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8135 Hydrothermal Systems
CORE HOLE DRILLING AND THE "RAIN CURTAIN"
PHENOMENON AT NEWBERRY VOLCANO, OREGON
C. A. Swanberg, (Geothermal Resources International Inc.,1825
S. Grant Street, Suite 900, San Mateo, Ca 94402) W. C.
Walkey, J. Combs

Two core holes have been completed on the flanks of New
Volcano, Orgeon. Core hole GEO N-1 has a heat flow of 1
mWm-2 reflecting subsurface te ture sufficient for
commerical exploitation of electricity.
GEO N-3, which has a heat flow 6 mWm-2, is less
cncomginé. Considerable emphasis bas been placed on the"rain
curtain” effect with the hope that a detailed di on of this
phenomenon at two distinct localities will lcad to a better
understanding of the physical processes in opération. Core hole
GEO N-1 was cored to a depth of 1,387 m at a site located 9.3 km
south of the center of the volcano. Care hole GEO N-3 was cored .
to a depth of 1,220 m at a site located 12.6 km north of the ceater .
of the volcano. Both core holes penetrated interbedded pyroclastic
lava flows and lithic tuffs rangxg in composition from basalt to
thyolite with basaltic andesite being the most common rock type.
Potassium-argon age dates range up to 2 Ma. Difficult drilling
conditions were encountered in both core holes at depths near the
regional water table. Additionally, both core holes three
distinct thermal regimes (isothermal (the rain curtain), transition,
and conductive) each having its own unique features based on
geophysical logs, fluid geochemistry, age dates, and rock
alteration. Smectite alteration, which scems to control the results
of surf: ﬁeoelecu-ical studies, begins in the isothermal regime
close to and perhaps associated with the regional water table.
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ABSTRACT

Two core holes have been completed on the flanks of Newberry
volcano, Oregon. Core hole GEO N-1 has a heat flow of 180 nRm
reflecting subsurface temperatures, sufficient for commercial
expioitation of geothermally generated electricity. GEO R-3,
which has a heat flow of 86 mwn"z, ie“ less 'encouraging. We
emphaéize‘the "rain curtain® effect with the hope rhet a detailed
discussion of this ph'enomenon at two .'dietinct’,localiti'es will
lead to a better understanding of tne physical‘ proce‘sses- in
operation. Core hole GEO N-1 was cored ‘to a.depth'of 1,387 m at
a site 1ocated 9.3 km south of the center of the volcano. Core
hole GEO'N-3 was cored to a depth ofvl 220 m at a site located
12.6 km north of the center of the voicano. Both core holes
‘penetrated 1nterbedded pyroclastic lava flows and lithic tuffs
ranging in composition from basalt to rhyolite with basaltic
andesite being the most common rock type.' Potassiun—argon,age
datee range up to 2 Ma, Cavinq and slouqhing vere encountered in
both core holes at depths near the regional uater table. Both
core holes penetrate three distinct thernal regines. B fhe
uppermost regime is isotbernal at mean air tenperaturo down to
,about 900 to 1,000 m (the rain curtain). A tbernally conductive
regime exists near the bottom of each core hole. Separating
these two thermal regimes 'is a trnnsition zone exhibiting
considerable hydrologic ‘disturbance. The uppermost isothermal

regime is characterized by (1) a low and fairly uniform response




on the gamma ray log (N-1, N-3) and the electrical conductivit
log (N-1), '(2) temperatures below surface ambient measure
dow‘nholie‘ with a maximum recording thermometer (MRT) durin

pe;iodlc pauses in drilling operations (N-1, N-3), and (3

- diilling fluids whose chemistry does not reflect an influx o

‘geothermal fluids (N-3). In cox;trast. the ?hemally cond’u;:tiw
regime is characterized by (1) a high and vari/égié: response ot
the gamma ray log (N-1, N-3) and on the electrical 'j"ggndu’ctivit)
log (N-1), (2) ‘temperatures (MRT) measured downhole dﬁ;ing pausesg
in drillivngn which are above ambient ‘and which track ﬂin situ
condition‘é : (N-i;. N-3), and (3) drilling fluids whose chemistry
clearly reveals a geothermal component (N-3). 'rvhe’."‘-t‘j.ransi;ion
zone is chatacter..ized by major washouts in the calipéi': log (N-1,
N-3), a major‘ anomaly in the mercury content of the'rocks (8R-1),
an extremely strong response on theAgamé-tay lo§ (‘N-ll.,‘ R-3) and
electrical conductivity log (N-1), and a ﬁajor sP anomaiy (N-1).

Smectite alteration, which seems to ;control the results of

- surface -geoelectiical studies, begins in the isothermal regime

close to and perhaps associated with the regional water table.

. INTRODUCTIOR

~ The Cascade R;ﬁge, which consists of a »series' of Quaterinary
and late Tertiafy ahdesitic volcances that extend from northern
California to southern British Columbia, is a geologic province
wi\;hw immense potential for the generation of electricity from

geothermal te-sou‘rces. T_he geothermal potential for the Cascades




Province may well be thousands if not tens of thousands o

megavatts [Bloomguist, et al., 1985]. Yet to date, there are n

"geothermal power plants operating in the Cascades Province, an

none are planned. Furthermore, except for the obvious heal
sources represented by the active volcanoces, very little is know:

about the potential geothérma1>resources in the Cascades.

The gedthérmal litéréture is partichlatly'sparse on such key
parameters as the chemistry of geothermal .fluidé,Qtthe deeg
thermal structure of the geothermal syStems,5énd the .nature of
reservoir host rocks in the Cascades. ~ The Northwest Power
Planning Council (1986], has not_eveh‘inclﬁded geothermal energy

in their long-range power forecasts, Statlng that "“Because the

~information regarding the charaéterfand extent of the regional

geothermal resource areas used to prepare the estimates of cost

and availability is very preliminary, this resource (geothermal)

cannot be considered as available for the resource portfolio of

this'powet plan.*®

| Thé paucity éf‘geéthermﬁl data in Ehe Cascades Province and
the consequent.re;ucténce of the utility conpanles'td“piau for
future geoihermalldeQeiopment can all be iracedltolfhé:single
phenomenon known as the ®rain curtaia."ﬁimﬂ;ttérn';gfeih to the
zone of hydrologic disturbance where cool meteoric water
percolates downwarad and épreads laterally, therefore hasking the
surfaée expression of geothermal activity. The rain curtain can
severely  comp1i¢ate; if not render useless, the standard

