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CONCIUSIONS AND RECOIMMINDATIONS

1+ The Kelly Hot Spring ares Ts. 41-44 ¥., Rs. 9-13 T. is an excellent
geothermal prospect and should be ezplored.

£+ A thres phase exploration program to define the geothermal potential
and drill a demonstration well can be executed in 17 to 18 months
and will cost as follows: '

Phase l-Reconnalissance exploration _ $81, 500,00

Phase Z-Detailed sxploration . 120, 500.00
Phase 3-Demonstration wsll 350,000.00

Total - $612,000.00
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INTRODUCTION
Purpose and Scope

he Kelly Mot Spring area is in a reglon where natural thernal
phenomena are common (fig. 1)+ It is only 35 miles west of the Surprise
Valley area--currently the site of intensive geotharmal exploration,
principally by HMagma Energy, Inc., American Feothermal Resources
Corporation, and Gulf 0il Co. It is southwest of Xlarath Falls, Orpgon-
site of one of the world's largest developmen®ts of natural thermal
energy for space heating. It is about 30 miles northeast of Mount
Lassen, the only active volcano in California.

In addition to being in a region where natural thsrmal phenomena
are common (fig. 1) the Kelly Hot Spring area stands out as a geo-
thermal prospect because the geologic and hydrolsgic factors seem
favorables, and because the geographic factors ars suitable.

This report has five objectives. These are:

(1) To summarise the geogravhic festures of the area

(2) To present the available information about the geologv and
)

)

B

hydrology of the arsa;
To - assign limits to the ares that ShGqu bs prospacted;
To evaluate and accesss the merits of the delimited area as a
geothermal prospset so that an aporonrlatelv'hldh priority
w1ll bs assigned for its exploration: and
(5) To outline an exploration program that takes iuts aceount the
geology and hydrology of the area-.

(
(4

+w

This report summarizes and reinterprets data obtained from
published reports and maps; as well as data in the files of the California
Division of Mines and Geologv, California Division of 91l and Gas,
California Department of Walter Resources, and the U. 5. Geonlegical
Survey.

Geothermal Resources International, Ine., supplied the lithologic
log of Xelly Hot Spring Ranch #l. ¥o new data have been obtained.
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Previous sxploration

In 1959 Geothermal Resources International, Inc., drilled the
Kelly Hot Spring Ranch #1. This is the only test that has bsen made of
the aress geothermal potential. Unfortunately, it was drilled io avoid
action related to a penalty clause in a lease, rather than for specifie
information. As a consequsance, no zeophysical logs were run and the
only temperature measurements were made by hanging a ma31mum reading
thermometer on a survey bar lowered into ths hole. :

During drilling lost eirculation problems caused the driller to
eirculate large volumes of cold water intsa the hole so natural down-
nole temperatures were diminished (probably a great deal)} and the
iongest period after drilling ceased until a temperature measurement
was made was 12 hours. o flow test was atiempted and no waler sample
was collected for chemical analyses. In shorti, the only effort to test
the geothermal potential of the area was totally inadequate.

GIEDGRAPEIC FBATURES
Locétion znd Sige

The ¥elly Hoi Spring arsa includes the Warm Spring Vallev‘portlon
of the Pit River Basin in Central Modoe County, California. The area
of easily defined surface anomaly consists of about 25 squars miles in
T« 42 W., Rss 9-10 5. (fig. 2)« The area considerad here includes
part or all of Ts. 41.43 U+, Rse 913 B« (fig. 2.73).

Tovography and Drainage

The area considered here lies mostly in the Pit River Rasin and is
for the most part north of the Pit River. Figure 2t shows the relation
of the area to the Pit River Basin and the basins of its principle
tributariese.

Altitudes in the aresa range from about 4280 feet southwest of Canbv
to 5241 feel on Mahogany Ridge. Slopes in Warm Spring Valley are
moderate, less than 100 feet per mile. Dordering the vallev on the
rorth is & relativelv stesp secarp thai accounts for much of the reliaf
in the area. The uplands along the Pit River Basin divide are rolling
olains marked by mounds that could be shield volecances or sruptive
centers. Thess uplands have slopes of more than 100 feet per mile, but
should not be considered well dralned. Near the basin divide thefe are
sxtensive swamps.

As figure 2 shows in addition to ressrviors such as Big Sage and
viood Flat, which contain water continiously, there are a nunber of
reserviors that contain water intermittently.




Climate

The climate of the Kelly Hot Spring area is charscterized by
moderately severe winters and warm dry summerss. Temperatures during
the winter drop bslow ~30°F and during the swmers may be more than
109

JOO Fo .

Aout three-guariers of the ssasonal precipitation occurs during
the winter months. However, localized sumier thundersterms of heavy
intensity, tul short duration, are common.

In this part of the United States, topography influences the
precipitation rather profoundly. Precipitation on the Warner lountains
(along the eastern divide of Pit River Basin) averages more than 30
inches per year; whereas al the lower altitudes of the Kelly Hot Spring
area precipitation averages only 8 to 16 inches per vear.

The mean annmal air temperature at Alturas (altitude = 4365) is.
about 470F. S

Land Cunership

In the area under discussion, here the land is divided betwsen the
U. S. Foresl Service and private owners. -4 fsw small parcels are
owned by the State of California, Modoe County, LIR Indian Ressrvatione
Figure 3 shows the Forest Serviecs ownershin.

Cultural Fesatures
Access lo the Kelly Hot Spring area is convenient. HNorth-south
Us 8. Highway 395 and eastewsst California Highway 299 meet at Mlturas.
The Southern Pacific Railroad crosses the arsa. Aliuras has an

excellent landing strip.

An REA transmisgsion line crosses the area.



As the Tollowing table shows, Modoc County, which has an area of
4092 sguare miles, is sparsely populated.

Population density

Census ;EERElﬁEEQE | (norsons/ sge mie )
1950 9678 ' . ' 7 _ 2.3 |
1960 | 8308 2.0
1970 7469 1.8

1972w 8000 - 1.9

*estimate for July 1, 1972 by California Dept. Water Resourcess

About ons-third of the population lives in Alturas, the county
5281

Dscussinn

Not only is access to the Kelly Eot Spring area convenient bul
there are also no serious inpediments to movement within it. So no
unusugl site factors should increase the cost of exploration for or
the development of geothermal powers

A large percentage of the land is privately held land, and the
federally controlled acreage is not in a KGRA- Egually important
the people in Hodoec County ssem to be receptive to the idea of geothermal
developrent, because it will provide Jobs and help with economic growth.

The other potential geothermal areas in the region (fig. 1) share
e principle geographic constaints to development, which aresa

) The severe winters make exploration and development more costlye.

) The distance to market is relatively large and available frans-
ssion lines may not be adeguates

.

In general, the geographic features of the Kelly Hot Spring area
enhance the prospective quality of the area, because few areas ars ag
Tavorably situated.



CERINGIC FACTORS
~1onal Setting

ths:mg,raphlca_ly the Xelly Hot Spring arsa is in the lodoc Plateau,
which MacDonald and Gay (1986, p. B6) described beautifully when they
wrotes

The Modoe Plateau is a highland region capped by vast late Teriiary
and Cuaternary basalt p7alnu and. numerous voleanie shield cones thal
lergely overlap older basin.rangs structures. These structiures are
typified by fauli-block mountaing of Tertiary voleanie rodk, with
intervening basin-like grabens that cormonly contain sedimentary rocks
deposited in largs Pliocens and wuaternary lekes that had resulted
foom Interrupticn of the drainage by faulting or volcanisme To the
east and southeast the Modoe Plateau merges with the Great Basing
across an arbitrary boundarys The tjarnsr Range, which borders ths
Lodoc Platean on the east, is generally regardsd as a pari of the
Great Basin, but its rocks and general structure are continuous U1Qh‘
those of ‘the Modoe regione. On the west, the border of the lodoc
Plateay with the Cascade Range is alse indefinite; the faulting
characteristic of the Vbdoc rezion extends into the edge of the :
Cascadse Range, and some types of rocks ars common io both provinces.

