This extensional 
event has increased the width of pre-Tertiary paleogoegraphic features 
and has resulted in exaggerated estimates of the offset on pre-Tertiary 
faults such as the RMT. This extensional event has gone largely unrec
ognized because it occurs prior to the eruption of the latest Oligocene 
and earlX Miocene ignimbrites which blanket this area and which are only 
gently .t1l ted. 

METEORITES, ACCRETION AND EARLY PLANETARY HISTORY 
SMITH, Joseph V., Department of the Geophysical 
Sciences, The University of Chicago, Chicago, IL 60637 

33206 

An interstellar dust-gas cloud collapsed into a chemically-inhomogeneous 
solar nebula, as evidenced by the unequilibrnted chondrites. Th<> 
enstatite-, ordinary-, and carbonaceous chondrites may indicate increas
ing oxidation away from the Sun. Met<>oritcs with metamorphic and igne
ous textures testify to high-temperature processes on plnncte.simals. 
Each terrestrial planet grew within lOB years, first from nearby slow 
planetesimals of reduced material. and then from plnnetosimals acceler
ated by gravitational deflection. Deflections by .Jupiter nearly emptied 
the asteroid zone, and the growth of Mnrs and Mercury wns stuntod by 
.Jupiter and the Sun, respectively. Plnnotesimnls rich in oxidized mate
rials and volatiles (including 11 20 and C02) hit the inner planets as the 
outer planets completed accretion, but the volatiles were retained only 
by the Earth, Venus, and partly by Hars. !luring growth, the inner 
planets melted into a metal-sulfide core, an Mg-silicate mantle, and a 
volcanic crust rich in basalt. Fronts of high-pressure minerals ad
vanced throughout the Earth's mantle, and HgSiOTperovskite began to 
dominate the lower mantle, Heat was released by volcanic activity; did 
a world-wide magma ocean develop? All early crust was destroyed for the 
first 750 m.y, by igneous and sedimentary processes, coupled with de
struction by impacts of planetesimals. Uasaltic material and volatile 
elements were returned to tha mantle. Th<> reduced state of the early 
mantle is being modified by the downward movamont of oxidized species, 
Most of the C and N may be in the core. Continants w<>re stabilized by 
flushing of HzO by co2 • Venus lost its hydrogen, and the high surface 
temperature excludes low-grade metamorphism, and inhibits high-pressure 
transitions. All simple models for the Moon ore inadequate, Climatic 
changes and prolonged volcanism ore important for Hartian geology 
J. Geol. 1982, 90, 1-48. NSF EAR 80-24138, NASA NAG 9-47. 

CRYSTAL STRUCTURE OF LOW CRISTOBALITE AT 10, 293 AND I N~ 3 3 20 5 
473 K: VARIATION OF FRAMEWORK GEOMETRY WITII . 
TEMPERATURE 

SMITII, Joseph V,, PLUTH, Joseph J,, GOOI>hysicnl Sciences, The 
University of Chicago, Chicago, IL 60637; nnd I'ABI.lR, John, Jr., 
Intense Pulsed Neutron Sourc:<>, Argonne National Laboratory, 
Argonne, IL 60439 

The crystal structure of low-erie tobalite (SiOz) was refined at 10, 293 
and 473 K from time-of-flight neutron powder diffraction data. The two 
Si-0 distances and one Si-0-Si angle change considerably: 10 K, 1.602(1) 
and 1.617(1) A, 144,7(1)"; 473 K, 1.605(2} and 1.590(2) A, 148,4(1)', 
The angular distortion of the Sio4 tetrahedron is greater at 4 73 K than 
at the lower temperatures. Root-mean-square displacements of Si and 0 
are greater for cristobalite than for quartz and coesit" at room tem
perature. The negative correlation between Si-0 distance and Si-0-Si 
angle for cristobalite is similar to that for quartz held at a higher 
temperature (.350 K). Any adjustment. of the Si-D distance for riding 
motion between Si and 0 atoms would reduce the variation of Si-0 dis
tance with temperature and with Si-0-Si angle, Furthermore, adjustment 
of the Si-0-Si angle for rocking of the oxygen ntom out of the Si-0-Si 
plane could improve the correlation between secant (Si-0-Si) and the 
isotropic chemical shift for 29si nuclear magnetic resonance in silica 
polymorpbs (JVS and C,S, Blackwell, Nature 303, 223, 1983), T11e 
temperature variation of the crystal structure oTTow cristobalite can
not be modeled by simple tilting of rigid tetrahedra., and the nature 
of the thermal motion (e.g. rocking) must be explored. Crystal 
structure data should be collected at low temperature to test models o£ 
chemical bonding, and avoid the uncertainties from thermal motion. 


