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A 150-m hole has been cored througn Obsidian Dome. and drilling is in progress 
to reach the conduit of Obsidian Dome and the dike belie\ed to underlie the 
dome chain. 
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Introduction magma and host to l'apidh changed pressu re 
and temperature conditions Of La time and 

While a great deal of attention has been fo- size scale that cannot be dupliLated ex peri-
cused on inferring conditions within deep mentalh Among the unique kinds of data 
magma reservoirs. much of the action in that drilling can provide are temperatures in 
terms of magmatic processes such as degas- and near.a cooling intrusion. composition of 
slOg. explosive fragmentation. and fluid/melt pristine intrusi\e glass representing magma 
interaction occurs at depths of a few hundred quenched under known load. and the struc-
meters to a few kilometers. Our understand- lure and comp'-,sillon of the intrusi\e porti!)n 
ing of whatnappens to magma in this impor- of a system for which the eruption I!jston 
tant mb\olcanic regime is pri_miti\e and in- and eruption produn composition are well 
consistent. For examptl'. eruption models a5- known. In the areas of mechanical effects of 
sume that magma is a chemically closed intrusion and mass transfer between magma 
S\·stem during ascent. but g-eochemlol mod- and host. drilling lan provide a far higher 
els tacitly assume it is an open sYStem (but- quality of data than sampling of exposed fos-
onh to HzO and perhaps a few other \Olallie - sil s\. stems through. the generalh greater con­
components). Thermal models are well de\'el- tmulty of the seCllon sampled and the knowl-
oped but untested. The extent of magma! edge that the intrusion and its environment 
wallrockifluid interastion is unknown. Yet we have been JJnaltered by subsequent. unrelat-
must understand the processes in this regime ed geologic e\'ents. 
not only to understand the mechanisms of A prograJl!. of research drilling has begun 
-e.xplosi\·e eruption and .hydrothermal circula- at the Inyo Domes volcanic chain which cuts 
Uon but to correctly interpret e.."ldence of the north-sourh across the northwest rim of Long 
deep Plutonic conditions as well. - VaHev Caldera (Figure I). The youngest fea-

The only way to address these problems tures of this chain (four magmatic vents. at 
properly is by direct observation of young least SIX phre~lIc vents. and associa~ed normal 
sUbvolcanic intrusions. Fortunately. much of f~ults) are behe\ed to be the surface expres-
the required information can be obtained slon of a dike or system of dikes which is at 
With standard drilling and coring techniques least 8 km long and was emplaced approxi-
at costs similar to surface geophysical obser- mately 600 years ago [MUln. 1983] (Figure 
v.allons. Samples and conditions in the intru- 2). Dunng October 1983. a verllcal 150-m 
51Ve environment record the -Rsponse of hole was cored through Obsidian Dome. 

. northernmost of the young magmatic vents. 

CoY~. Coring through a 600-year-old _ 
obs~dlan flow near Long Valle)' Caldera. 
Cab£. This hole. the first of a series to 
P!obe the subvekanic ~nvironment of the 
Inyo Domes chain. penetrated S5 m of 
ROw ilnd bouomed ilt 152 m in precaldera 
anaesitc. (Photo by J. C. Eichelberger. Sec 
artlde. :Research Drilling at lnyo Oom6. 
r~g \ illley Caldera. California::by J. C. 

Y
IC e1berger. P. C. Lysne. and L. W. 
onker.) 

'--

~%-3941/84J6539-0721 S 1.00 
pyng~t 1984 by the Ameriun Gcoph)·sical L'nion 

Work is now underway on a 600-m slant core 
hole to intersect the c~nduit which fed Obsid­
ian Dome and a looo-m slant core hole to in­
tersect the Inyo Dike between Obsidian Dome 
and the Glass Creek Flow. Additional holes. 
both inside and outside the caldera. have 
been proposed for subsequent years. 

Both the drilling and supporting research 
are funlfed by the Office of Basict:nergy Sci­
ences of the l' .S. Department of Energy 
(DOE). As an imestigation of. processes of -
heat and mass transport in an anomalously 
hot region of the ear!!l's crust. this effort rep­
resents part of the national Continental Sci-

entificDnlling Program ICSDP:. In\() drillir:rg 
was IOltlated under a prop<)sal for shallo... .~ 
dnlhng at Long \'alle\. \·alles Caldera. and '12-
Sallon Se.l submilted to DOE III I ~11'3 t)\ ('Jur 
DOE lans The nroader pr/)gram descnbed 
here is an ,Jutgro ... ·th of Ihe -Initial ,hallo ... 
drilling elTon and resulted from .1 pTf,posal 
submitted to DOE 10 191'14 b\ a comortlum 
consisting of three national !aboratones. the 
l'.S. (;eological Sune\. and fl\(· Uni\eTSllies. 
PartICipants are listed 10 Table I. 