The oldest rocks of the Modoc region are a series of interbedded
lava flows, pyroclastie roc:s, apd lake deposits forming some of
the Block-faulted ranges, and generally tilted at an angle zreater
than Z0 degreesss Through similar Iithology and structural rela-
tionehips, they are correlated with the Cedarville Series, which
is best exposed in the Varnsr Range, vhere it ranzes in age from
late Oligocene to late Ifiocene. The Cedarville Serdes is mainly
andegitic, but ranges from basalt to rhyolite. Several small

gold, copper, and mercury deposits have bsen found in rocks
associated with it. '

Rodks of Pliocene agze inecliude both volecanic and lake depositse
The latter include the Alturas Formation, which occupies the basin
rest of the Warner Range in the vieinity of Alturas, and similar
rocks in the basin of lake Drithton and valley of Willow Cresk
west of Tulelake. The lake sediments are tuffaceous siltstones and
ashy sandstones-the latter commonly ranging o current-bedded,
mater-laid tuffs-and thick, extensgive &ep051 s of diatomite with
variabie ash conient- The Pliccene volcanic rocks inecinde basalt
and andesite lava flows and mudflows, and cacitic to rhyolitic
pyroclastic rocks. Southwest and west of Alturas, the Alturas
Formation is locally associated with heds of pumiceous welded
Pliocene ash-flow deposits ave also present in the mountains
betwesn Canby and Adin, where they are interbedded with lava
rlowq and Mud»flOV devosits, as well as stream-and lake-deposgited
sadin antse
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The older Pliocene rocks, like those of ilocsns age, are found in
hlock-fanlted mountain ranges. Later voleanic rocks, also tenta-
tively assignad to the Pliocene, are ruch legs faulted and retain
o a mch greeter degree thelr orliginal constuctisnzl Land forms.
These include a series of small sheild veoleanies between Honsy
Lake and the Madeline Plaing. '

Throughout ruch of the libdoc Platesu region the bagins bstween the
faulieblock ranges wers flooded by wide-spreading, very {1uid flows
af basalt, erupited mosgtly from fissure vents, that formed flat plain
surfaces rather than voleanic cones. These Hplateau! basalts have
zenerally been referved to as HWiJarner Basalt¥ ul bocause of uncer-
tainty of the correlation with the basalt farther northesst, the
basalt in the region just north of Lassen Hatlonal Fark has been
called the Burney Rasalt. At the north edge of Lake Britton, pillow
lavas ab the base of Warner Rasalt are intermingled with Pliocene
diatomaceous lake sediments, and are slwost sursly of Pliocens ages
but near Lassen Park the Purney Basalt overlaps folded and ercded
andesites thal cannot be older than latest Pliocene, and it is there~
fore wnlikely thet the basalt is older than earliest Pliostocene. In
the Iodoc Plateau region as a whole, the rocks called lfarner Basalt
probably rdnge From late Pliocene to Plissiocene in age.

Younger than the Warner Basalt is a . seriss of lower Pleistocene to
Recant basalt flows and assoclated einder cones; small shield
volcanoes, many of them capped with cinder conss; and loke beds.

The lakesedinments resemble those of FPlliocene age. The shield volecana
oes are mostly basalt, but party andesits. Chemically, wineralogi~
cally, end Textursliy, many of these flow basalis resenble the
Yarner Basalt. llany of them are of pahoehoe Types like rost of the
Varner flows, and in places contain many lava tubes such as those

of the Lava Beds Uatlonal Homurment and Hat Crask Valley, where the
lavas are probably less then 200 vears old. '

Other very recent flouws are of the as or blocdk lava type. These
include the Callahan and Purnt Lava flows on the flanks of the
tedicine Leke Fighland, and the quartz basalt flows at Cinder Cone

in the north-eestern part of Lasszen Hational Park, which last

eruplisd in 1351-

The fLouli of the Ilodoe repion trend in a novthwesterly 1o northerly
directicn. The Iikely faull is believed © have had appreciable
rlght-laters]l movement, but most of the faults are normal, with
primarily vertical displacement. The normal faulting reached a
naxdynam near the end of the MHdocene, ut hag continued into Recent
ine. Occasional earthauakes sucgest that some of the faults, such
as that along the east side of Hat Creek Valley, are still active.

oot

o

Large volunes of water issue from the Varner and later basalis at
sevaral nlaces, including Blp Spring, near 1 Station on Hat Cresk;

al ol , including Bip Sr s 03 Station on Habt Cresl
Rising Pivery farther north in the sane vallsy; the springs at
Turney Falls and along Darney Creek just above the falls; and those
at the headwaters of Fall River. The latier, with a flow of akout 300
million gallons daily, are among the largest springs in the United

] s =] 2

States.
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Iocal Geolooy

Spring area ig part of the California Depi- of Water
Regoureen (CT} 1) Altras Ground-trater Ragine. Ag a consequence the
zeolopy of the avea has been mapped in some detail. Table 1 summarizes
ths geolqglc formations of the Alturas Dasine. jstrisks shoir those. that
necur in the Xelly Hot Spring area. Figure & is a geologic map of the
area. ' :

Rocks older than Ifiocene do not crop oul nearby nor have they been
reached by drill holes in the arca. To speculate upon occurrence and
character of gpecific formetions would be fruitless. Howevar, based
upon the extent of local voleanic activiity and reg*onal tectonic features,
we can ezpect that the older rocks have been partly o complstely
metarmor hoseds

The overlying rocks consist of interbedded voleanic and clastic
sedinentary rocks, Including extensive lake deposits. Although plugs
of endesite of Pliocene age occur nearby, none crop out within the Xelly
Hot Spring areas - ‘

The exact relation betueen the Ccdewmlle Series, (Tme) the Turner
Creek Formabtion (Tmte) and the Alturas Formation (TNa) shown in table 1
is not clear-

The Cedarville E‘:e"ﬂif g crops oul along the Jarner Mountaln and Hay
Canwron Ranses. TT conaisis of bedded taff, tull weecela, and & few .
basalt and andesite Tlo e The Turner Creel mm-—-zation crops out in the
nountainous srea yesh o" Warn Sovings Valleys it consists of mudflows and
wulff with lesszer amounts of basalt flows and Interbeddad sandown
conglomerate, and dilatomite. The Alturas Formation overlies loth t’le
Cedarville and the Turncr Creek. The Turner Crsek Drogab e cor.c-ela tes
to the uppsr part of the Cedarvillie and according to takle 1 grades with
the lower part of the Alturas Z*"’omation-

However, The outcropn patltern and table & suggest that basalts of
serly Pliocens age (“F‘ovb) should separate the Turner Creek Formation snd
the Alturas Formation over at least part of the area. So for present
vurposes the Cedarville Series and the Turner Creel ars presumsd
aauivalent.



Table 1.--Goologic Formations in Alturas Basin (after CWRD, 1963)

Geologlc Symbol

Thickness Tithology -
Formation Feet
Unconsolidated blocks of vocks of small
Talus Ota 075 aresl extende _
_ o Unconsolidated depasiis of organic muck
Muck Omp 0-50 and fivrous peat« Found only in Jess
and Past Valleys.
Basin Unconsolidated, interstratified clay,
£ | Deposits bk 0-50 silt, & fine sand.
& | Intermediate Unconsolidated, poorly sorted silt and
i;j AlTuvium Qal* 0.75 sand with some lenses of gravel.
Unconsolidated. to poorly consolidated
o) Alluvium rudely stratified sand, silt & gravel,
5 Fans Of 0-75 with lenses of claye
& Semiconsolidated mixture of blocks of
EE . Landslide Qls 503,00 basalt in matrix of clay and sand.
© o ‘ Highly jointed, flat-lying olivine
= Pleistocene Opv# 50-1.50 basalt flows with interbedded scoriacecus
g 8 ‘ ZONES.
5 18 [Pyroclastic Semiconsolidated red and black cinders.
< 18 | Rocks _ Dpvpt ? '
P2 | Near Shore §1ightly consolidated & cemented, poorly
"1 | Deposite Ope® "0-200 to well stratified pebble & cobble
A : . - gravel with lenses of sand & silt.
Upper Member - Lake deposited tuff, ashy sandstone,
e, | Alturas TQa¥ Loo | gravel, & diatomite. Indistinguishable
7 | Formation from lower member.
Y Plio-Pleistccene : ' Jointed, nearly flatelying flows of
% Bagalt Wember v o 50~250 bigalt with zones of scoria.
3| Warm Springs . Magsive pumice lap:].lli twff, Jointed heds
o Tuff Menmber T b 100400 of welded tuff, minor beds of ashy
& _ : : sandstone. '
H{ Lower Member Indlsizingulshable from upper member. May
B2t Alturas Fre T a* Loo be Mioceno in part.




Table lsw-Continued

Geologic Genlogic Symbol’ Thicknesgs Tithology
rze Formation Feetl
fndesite Tpvas® ? Plugs of massive and platy andesite-
E/)
&
é Basalt Tpv i ? Jointed, dipping flows of basalt.
3 '
b ot
Rhyolite Tvr ? Hassive, light-colored plugs of rhyolite.
Basalt Tovh 300 Flows of jointed vesicular basalte.
| b o
g e & Bedded mudflows, tuffs, zshy sandstone,
a8 2 | Pyro- &-diatomite. May be correlative to Turner
2 j% | clastic Tivp 1000 Creek Formation. Upper portion may grade
B |5 ) Rocks into lower membser of Alturas Formation.
o e
Hols
Lt £ )
2 Masgive mudflows, tulffs, with beds of
S | Turner ashy sandstone, & dlatomite. Upper
2| Creek Tmto* 000 portion may be correlative to lower
Formation nember of Alturas Formation.
] “Cedarville  Tme*® 7500 Massive tuff breccia, basalt & andesite.
t Series

_E‘L...