geophysical and | geochemicai techniques for 1locating and




-4

evaluating gedthermal reservoirs. For example, hot springs ar

typicélly é.iluted or masked completely, temperature gradien

: _,héle.s may be isothermal to depths in excess of a kilometer, an

surface geoelectrical studies must be designed to penetrate .
kilometer o:l more o£ "noise” before geothermally useful data ca
be obtained; A-case in point is Newbetr.y. Volcano, Oregon (Pigur
1), where the rain curtain ranges in thickness from less than 30/
m within the‘caldervaﬂ [»_Black,.-.et al".‘," 1986] to about.J'l,ooo m o1

the southern flank [Swanberg and Covmbs,b 1986]. The cool meteoric

 zone overlies a geothermal system that is at least 265°C at 2

deéth " of 900 m (Sammel, 1981), yet supresses .t_he surface
méxiifest._it:ions of this system to the extent that only two small
warm springs exist onexb' the entire volcano. Various géoelectric
and geoelectro-magne.tiq,studies ‘including magnetotellurics [D.
Stanley, U.S. Geological Survey, Denver, Colo.;. personal
communication, 1986]}, _Schlumbergetusoundings (Bisdorf, 1985), and

 transient geoelectromagﬁet'ic soundihgs [Pitterman and Neev, 1985]

have shown the presence of electrically conductive zones both
inside and outside the caldera, but the lack of drilling data has
precluded a rigorous interpretation of these . ‘conductors

(Pitterman and Neev, 1985._.9. 409].




In récognition of this situation, the U.S. Department o
Energy (DOE), Division j. of Geothermal and ‘Hydropower Technologie:
(DGHT), injtiated a <Cascade Deep Thermal Gradient Drillin
Program. The stated purposé of the program is to "suppor!
industry efforts ;n the Cascade Volcanic region® and the state«
objectives are to "cost share with ‘industty for the drillimg of
;gradi'ent holes which would penetrate the'rain curtain' and obtain
deep thermal, lithologic, and structui’al data." In ekchange for
the cost sharing, the industry participant would 'release fthe
,data] to the public for the benefit of the geothermal industry

and the scientific community,® {Cascade Newsletter, 1986]).

| -'ré ‘date, | GEO Operator Corporation (GBOOC) has cored and
completed five‘ core holes at Newbeity Volcano two of which were
diilled under the DOE Cascades Dtillin§ Program. The first cost-
shared core hole, GEO N-1, was completed in the fall of 1985 to a
depth of 1,387 m on’ééo leaseholds on the south flank of the
v‘dlc‘ano'.‘” Data. aqd core from the hppet 1, 219 m are in the public
domain [Cascade Newsletter, 1987]. The second cost-shared core
hole. GEO N-3. was completed in the. sumer of 1986 to a depth of
1,220 m. | " pata and core from all of this core bole are in the
publ'icr‘ vdo_ma'in {Cascade Newa_etter, 1987]. In the:_"_:following
sections, the basic data from these ‘t'\‘vp.'-core‘ holes afé:f presented
with some pteliminaty 'observations which pertain . the
understanding of the phenomenon of the rain curtain and its
~physxca1 characteristics». We hope, the data and observations

will lead to an enhanced understanding of the rain .curtain; to




suwbseque'nt ‘refinements in geothermal exploration techniques £
‘use in the Cascade Province; and finally_, to an 1increas¢

' unde’rstanding of Cascade geothermal systems and their potenti:

for economic exploitaf ion.

GEOLOGY OF NEWBERRY VOLCANO

, Newberrj Volcano, covering roughl'y .1,300 kni’ in centra
Oregon, is ‘one of the 1largest .',voly.cvanoves in the conterminou
United States"and is one of a series of Quaternary bimoda.
- wolcanoes located to the east of the main Cascade Renge tren
| (Figure 1). The volceno lies'.near the juncture of the Cascad
Range with "the Brothers Fault ZOne.,' a northwest trending fracture
system along 'wfxich s.il‘icic velcanisn‘_and ‘rhyolitic domes become
prog‘ress'ively younger to the northwest (MacLeod, et al., 1975].
Considerable research ﬁas been conducted at Newberry during the
past several ’years VIKSamme‘i, 1981; MacLeod, et al., 1981; MacLeod
- and Sammel, 1982; MacLeod, et al., 1982; Ciancamelli, 1983;
Priesr, et 451.,' 1‘9.83', 1987}, which update the earlier work of
Williams [1935]) and Aavi"ggins [1973]). Holes drilled ‘within the
caldera by the U.S. Geological Survey (USGS) and :Sandia National
Laboratories attained 2ss°c at 932'm (Sammel, 1981} and greater
| than 1so°c at 424 m [Black, et al., 1984], respectively. The
‘A,g'eothe.rmal potential of Newberry Volcano has been estimated at
740 MWe for 30 yeare by the USGS '[Muffler, 1979) and 1,551 MWe

for 30 years by Bonneville Power Administration [Bloomquist, et
al., 1985]. |




. Newberry has a low, shieidlike profile with a centr:
‘caldera meaéuring ‘roﬁghly 6 x 8 km, which contains th smal
lakes (Figure 2). Within the caldera rhyolitic unit
predominate, the youngest of which is the Big Obsldian flow ths
erupted about 1,300 to 1,400 years ago (Pierson, et al., 1966
Friedman, 1977]. The young silicic flows are generally younge
than the ubiquitous Mazama Ash that blanketed thekvolcano 6,84
yeéts ‘agb {Bacon, 1983). The flanks of the volcano consist (]
basalt and basaltic andesite flows and andesite to rhyolite dome:
and flows which are typically less. than a few million years ol
,(Pigﬁ:é 2). Cinder cones' and fissure vents are common throughout
theljlvolcano, particuiazjly- in the region sgttoundiné core hole GEX
N-1 [RaéLeod.'et al., 1982). The youngesi basalt flows are post-
Mazama Ash and are therefore yo(mget than 6,845 years. A sample
of charcoal, discovered while digging the mud pit for core hole
'GEO N-1, provided a cl4 age date of 5,835 & 195 years B.P. The
sample was ¢o;1,ected from a soil horizon beneath about a meter of

basalt cinder and therefore establishes the age of the youngest
rocks at the drill site. '

CORE HOLE GEO N-1

'~ Core hole GEO N-l"was'drined -at a surface elevétion of
1,780 m on the south flank of the volcano at an lntermediate
.d1stance (9.3 km) from the geometric center of the volcano (see
Figure 2). Based on th,e'GEOOC exploration plan, core holes have

been drilled at different distances from the center of the




volcano in o.rdérn to det‘er‘mine whethet i:hete is radial symmetry o
the .heat"source. core hole GEO N-1 was d;iiled near the neck o
a vety young basalt flow, the Surveyors flow whosé age i
ptobably compatable to the 5,835 + 195 years B.P. date obtaine«
for the near surface cinders at the drill site [svaanberg and
Comﬁs, 1986]. The core hole is also located near the center of ¢

major soil mercury anomaly [Badden, et al., 1982]

The average heat flow from GEO N-1 is 180 me"z'-";-based on &
least squares fit to temperature—depth data over the thermally
conductive reg1me between 1, 164 and 1,219 n and twelve (12)
measurements - of thermal conductivity tepresentingA the same
inter'vél (Table 1). Heat flow values of this magnii;;i:"c!e imply
tempe-rat:ures' in excess of 200°C at depths less than 3 km. Such
temperatures are suffic;ently high and accessible as to imply the
possible commercial exploitation of geothermal resources for the
generation Qf electricity. utilizing either the single or double
flash power conversion"tecbnoloﬁiés. provided of course, that
suiﬁabie production zonég can be enéounteted in deep géothermal

wells.'