Scientific Objectives 
The Inm chain is particularh ... ell wited 

for research drilling for a number of reasons: 
(I) Although dike propagation is thought to 
be the dominant mode of magnia ml)\ement 
in the subvolcanic regime lP,'[laTd 1'1 at.. 
191'31. at \ery few sites can the position of a 
ytmng dike be as well constrained from sur, 
face evidence as at Imo Domes I~) .-\5 the 
most recent rh\'olitic mJgmalir e\ent in the 
western l'nited States, the Intrusion should 
be neither thermalh eqUilibrated nor the 
glass of the intrusion h\drated. 13) Because 
the Invo Chain cuts ac~oss the structural 
boundary of the caldera. the dike IS empl.Ked 
in two contrasting environments pertinent to 
considerallon of continental \olcant'm One 
is thick. porous. permeable. and Water-satu, 
rated volcanicpile represented b\ the caldera 
filL The other is silicic cnstallme basement. 
represented b, Sierran granitic rocks. (4) fi­
nally. the dike is the-most recent leak from 
the ~vohing Long Valle\ Caldera magma S\S­

tem [Bad,) rl at., 1983] and an acressinle ana­
log to intrusions which rna> be forming now 
at greater depth beneath the seismicalh and 
tectonicallv active southwest caldera moat and 
the resurgent dome [Hrrmana, 1983]. 

The scientific objectives for drilling the 
Inyo system are to characterize and compare _ 
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Fig. 1. -Generalized geologic map of 
the Inyo Chain and vicinity. showing loca­
tions of: cross sections. The three largest 
domes and the small dome on section Ill. 
are thought to have erupted during the 
most recent event ['\Wln. 1983]. 
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Dunn. unpublished data. 1984) show that if 
the dike is 10 m or more wide and cooled 
dominantl~ b~' conduction. then magmatic 
heat will still be detected onh a few hundred 
meters below the top of the basement and 
will have diffused outward approximatel~ 
:;OOm. 

Observation of retained magmatic volatile 
content in the glass\ chill lOne WIll provide 
new information on how magmas degas 
Through solubilitv data for various \olatile 
species. vapor pressure at the time the s\stem 
chemicallv closed can be inferred from \ola­
tile conce~tration and compared "'ith the 
known lithostatic load. B\ sampling chili 
zones at multiple depths. the pressure (depth) 
dependence of degassing beha\ior can be de-. 
termined. Alternati\ eh. if no degassing oc­
curs except b\ explosive fragmentation. vola­
tile content will be independent of depth. For 
magma under lithostatic load at 1000 m. the 
solubilitv of water in melt is an order of mag­
nitude higher than water contents obsen ed 

DISTANCE FROM WILSON BUTTE (km) in ObSidian Dome. Although it might be ex­
pected that degassing would result in water 
contents near the solubilitv cur .. e.in fact 
equilibration with surface 'conditions (0.1 

FIg 2. Cross section .llonK the Imo trt'nd Tht' P'''tuiated Imo Dike reaches the surface 
at Obsidian Dome. the (;la'5 (:red. flo" . .Ind De.ldm.ln Dome ;lIld the near surface be­
neath the contemporaneous phre.ltll craters MPa) extends to at least 100 m 12 \[Pa) [Et-

the thermal. chemical. and mechanical beh.l\­
ior of magma in the contr.lsting_en\iron­
ments of caldera fill and cnstalline bast'ment. 
In discussing how these objectives are to be 
achieved. it is useful to consider the lones 
that should be penetrated b\ a core hole 
slanted IIlto a conduit or dike. The intrUSIOn 
itself should consist of an outer quencht'd 
glass, zone and a cnstalline interior. "hlle 
the host can be divided into a far-field undis­
trubed zone and a near-field disturbed or 
contact metamorphIC lone. The importame 
of sampling and anahzing the undisturbed 
host is that it represents initial. pre-intruSllJll 
conditions. The cont.l(( metamorphK zone 
represems host material altered b, the IIltru­
si\e e\·enl. Pr(){esses contributing to these 
changes ma\ include di\..e prop.lgation. rapid 
healing to high term perature. and circulation 
of hot Huids of maglTkltic or meteoric origin. 