Table Ze.-leologic Formations of the Xelly Hot Spring area.
Geologic Geologlie Thickness :
age Formation Symbol Feat Lithology
= Alluviun Dal 0.75 Clay, ¢ilt, sand, and
] oravel
o
&
=
B ol | Gardens Govh 50-1007 Olivine basall with
=1 8 Basalt interbedded scoriaceous
= ':é ZONes ]
= 15 1 Pyroclasitc DpVD ? Red and black cinders
£ H
<13 | Wear Shore Pebbls and cobbls gravel
t 2 1 Deposits Ops 0.200§ with lenses of sandsilt
Upper .
= | Member T an Loo Tuff, ashy_ sa_nd_stome,
S gravel & diatomite
& | Spring HMassive pumice lapilli
S | s vt 100-b00 | L255VE E i
Z I8 Tuf? aff, welded tuff with
O 8‘ vz | lMewber ashy sandstone
[ SR =L : ; : .
by (5 wer £ a
S g E 1I;a > a1 100 Tuff, ashy s.andstc‘me,
& 5 1= o lemoder gravel and distomite
O Bu
R Basalt with zones ol
2 | 5 | Basalt Tvh ? scoria & with bads of
B silt, clay diatomite
& and_tuff
~t .
=3
= Basalt Tovb ? Rasalt (gray-black)
3
3
i
W
2 Looo Hassive mudflows and taf?f
g Cedarville - with beds of ashy sand-
S 1 Series Tme 8000 stone & diatomite HMassive
= tuff breccla, basalt, & .
andesite
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i5 also not clear. CDR (19483, . 81,

(soe table 1 24 thisrepo: t) shows that the P :Lo-}i”? sistocens basalt ocours
atove the “amn Speing Tuff liember of the Alturas. TYet in the cross—
ssotions (o- 100-701) this is not the case. On cross-section A-AT the
Flio-Pleistocens basalt is showvm only in fault contact V:Lth the jlitursas

and. the Varm Soprings Tl enber is Showm between the upper and lower
menber of the Alturas. On sections BB' and CC!, the Plio-Pleistocens
hasalt is showm o he below the Mlturas-Tlarm %r nos Tuff -Alturas _
sequence. Relations on the gesologic nap suggest urst the Plio~Pleistocene
basalt generally underlies the Alturas Fornation.

The major difference betueen the Pliocene basalt and the Plio-
Plelisltocene basglt ssems o be that the Pliocens basalt dips; whereas
the Plio-Pleistocene 1s flat-lving. Thus, *'ounger roclzs overly the
Pliocene basali with an ansular unconformity

The Plio-Pleistocene basalt will be considersd here to ur»uerﬂv the
Mturas Forpalion and to be independent of it. 'Lrl praclice the two
formations probably interfinger so that precise distinction of formation
Limits »nou}M ve difficults

torepver, in Jdrill holes distinetion of the Plincens oa.;a'i Trom
the Plio-Pleistocene basalt mav not be possible.

The ilturas Formation of Plic-Pleistoecene age in here considered
o congist of three members. The uppsr s,nd lower menbers (Thal & TOau)
are near identicals They are lske deposits consisting of flat layving,
1ight colorsd sandstone gravel, diatomite, and tuff.

The middle member 1s the Warm Springs Tuff (Tvp) consists of 100
to 400 feet of gray to browm, massive pusmice lapilli tuff, 1ight colored
ashy sandstone, and resistant basali-like welded tuff.

In places the lower member sesms to be missing and the middle menmber
rests divectly upon older rockse Figure Yo shows my interpretation of
the relation betwesn the three members.

The Hear Shore Deposits of g Pliestocene lake and an extensive
basalt flow overlying the Aliuras Formation. A cinder cone of Pleisto-
cene age with associatedlncal pyroclastic deposits occurs in secs. 33 &
3, Te 42 Ne, Re 9 Be  Alluvium occurs in the dreinagewayss
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The Iithologic loz of the ¥elly Hot Soring Ranch #1 is far from
ideal bacause a zreat deal of mixing ocecurred due to sloughing in an
wneasaed hole and to Jost clreulabtion zones. Iven so the baglie

secuence is evident. Tn the interval from 0-1190 feet the log shows
bads of clay, silitstone, and sandstone with beds of tuff. In the
interval 1190-1670 the log shows that beds of basalt occure In the
interval Trom Lo70-3205 TD the log shows that tuff is interbsdded with
sendetons and clay with some volecanic breccla. This seguence eguates tod

0-1190 Alturas Formation
139041670 Plio~Plelstocene Rasalt
1670-3206 Cedarville Series

Slickensided particles indicate that famlits were crossed in the in-
tervals 2885.2900 and 3000:30f5. :

A drild hole can thus exeept to encounter (ignoring slluvium, loecal
pyroclastics, and possible andesite plugs) the following rock sequence.

hge Thickness Formation and Tithology
Pleistocens 50..100  Gardens Rasalt-~0livine basalt with

ifnterbedded Scoriacecus zones

0-200 - Near Shore Deposits--Coarse clastics
with lenses of silt and sand

Plic-Pleistocens Fto-400 Toper Member, Alturas Formation--
Tuff, ashy, sandstons, gravel, and
distomkta

100400 Warm Springs Tuff Member, Alturas

Formation--Massive pumice lapilli 7
tff, welded tuff with ashy sandstons

to-k00 Lower Membsr, Alturas Fotmasltion--
Tuff, ashy sandstone, gravel, and
diatomite

50-450 Plio-Pleistocene Basalt--Basalt with

zones of scoria and with beds of silt,
clay, diatomite, and tuff

Pliocene - ? Pliocens Basalfewgray black basalt

{iocene L000-~-7000 Cedarville Series-- Massive mudflows
and tuffs with beds of ashy sandstone
and distomite, massive tuff breccia,
basalt, and andestie. '
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Beaause the Cedarville Series is so thick, only the deepest test
holes are likely to penetrate it and reach oldsr rocks.

One or more of the post-Cedarville 3eriss Formation may be missing
in a drill hole ssquence because of thelr make of origin, unconformable
relations, or because of geologic siructure-

Structure

The B jougue'ﬂ Crav1tV'Man of California, Alturas Sheet {(Chapman and
Bishop, 1963) shows thalt the crust thickens from west to east across
the Modoe Platesu. It alse suzgests thalt Basih and Range structural
Teaturss persist beneath the Hodoe Plateau. FReatures such as the north-
south trough that includes the South Fork Pit River Valley and Goose
Lake are easily esguated with the structural troughs of the Basin and
Range Province. .

The gezologic-age pallern on the geologic mep of California
(Alturas Sheet) suggests that the Pleistocene basalts of the Kelly Fot
Spring area occur in an almost cirecular struetural basin, a small pesitive
Jravitv aromaly (5 mgals) centered over this basalt covered region is

probably due to an extracrdinary thickness of basalt. A somewhat largs

p051t1ve anomaly {15 mgals) in T+ 41 ¥., R. 11 B+ south of the structural
basin probably reflects a uried horst block of the basin and range type-

In the Eelly Hol Spring srea both folding and faulting ars evident
fige 6). The Likely fault is about 50 miles Jong and Gay {1959, p- 5)
Sue"bst that major right lateral movement has occurred. A north south
Tault along the east side of T- 48 ¥., Re § B. may have a mile or more
of left lateral movement, according to my snalysss of the Alturas
Formation (fige 4h).

Twy grouos of normal fanlts standout. 0One group parzlisls the Likely
fauit and trends northwest. The other group parallels the north-south
trending basin and rangs feztures. Thesse fanlts have little strike slipe
As figure 4 shows these two groups .of faults {nperszect in the.Xellv. Hot
Spring area. ' "

Thers 1s no reason to bellieve thalt the tectonic actlfltj that !
created these Taulis has ceased.

Three gentle fanlted synclines ocour (fiz. %b). The axis of one
passes in a northwesterly direction through ihe City of Alturas; the
second is voughly parallel to the first and passes just east of Rattle -
snake Bubtte; the third is also generally parallel and passes just west
of the town of Canby. The syriclines are separated by gentle anticlines.
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BTDROGENINGTIC FACTOHS
Introduction

In circulating throush a natural thermal arss zround-water increases
in temperature and underzoes changes in chemistry. If the non-thermal
features are understood then variations causad by the natural thermal
phenomena can e recoznized and usad to orediet the location and size of
a geothernal ressrvoir. Therefore, in this section we shall cuentify
the natural ground-water flow svstem te the limits of the available data.

zlensnts of Theory

Precipitation in a region may runoff on the surfacey infiltrate
into the ground, or evaporate back into the atmosphere. Of the portion
that Infiltrates some becomes soil moisture and is ceptured by plants
which transpirs it back into the atmesvhers and some enters the subsurface
once againe Tae flow inay be elther throuzgh the unsaturated zone or
through both the saturated and the unsaturated zones. Only the matﬁr in
the saturated zone (below the water table) is propariy called ground
water. The area in which infiliration consistently reaches the water
table is called the recharge arca. Ths arsa in which ground-walter emerges
at the surface 1s called the discharge area. Under natural conditions
rround-waker discharges as evapotranspiration to the atmosphere or as
treanflow and springflow.

3
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wWells iﬂ*l'cept cireules” 7. _Joound-watere  Tach volume of water
discharged by a well diminlshss natural discharge dowmstream. IT
wells discharge sufficleatly great amounts of watser, natural discharge

may be "VODOOd and streamflow, water ciraulatlng in the unsaturated

zone, and preclpitation falling on discharge area mav be inducsd to move
tow the discharging welle This water is called induced rscharge.