Geophysical Logging Program

'_I"he physical condition of core hole GEO N-1 caused deviation
from.a t;adiiional geophfsical logging program. Specifically,
~ the interval 378 to 549 m was known to be associated with caving
and sloughing. In order _té ‘minimizeA the risk of loosing a logging

tool and possibly the entire core hole, it was decided to forego

~



__9;
the geophysical .logsi over this interval. Therefore, after:
drilling to total depth, the rods were pulled to a depth of about
550 m, leaving the upper,sso m of the core hole, including the
incompetent section, behino pipe. Thenremaindet of the hole was
open, The\hoie was then conditioned and a suite of logs were run
from 550 m to total depth. After this first logging run, the
ifods'were pulled out of theAhole and'the geophysical iogs were
run from theAbase of the surfaoe casing at 143 m to the top of
~ the incompetent section 378 m. The logging program called for
~ temperature, induct1on, gamma-ray, calipet, sonic, BHC acoustio
fraclog, ‘and den51ty .logs; however, the density log _was
terminated. because the tool would not freely penetrate the

section.

Depth To Water Table .

_ The depth/elevation of the water table is an important
. parameter in iegional'hydrologic studies of geothermal systems
and is also useful iAn' interpreting the results of experiments
‘conducted at'tﬁe surface or within the core hole. Unfottunately,
the water table at GEO N—l seems to be an elusive phenomenon.
| None of the geophysical logs indicate an obvious petturbation
that might represent the water table. It is possible that the
water table'liee in the ioté%val 378 to 550 m which never was
logged. 'The‘dtillet routinely estigates and records the standing
water level in the core hole and almost all such estimetes fall

within the - unlogged i'nterva_l,' the most common estimate being




ébout 496 m. | This uniogged interval also represents t
'approximate depth at which smectite and other alteration produc
first occur within the subsurface section [Bargar e;\nd Keit!
- 1986]). These observations, coupled with the instability of t!
core hole (caving-sloughing), suggest a geologically plausib.
cause and effect reiationship: i.e., geothermal fluids risi:
from depth spreading laterally near ;he water table and promotir
hydrothermal alteration, which.geﬁerally veakens the rocks. Tt
'closene58>oflthe water table to physically incompetent rocks i
noteworthy because it‘may'Alloa’diffidult'arilling édﬁditions t
be prédicted, thus reducing the risks (drilling problems such a

stuck rods and twist off) and costs.

The Temperature Log

The equilibrium temperature log is shown in Pigure 3 and wa:
taken ten (10) months éftgt drilling. The data from all tempera:
tufe logs»bver the interval 450 to 1,219 m are illustrated i:
Figure'l. At léést three (3) distinct thermal regimes can easily
be recognized on the logs (see Pigure 3 or 4). The temperaturs
log is isothermal at mean air temperature (6°C) down at'ieast tc
the water table at abgui 490 m and probablf beyond.’vthe interval
11,158 m to TD is a thermally conductive regime. Between the




isothermal and conductive regimes 1lies a third interval ow
which the temperatures increase very rapidly with depth (s
Figures 3 én@ 4).

The nature and extent of the uppermost jisothermal sectic
(the rain cﬁrtain) has been the subject of debate among sever:
workers who have examined the 'temperature logs. "l'hete is n
doubt that the rain curtain extends at least to the water tabl
(about 490 m), but there is a question as to whet_het th
isothermal temperatures measured for several hundred meters belo
the water table indicate a rain curtain, or me_telj wate!
percolating downward in the annulus between the compietibn tubing

and the walls of the core hole.

One scenario has the rain curtain extending tb an
approximate depth of 1,005 m., at which point the downward perco-
lating groundwater exits the volcano along the high_l.y permeable
horizons depicted on the geophysical well logs (fidure 5). In
this first model, the rain curtain is located in a suite of
volcanics whose geoldgical character (including porosity and
permeability) is distinct from the suite of rocks lying below.
This model is favored by the fact that the volcanic section does
in fact change character at depths near the botton of the
isothermal section (Figure 5), and also by the fact that tempera-
tures measured during pauses in drilling operations were never

above ambient until dépths of 500 meters below the water table.

A second scenario {Blackwell ahd Steele, 1987} has the rain




curtain extending to a depth of 350 to 400 m, while the remainin
isothermal interval is a consequence of intra-hole tluid flow
In’ thxs second model, the rain curtain would coincide with th
region above the water table. This model is favored by it
simplicity and by the observaeion that an extrapolation upward
of the deep temperatures intersect mean air temperature at

| vdepth which is not incompatible with the water table.

A third (preferred) hybrid possibility _wOul_dfaccommodatc
limited groundwater flow within the annulus ove:'.ehe.'jintetval
1,005 to 1,158 m. The first or third model is ‘fa'qored- on the
Wassumpti‘on_ that the tempetatures.»measured during drilling are
'diagnostic, if not highly accurate, thus pfecludilig the second
model, v)hich a‘ssociatee the rain curtaiq with the water table.
Also, the first .a_‘nd third medels are more compatible -with ‘the
fluid geochemistry data from GEO N-3 which are discussed below.