The next zone to be encoumered "ill be 
the quenched. glasS\ oute.L portion of the in­
trusion~ This matenal is of spC:'Cial importance 
because it records the state of the magma in 

- terrns of phase assembldge. phol~e wmposi­
tion. and bulk composition including \olatile 
content at the time of intrusion. It will differ 
from surface samples because it was 
quenched while under substamial pressure 
and from the quenched margins of exposed 
fossil mtrusions betause it is sutncientl\ 
yo.ung that it has not been contaminated b\ 
meteoric water through h, dration.- In terms' 
of geochemical obsenations. the data should 
be comparable to what could be gained b, 
coring into an acti\ e magma bod,. -

:\5 the drill penet>ates deeper into the in­
trusion i\..will encoumer mOlgmOltic material 
which cooled more slo...+.. "ith the result tholt 

- higher crystal content and lower glass content 
should be expected. Important factors con­
trolling H\stallizatioii behol\'ior are IIlt'h to 
be retallled magmatic \'olallle content and 
cooling rate. and these will van with depth 
and distance from the contact. In orner to 
gain maximum information on in.trusion ge-. 
ometn and the chdrat.ter of each lone. 'holes 
will be planned so as to completel) penetrdte 
their magmatic targets. 

(M/bergn- and Rna. 1983J. While degasslIlg to 

-I atmosphere water vapor pressure is cenain-
Perhaps the most basic obsenations to be Iy not expected to .e.xtend to depths of 500 or 

made in the drill holes are the position and WOO m. glasses at these depths rna, be sub-
orientation of intrusions relative to their sur- Slantiall~ water undersaturated (at magmatic 
fact' \olcanic expression The model to be temperature) if the magma behaves during 
tested. but whICh we are confident enough ascent as a stiff. permeable foam 
about to use as a basis for siting the...holes. is The problem of dike emplacement "'ill be 
that a long. near-H·rtical dike extends up- - investigated in detail. Fracture experiments 
ward to shallo .... depth tfew hundre-d meters) will be used to characterize current conditions 
and JOIns largt'-diameter conduits whICh con- in the vicinit\ of the dike in terlm of joint 
tinue to the surlace at the magmatic vents orientation and stress orientation and magni-
1·\1,1/,.,.. 1983. FITlA and Pullard. 1983} Infor- tude. E\ idence for the mechanism of dike _ 
matiun about the size and structure of the propagation is pro\ ided b\ fractures and oth-
dike and cond~lIs "ill pr()\ ide insights into er mechanical damage near the dike. Prenic-
the erupllon process. since the eruption his- tions of fracture distribution from existing 
ton at tht' surface is well kno"·n. Likt'"ist'. dike propagation models Wollard (( ai, 1983) 
sur'face geochemical data will be compared can be compared with actual fractures 
with compo'lition of the intrusive portion of mapped {mm core examination and bore 
the s\stem. It is usualh assumed that. given' hole telniewer studies. which ma\ also re\eal 
sufficient care in sampling. samples collected path"'a):5c of fluid flow relevant to the geo7 
at the surface from eruption produds are a chemical and- thermal ill\·estigations. 
faithful representation of magma chemistn Processes-Df mass transport within the dike 
in the parent chamber. with the exception or and between the dIke and its host will be in- -
gases lost during eruption. This conce~t. al- vestigated largeh through trace element and 
though uni\ersall\ used. has ne\er been test: isotopic techniques. The isotopic composition 
ed. Processes that rna, lead to differences be- of ongen an«i hydrogen is a sensitive indica-

- tween the extrusive and intrusive portion of a tor to processes invoh'ing water. such as mag­
s,'stem include vapor transport during degas- matic degassing and interaction between me-
sing and magma-wallrock interaction. In ad- teoric water and magma [e.g .. Ta.,IVT (( al .. 
dition. batches of magma rna,· remain un- 1983). The isotopic contrast bet"'een Sierra 
changed during ascent. but tapping of a -basement and lmo magma for Sr and Pb iso- ' 