In gonsral recharce dosas wot oceur in discharge arazas. Howsver, ons
racharge area way Suuoorﬁ savaral: digcharge sreas Thus,. we recognize
iocal, Intermediate and regional flow gysiem s--dlotlﬁgu%sqed Ty bhe R
relation betwsen recharse and discharge area. In a local flow systenm
discharge derives from local precipitation on local recharge areas. If,
however, some 9f the recharge underflows the nearby discharge area W
discharge al some more distant point, then an intermediate or regional

. '

+

In ths Pit River RBasin recherge flowing a short distance to small
tritutaries such as the Norlth Fork Pit River or Pine River (south-
e il flt as) is moving in a locsl flow system. FHowever, recharge
chn t t g origin in. bhe North Fork Pit River or Pine River surface
413 ge area may undsrflow these streams to discharge in the main stem

River and a swmall part of this may underflow the Pit River

to dlscnargb to the Sacramento River. That which discharges to the
Szeramento River would be in the repgional flow svstem.
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The Ground-Yater Flow Contimyum

The rocks that make up the ground-water f{low continuum consist of
lake beds and voleanic rocks plus 23luvium. Thse porosilty and hydraulic
conductivity of these rocks derives frowm interstitial, fracture, and
tubular poresity. Although lava tubes produce locally high permeability
and the interstitial porosity of the lake beds and tuffs produce extrens
variations between beds locally, the taverage"” hydraulic conduetivity
is orobably controlled by the fractures developed during faulting.
Because faulting causes beds of different Idthology to abut and ths
fracture porosity produced by faulting pervade the entirs rock mass,
the fracture porosity is offective through out the rock mass and creates
a homogenelty on a regional scale that one would not expect by considering
i thology only-

The fracture system does not extend into the alluvium and in all
probability the average hydraulic conductivity of the alluvium is lerger
than that of the other rocks of the flow continuum.

The valleys of the Pit River and its largsr tributaries probably
secur in areas where fractures formed zones of weakness to erogion. Ve
might expect, therefore, that the hydraulic conductivities in these
valleys are somewhal lareer than those near the divides.

Recharge and Discharge

Ia recharge areas the water itable is conecave downward. In
discharge arsas the water table is concave upward. As 2z crude
approximation for lodoc County discharge areas include the areas under-
lain by alluvium by swamp or marsh, or by modern lake basins such as
Goose Lake Basin. The rest of the county is recharge area. Figure ba
shows the water table and figure 6b the recharge and discharge areas in
the Kelly Hot Spring areas

In Modoe County much of the ground-water discharge is via evapotiran~
spiration during the summer months and the discharge to the atmosphere
darlng the warm dry season is probably about 30 inches from swamp, lakes,
rlowing water surface, or where the water table is less than 2 feet
below the surface. This 1s a rate of about 2 cfsm (2 cubie feet per
second per square mile). This rate diminishes to .zers a% the recharge-
discharge boundary. It also diminishes rapidly with increasing depth
to the water table in the discharge area. Unfortunately the rate at
wvnich it dimindishes is indelerminate with available data. The average
ground-waler dlscharge to evapotranspiration over the entire discharge
is probably larger than 0.2 cfsm and is certainly smaller than 2.0 cfsm.
The ground-water discharge to streams can be approximated from stream
flows duration data br u51ng an wipublished separation technigue developad
Ty Allen Gutjahr and We K. Summers in 1971.
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he value determined is expressed is efs (cubic fest per second) and
vrepresents the total ground-water discharge that flows pscl a gaging
statlion. Table 3 summarizes the estimates obtained for 17 gaging
stations in the Pit River Basin (no. 1-12) and 3 gaging stations in the
Goose Lake Basin (no. 13-15).

The total ground-water discharge upstream from a gaging station
ig the sum of the evapotranspiration and streamflow discharge plus any
additional evapotransplration csused by diversion of streamficw for
irrigation. Table &4 sumnarizes the estinated total ground.iwater
discharge for each gaging sitation. Figure 7 shows the relation of the
estimated total ground-water discharse psr squars wile plottied against
apparent recharge area. We expect the apparvent rechsrge area to approach
the actual recharge area as the apparent recharge area becomss larger.
This is indeed the case except for points 2, 3, end 4 which are for
gtations on streams (South Fork Pit River and Pine River) that drain
the highest part of the Warner Range. The high values for thess stations
may be due to one or more of the following: (1) the much larger than
average precipitation at higher altitudes, (2) significantly grsater
-relief, (3) substantially lewer hydraulic conductivity at depth due to
intrusives that cause a slignificantly larger proportion of the ground-
water To discharge rather than underflow the local flow sysham.

On the average about 9 pereent of the precipitation on the recharge
area appears to discharge in the local or intermediate flow systen.
However, the Warner lMountain streams show a discharge on the order of
12 percent of the precipitation. This suggests that overall somewhat
more than 12 psrcent of the precipitation becomes ground-water and that
9 percent discharges through the intermediate and local flow systems
and 3 perceat underflows. I estimale, thersfore, that the sverage
ground~-water recharge in the Upper Pit River Rasin is sbout 12 percent
of the precipitation or about 0.16 cfsm. The recharze will be less than
this value nsar the recharge-discharge boundary where it decreases to
zero, and larger near the surface drainage divide where precipitation
tends to be a maximume The maximum rate 1s probably on the order of .32
cfem. ' '

Underflow is on the order of +O4 cfsme As a crude check the Pit
River Basin is about 40 miles wide at Canby and if we assume that 90
percent of the underfilow occurs in a slab 1000 feet thick under a
gradient of 60 feet in 12 miles through rocks having an average ,
hydraulic conductivity of 0.01 ftf/day, we estimate the underflow at

~ - 10 ft ., 60 ft 1000 £t x 40 miles _ on .o
9% dey * Torites * THBNOU seo = <3 ore
day

Q = 26 cfse The recharge are is about 1100 square wiles-
The recharge rate to underflow is then 26 = .021 cfsm.
1100



Table 3+--Summary of drainage basin data by stream paging station

b
Nz e Namne
1 North Fork Pit R. nr. Alturas
2 South Fork Pit R. nr. Jess Valley
3 South Fork Fit R. nr. Likely
4 Pine Ore nre plfuras
5 Pit R below Alturas
& Pit R» nre Canby
7 Turner Cr.-nr+ Canby
8 Rush Cre nre Adin
g tutte Cr. nre. Adin
10 Pit River nr. Loskout
i1 Ash Cre nr. Adin
12 Willow Cre nr. Adin
13 NHorth Fork Davis Cre nre Davig Cr.
14 Lassen Cre nre Willeow Ranch
15

Willow Cr+ nr. ¥Willow Ranch

Tocation prea (square wiles) Discharse (cfs)

< gac TN RE  Alt.  Total Ree. Disce Total 3u GY

NE R 42 13 43R0 203 141 62 10.8  10.3 5

NT 9 39 14 5000 96 i 19 32 16 14

ag 11 39 13 4600 2l 173 74 YPr.o5 28 645

S35 L2 13 L700 31 26 5 1thes 9.5 5.0

TE 13 42 11 L300 1150 805 s 95 77 18

w10 41 o 4280 14 1001 4730 90 31 g

S8 35 42 8 LAso L& 37 g 141 .88 .02 L
M % L0 9 LL0o 28 26 2 5.2 ey .G -
Na 2 38 9 41300 120 al 35 .90 - .65 e25

NE 41 40 7 L2000 1535 1110 475 06 83 13

sy 21 39 9 4250 . 259 180 78 33 25 &

85235 2B 9 4500 51 g 2 5. 2.8 2.6

Swols b5 i4 5100 5.9 bo7 3.2 3.0 2adh .6

SE 27 k744 5100 26 25 1 5.y k.8 6

NE 26 47 14 5000 30 2 6 2.1 1-6 .5

* gap Tigure 7 and table 4.



Table beamSunnary of ground-wabter discharge alove cach gaging station

Obss a Uvapotranspiration (ofs) . _ Precipltation
Pate on
gage From Irrigated From Discharge _ Renge Sﬁﬁtl. Rechargs 4 Discharged
Yo (efs) Ares Area Total rom To Area {efs) as Ground-water
1 - 50 - 12 13 12 16 147 3.8
2 b 3.8 15 18 P 1 12.5
3 Ge g 7.0 15 2h 10 3 280 1146
h 5.0 +90 5+G 12 3 45 13.2
5. 18 22 69 110 3 3 1250 8.8
£ 340 29 B6 12k 8 Y 1550 R].0
- 20 148 2.0 18 22 - 55 3.6
a 90 .30 1.7 16 22 37 33
9 .2 7.2 7.5 16 2z 123 - 6.1
10 13 21 95 150 g I 1770 3.7
il 6.0 16 22 ik 22 250 8.8
12 2.6 .20 249 18 22 77 3-8
13 60 .20 20 18 30 E+7 12.0
14 N 30 $O2 18 32 46 2.0
15 2 50 1.2 1.7 18 32 Ly 3.9

_ZZ,._

* gee table 3 and figure 7.