The Hercuty Log

. Core hole GEO ﬁ-l was sited on one of ihe major soil mercury
anomalies of Hadden, ert al. [1982], as-wa-‘s'tﬂe .USGS coi:e hole
NB-2, which was located near the center ot the volcano. and which
encountered temperatures of 265°C at 932 neten ISammel, 1981].
Because soil mercuty» _surveya are routinely used as a surface
ma'nifestationl'o‘f - sub-surface Qeothermali conditions, it was
‘décided to attempt a detailed mercury survey of the rocks
penetrated by core hole GEO N-1 in the hopes of learning more

about the migration of hfercury from a geothermal reservoir to the




surface. The sampling procedure wes to randomly select severa
core fragments froﬁ each 3-m interval, pulverize end sieve th
ag.gregate to the same mesh as typically used in soil mercur:
surveys, and analyze the resulting powdered core sample fo!
mercury content. The‘tesults of the survey are shown in Piguret
5 and 6. The upper part of the core hole failed to yiel¢
- detectable levels of metcuty_ 80 the sampling technique was
modified to emphasize altered zones and fractures. This technique
also failed to yield detectable mercury. However, ‘once the
hydrologically disturbed zone between 945 and 1,bbo R was
eniered, a major mercury anomaly was encoenteted. This anomaly
has been verified by resampling and laboratory analysis by an
independent laboratory. The mercury anomaly is shown in Pigure 5
in relation to other core hole data sets and the correlation
among the mercury anomaly, the rapid temperature buildup, and the
“"washouts® in the caliper log are quite obvious,. Clearly,
geothermal fluids relatively enriched in mercury are migrating
through this interval. But, the relationship between this
nereuryvanemaly within the core hole ahd soil mercury anomaly at
the surface remains unclear. None of the other ~f:e¢':ture or
rubble zones 1n.£he core hole are enriched in nercutf}'and the
low background levels of mercury throughout the core hole would
~seem to preclude the volcanic plle itself as the source of the
soil mercury anomaly. These data are consistent with the
standard concept that soil mercury anomalies result from clay
entrapment of mercury ascending along fractures from depth.

However, it is not possible to prove ;hat the mercury anomaly at




depth is the origin of the soil mercury anomaly observed at ti

surface.

Geophysical Logs: Blectrical Conductivity

A generalized electrical conductivity log derived from th
induction iog_for core hole GEO N-1 i§ shown in Pigure 5. It wa
prepared by averaging the log over 30-meter intervals an
plotting the resulting'average'at the hidpoint‘ot_the 30-mete
section. Thus, any anomalous point in this log may.pe'reflectim
changes up to 15 meters on either side of the depth at which th
point is plbtted. Thé logic behind this type of presentation it
the expectation that gross changes in the electrical propertiles
of the wolcanic pile might be detected from the §round surface
using traditional geoeiecttic ~or geoelectromagnetic surveys.
Bxémination of the generalized electrical conductivity 1log
(Pigure 5) shows the vélcanic pile to be of generally constant
conductivity down to a depth of 945 m. This interval of uniform
conductivity coincides very well with the rain curtain as defined
. by the five temperature data sets (Pigure 4). The conductivity
log shows no obvious perturbations at~ihe'vatet table (490 m), at
the onset of smectite altera;ion (Pigure S, Column 2), or gt the
depths at which smectiteAalteration'becomes'ubiquitoué (Pigure S,
Column 2). Below 945 m, the volcanic pile becomes signiflcantly
more conductive and more variable in its electrical conductivity.
The increased electrical conductivity may result as a direct
consequence of higher temperature or from the effects of

inqteasing rock alteration (Figure §5). In either case, the
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increased conductivity represents a marked change in the physica
properties of the volcanic pile which is related to geotherna
activity and which at least in theory, should be detectable fro
the surfacei Fittermanl and Neev [1985] have published th
results of a one-dimensional geocelectrical model based on

transient geoelectromagnetic sounding (TS) located at the GEO B-
site. This model is reproduced in Pigure S5, Column 1 as "H
‘ Resist 'Section..fl»vsni' Unfortunately, -the model appears t«
reflect smectite alteration and'not the geothermal system. !
simiiar7 conclusion has been published by Wright and Nelsor

{1986), also based on analyses of data from core hole GEO N-1.

Geophysical Logs: Gamma Ray

| A generalized gamma ray 1log for core hole GEO N-1 is
presented in Figure 5. It was prepared in a manner analogous to
the electrical conductivity log, i.e., averaged over 3o-meter
sections and plotted at the midpoint. The generalized gamma ray
log is fairly uniform from the surface to a depth of 945 m, below
which the rocks become significantiy more potassic (see
stratigraphic column, -‘Pigure 6). |
It is interesting{to note that the gamma ray and electrical
, conductivity' logs are inversely correlated throughout the
nonisothermal section of¢the core hole (i.e., below 945 m), but
not in the isothermal section (i.e., 0-945 m). A thermal origin
.for this inverse correlation is suggested and probably reflects
the manner in which laterally migrating geothermal fluids promote

rock‘alteration._ Apparently, the more mafic glass-rich basalts
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are more px;one to undergo alteration to highly conductive cl:
minerals such as smectite than are the ﬁore potassic rocks whic
show the strong gamma ray signature (from K‘o). The lack of th
inverse correlation throughout the isothermal section would
therefore, reflect a lack of migrating geothermal fluids (se
Pigures 3;. 4), a general lack of felsic volcénics {see Figure 6)

or a combination of both.

Geophysical Logs: Caliper

The core hole éiameter over the interval 550 to 1,045 m a:
depicted by the caliper log is presented in Figure 5. The three
lower washouts and tf\eir association with the rapid temperature
increase and other anomalous feétures of the core hole have
already been discussed. The four washouts further up the core
hole do- nbt appear to reflect migration of geothermal fluid

(i.e., they are in the rain curtain).

Geophysical Logs: SP

The §P iog (Figure §5) undergoes a drop of 70 mV over the
interval from about 1,000 to 1,020 m. This featutré\probably
reflects fluid movement, and is the only such feature on the SP

log.



Rock Alteration

Bargar and Keith [1986] have studied the alteration miner-
alogy of core hole GEO N-1. A generaliz/ed/d'épiction of smectite
alteration, taken directly from Bargar and Keith [1986), is shown
in Figure 5. The relationships among alteration mineralogy, the
electrical conductivity 1log, and surface geoelectromagnetic

studies are discussed elséwhere in this report.

Potassium Axgon (K-Ar) Age Dates

- K-Ar age dates representing surface samples collected from
around Newberry volcano are presented in Figure 2 and typically
are less than 2 Ma although ages as old as 5 to 7 Ma are reported
for the outer flanks of the volcano. Age dates representing
samples taken from core hole GEO N-1 increase systematically with
increasing depth from values of 27,000 and 29,000 years B.P. at
481 and 491 meters, respectively, to 1.63 Ma at 1,081 meters
(Figure 7, Table 2). In addition, in an earlier report, Svanberg
and Combgs (1987), reported the results of a single cl4 age date
based upon charcoal discovered while digging{ the mud sum?é; This
date of 5835 t 195 yéars.B'.P. establishes the age of the basaltic

cinders at_ the surface near the core hole.

