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1ncoC1111cn• urote or co=cnsur.He structures o't' t !MD I thrust (RMT) during the late Devonian and early Mississippian. How 

l) pervasive fllulta on (010), (110), and (100). The Cirst two typelJ 
ar e 10re coC1111on, and can be reodily explained by removal of struc tural 
su b-.niu on these planes, DLS models of the foult structures confirmed 
t h at these faults are crystallographically vUlblc. 

11) ordered d01Mins (possibly related to the inco""""nsurate faults) 
"'1. th no cluarnctcristic ordering schcme 9 1 .. c. • we observed a number of 
d:i. ffercnt periodicities of t.he: extra reflections. Because we sometimes 
fo tcl intenl ity madma on streaked diffraction patterns from samples 
th at '"ontoined du! inco ... ensurate structure, the different ordering 
sc h- a may be due to long wavelength modulations of the foult structure 

The faults on (010) formed by the addition of tetrahedrd s itl!s 
in frrrierite arc also of interest ns this fault is rather HimUar to 
the o0 nh:nite •tructure. Intergrowths of mordenite caused by 8111.111 

shifts on th!! (010) ferrlerite foults =Y then account in part f~r the 
typita.l occurrence: of thcac two zeolites in thi:? same rock. 

HE:Tf.ORIC HYDROTHERMAL CIRCULATION ALONG THE TRAPDOOR j No 51 7 0 4 
RING F'AllLT SYSTEM OF THE BONANZA CALDERA, N,E. SAN '---------
JIJAN VOLCANIC F'IELD, COLORADO 

5.'IITll, Brinn H. and VARGA, l!Dbert J., Union Oil Reseuch Center, 
P,O, Box 76, Brea, CA 92621 

The Oligocene Bon.:inza caldera developed on the swmnit of a large 
composite volcono, built from andesitc and docite lava flows and lahars 
co llrctively kno"" as Rawley Andesitc (RA). Thi! caldera collapsed in o 
trapdoor fashion along a curvilinear system of listric-normal ring 
faults located several km inside the western topographic rim. 
Peuographic and whole-rock (WR) o-taocopic studies were carried out 
on RA sample suites collected olong sever-al vest-to-east traverses 
c-2 1co in length). from the topographic rim across the exposed portion 
of the ring fault system. 

All analyzed RA somples are profoundly hydrothermally altered ond 
texturally recrystallized to assemblages containing calcite and 
chlorite, and some samples contain abundant epidote or green/brOloln 
l!Dl cCtite. Furthermore, all samples are significantly depleted in 180 
C&lll<JiiR • +4,0 to -Q.6 o/oo, relative to SHOW), compared to petrogroph­
ically unaltered RA samples taken from peripheral areas of the Bononzs 
volcanic field ij,lBlliJR • +7 . 8 ± 0.8 o/oo). 0-isotopic prof iles for the 
travrraes sre irregular , but show a general pattern of decreas ing blBo 
co the ease. Locally, very steep 0- isocopic gradients arc measured 
( 5 o/oo in samples 500 m apar t), implying extreme fluid channeling 
and/or tectonic juxtaposition of propylitically altered roclc.s from dif­
ferent levels of the volcanic pile. The most important fluid pachwoy(s) 
along the ring fault system probably lies to the cast (calderaward) of 
our easternmost samples. vhcre outcrop is poor. The 180 depletions 
measured in RA samples from the ring fault zone (1) imply that wide­
spresd propylitic alteration at Bonanza developed during circulation of 
heated, dominantly meteoric fluids, and (2) demonstrate the utility of 
oxygen isotopes in studies of caldera etructure and paleohydrology. 
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HIGH-Tfl1PERATURE GEOTHERMAL SYSTEMS \:

ENRICHMENT OF ARSENIC, ANTilllNY, AND 
TUNGSTEN IN THr WATERS OF SOME KIOERN 

SHITH, Cole L., and FICKLIN, Walter L., U.S. Geological Survey, 
Box 25046, HS g55, Denver Federal Center, Denver, CO 80225; and 
THOMPSON, Jahn H., 345 Middlefield Rd., HS 910, 
Hen! o Park, CA 94025 