.zoned chamber or mixing of magmas from topes will provide a sensitive test of the ex-
different chambers ma\ result in changiilg tent of assimilation [e.g .. Do( (/ al .• 1969; Llp- _ 
composition with 'time during eruption and IIIlln (( al .. 19i8). The glassy margin of the in-
lead to differences bet"eeen the extrusive trusion represents magma subjected to an 
a.nd intrusl\e portiops of the SHem [Bat/I) ((- extrem~ temperature gradient and pro\ ides 
al .. 19in. ~983). afH)pportunit\ to test current ideas about 

Anotiltr \en basic obsenation to be made thermallr~ri\en diffusion (Soret effeCt) and 
is temperature High temperatures due ulti- its role in development of highh emh~d silic"'­
mateh to m;l!o(matic he~t ha\e been obst'ned ic magmas b,' looking for gradients in rare 
at depth in mall\ JreJS but not where the earth element concentration. 
heat could be attributed to a single. well-de- Finally. the holes will be-used to test and 
fined mtrusi\e e\enl. ObS'erv.llions of e1evat- refine application of geoph,vsical techniques 
ed temperatures du~1O individual magmatic to volcanic terranes. Deep drilling in the 
events are limited to e~rusi\l~ bodies. Drilling CSDP thermal regimes effon will reh heavih 
the'lll\o s\stem "ill pnnitie an opportunity on geophpics for definition of magmatic tar-
10 direct"· oh~ef\ e the cooling pnKess and 10 gets. \et these techniques are largel~ untested 
determine the reldlt\e roles of conduction due to\imi~d drilling of ma-gmatic features. 
and (on\ection in t,,·o environments of con- Both electrical and seismif reflenion SUr\eH 
trastlng perllle.lhllit~, Cdlrulations 0· C. will be run across the dike trend inside and 
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TABLE I. Ins!Jtutions and InH's:ig:Jtors Curremh In\t)hed In the InH) Drtllln~ Program 

Institution 

Lawrence Berkelel Laboraton 
Lawrence Li\erm~re ~atjonal Laboraton 

Los Alamos ~ational Laboraton 

Sandia ~ational Laboratories 

C.S. Geological Sune~ 
Arizona State L"nilersitl 
Brown l'nIlersin' 
Michigan State l'ni,ersitl 

Stanford l'nilersitl 
Canadian Geological 

SUnel 

A. F. While 
~ R. Burkhard. 
P. W. Kas.Imeler 
L W Younker 
J.:\ Albn~hl. F E. Goff 
H.D.l,lurph, 
C. R. Carrl)l;an. J. C. Dunn. 
J. C. Eichelbnger. 
T. 1,1. Gerl..tch.-P CLIme 
R. A. Ballel. C. D 1,IIIIer 
J H Fink 
J. F Hermance 
T. A. \'o)l;eI 

D. D. Pollarci 
B E. TaIlor 

Auid ge<.o< hemlstn 
seismi( reAn tlon. 

thermal chemllal 
relatIOnships 

fracturing experiments 

volatile )(elx:hemistn. 
therm~1 modeling 

pe'.r"I"~1 gerxhemistn 
structure 
elenromagneti('-';un el' 
thermal chemICal 

re la tlob s hips 
structure 
H. C. 0 isotopes 

. ·Combined list from interlab shallo" drtlling proposal and interagenn Inlo prop",a!. 

outSide the caldera Results" ill be compJred 
"'ith "'ground truth" from the core holes. 

Program Evolution 
Intersecting a subsurface intrusion" ith a 

drill hole is not a trilial problem. ho"eler 
unambiguous the surface e\ ide nee. There­
fore. the drtlling program will be de'eloped 
with holes of increasing depth. cost. and tar-­
get complexltl so that results from each hole 
can be used in design of the subsequent hole. 
Work was initiated outside the caldera be­
cause of ease of access and tar)i(et definition. 
relative conceptual simpliclt' of the geologIC 
emironmenl. famrable drilling- conditions 
due to expected hole stabilitl in granite. and 
greater likelihood of encountering residual 
heat from the intruSion at >I1allo" depth due 
to expected 10,,' permeabilit, of the enl iron­
ment. Work within the caldera is planned to 
big work in the norrhern part of the chain bl 
approximateh 1 lear. Table 2 shows current 
dnlling plans: which ~re. of coune. subject to 
revision based on d1illing results and funding 
constraints. The present project will culmi­
nate "ith t,,·o deep (3-km) holes into the 
dike. one inside and one outside the caldera. 
The more immediate goal is to intersect the 
Obsidian Dome conduit and the northern 
pan of the dike at approxima-teh the 500-
an~ 10OO-m lelels. respectively. In the re­
mainder of this section. we describe the com­
pleted 150-m Obsidian Dome hole and the 
conduit and dike holes which are in progress. 