Whenever age dates are determined in a geotﬁermal environ-
ment, the possibility always exists of nonrepresentative ages due
to argon diffusion and subsequent resetting of the K-Ar clock.
Perhaps the best testament to the reliability of the age dates
presented in Table 2 and Figure 7 is the fact that they are
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geologically reasonable. The dates are generally compatible wit
those determined from surface samples throughout the volcano
The dates increase systematically with depth throughout the cor:
hole and there is no radical departure froa this trend/:xpm
- encountering the zone of ubiquitous smectite alteration near 70(
| meters (Figure S) or encountering the zone of rapid temperature

buildup near 1,000 meﬂ:érs.

Chémistty of Formation Pluids

During drilling operations, fluid samples were episod_iéally
selected for chemical analysis. Although such samples would be
severely contamiﬁated with drilling mud, it was felt that various
_ geothermal constituents might be detectable above the background
and if so, would serve to indicate any environmental problems
that might be encountered d'urivng eventual production. The
results Qf silica analyses as a function of depth are presented
in Figure 8. Represehtative. samples of the drilling fluid are
also shown. Analj(ses of other chemical constituents are even

less revealing than silica and are not reported here.

‘The Rain Curtain as a Lithologic Discontinuity

The coincidence that the generalized gammaA ray and
electrical conductivity logs both change character at a depth
(945 m, Figure S5) which is compatible with the rain curtain as
defined by the five temperature data sets (Figure 4) suggests the
possibility that the fain curtain may represent a lithologic
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discontinuity. An mttiguing‘ (but speculative) extension of thi
logic 1s‘to."assoéiate such a diécontinuity with the transitic
between pre- and post-Newberry strata. The pre-Newberry strat
are ‘.gener'él;y more .felsic than the Newberry pile [Ciancanell
personal cb@unication, 1987), so that the pre/post Newberr
transition m:ight well produce a genéraliz‘ed gamma ray signatur
similar to l;hat shown in Figure S. MacLeod and Sherrod [thi.
issue) confi;\e the Newberry section to those noruially ‘polarize
strata younger than 0.73 Ma. The K-Ar age dates showfl in 1Figun
7 are compatible Qith a pre/post Newﬁetty trangition at 945 =
In fact, ‘using"selective license with the error béfs on>the K-A1
age dates (Tabie 2), indicates that all age dates shallower thar
945 m are 0.737 Ma or less, while all #ge dates deeper than 945 &
are oider than 0.73 M&. At pr‘eseht; however, thé data do not
totally suﬁport, thé poétulatio'n of a depth or even the existance
of a pre/post Newberry dis_co'nt-inuity.' Any K-Ar age date for
.ex';remelly young, potassium poor rocks located in a geothermal
regime are subject to question and although the age dates
presented in Table 2 and Pigure 7 are considered reliable, this
issue should be tabled until the paleomagnetic studies have been
7 éompleted and the K-Ar age dates have been verified..

CORE HOLE N-3

Core hole GEO N-3 was drilled at a sixtface elevation of
1,753 m on the north flank of the ‘volcano at a distance of 12.6
km from the center of the volcano (see Figure 2). Of all of the

Newberry core holes, GEO N-3 is the most distant from the center




of the volcano. Heat flow from GEO N-3 is 86 mwm~2 based on

least squares fit to the temperature-depth data over t!
thermally conductive region between 1,170 and 1,220 meters ar
nine ‘(9) measurements of thermal conductivity representing th
same interval (Table 1). This value is typical of heat flc
values found throughout thé non-geothermal areas of the Cascad
Range ([Blackwell and ' Steele, 1987) and, therefore, does no
indicate the 'presence of an exploitable geothermal resource
This core hole; located 12.6 km from the center of the volcano
apparently constrains the radial extent of the major geotherma.
system associated with the core of Newberry Volcano. I
geothermal resources are to be located at such large distances
from the center of the volcano, they must be associated with heat

sources which are separate from the main volcahic heat soﬁ}ée.

Geophysical Logging Program

As in core hole GEO N-1, the integrity of core hole GEO R-3
forced modifications to the geophysical 1logging program.
Specifically, at a depth of about 520 m the rods became stuck in
the core hélé and were cemented im place, causing a reduction in
hole size. To compound the probles, the induction tools and
gamma-ray tools, required to penetrate the smaller diémeter hole
all failed. The gamma-ray log was recovered from the .surface to
total depth, since this log could be run through the completion
tubing, but the induction log was lost. The.temperature log and
the neutron density log were also run from surface to total depth

but the caliper log and BHC acoustic fraclog could only be run
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from 520 m to total depth., The casing schematic for core hole,

GEO N-3 is shown in Figure 9.

Depth To Water Table

The depth to the regional water table is just as elusive as
in GEO N-1. The standing water 1level in the core hole as
estimated by the drillers ranges from about 455 to 565 m with a
modal value of‘ 525 m. Thus, the water table may well lie close
to, and perhaps exactly at, thg dep*th at which t_he drilling
problems were\encoun_tered which forced the cementing of the rods
in place. Therefore, the failure of the geophysical 1logs to
clearly reveal the water table may well result from the

complicating effects of the metal rods and the cement.

The Temperature Log

The fiﬁal temperature log for core hole GEO N-3 ig shown in
Figure 10 and compared with other data sets in Pigure 9. A
composite of all temperature logs measured in this core hole is
presented in Figure 11. At first glance, the final temperature
log appears to differ significantly from the oorrequnding log
for core hole GEO N-1 (}Flgure 3). Closer exaninatio;:, hdwevet,
reveals that the two logs contain the same basic elements.
Specifically, like GEO 'N-l, core hole GEO N-3 is isothermal to
the water table and probably beyond, it has a thermally conduc-
tive zone near the boétom, and the isothermal and conductive

zones are separated by a transition region exhibiting congider-




able hydrologic disturbance.

The interval between the upper {sothermal and lowe:
conduétive sections of core hole GEO N-3 is a complicated regior
because it represents two separate and overlapping patterns of
groundwater circulation, one of which was induced by drilling
operations. Several obvious features of the temperature log are
the rapid buildup of temperature at about 580 to 610 m, the
smaller temperature buildup at about 1,160 m, and the interval
between them which is very nearly isothermal at _.52_°C. These
observations are the result of artesian water'ascending the
annulus of the core hole. Geothermal fluids undet.atteslan pres-
sure appearr to enter the core hole at a depth of about 1;160 n.
This same depth is charactered by a significant washout as
observed on the caliper log (Figure 9) and also by a thermal
pulse as detected by the maximum recording thermometers (MRTs)
which were rﬁn into the core hole during pauses in the drilling
operations (Figure 11). The geothermal fluids appear to exit the
core hole annulus at a depth of about 575 to 585 m. This gone is
a vmajor washout area as shown by the caliper log (Pigure 9). It
is significant that the ascending ‘geothet-al tluids-:seen to

ignore the numerous washouts throughout the core hole
610 to 1,100 m (Pigure 9) and choose instead to exit the core
hole annulus at a washout located at or near the regional water
table estimated at about 455 to 564 m. If a man-induced vertical
conduit: such as a core hole will cause artesian fluids to rise
and spread'late'rally near the water table, it might be expected

that a natural conduit such as a vertical fracture might also




cause the same phenomenon. If so, geothermal fluids migratin
laterally near the water table are likely to promote hydrotherma
alteration, reduce the mechanical strength of the rocks, and hel;
explain why there seem to be difficult drilling condition
coincident with the water table.