This relative agreement may be fortultous. The assumpiion of an
average hydrazulic conductivity of 10 ft/day is consisbent with the value
we wonld expect for fractured volcanic rocks and unconsolidated sands
end gravels interbedded with rocks of low hydraulic conductivity.
Moreover, the large vield deep (300.800 feet) irrigation wells in the
~hliuras region suggest that the hydraulic conduetivity is larger than
individusal lithologies would suggeste The other assumptlions will tend
generally to make the underflow larger than estimated here.

In summary, then, of the precipitation that falls in the Upper Pit
River Basin 12 psrcent becomes ground-water. O0Ff this most 9 percent
discharges through lacal or intermediate flow system and 3 percent bscomes
underflows : -

The portlon of the ground water that discharges through the known
area of thermal anomaly shown on figure 2 derives from an area of 515
stuare miles north and west of the Pit River that extends to the divide.
Mpproximately 150 sguare miles are the discharge area and 350 are the
recharge area. Approximately 60 percent of the discharge area occurs
upstream from the thermal anomaly- Thus, using figure 6, we may estimate
that 40 percent of the recharge on 360 sauare miles (&4 x 360 x .12 =
17+2 cfs) discharges in the Kelly Hot Spring area. Underflow through
the area hoth from the apparent recharge arsa and from the Warner Mountain
may be substantial. If recharge from only 20 percent of the avalla-
ble rechargs .- underfiows the Kelly Hot Spring arsa, it amounts to
(+2 x 04 x 1000 =) 8 efs.
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SUBRTRFACT TIMNEERATURES

Observed ground-water temperatures

The observed temperaitures in the Kally Hot Spring area range fron
o . . g

55 to 205°F (Appendix 1 and figurs 8)s Tn nonthermal arsas ground.wvater

temperatures may be estimated by the following relation.

T (°F) = Merags annual air temperatures & + 1.8 x hundreds of feet
5 7

Using this relationship we would expect ground-water temperatures in
wells to be in the range of 51 to 85°F in the area- Jjny temperature in
excess of 75°F is surely anomalous. Ground-water tewmeratures larger
then 75°F cceur over a relatively small ares {fig. 8) of less than 10
square wiles. '

Hatural ground-water systesns are in dvnamic eguilibriume-that is
ground-water recharge equals discharge and heat flow into the flow
continuum is equal to the heat flow out by canduction plus the heat
carried away by the circulating ground water. At equilibrium iso-
thermel surfaces do not vary with time. '

If heat is added to a mass of waler woving e2long a flow Iine in a
cround-water flow system, that heat is transported in the mass. If the
movenent is into a reglon.of higher temperaturs more heat will be added
to the water; 1f the movementi is along sn isotherm the heat content
will remain constant, wut if Tthe wovement is ints a region of decreasing
temperature {at equilibrium) heat will be lost by dispersion-diffusion
and by conduction at a rate which will maintain ths constant position
of the isptherms-

Thus, every point (or mass of water) alons a flow line will have
its oun unique temperature. The femperature observed in discharging
grouncwwater is then the Yaverage” for all of the terminating flow
lines. As an example consider the simple case of a spring where 90 %
of the terminating flow lines derive from a Iocal (shallow) flow systenm
where the average temperature is 60°F and 10 % from an intermediate
(deep) system, where the average temperature will be 90 x 60° + 10 x 90°

100
oy 6309- The anomalous warm water is alwost completely masked.




Three factors influencsthe observed temperature shown on figurs ©.

First, local shallow flow svstams are conbtributing water of nonthermal
charaa’zv.  Secand, an internediate flow system is *ﬂn+f1buu1ng thermal
waters Third, an influx of induced recharge due to irrization and
infiltration from the Pit River have a sguelching efLQCb on temperature
locally. The tempsrature of discharging wabter in the discharge area
aresgreater.than predicted by the usual gradient relationships. I
interprat the temperature anomaly of figure 8 to mean that in this area
a portion of the flow of an intermediate flow svsten 1s surfacing and
these [low lines pass throuzh a2 reglon vhers a substantial amount

of heat was added. The temperature sf ¥elly Hot Spring indicate that
the flow distance is relatively short or the amount of heat added is

so large that it does not disappear through conduction or by dispsrsion-
dl$fu010H and that mixing with the lncal system is minimal.

""ﬂ

Tempersturs measured in the Kelly Hot Spring Ranch #1

The following tsmperatures were obssrved in the ¥elly Hot Spring
Ranch #1.

Depth {fest) Temperature (DF) Remarks
e less than 2000

1060 do

1573 do

1805 do

2106 o175+

2664 185

2757 ‘ 223 after fishing Zur about 24 hom

3206 ' 220 after 6 hours

3206 230 after 12 hours

These temperatures are probably too low. During drilling fluid was
lost at a depth of 1573 feets 7This lost circulatilon problem was

solved by increasing the amount of cold fluid cireulated during drilling.
Flow-line temperature during drilling were generally 50 to 70 less than
hn tottom hole tnmpnrature~ In all probability had the bottonm hole
superature measurements been made when the hols had returned to tempera-
ure equilibrium the observed temperature would Hdve beeri mich higher.

r+ [“I" (i




Hvdragaothermonetry

The temperature at which ground-water was last at chemical |
sguilibrium can be estimatsd Through the use of several geochemical
thermoneterss For the X¥elly Hot Spring area dats were availabls Tor
“a-K-Ca zeothermometsr. These estimates are given in Appendix i and
showm in figure B.

This thermometer has two pitfalls.. If calciur precipitates the
estimated temperaturs is toa lavge. If mixing occurs estinmates are
usually tos low- The temperatures estimated here show the influencs
of both mixing and calecium precipitation and consaqusntly are less

L

than ideal.

Judging from the obssrved te;peratur s the asmount of intermediate
flow systen water that discharge is probably only a few percent of the
totals However, since it carries the hulk of the dissolved solids, the
temperature estlmates are orobably conslistently low as evidenced by
the difference betwsen the obhserved and the sestimated at ¥elly Hot
Spring.

Although the estimated temperatures representaverages based on
concentration and are only z guide to the mavimum potentisl temperature,
they may be combined with ground~water flow svstem information to infer
the location of the heal source. Conmbining the estimated tempsratnre
patiern of figure 8 with the water-table contours of figure ba shows
that a heat source north and east of Xelly Hot Spring would explain
the thermel Teatures of the area. he 300° F contour mav enconpass the
heat source bul could easily be displaced south and west. The amount
and direction of this displacement is preobably minor-

Heat Discharge

Heat dischargss from the earth in the mass transpori of water and
by conductlon. ¥e can only conjecturs about the amount of heat in ¥Xelly
Hot Spring area since it is depandent upon the distribution of tempera-
tore, the rate of mass transfer, and the thermal conductivity.

We may speculate about the amount of discharging heal by assuming
temperature and thermal conductivity that are reasonasble Tor tne GOl
“ditions that we know about or believe to exist.



at flow by conduction depends upen the temperaturs sradient and

He
the thermal conductivity. Presumably we can eshimate the “heat flow by
assuming some average condition operating over some averags areas A
consarvative estimate of the average thermal conductivity of the rocks

of the area would be akout -1 BTU/ftZ-hour at a gradient of 107/ft.

The average ‘temperature gradient is mors difficult. Using the Kelly
Hot Spring Ranch #1, the temperature gradient appsars to bs about 1800F/
3206 feet or -0550F/ft. TIf we assume arbitrarily that the estimated
tomperature of 3804 OF estimated from the Na-¥-Ca geothermometsr occurs
at depths of %4000, then the temperaiture gradient is 330/1000 or -08739F/
ft. The world wide average gradient is -0180F/ft-

The gradient used mmst be choossn arbitrarily. Therefore, in the
intersst of a conservative sstimate, twlce normal (-03%9F/ft) is less
han possible but more than expected in a nonthermal area, and is
assumed to be the average within the 200° geother ometer isothesrm of
figure 8. The estimated heat flow is then 8 x 107 BIU/sec.

Ground-water dischargess from the Lelly Hot Spiring area at a rate of
about 1742 efge If only 10 percent of this water has its temperature

aiged a total of BODOF by cireculation in the intermediate ground-water
flow antvMﬁ ”hen the heat removed by mass transfer in the water is
about (300°F x 1.7 ofs x 62.4 1bs/ft3 x 1 BIU/1b-OF =) 3.2 x 10% BIU/coc.
If we agsume the 8 cfs of underflow estimated earlier has its temperaturs
raised 300°F then it iransports about 1.8 x 105 BTU/sec.

The lost eirculation zone in Kelly Hot Spring Ranch #1 indicates a
zone of high hydraulic conductivity. Such a zone could concentrate
underflow and bs the conduit for a mueh larger portion of the underflow
then is estimated here.

This estimate of 3.2 % 10% and 1.8 x 10° BIU/sec are vary conserva-
tive estimates of thes heat transport in water from the postulated heat
source. The estimates do not take into account conductive losses nor
do they take into account the mass of water heated less than 7300°F, nor
does it take into account density variations with temperature or
dissolved solids. Variations due to pressure have also besn ignored.