The first hole was conceived as a relatively 
10""-(Ost shallow lertical hole to investigate 
structure and chemistn of the Obsidian 
Dame. The hole was also intended to address 
the problems of wire line diamond coring in 
the flow and underhing stratigraphl in order 
to deSign properh' the later. more elOlpemi,e 
holes. A site near the southern distal end of 
the flow was ch05el1 because the second hole 
Will penetrate a proximal section of the flow 
bemre intersecting the conduit. Comparison 
~f the flo,,' sections sampled bl these t"·o 

oIl's" III permit investigation of the effects 
of Surface flowage on flow strunure. bubble 
g~O"'th or -collapse. and degassing. and of 
c anges in magma chemistn with time. A 
t~uck-mounted wire line diamond core rig of 
t e type commonly used in hard rock mining 

"'as emploled. Corin!: "as reyulred to meet 
the scienllfic "bJectlles of the hult- Further. 
comenttonal rotan dJllltng that reiit's on re­
turn fluid Ao" to bnng l uttlngs to the sur­
face "ould hal e been Imp""lble tn the hlghh 
fractured dome. BOlles Br<-tther\ of Reno 
spudded the hole on October ~O. I YR:l. and 
completed it on ~O\ember 4 at a t01d1 depth 
of 15:? m. The hole was rared ~C I~H-mm di­
ameter) to 124 m. cased :\X to 122 m. and 
then ("Qred :\X 1/6-mm) ((J 152 m. Surpns­
ingh. little diffilUltl "as encountered pene­
trating-ObSidian Dome. and relU\en a\er­
aged 90'""[ (dose to 100'( in the unfractured 
interiOr). elen though drilhng pr<xeeJed 
without circulation. The cost was abvut $ I 71J, 
m of ,,·hich $36. m was dnlliRg fluid. The 
onh significant dnlling problem "as an un­
stable hole in the non welded Bishop Tuff. 
which elentualh necessitated lasin~ The 
hole terminated in precaldera andesile. \1';Jor 
scientific results concerning the Ao" "'ere ab­
sence of a basal vesicular zone po,>t ulated 
from surface obsen·ationsI!Fmk. 19831; a 
coarsely I'esicular zone was encountered at 
14.5-21.5 m). elidenHLof nearh complete 
degassing to one atmosphere "'ater I apor 
pressure [Eu:hdb,rgrr and l~·ejlnch. I YlH I. and 
large variations in concentration of certain 
'trace elements (H. W. StoH,man and H. R.--

Westrtch. unpublished data. 191<41 These re­
suits" III be reported tn a sub"'yuent techni­
cal paper Of tnterest here IS that the hole 
demonstrated the practlcalitl of small cortng 
rigs as a research tool for probing the I m(L 
enl Ironment. 

Plans for the conduit and dike holes are 
based 1m these re,ults Jnd are sho"n sche­
maticalh in Figures 3 and -to &lth holes are 
being drilled b\ Tonto Drilling Compam. of 
Salt Lake City. l"tah. The prtman obJeCtl,e 
of the conduit hole is to pronde the first 
samples of me intrusil e portion of the Imo 
Sl stem at ils most easih acces>ible point. At 
the prOjected depth of Intersection of the 
conduit of-450 m_ significant differences. 
from surface samples in terms 6f degassing 
and cnstallization behavior should alreadl be 
apparent. ;\dditional important obsenatlons 
,,·ill be the size and i.lructure of the conduit 
and the nomolatile chemical composition rel­
atil'e to tephra and Ao" samples 

The position of the condull IL"ell ex­
pressed topographicalh_l)\ the leru regi.,p of 
the Ao". The I ent region IS a 5011 J( 800-m 
area of smooth. lertical" projecting. spines 
"hich is elongate along the trend of the ~mo 
chain and rises SO m abo\e the general Ao" 
surface. The dnll site is a bulldozed drea 
within a pumice claim on the Ao" just west of 

TABLE 2. [mo Research Holes 

Year 

1983 
(completed) 

1984 
(in 
progress) 

1985 -
(proposed) 