The remaining unexplained tgature of the GEO N-3 temperatur¢
log is the nature of the thermal regime which existed before the
artesi;n breakthrough.: The germane data are the teﬁseratures
taken during.drilling by maximum recording thermometerg (MRTs,
Figures 9 and 11). As was the case for GEO N-1, these tempera-
tures showed no tendency to increase near the water table and in
fact, readings did not exceed ambient tempetatureé until a depth
of about 935 m. On this basis, it is suggested that the rain
curtain extends to an approximate depth of 91S to 975 m at which
point the section becomes significantly more potassic as indi-
cated by the gamma ray and lithologic logs (Pigures 9 and 12).
Baving the rain curtain extend to a signficant depth below the
water table |is suppoitéd by the close asééciation between
washouts as depicted by the caliper log and small temperature
‘anomalies measured by the MRTs during d4rilling operations.
Careful inspection of Figure 9 shows that below 915 m, the Mm®
readings taken at or near the washouts are klightiy but consis-
tently elevated relative to the remaining MRY values: as if
‘thermal fluids were moﬁing through these horizons. Above 915 a
no such correlation exists. If the washouts above 915 m repre-
sent horizons which permit lateral flow of groundwater, it is not

thermal fluid that is migrating through these horzions but rather
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cold, descending grouhdwatet, {.,e., the rain curtain. As a fina
comment for those researchers who ptefgt to associate the rai
curtain with the region above the water table, it can be note
that an upward extrapolation of temperature from the thermall
conductive region, intersects the mean annual air temperature al

a depth which is not incompatible with the water table.

Ages Dates

The seven K-Ar age dates from core hole GEO N-3, range from
0.1 to 1.5 Ma and are presented in Figure 13 and Table 2. These
dates are similar to those measured in core hole GEO N-1 (Figure
7) and throughout the volcano (Figure 2). There is also a
tendency for the age dates to increase with depth although the
date of 1.5 Ma at 324 q\is contrary to this trend.

Chemistry of Formation Fluids

During the drilling operations for core hole GEO N-3, fluiad
samples were systematically collected from the core hole for
routinevchemical analyses. As was the case for GEO N-1, these
samples were not collected to provide reliable geochemical data
of formation fluids, but rather to try to detect the presence of
geothermal flulds and any associated chemical specles that may
require special treatment during eventual production. The
results of silica concentration, a typical indicator of
geothermal fluid, is shown as a function of depth in Pigure 14.

As shown in Figure 14, the bottom four (4) samples, which were




clzollevcted from depths below 1,050 m, are greatly enriched i
silica relative to samples taken at other depths and thi:
‘enrichment reflects the strong presence ofvgeothetmal fluids nea
the béttom‘ of the cor"e‘ hole. Vertical zonation of the silici
content of fluids sampled from GEO N-3 is an interesting featur:
of the core hole that may relate directly to the depth of the
rain curfaiﬂ. To examine the‘phenomenon further, a composite of
all anomélpus chemical 4constitue§ts was prepared and theix
distribuﬂbn with depth ‘was pldtted .jin histogram form (Figure
15). Als§,shown in éigu:élls is a histogram of sample depth and
a comparison of the two histogtamsAéhould reveal fhe depths at
which the anomalous chemical constituents are located. As can be
seen in Figure 15, the anomalous constituents are found primarily
below ﬁhe arbitrary depth of 915 m and reflect the presence of
geothermal £luids below this depfhs Above 915 ®m, nearly all
samples ‘collected 'are ,deplé#ted in almost every chemical con-
stitueht analjzed and ihese samples'été thought to represent the
éold descending grouhdﬁaté: of the rain curtain. i comparison of
| the data in Figure 15 with that in Pigures 9 and 11 shows the
.anticipatedA resdlt that the. depths “at which the chemically
anomalbds (geothermalj'fluids vere aambled;arg precisely the same

depths at which the ~hig§e§t‘ ‘tgmperatures wvere recoxdéa dﬁting
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drilllng operations. " This almost trivial observation would
probably not be worth: reperting were it not for the important
role played by the rain curtain in the exploration for and

evaluatlon of geothermal resources.

SUHHARY’

In the brecedln_g‘_fsectlons', the deta and some observations
for two core holes on the ‘flanks of Newberry Volcano, ‘Oregon have
been presented. Pa.rticnlar emphasis has been placed on the rain
curtain with the purpose ‘that a detailed discussxon of this
phenomenon at two discrete localities will lead to a better
understandlng of the’iphyslcal processes in‘operation. It ie
further expected _that ‘the data will spark scientific debate and
additional research von the rain curtain phenomenon, with enphasis
directed towards .sur‘faee ’geophysical techniques that can "see
.throu_gh" the rain curtain and provide wvaluable : exploratlon
inforrnatlon on the . underlyinq geothermal  reservoirs.
Unfortunately, most geoelectric and geoelectro-agnetlc surveys. to
date have been strongly aftected by smectlte alteration vhlch
prevails ‘at depths tbat are ehallower than tbe geother-al
reservolr (Plgure 5: see also Pitterman and Reev, 19853 ‘Wright
and Nellson, 1986) Wright and Nellson [1986] have noted that
*delineation of the high temperature (geothernal) ‘system by
electrlcal surveys may be difficult or izpossible because of
effects from altered toeks.' While the problem is formidable,
-sufficient documentation has been provlded that the rain curtain

and the underlying geothermal systems are sufficiently different
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in their physical characteristics to justify continued search fo
'a -surface geophysical technique or a combination of technique
which will detect and provide information on geothermal systems
in spite of the complicating effects of the rain curtain and th
~ smectite alterﬁtioﬁ. . The goal is certainly worthwhile, sinc
hile-deép core, holes are rather expensive for reconnaissanc

exploration,




ACKNOWLEDGEMENTS

We thank the management of Geothermal Resource
Inter.nationazl, Inc. (GEO), and its wholly owned subsidiary, GE
Operator Corporation (GEOOC), for financial suppbrt of, an
permission to publish, this work. We also thank Bruce Sibbet
(University of Utah Research Institute) for his outsténding jo
as technical liaison between GEOOC and the U.S. DOE, M. Johnson
H. J. Dansart, M. C. Hagood and M. Woodruff (GEObC), fo.
providing the core descriptions, and acknowledge the professiona.
ser.vié‘es' of  Tonto Drilling Services, Vancouvét.;' Canad:
(drillihg), Dresser-Atlas, BHouston, Tex. (geophysicai logging),
and Geotech Data, Poway, Calif. (temperature logging and thermal
condﬁctiv‘ity "measur‘ements). The figures were prepared by
M. Maloney and the manuscript typed by Y. Stallings and S. Ballin
of GEO. S. Prestwich and R. King acted as DOE technical and
administrative monitors, respectively. The project was funded by
'U.S. DOE cooperative agreements DE-FC07-85ID12612 and DE-FCO7-
85ID12613 (49%) and GEO corporate funds (51%).