The. L0t31 heat dlscharg@d from the area is conservatively estimated
at 3.0 x 105 BTU{Sﬁc- This quantity of heat is not large in terms of a
producing steam well, tut is certainly a clear indication of a geothermal
anomaly-



GENTHER AL POTINTIAL

ixisting geothermal fields cecur in a variety of geologic sstiings-

In zeneral thess settings havs only a few fealtures in common:

(1) Although the natural steam or hot water may dischargs from rocks of
any age ‘lgneous rocks, of late Tertiary or Cuaternary age usually
crop out nearby. } '

(2) Faults are common, but the relation bhetwsen the occurrence of natural
steam and spesclfic faults is often vague.

(3) Commonly, mat not alwavs, thermal wabter discharges within a few miles.

(44} Locally heat flow may be anomalous.

The Kelly Hot Spring area merits exploration because it hasg these
satures. Voleanic rocks of Pleistocens age ars common- The inter-
cting fbths provide a potential fplumbing systemf for geothermal
widgs The geohydrologic characteristlics of the Upper Pit River Basin
uegest that the area north and east of ¥elly Hot Spring contains a
gnificant subsurface source of geothermal fluids.-

i——'(D ]
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In toto the weight of svidance supggests the possibility of a geothermal
field in Te 42 N., Rs. 10 and 11 ©» The potential size of the field can
only be estimated upon the basls of primitive assumpilons,but a fleld
on the scals of ¥ to 8 square miles in T. 42 N., R..11 E. and 'T. 42 N,,

R« 12 5. would account for the thermal features observed.

he surficial geothermal features of the ¥Kslly Hot Spring area _
compare favorably with those of Surprise Valley. Surprise Vallev occours
in a clasgle graben-horst-structure. The rocks, howsver, are essentislly
the ssme as those In the Kelly Hot Spring srea or are older. Within
Surprlsﬂ Valley there exists a ceocnemlcal anomaly similar to that of
the Xelly Hot Spring area. :

Thermal water discharges at wore places in Surpriss Valley tut
apparently not in greater volume. The observed temperature and the
geothermometer sstimates are not unlike those in the Kelly Hot Spring
area, as the Tollowing tabulation shows:

Location Tomperaturs (OF)
observed  Geothermomster estimate

well 46§ 1

615 31 R 1 82 320

wall B4 i 15 8 24 B 1 190 - 261
Old Leonard Spe 434 16 & 13 B 1 104 160
well L3 w16 212 D1 184 - 169
well Menlo Resort N 17 85 7 4 1 RE 130
do PVHIATET A2 136 ' 124

do ' "PWILTBER L 126 124

tlenlo Spring 39 W17 E 7 134 : 287

The ﬂelly‘Hot Spring area (on the basis of internal
evidence and by comparison with the wellwstudied Surprise Valley XGRj)
ils a vieble geothermal area that should be prospscted.
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Tnvironmental hazards should bes anticivated in the Yelly Hot
Suring area. Chemical analvsas of tha water discharging from ¥elly Hot
Soring show concentrations of arsenic and flouride that are above thes
recomnended limits for publie water supply and boron concenftratinns
that would be harmful %o all but the most tolerant crops if the water -
ware used for irrigation. Sines these lons ocecur in thermal water and
are nol common in nonthermal water we can ewxpect that development of
the thermal water will generate the concommitant problem of disposing of
these lons. Reinjection seems a reasonable technique--especially in
view of the losi clrculation zone encountered in drilling the Kelly Hot
Spring Ranch #1.

Hydrozen sulfide gas may be a problem. plthough no chemical
analysis reports the gas, the air at Kelly Hot Soring cccassionally
containg a slight odor of Ho3, so develooment of the thermal water may
increase the amouni of Hy5 discharge-

Fortunately, the environmental problems that way come from developing
a geothermnal fis1d in- the area fall well within the capability of '
existing technologye. Poteatial problems, such as subsidence, can only
be evaluated when more data have become available. :

EXFIORATION PROGRAM
Jutline

To establish tha presencs of a vesthermal field, I recommend ths
Tollowing exploration prograr

Phase l+~--Reconnalssance exploration

a. Geohydrology and geochsmistry
In this phase all wells and springs in the area T. 4144 XN.,
Ege 9.13 L+ should be sampled. Bicarbonates-carbonate,
chloride, flouride, and silica concentrations should be measured
in the field together with temperature, pH, and specific
conductance. A1l samples should be submitted for sodium,
potassium, and caleium analyses. About 20 percent of the samples
"should e analyzed compleisly including arsenie, boron, and selected
trace maetalse  About 10 percent of the samples should be sent for
isotope analyses.

Th

s phass of exploration would confirm the prssent data and
expand 1t.

H- H.



be Preliminary geophysics

Tn this phass ground-noise surveys, Schlumberger resistivity,

and gravity survey should be made by contracting with speclalists.
Ground-noiss should inelude a winimum of 99 stations in Ts. 49~
iy e, Rse 9=13 Z+ (a rectilinear three mile grid). 4 gravity
survey should bs mads over the sams area with a station density
of 1 station/square mile or 575 station. This data should be
tied to existing gravity data. The resistivity effort shonld be
restricted to Ts. 42 N., Rs. 9-10 E. and should be limited to
about 3 deep soundings alonz a profile from Canby %o the Alturas
landing strio.

"

hase Z.-uDetall exploration

This phase depends in part upon the resulits of Phase 1. Tt
should include the following elements:

a» Detailed resistivity

b From 5 o 7 test holes to obtaln heat-{low data and to oblain
fluid samples az a function of depth. '

c¢. At Jeast one slim-hole stratigraphic test to 5000 feete-not on
he anomaly--should be drillsd and a complete sulte of logs
and drill-stem tesis should be oblained.

Phase 3eo Demonstration well

The location and depth of this well will dsoend upon the resulis of
Phase 2. Tis purpose is to confirm the pressnce of a geothermal
reservoir. for preliminary planning purposes, I anticipate iis
depth will he 7000 fest.

Pudget

This sxploration program is designed to gather usszful informatlion
at a rate that increases the cost of prospect tool with lncreasing
confidence in the presence of a drillable anomaly. The following costs
are approximate: '
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Phase 1.-~feconnalssance exploration

a. eohydrology and gzochemistry
Fizld geologist (3 monihs) 0 5,000.00
Field esuponsss and mileage 1,500-00
Cherdeal analyses 104030.00
Tsotope analyses 5,000.00
Qverhead, asdministrative, ete. 10,000.00
Total -5 31, 506750
be Preliminavy {Geophysies:contracts)
Ground noise 100 sta. @ $200/stas ' $ 20,000.00
Gravity-6oo sta. @ $20/sta. 12,000.00
Schlumberzer resistivity 8 sta. @ $1000/s%a- 8,000.00
Overhead, administrative, cetc. - 10,000.00
Totsl 5 50, 060,00

Phase Ze~-Detailed exploration

t resistivity 30, 000. 00
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To drill 5 holes & 1000 feet cach ests cost

S5/foot with 100 feat of core \ L0, 000.00
Losg, fluid samples, elc. - 5,000.00
Geologlst and expenses ' 1,500.00
Ieat flow meas. and analysis ' 10,000.00
ce Slim-hole tést stratigraphic
5000fL @ 10/5t ' ~ 50,000.00
Tozs, ebe. 10,000.00
Genlopgist, :etos 2,000.00
Healt flow , ' : 10,000.00
Overtisad, administrative, atc. 20,000.60
Total 5199, 500.00
Fhase Jew-Demonstration well
7000 £t @ 550/8% _ ' $350,000.00
includes all logging, geologlieal, tasting, costs =
in addition to drilling charses.
Summayys:
Phase 1.--Praliminary exploration 5 21, 500.00
Phags Z..-Detaliled exploration : 190, 500.00
Fhase 3~-muemon5praulon well : 250,000.00

T

Total - 5022,000.00
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The tiume required to oamnl ete each phase is about as follows:

fotivity Time (months)

Phase i-_nﬂeconnelsqance exploration

as Geohydrology and geochemistry

Q ;
&
H
0]
—
=y
@
3
[ah
Q
o
o]
l_l
o
o
&
G
B
m]w\ﬁ

Total elapsed time
0. Prelimlnary'g physics

Groundmnoise contract
Gravity

Schlumberzer resistivity
Office review and evaluation

N{!—*e—-‘-%—*!ﬂ*

Total elapse& Hime
Phase Z.--Detailed exploratlon
a« Detalled resistivity
b. Heat-flow tesis
c. Stratizrapnic teet

2

3

1

de« Qffice veview and avaluatioﬁ : ]
Total elapsed tinms. LT

3

Phiase Sem=Demonstration well

The total elapsed tims depends upon when the Individual elements
bezine For example, if Phase la and 1b are carried on simadtaneously,
the elapsed time would be about 5 months; if carried on sequentislly
7 months. Thus, the time to complete the program range’ Trom a minimum
of one yvear to a maxdmum of about 19 wmonths, excludine delavs cau%ed
for adminstrstive, governmental, or environmental reasons.