Waters fran active geotl'ennal systems at Roosevelt Hot Spring, Utah; 
Lassen National Park, California; Steamboat Springs, Nevada; and Valles 
Caldera, New Hex1co, contain anomalously high concentrations of As, Sb, 
and W. Tl'ese trace elements and the trace elements Hg, Au, and Tl 
(whose concentrations were not determined in the analyzed waters) are 
characteristic of the upper portion of eplthermal disseminated deposits; 
hence, their presence suggests that these active geothermal systems 
could be modern analogues of fossil geott-ennal systems that produced 
gold deposits of this t.)lpe. Two features shared by both fossil 
geothennal systems that produced epithermal disseminated gold deposits 
and some modern high-temperature geothermal systems are (1) abundant 
evidence of boillng and (2) anomalous concentrations of As, Sb, and W in 
the systems. These similarities suggest there might be a relationship 
between the process of bolling and the enrichnent of certain charac­
teristic trace e lements in scme ancient and modern geothermal systems. 
If As, Sb, and W are relatively soluble in dense, high-temperature, 
high-pressure steam, boll Ing at 200° to Joa•c might partially separate 
these trace metals frDll a liquid phase and selectively enrich them In 
the upper portion of the geothermal system, where the dens 1 ty and 
therefore the trans porting abi11ty of the vapor are low. Changes 1n the 
stablllt,y of aqueous canplexes of all metals, ln particul ar As, Sb, and 
W, in response to changing chemical and pt\Ysical conditions are probably 
important in controlling the distribution of these trace metals in the 
upper portion of geothermal systems. 

~m~s o~F ~~~~J~m~A ~~~~g~"5L ~~E~~~~~~~E~ENTAAL I N~ 5 2 0 6 9 
SMITH, David Lee , Geology Dept . , Sta nford Uni v., Sta nfo rd, CA 94:1>5 

Str a t ig raph ic re lations in central Nevada dellllnstrate that the Ordo vi ­
c ian to Devonian deep-water rocks of the Roberts Mountai ns all ochthon(RKA) 
were thrus t over Devonian mloqeocl inal rocks al onq the Roberts Mountains 
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wwkers In central Nevada have often ignored the effects of later d· 
mations, and many of the faults interpreted to be segments of the RI 
actually place rocks of the RHA down onto deep structural levels of 
autochthon and cut bedding at high angles. Thus, they appear to be 
mal displacement faults. In the northern Toiyabe Range, these faul 
are overlapped by the 28.5 %. 1.1 m,y. old tuff of flall Creek (K-Ar, 
idine) which in turn has been tilted 35"SE. Removing this tilt res 
the low-angle faults to 40-45°Nll dips which, together with their no 
displacement, indicates that they formed as normal faults and have 
been rotated to low angles. 

A second set of west-dipping normal faults cuts the first set an 
tilts rocks as much as 35°. Movement on these two sets of faults h 
produced significant extension (locally as much as 250i) and has st 
ly disrupted and tilted the RHA and other units. Although the RMT 
be locally present, it has been cut and offset by these later fault 
lllOS t of the faults now mapped as the RMT are low-angle nonnal fault 

Similar low-angle nonnal-displacement faults are present through 
central Nevada and it is likely that this area underwent much more 
tension in the Oligocene than previously thought. This extensional 
event has Increased the width of pre-Tertiary paleogoegraphlc featu 
and has resulted in exaggerated estimates of the offset on pre-Tert 
faults such as the RMT. This extensional event has gone largely un 
ognized because it occurs prior to the eruption of the latest 01 igo 
and early Hlocene ignirrbrites which blanket this area and which are 
gently tn tr.d. 