REFERENCES

Bacon, c.*a., Eruptive history of Mount Mazama and Crater Lak
Caldera, Cascade Range, U.S.A., J. Volcanol. Geotherm. Res.
18, 57, 1983.

Bargar, R.KB., and T. E.C. Keith, Hydrothermal mineralization i)
GEO N-1 drill hole, Newberry volcano, Oregon, U.S. Geol,
Surv., Open File Rpt., 86-440, 12 pp., 1986.

Bisdorf, R. J., 8ch1umberger sounding results over thg Newberry
Volcano area, oregon, Geotherm. Resour., Council Trans., 9,
389, 198S. | |

Black, G. L., G. R. Priest, and N. M. Woller, Temperature data
and drilling history of the Sandia National Laboratories
well at Newberry Caldera, Oreg. Geol., 46, 7, 1984.

Blackwell,'D. D., and J. L. Steele, Geothermal data from deep
holes in the Oregon Cascade Range, Geotherm. Resour. Council
Trans, in press, 1987.

.Bloomquist, R. G., G. L. Black, D. S. Parker, A. Sifford, 8. J.
Simpson, and L. V. Street, Evaluation and ranking of
. geothermal resources for electrical generation or electrical
offset in 1Idaho, Montana, Oregon,  and Washington, Rep.
' DOE/BP-13609-1, 504 pp., U.S. Department of Energy,

- Washington, D.C., 1985, '

Cascade Newsletter, No. 2, Earth Sci. Lab./Univ. Utah Res. Inst.,
Salt Lake City, February 7, 1986.

Cascade Newsletter, No. 3, Earth Sci. Lab./Univ. Utah Res. Inst.,
Salt Lake City,. February 6, 1987. '




Ciancanelli, E. V., Geology of Newberry VOicano, Oregon
Ceotherm. Resour. Council Trans., 7, 129, 1983.

Fiebelkorn, R, G., G. W. Walker, N. S. MacLeod, E. H. MacKee, an
J. G. Smith, Index to K-Ar age determinations for the Stat¢
of Oregon, U.S. Geol, Survey, Open Pile Rpt., 82-546, 3¢
pp.. 1982, '

Fitterman, D. V., and D. K. Neev, Transient sounding investiga-
- tion of Newberry Volcano, Oregon, Geotherm. Resour. Council
~Trans., 9, 407, 1985.

Priedman, I., Hydration dating of volcanism at Newberry Crater,
Oregon, J. Res. U.S. Geol. Surv., S5, 337, 1977.

Hadden,.n.:u., G. R.‘Eriest, and N. M. Woller, Preliminary soil-
mercury survey of Newberry Volcano, Deschutes County,
Oregon, Ore. Dept. Geol. and Min. Ind., Bonneville Power
Administration Cooperative Agreement No. DE~AC79-82BP36734,
1982. '

Higgins, M. W., Petrology of Newberry Volcano, central Oregon,
Geol. Soc. Am. Bull., 84, 455, 1973.

MacLeod, N. S$., and E. A. Sammel, Newbetty Volcano, Otegons A
Cascade Range geothermal prospect. Oreqg. Geol., 44, 123,
1982. : ,

e

MacLeod, N. S., and D. R. Sherrod, Geologfé Bvidehée'for a Magma
Chamber Beneath Newberry Volcano, Oregon, J. Geqphys. Res.,
This issue.

MacLeod, N. S., D. R. Sherrod, L. A. Chitwood, and E. H. McKee,
Newberry Volcano, Oregon, U.S. Geol. Surv. Circ., 838, 85,
1981. ‘ “




MaclLeod, N. S., D. R. Sherrod, and L. A. Chitwood, Geologic mag
of Newberry Volcano, Deschutes, Klamath, and Lake Counties,
Oregon, U.S. Geol. Surv. Open File Rep., 82-847, 1982.

MacLeod, N. S., G. W. Walker, and E. H. McKee, Geothermal
significance of eastward increase in age of upper Cenozoic
rhyolite domes in southeastern Oregon, in Second OUnited
. Nations Symposium on the Deveiopment and Uses of Geothermal
Resources, 1, 465, 1975. |

Muffler, L. J. P. (Ed.), Assessment of geothermal re’Sources of
the United States--1978, U.S. Geol. Surv. Circ. 790, 163
pp., 1979. ' o

Northwest Powet Planning Council, Northwest Conservation and
Electric Power Plan, vol. 2, 271 pp.., Portland, Oteg., 1986.

Pierson, F. J., Jr., E. M. Davis, and M. A. Tanners, University
of Texas radiocarbon dates 4, Radiocarbon, 8, 453, 1966.

Priest, G. R., B. F. Vogt, and G. L. Black, Survey of potential
geothermal exploration sites at Newberry Volcano, Deschutes
County, Oregon, Open File Rep., 0-83-3, 174 pp., Oteg. Dept.
of Geol. and Min. Ind., Portland, 1983.

Priest, G. R., N. M. Woller, and D. D, Blackwéll.»céotherml
| exploration in Oregon, 1986, Oregon Geol., 49, 67,4’ 1987.

Sammel, E. A., Results of test drilling at Newberry Volcano,
Oregon, Geotherm. Resour. Council Bull., 10(11), 7. 1981.

Swanberg, C. A., and J. Combs, Geothermal drilling in the Cascade
Range: Preliminary results from a 1387-m core hole,
Newberry Volcano, Oregon, EOS, 67, 578, 1986.



williams, B., Newberry volcano of central Oregon, Gedl; Soc. Aa,

Bull., 46, 253, 1935.