Diseussion

The exploration program as outlined serves twe purposes. TFirst,
and for 1ost it is aimed at defining a geothermal field. Second,
it will generate much of the information reauired to define environ-

rontal factors so that environmental impacts may be predicted and
controlled.
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This program will not provide the data required to resolve all
questlons of environmental hazards. A program to rasolve thsse
guestions should e initiatsd only after the geothermal potentlial

as been demonstrated.

The recornnaissance exploratlon phase covers a mach larger area
fownshipa) than the prasent repori- The reasons for this ars:
A broad base is needed to adcqvaue v'de?lne anomalies.

hermel features in Modoco County are not limited to the Kelly
ot Spring arsa or to Surprise Valley. To do a rmconnaisqanca survey
of the whole of liodoc County would be prohibitively expensive, tut
to do reconnalssance work on this somewhat largsr ares adds only a small
incremsnt to the cost. This choigce of area is an economic compromise,
betwesen a reconnaissanca study of the whole of lodoc County and the tim
townships of specific interest. ' '

s e N
)
o e O
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APPENDIX 1 ESTIMATED EQUILIBRIJM TEMPERAfURE USING
NA~K~CA GEOTHERMOMETER FOR KELLY HOT SPRINGS AREA.

FRANKS BROS. WELL 1300

44NI3E36A1 T/29/58 60 82 32
A W CARLSBERG WELL 235! 44N13E368) 1/29/758 &2 80 21
P G SHEDD WELL 261 44N13EZ28H1 7/29/58 56 51 12
GREISS WELL 330° 42N13E34K] 4/ 5/58 56 ° 111 51
“EDWIN SWANSON DOM 807 WELL 42N13E326G1 1/14/69 57 111 51
EDWIN SWANSON DOM 80" WELL 42N13E3261 9/10/63 Ak 113 52
EDWIN SWANSCN DOM B80! WELL 42N13E3261 B/28/62 % xd 105 47
EDWIN SWANSON DOM BO*' WELL 42N13E3261 8724761 55 107 48
EDWIN SWANSON DOM 80" WELL 42N13E3261 1/29/60 59 108 47
EDWIN SWANSON DOM BO' WELL 42N13E3261 B/27/59% 56 113 52
ERHIN SWANSON WELL 807 4ZN13E3261 8/21/59 56 108 49
ERWIN SWANSON WELL 80° 42N13E3261 6/ 3/58 54 99 43
YOUNGER DOM 179* WELL 4ZN13E3161 9/10/63 ket 183 27
YOUNGER DOM 179" WELL 42N13E31GL 8/28762 EEE 170 89
YOUNGER DOM 179" WELL 42N13E3161 1724761 61 167 a7
JOBE AND YOUNGER WELL 42N13E31G1 8/25/59 b2 177 93
YOUNGER DOM 179! WELL 42N13E3161 8/227/5% 62 £ 84 98
JOBE AND YOUNGER WELL 42N13E31G1 6/ 3/58 59 170 89
YOUNGER DOM 179" WELL C4ZNI2ZE3161 7/29/7°0 63 177 93
BAILEY DORRIS DOM & STOCK WELL 125¢ 42N13E30CL 6/ 3/58 65 132 64
ALLAN WALL WELL 3007 42N13E2BK1 6/ 5/58 59 83 33
BERRY STEVENS WELL Z00° 42N13E22D1 6/ 4/58 58 118 55
HANS A HEESCH DATRY WELL 200" 42NI3ELTDL &6/ 3758 57 110 50
- W M RAGER DOM & STOCK WELL 800" 42N13E 661 6/ 4/58 b 116 54
MAYER GRAVEL CO. WELL 210°¢ 42N13E SML 6/ 4/58 &2 118 55
SHARKY DORRIS WELL 280% 42N12EZ5H] 6/ 3/58 58 136 67
SOUTHERN PACIFICT RR WELL 500° 42N1ZEZ4C] 6/ 3/5¢8 &0 138 68
M A HORNING WELL 300!~ 42N12E12F1 b/ 3/58 57 100 44
ALT MUN NO & DEPTH 444' WELL 42N12E1141 8/ 1/67 L 110 50
ALTURAS CITY WELL 42N12E11Q1 9710763 ¥y 170 CE]
ALTURAS CITY WELL 42N12EL101 8/23/61 dxk 166 as
CITY OF ALTURAS MUN 350°¢ 42N12E110Q1 8/27/59 72 152 i1
ALTURAS CITY WELL A2NL2ELLQQ T2/36/7 0 et 161 83
JAY GRIFFITH WELL 144! 42N12E10E] 6/ 4/58 56 127 61
LEONA FISHER WELL 75! 42N12E 9F1 &6/ 4/58 62 139 69
JOHN CUMMINGS WELL - 130¢ 42N12E BE1l 67 47458 62 96 41
JOHN KELLY DOM £ SLAUGHTER HOUSE 260! 42N12E 7M1 6/ 4/58 57 111 51
K W ADATR WELL 3307 H42N12E Z2Al 6f 4/58 6t 107 48
E E EGLE WELL 280! 42N12E 1R1 6/ 4/58 ‘59 104 46
J J HATFIELD JIRR WELL 500°'. 42N11E35R 8/ 4/58 66 149 - 75
CARLTON O ROUSE WELL 34°? 42N11E33EL 8/ 4/%8 &2 320 185 ==




NAWE {OCATION DATE ORSERVED ESTIMATED ESTIMATED
TEMP, F. TEMP. F. TEMP. C.
) HARRY HUGHES WELL 861 42NL1E25P1 B/ 4/58 56 153 78
LLOVD GOTNGS DOW € STK IT4¥ WELL %ZNILEZ4AL 9711763 T 113 57
LLOYD GOINGS DOM & STK 114! WELL 4ZNILE24ALl  B/28/62 T 110 50
) LLOYD GOINGS DOM & STK 114% WELL 42N11E24A1  B/24/61 61 110 50
LLOY0 GDINGS DGR E STK 1147 WELL 4INTIE2GAL 7729760 57 113 3
LLOYD GOINGS DOM & STOCK WELL 114' 42N1LEZ4ALl . 6/ 4/58 58 100 44
) WM HAGGE WELL 150° 42N11E22M1 8/ 5/58 62 321 186 . ~—
FRANK MARTIN DGH 2047 WELL 42N1LEI9EL  9/20/66 o 309 178 .
FRANK MARTIN DOM 2047 WELL 42N11EI9EL  9/11/63 e 317 183
4
FRANK MARTIN DOM 2047 WELL 42NILELOEL  B/24761 53 300 178 .
FRANK MARTIN DOM 204' WELL 42NI1LELI9El  7/29/60 whr 298 17 -
, FRANK MARTIN DOM 2049 WELL 42N1LEISE]l  8725/50 ot 304 175
FRANK MARTIN WELL 2047 4ZNIIEI9EL  B/725/59 W& 307 177
FRANK MARTIN WELL 2041 42N11E19E1 8/ 4/58 59 320 185
‘ MARTON FISHER IRR & STOCK WELL 20° 42N11E 9K) B/ 4/5B 90 135 66
MARION FISHER IRR & STOCK WELL 207 4INIIE GR1 8725759 97 153 78
EVERETT W CALDWELL WELL 200 42N10E314) . 8/ 5/58 57 155 79
1
J HARRY WICHAEL WELL ZZNIOEZGHL 9711751 FEF A 19§
J HARRY MICHAEL WELL 42N10EZ9HL  B/24/6) vk 58 17
. J HARRY MICHAEL WELL 42N10E29HL  7/25/60 e 57 16
I HARRY MICHAEL WELL 777 42N10E25HL  8725/59 TEE 156 80
J HARRY MICHAEL WELL 42N10E29M1 8/ 5/58 RS 233 129
. J HARRY MICHAEL WELL T7' 42N10E29HL 8/ 5/58 84 236 131 .
KELLY HOT SPRING %ZNLOEZ9 10730757 204 Y49 - — -
KELLY HOT SPRING 42NIDE29AL 8721757 198 155 79 - g
12 .
J U ENYART WELL 100° : 43NI0EZTEL "8/ 5758 &3 337 I —
NORMAN QUIGLY WELL 180! : 42N1OE22Bl 8/ 5/%8 . 59 79 30
; PELISSA & HALE D, S, & IRR SPRING ~ -  42N1DE13GL 8/ 5/58 R2 262 135
FRANK BAYS DOM, STOCK & IHR WELL 160% ~ 42N 9E36L1 67 5/58 55 114 53
PETER OHM WELL 280" 42N 9E35R1 8/ 5/58 60 346 202 — .
y CHARLEY GRANT WELL 140! 42N 9E2641 B/ 5/58 56 116 54
RAY MILLER WELL 110° 42N 9E23KL B/ 5/5B 60" 160 82
H BELL WELL 1291 4IN13E30L1 6/ 2/58 56 108 49
1 — e .
T E MASSAE DOM 2807 GINISELG0L 7724768 55 50 37
£ E MASSAE DOM 280! 4IN13E18P1 - 9/10/63 res 97 42
. C E MASSAE DOM 2807 41N13E18P1  8/28/62 tok 94 40
€ E MASSAE DOM 280" 4INI3EL8PL 6724761 A 85 3%
£ E MASSAE DOM 280°¢ 4IN13E1BPLl  7/29/60 67 102 45
. € E MASSAE DOM 280! 4INI3EIGPL  B/28/59 62 9] 38
MORGAN BROS WELL 280° ZIN13E1BP1  B/28759 62 85 34
MORGAN BROS WELL 280¢ 4IN13E18P1 6/ 5/58 60 o1 38
! HERWMAN WERER WELL 200° 4INI3E 582 &7 3758 5% 9% %0
PACIFIC TELE £ TELE DOM 160' WELL 4IN1ZEI5HL  9/12/63 ok 155 79