1986 

[987 
1988 

Glass Creek ;'.rea 
(Outside Ca.ldera) 

I:,Q m I ertical core hole. 
Obsidian Dome 

600 m slant core._ 
ObSidian Dome conduit 

1000 m slant core. 
dike .It Glass Creek 

two 500 Tn temperature 
gradient holes near 
dil..e 

one 150 m seismic cmserl"a­
tion hole for fracture­
experiments 

3 km hole 

Deadman-Imo .-\rea 
(Inside Caldera) 

- 1000 m slant core. 
dike 

two 500 Tn temperature 
gradient holes near -
dike 

3 km hole 
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the vent region. Advantages of this site are 
ease of access for equipment and favorable 
geometn for intersecting the conduit from 
the side bv a slant hole. A hole from a more 
central location in the vent area might sImp": 
tra,·el down the funnel-shaped vent without 
intersecting the quenched margin. A more 
distant hole ,,·ould be more expensive and 
might miss the target altogether. On the basis 
of obsenations of exposed fossil conduits. the 
target is expected to be large (> 100 m). par­
ticularh in the north-south direction. relative 
to possible lateral de,·iation of the hole. Cor­
ing of the entire hole is planned. and the 
hole should be completed b, late summer. 

With the exception of being slanted. the 
hole into the conduit of Obsidian Dome (FIg­
ure 3) shoufd be similar to last ,ear's ,ertlcal 
hole. Since the conduit hole is deeper. the 
initial hole size ..... iII be larger. thus allo ..... ing 
for more casing steps should the, be re­
quired. A Bureau of Land \fanagement per­
mit requirement for drilling in geothermal 
areas is that a casing be set at least at 10q of 
the final hole depth or at 61 01 (200 ft) in this 
case. After installation and testing of blow­
out-preventer equipment. coring ahead ..... ill 
continue through the andesitlC Ho ..... s at a hole 
diameter of 96 mm. A second string of casing 
ma~ be set when granite basement is reached. 
If the hole is stable through the granite and 
conduit material. the remaining hole will be 
open and will be i6 mm in diameter. Two 
additional coring steps are possible should 
the hole prove to be unstable. 

The dike hole will be spudded immediate"· 
follo ..... ing completion of the conduit hole. 
This hole will formal" begin the interagenn 
Invo efTort and will in\ohe the full range of 
scientific investigations outlined earlier in this_ 
article. The hole will be sited near Glass 
Creek. where there is the closest spacing of_ 
Inyo vents. The site lies between Obsidian 

- Dome and the Glass Creek Flow and just east 
of twe phreatic explosion craters and one 
small cratered dome (Figures I and 4). Be­
cause the dike is expected to be near vertical 
and trend north-south. the hole will.be slant­
edln th_e east-west plane so as to lateralh tra­
verse \!Ie expected zone of intrusion. If the 
dike is inclined. it most likely dips to the-east 
as the nearb, Sierran frontal fault (Hartlev 
Springs) dip~ to the ea~t. Therefore the cho­
sen drill site is east of the expt'Cled dike posi­
tion. anathe hole will dip to the west. The 
strongest local alignment of features. and 
therefore the best indication of the position 
of the underlying dike segment. ~ formed b>· 
a..phreatic crater (which we will call Dry Cra­
ter) elongated north-south and located just 
south of Glass Creek; a presumed crater in­
tersected 0, the /rrst hole: a long. narrow­
ridge of spines extending south,,·ard from 
the main '·ent area of Obsidian Dome; and -
the central depression of the vent area. Hole 
ge~etn has been chosen so that the mid­
point of the hole will pass directl\ undef'- Dry 
Crater and penetra~ the Hartlef-Springs 
Fault a~a point doWfl dip from the small 
dome whu;h erupted~n the fault. An upper 
limit on the dip of the fault is taken to be 
800 E (R. A. Bailey. unpublished data. 1984)' 
and the hole will be designed to reach the 
fault in this worst case. The hole should thus 
intersect structures related to at least one and 
possib~\" two phreatic (taters. one magmatic 
\lent. and a major. active tectonic feature. 
The design of the dike hole is similar to the 
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conduit hole. except that core "ill not be tak­
en in the tirst -150 m 

The dike hole is scheduled for completion 
in fall 19114. Results of core and borehole in­
\lestigations "ill be used to site an arra' of 
shallo" holes for seismic and further tem­
perature observations and to plan a similar 
experiment inside the caldera. 