Wright, P. M., and D. L. Neilson, Electrical resistivity
anomalies at Newberry Volcano, Oregon; comparison with

alteration mineralogy in GEO core hole N-1, Geothera.
Resour. Council Trans., 10, 247, 1986.




o
Wht

TABLE 1

HEAT FLOW - NEWBERRY VOLCANO, OREGON

Thermal o ,4

Depth Range Gradient Conductivity Number of Heat Plow

" (meters) (°C/km) (wa~1k~1) Samples . (mWm~2)

GEO -1

1,164 - 1,177  122.7  1.76  0.40 5 216
1,180 - 1,192 86.7  2.01 1 174
1,195 - 1,219 74.9 2.00 + 0.08 6 150
AVERAGE = 180

GEO R-3

1,172 - 1,220 54.3 1.59£0.24. 9 . 86




TABLE 2

KE-Ar AGE DATES - NEWBERRY VOLCANO, OREGON

Depth Age

(meters) ' (Ma) Description
. GEO B-1
&e‘\’ j |
(2% 370 ' 0.306 £ 0.075 - Basaltic andesite
is1¥ 481 0.027 & 0.009 Basaltic andesite
6:C 491 0.029  0.081 Basaltic andesite
- -39 701 0.090 ¢ 0.026 Basaltic intrusive
IS 24 0.847 & 0.110 Basaltic andesite
T iv 892 0.768 & 0.147 Basalt
~ 913 0.746 £ 0.110 _  Basalt _
BN TY 0.943 & 0.053 Andesite
PLYAETY 0.997 ¢ 0.050 Andesite
15 .01,081 1.650 + 0.13 Basaltic andesite
' GEO B-3
1ev2 324 1.50 + 0.63 Phyric basalt A
594 0.911 + 0.188 Phyric basaltic andesite
769 © 0.109 + 0.081 Lithic tuff
853 0.819 + 0,113 Basalt
1,010 1.04 + 0.03 Rhyodacitic flow
1,100 1.54 + 0.05 Rhyodacitic flow

1,207 1.18 + 0.30 _ Basalt

A




FIGURE 1

PIGURE 2

FIGURE 3

PIGURE 4

PIGURE CAPTIONS

Index map showing the location of Newberry Volcanc

- in relation to the Oregon Cascades (stippled area).

Potassium Argon age dates (Ma) for surface samples
at Newberry Volcano, Oregon. Data from Fiebelkorn,
et al. [1982) are plotted as age dates with the
plot point representing the decimal point. Two GEO

determinations are presented with erroro indi-

cated. The location of the Newberty Plank ?ederal
Geothermal Unit (area between the twonoundaries),
The Newberry Known Geothermal ResourcelArea (RKGRA -~
inside the inner boundary), and the location of the
two small lakes inside the crater are also shown.

Equilibtium temperature log for GEO N-1. Original
data were collected (9/25/86) by D. D. Blaekveu
and R. E. Spafford and were measured at 2-m

“intervals with a precision of 0.01°C. Data plotted

at 10-m intervals.

Summary of all tempeteture data below 500 m for GBO
N-1. Plotted points labeled "1°* represent maximus
recording thermometers (unes) vhich vere allowed to
sit on bottom for roughly 10 ‘minutes vlthout circn-
lation. Logs 2 through 4 were obtained by Geotech
Data and represent disctete neasurements at 3-=
interval with a precislon “of o .01%. Log 5'1s the

~ same as. that presented in Pigure 3.




FIGURE S

PIGURE 6

FPIGURE ?7

PIGURE 8

Comparison of GEO N-1 logs. From left to right:
(1) the one dimensional geoelectric sectior
determined from the ‘surface measurements of
Fitterman and Neev [198S5) ﬁaing transient
geoelectromagnetic soundings (78), (2) smectite
alteration from Bargar and Keith [1986]), (3)
generalized electrical conductivity (see text for
discussion), (4) generalized gamma ray log (see
text for discussion), (5) the location of -the SP
anomaly, (6) mercury log (see Figure 6 for ""“detan),
(7) location of washouts below 500 m as determined
by the caliper log, (8) the bottom part of the
temperature log shown in Pigure 3, and (9) the core
hole completion. 'Note the unlogged section
(conductivity 1log) which reflects the depth
interval of difficult drilling conditions and also
the relationship between the zone of rapid
temperature buildup and anomalies in the other
geophysical logs.

Generalized litholgic log and detailed rock mercury
analyses for GEO N-1. The detection thresholds for
the Cascadia and Bondar-Clegg analyses are 1 and §
ppb. respectively.

Potassium-argon age dates from GEO N-1., Note the
agreement with the sutface data abowu hl rigure 2.

AR

gilica content of tlnida teoovered fto- ‘GEO N-1.
Surface samples depicted as open symbols while
downhole samples are shaded symbols. Note that all
downhole samples are. contaminated with drilling
fluiad.




FIGURE 9

FIGURE 10

FIGURE 11

PIGURE 12

Comparison of the iemperatute data from GEO N-:
with the generalized gamma ray log and the washout:
as depicted 'by the caliper log. Note: (1) the
relation between the large washout in the caliper
log and the intermediate drill string (drill rods
cemented in place) reflecting the difficult
drilling conditions, (2) the anomalous temperatures
measured during drilling (ttiangles) and the
washouts at depths below 915 m, ‘ and (3) the
washouts which allow the artesian fluids to enter
and exit the annulus of the core hole. The
detailed temperature log is reproduced in Figure
10. Core hole completion presented. on - the- far
right.

Detailed e(;u_ilibriun temperature log of GEO N-3.
Measurements were taken every 6 m with a precision
of 0.01°C by Geotech Data on 3/18/86. Data plotted
at 10-m intetvals. '

Summary of a'vll temperature data obtained below 500
m in GEO N-3. Note the highest MRT temperature
reading coincides with the artesian aquifer
(compare rigute 9). A

that the temainder of the core hole is" essentiany
a series of basaltic andesite flows. Data from

Geotech Data.




FIGURE 13

FIGURE 14

FIGURE . 15

Potassium-argon age dates from GEO N-3. Note th
agreement among these dates and those from GEO N-.
(Figure 7) and the surface samples (Figure 2).

" S8ilica content of fluids taken from GEO N-3., Note

the increase in silica below 1,100 m and that all
downhole samples are contaminated by drilling
fluids.

Distribution of anomalous constituents of fluids
taken at intervals of about 75 m from GEO R-3.
Chemical species used in c&r_xstr-ucting this figure
are Si, Hg, K, Al, Sr, B, and P. The highest 10%
of each of the species are considered anomalous and
their distribution plotted as a function of depth
in histogram form. The shaded area reflects the
depth distribution of sample depths. The differ-
ence between the two should qualitatively reflect
drilling fluids mixing with formation fluids. BRote
that effects of geothermal “fluids are basically
lacking above 915 m (compare with Pigure 9).
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