{ NAME LOCATION DATE OBSERVED ESTIMATED ESTIMATEDR
] TEMP, F. TEMP. TEMP, C.
s PACIFIC TELE E TELE DOM 160" WELL 41N1Z2E15H1 B/24/61 kK 144 T2
PACIFIC TELE & TELE DOM 160" WELL 4INL2EL15HL 7/29/760 14 149 75
PACIFIC TELE & TELE DOM 160" WELL 41N12ELSHL 8/25/59 T4 149 75
. PACIFIC TEL & TEL DOM WELL 160 41IN12E15H] 6/ 3/538 64 138 68
PACIFIC TELE & TELE DOM 160" WELL 41NI2ELSHL Tr2t/el 70 142 71
PACIFIC TEL & TEL DOM WELL 160° 4IN12EI5HL 8/25/59 T4 141 70
. JOE WISTOS DOM & STOCK 1207 | 41N12E1Qdl  11/18/55 ki 118 55
. B A JACKSON DOM & STOCK 85' 41N12E 2N] 6/ 3/58 57 119 56
ROBERT MACKEY WELL BS! 4INL1EZ29H] 8/ 4758 65 108 49
4
ROBERT MACKEY 5PRING 41IN11EZ9J] 8/ «/58 a7 93 39
HUGH GORDON WELL 111° 41N11E2682 8/ 4/58 62 125 60
; ROBERT MACKEY DOM & STOCK SPRING 41IN11EZ2iPL 87 4/58 78 133 65
HARVEY CLARK WELL 50' NO3=310PPM "AIN11E 5L1 8/ 4/58 ¥ 4 130 63
——GAL PINES IRR, & DOM, 320! 41NL1E 241 T/28/771 70 419 249 ——
. ; CAL PINES IRR. & DOM. 320! 41N11E 241 9/11/63 ok 174~ 91
CAL PINES IRR, & D0OM, 3201 4LN1L1E 241 8/28/62 EH 365 214 .-
. CAL PINES IRR, & DOM., 320! 4INLLE 2J1  B/24/61 ok aT3 219 —
' .
CAL PINES IRR. & DOM. 320! 4INILE 2J1 T/29/60 T 126 189 ——
CAL PINES IRR., & DDM. 320! 41N11E 241 B/25/59 L2 2 365 214
o MAXINE EDWARD WELL 144" 4 INLLE 261 8/ 4/58 62 119 56
PATRICTA MOYER DOM & IRR WELL 320° 41N1IE 241 8/ 4758 64 158 81
PATRICIA MOYER DOM & IRR WELL 320¢ 4INLLE 241 B/25/59 Lk 186 99
" JACK NORTHUP WELL 1531 41N11E 1A) B/ 5/58 &4 343 200 —
FRANK CALDOWELL WELL 3207 41NIQE 2N2 B/25/59 ok 174 91
FRANK CALDWEL L WELL 3201 4IN1QE 2N2 8/ 7/58 65 247 1328
n
LEE WRIGHT WELL 135¢ 41N1OE 2Q1 B/ T7/58 72 144 T2
DETTEFF DFRNEZ DOM & IRR WELL 140! 41N 9EI13E1 8/ 7/58 b4 82 32
" K MCHR WELL 152! 41N 9El0C2 B/ 5/58 55 97 42
WM VON BORESEL DOM & STNCK WELL 208' 41N SE 281 8/ 5/58 60 153 18
CARY WILLIAMS DOM 100! C4ON13E3LEL 67 2/58 110 144 72
" H MONROE DOM BO! 4ONT2E26AL 6/ 3/58 56 138 68
HARDOLD MONROE DOM 144% WELL PT R RANCH 40N1Z2E25J1 ~ T7/27/71 6% 183 97
HARDLD MONRCE DQOM 144 WELL PT R RANCH 40N12E25J1 T/724/68 &4 158 - 81
" HARGLD HMONROE DOM 144t WELL PT R RANCH 4ONLZE2541 9f12/63 &k 167 g7
HAROLD MONROE DOM 144 WELL PT R RANCH 4ONL2EZ5J1 8/28/62 LE 2 167 87
" HARGLD MONROE DOM 144" WELL PT R RANCH 40N12EZ25J1 B/24/61 66 167 a7
HAROCLD MONROE DOM 144V WELCL PT R RANCH 40N12EZ25J1 "7/29/60 69 164 BS
HARDOLD MONRCE DOM L44°* WELL PYT R RANCH 40N12E25J1 8/28/59 &4 161 83
. M H MONRCE DOM 1507 ) 40N1Z2E25J1 6/ 3/58 58 1%5 79
M H MONROE DOM 1507 4ONI2EZ531 Ll/18/55 X3 158 81
M H MONROE DOM 150t 40N12E25J1 8728759 &9 158 79
iy NELSCON MOKROE ART.WELL PERFICOY BOOFYSTK 4ON1Z2ELTFL 9712763 X 399 236 s
NELSON MONROE ARTL.WELL PERF300' BOO'STK 4ONL1Z2ELL1F1 8/24/61 71 139 69




NAME ‘ — LOCATION DATE OBSERVED ESTYMATED ESTIMATED
. . - TEMP, F. TOCMP., F. TEMP. C.
NELSOM MOMRCE ART.WELL PERF300!' B00°'STK 40N12EL1LFL 1/29/860 &9 147 T4

NELSON MONROE ARY.WELL PERF3GOT BOOTSTK 4ONLZETLIFL  38/25/59 k¥ 147 T4
NELSON MONROE STGCK 800° 40N12ELLF] 6/ 3/58 &6 142 T1
NELSON MONRDE STOCK a00! ‘ 40N12ELLF1  11/21/55 62 136 67
" NELSON MONROE STOUK 800! 4ON1ZELIFL B/25/59 TRk 136 &7
R FLOURNDOY DOM 108! 39NI3El8AL 6/ 2758 58 91 38
K O VAN LAN DOM 10?7 IGN13E 901 &/ 2/58 enk 102 45
S PR R DOM & IND 39N13E HK1l &/ 2/58 53 130 63
S P RR OO E IND 3GNI3E 8K1 11/18/55 [ 22 105 47
K FLOURNOY ©OM BO! 39N13E TNl 6/ 2/58 54 69 24
DIN FLOURNEY DOM 300' WELL 39NI3E 6Nl 7/22/70 68 147 T4
DON FLOURNEY BOM 300" WELL ) A9N13E 6N1 9712/63 bkl 150 ii:)
DON FLOURNEY DOM 300" WELL 39N13E 6Nl 8/28/62 wokk 147 T4
DON FLAQURNEY DOM 300" WELL ‘ ~ 39N13E 6&N1 8/24/761 * Wk . 146 73
DON FLOURNEY DOM 300' WELL 39N13E 6N1 7/29/60 69 - ) 149 75
BON FLOURNEY DOM 300" WELL 39N13E 6Nl 8/25/59 70 15% 79
DON FLOURNDOY DOM 300¢ . 3IGN13E 6M1 &/ 2/58 70 146 T3
© DGN FLOURNQY BOM 3007 39N13E &Nl 8/25/759 10 147 ' T4
K D VAN LOAN DOM 70° 39N13E 5p2 &/ 2/58 59 144 72
B CHRISTENSE DOM &0! 39N12E 2L1 6/ 2/58 b4 133 65
EDGERTON SAWMILL IND 39N 9EZ21Q1 9/1B/5T 10 114 53

M E KRESGE NOM 12% WELL 39N 9 2P1 T/23756 * Ao 59 43




1. Physiographic diagram of California, Nevada, and Oregon

a) overlay showing relation of Kelly Hot Sprlng area
to other geothermal prospects,
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2, Map of Northeastern Modoc County, California

a) overlay showing geothermal phenomena
'b) overlay showing Kelly Hot Sprlng aresa
and drainage basins.
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3., U.S, Forest Service ownership in the Kelly Hot Spring area
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L, Geology map of the Kelly Hot Spring area
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geologic structure

overlay showing Pliocene and Miocene
Formations

overlay showing the Alturas Formation
overlay showing the Garden Basalt

overlay showing the alluvium
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5. Geologic cross-sections

a) A-A"
b} B-B?'
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6, Hydrologic map of the Kelly Hot Spring area

a) overlay with water contours
b) overlay showing recharge and discharge
areas :
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7. Graph showing relations of apparent recharge apea and
ground-water discharge of the Kelly Hot Spring area
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8. Map of the Kelly Hot Spring area showing water
temperatures and Na-K-Ca geothermometer estimated
temperatures
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