Borehole Logging and 
Instrumentation 

The standard suite of log~ (electric. nucle­
ar. sonic. and temperature) logs will be run 
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on the conduit and dike wells. In addition. 
the holes will be sune\ed to dCLurarel\ 1.)< ale 
the conduit and dike as "ell as to pro\ Ide tn­

put data for borehole to surface and borehole 
to borehole geophHical expenments. O ..... ing 
to the size of the hole. slIm hole log~ng tools 
(-SO mm) "ill be reqlllTed .. -\150. the 100is 
will have to be calibrated to obtain rock pa­
rameters (porosit~. densin. etc.) from the 
mea~ured ,·a1ues of resisti,in·. neutron. and 
gamma transport parameter~ and sonic ,·eloc­
iues. In addition to this work. some nonstan­
dard downhole measurements "ill be made. 
and three are mentioned below. 
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FIg. J. - Cross section II. showing plans for the conduit Hole. Hole sizes are P = ;23 
mm. H = 96 nlm. S = i6 mm. Conduit position is inferred from topograph, on the dome. 
and conduit size is inferred from fossil analogs. Q is Inm tephra. colluvium. and Bishop 
TufT. Tv is andesitic flo"s and cinders. KJg is dominantly granodiorite and quartz monzo­
nite. De-pth to basement (i\.Jg) is not known. but expected to he shallow. 
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. FIg. 4. Cross section III. showing plans for dike hole. Intrusi,e configuration is specula­
ti\le. but the hole must pass between ,·ents and the main intrusion. Crater names are infor­
mal. Wet crater (dotted) is 200 .!l1 north of the section plane. 
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A knowledge of the in situ stress is re­
quired to generate models for the intrusion 
of magma into overlying rocks. If hole condi­
tions permit. classical hydraulic fracture tech­
niques can be used to determine these pa­
rameters. However. the traditional assump­
tion that the maximum principal stress is 
vertical is not likel) to be valid in the vicinity 
of the dike. Thus a combination of experi­
ments will be performed. They include an ac­
curate calipering of the hole using a borehole 
televiewer and a monitoring of the strain re­
lief of oriented core specimens. Both of these 
techniques ha\'e been demonstrated in recent 
work [BtU and Gough. 1983; Troftl. 1983}. 

Triaxial geophones will be cemented into 
outivlOg shallow holes (Table 2) to monitor 
acoustic emission due to fracture propagation 
during twO different Ruid injection experi­
ments. The first experimem im'oh'es inj~c­
tion of dilute acid into the well in order to in­
duce slippage of preexisting.stressd joints. 
This will permit mapping of joint orientation 
in the \'icinitv of the dike well bnond the 
bore hole. The second experime~t. men­
tioned previousl\. involves obseryation of the 
orientation of fractures formed during inJec­
tion of Ruids at high pressure and hence the 
orientation of the present stress field near the 
dike. 

A siJ{Tlificant contrast in resisti, in rna' exist 
between the dike and its surrounding<;. The 
dike ma~ be significantly less resisti\(' than 
the cn-stalline basement if it is porous .due to 
,·esicularit\· or thermally induced fractures. 
Similarlv. high fracture density in the base­
ment adjacent to the dike may make the vi­
cinity of the dike less resistive than the far 
field. The downhole electrical exper-tment 
will consist of a vertical magnetic induction 
coil used in conjunction .with an active source 
at the SUrface. It allows determination of for­
-mation to surface electrical resistivities awav 
from the borehole and will be useful for bOth 
calibrating surface to surface electric-al mea­
surements and fur "stripping-off" the effect 
of surficial geology from the signatures of 
deeper structures. In addition. a number of 
ve~cal profiles-will be run in each _drill hole 
for a variety of different source field loca­
!tom and configuratioos. This allows dis­
cnmmation among the eff&ts from struc­
tures to the side Of-the drill hvle. the forma­
tion itself. and structures below the drill hole. 

Opportunities for Additional 
Investigations -

Although the effort outlined here is a 
broad. interdiSCiplinary program. it does not 
address every aspect of the subvolcanic Inyo _ 
~m·lronment. Investigators interested in uti­
\Zmg the core or borehole in their research 

Ue encouraged to communicate with one of 
the a~thors of this report. -

Author's Note 

The conduit of Obsidian Dome wa~ inter­
sected at a slant depth of 487 m on Septem­
ber 6. 
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