METEORITES, ACCRETION AND EARLY PLANETARY HISTORY 
SMITH, Joseph V., Deportl'Cnt of the Gcophya icnl 
Sciences, The UniVersity of Chicago, Chicago, IL 6~637 

332 

An interstellar dust-gas cloud collopsed into a cho!mlcnlly-inhor.x>gc 
solar nebula, as evidenced by the unequUibrutcd chondrltes. The 
enstatice-, ordinary-, and carbonaceous chondrites 111.:1y indicate inc 
ing oxidation away [rom the Sun. Meteorites vith metamorphic and i 
ous texturee testify to high-temperature processes on planc:ted 1:1nls 
E4~h terrestrial planet grew within 108 years, first from nearby sl 
plane tesimals of reduced mate r ial, and then f rom planetes imals occe 
ated by gravitational deflection. Deflections by Jupiter nearly em 
the asteroid zone, and the growth of Hars and Mercury was stunted b 
Jupiter and the Sun, respectively . Planetesimals rich in oxidized 
rials and volatiles (including HzO and co2) hit the inner planets a 
o uter planets completed accretion, but the volatiles vcrc re tained 
by the Earth, Venus , ond partly by Hors. During growth, the inner 
planets melte d into a metal-sulfide core, an Hg- silicate mantle, an 
volcanic crust rich in basalt . Fronts of high- pressure minerals ad 
vanced throughout the Earth's mantle, and HgSi03•pe rovsk1te began t 
doDlinate the l[J\lj!r mantle. Heat was released by volconic act ivity; 
a world-vide magma ocean develop? All early crust was destroyed fo 
fi rst 750 m.y. by igneous and sedi..,ntary processes, coupled with d 
atruction by i"Pacts of planetesimals. Basaltic material and volat 
eleml!nta were r eturned to the 111.1ntle. The reduced state of the ear 
mantle is being modified by the downward moVement of oxidized apeci 
Host of the C and N may be in the core . Cont inents were stabilized 
flushing of a2o by co2• Venus lost its hydrogen, and the high sur f 
temperature excludes low-grade mctamorphism, and inhibits high-pres 
transitions. All simple models for the Hoon are inadequa te . Clima 
changes and prolonged volcanism are important for Mar tian geology 
J . Geel , 1982, 90, 1-48. NSF EAJt 80-24138. NASA NAC 9-47. 

CRYSTAL STRUC1URL OF' LOii CRISTOBALITE AT 10 , 293 A!ID 
473 K: VARIATION OF FRA.'IE\.'ORX GEOMETRY lllTII 
TEHPERATUR£ 
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SHIT!I , Joseph V. , PLUTll, Joseph J., Geophysical Sciences, The 
Universi ty of Chicago, Chicago, lL 60637; a nd FABER, John, J 
Intense Pul~ed Neut ron Source . Argonne Nati onal Laboratory, 
Argonne, IL 60439 

The crystal structure of low-cristobalite (5i02) was r efined at 10, 
and 473 K from time-of- f l i ght neutron povdc r diffract ion data. The 
Si-0 distances and one 51-0-Si angle change considcrub ly : 10 K, 1. 
ond 1.617(1) A, 144.7(1) 0

; 473 K, 1.605(2 ) and 1.590(2) A, 148.4(1) 
The angular dis tortion of the Si04 t e trahedron is greate r at 473 K 
at the lower temperatures. RDot- mean-squarc displacements of Si an• 
are greater fo r cr is tobalite than for qwirtz and coesite at r oe= tei 
pe ra t ure . The negative corre l ation between Si- 0 dis tuncc and Si·O­
angle for crlstobali te is similor t o that f or quar tz held a t a high 
temperatur e ( .350 K) . Any adjust ...,n t of the 51-0 di s tance foT ridi 
motion between Si and 0 a toms would reduce the variation of Si- 0 di 
tance with temperature ~nd with Si-0-Si angle. Furthen:.orc , adjuso 
of tho! Si-0-Si angle for r ocking of the oxygen a t o111 out o f t he Si-0· 
plane could i t:p rove the corre lotion between sec.;int (S i-D• Si) on~ t h 
isot ropic checicol shi f t for 29si nucleor m:agneti c r esonance in sil 
polymorphs (JVS and C. 5. Blackwell, Nature 303, 223 , 1983). Tile 
temperature vo riation of the crystal structure oT"Iov cri scobalitc 
not be modeled by s imple t i lting of rigid t etr ahedra. , and the n3t U 
of the therma l mot ion (e. g. r ocking) must be exp lored. Crystal 
s t ructure da t a shoul d be collected a t l ow tcmpc r~turc to test ca dc l 
chemical bonding, and ovoid the uncer taintiee from the nnnl motion . 
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