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Ce _ > B ‘ -volcanic ejecta
R 1ad wi d -volcanic tuffs and other-vo i
TEMPERATURES I g Sl”d wot?bitsr'a';lefzies o\ff great thickness. Many of the lava
CENTRAL AN o c1>)ut over wide-areas, and sUccessionshof flows, togitgfir
sotite 1ot e ive the rocks of the region a strati-
‘ ¢rs of volcanic ejecta give t be glassy, compact
earance.” The basaltic layers tend to be g _5’0 .
d 'On'—ségcr)ﬁs so that water does not readily pass through them.
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. ABSTRACT,

S hvifar the most porous. = . S e
"%‘gg mi%g:{rey fOckg associated” with volcanic rocks 1?c1udeb<;%?y
Bl ' ' ( sand, and gravel, pro
e arate. sandstone, shale_, cla}f, sand, grav &
%ﬁ%&gﬁde up of igneous materials. Some of thtesl_;: s:ratfz.:) sc;:lr;
e o esi ' ‘vertebrate and invertebrate .
rffossil plants as well as ver and e
5 entary rocks
“of the flows-and associated sedim
ﬁ?"w‘agitr}xe%’as ranging from Miocene to .the recent. Probal?ly.aI
dem e cks belong to the Pliocene. o
- rt of these ro g
la_rgf; pab ad way ‘the geologic structure of this plateau 1§g1§)tn
Cfaon <In T0 5 . . ) but faults
: : - ) : atively simp Imost no folding bu
The lava plateaus of Oregon and Washington eabt of the 3 relatively vSlmp’}?ﬁ Tizrte 1%;]1351,22:;;“5 trend in a northerly
' Cascade.mnge oran 08 the fargest in the world, This paper ierous. ¢ mt'onpo'f the Basin-range type of faulting..
deals with 2 narrow strip extending diagona]ly across the i ‘as a continuati e
ava-covered area .in Oregon beginning

southern half of tha']
at Vale in Malheyr County and extending southwest and west.
, and Klamath counti ;

t_hrough Harney, Lake

I pth-temperature ;:urves
lue to convection of water, In general, the source ‘of the |
the lava beds _themselves, but the extraordinarily high §
to heat from the mountain

mass or to an intrusive that penetrates the lava beds up to rathér shallow

:depths from the surface of the ground
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‘ i av ‘ i other
orm.the basins, many of which have been at ene time or anot

wells d sts have been made (s, ¥ui} ) the ifte locks have been tilted,
and one p A n vo fl 3 C ’ y lakes. MOSt,Of the uphfte'd b € -

1 t : t - t ar Va o tv wi | éne;side -'rising higher thim the’ other, or one side even bemg

\ H ] . ~fowin \VeH .ne le > e ide T g

; one non-flowing
o flowing wells, two
edr Lakeview; and three

Wy et

’ i han 15°. Probably
. ~“Angles of dip are mostly less t )
o'st'cf‘;’3 dthié mbovement took place before the latter part of the

eistocene epdch, as the summits of high mountains such as thel
. s 3 L,s;, b . i . : ' . .
, three hot springs and five non-flowing wells in BEreirs ‘Mountain, have been glaciated.
the Bonanza-Klamath Falls area. The depths of the nop. Frdiavgae s -

flowing wells_range from 500 to 3870 feet. A few wells in
the area remain to be tested. 8

hile this f)eipef .wa's being prepared for .pul')lication., Mr. W'?l-

West, Klamath Falls, Oregon, kindly forwardeéd samples

an ;Jutcrop in a ravine abouit 12 miles from the Bonanza
o : _ GEOLOGY,

_D‘éta;iled descriptions of the lava flows. in Oregon ér(e’ con

. famed in publications by I. C. Russell, Waring, Washburn

YABuwal‘gla, R. J. Russell, Piper, Kirkham

i

* Approved for publication by the Director of the U. S,
: o 29 .

Geological Survey.

ix which are. fragments of a gastropod close to Amnicola
» and others (1), The B¢ Zwater forms and probably of Tertiary. age. No closer deter-
' : mination can be made.”

¢.Bonanza well (Fig. 6). . Mr. Charles Milton, of the U. S.
the samples states that the cuttings representing the forma-
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e = of another belonging to the genus Lanx. Both are fresh
'« AT e ; » -
‘beel-l kindly‘prepared for me by Dr. Fugene Callaghan, of the {ias Mr. West also forwarded about 60 churn drill samples from
United States Geological Survey: =~ = T ) B M ‘ ; | i i)
- Geological Survey, on the basis of a preliminary examination.
tions drilled to a depth of 4365 feet, are all of basaltic lava.”
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the rhyolites are more porous, but the frag,met}tal. bgds:, e
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ks or < iplifted -above the -
‘blocks or parts of blocks have been up :
e}ie:élt‘l'lglcatf:au sgrfzice, whereas others have been depressed to .

SR i ; gical Survey, .
Well (Fig. 6). Dr.J. B. Reeside, Jr., U. S. Geologica Y,
#-kF.l‘:hra?‘:‘the AsaJmplés contain shells in a yellowish sandy

Th roci}s; are chiéﬁyﬂows of basalts, andesites, and rhyolite
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T In the:"éou’rse‘(‘)fl’maklnbfgéot}iérmal s
.. 'tests were made also ip a fi

and. . The res

Ry Tomperian
~.Namev‘ = Town °F. | °C
.Hunter Lakeview " 1963 . 913
e Joyland Plunge - S 158.9 . 76.5
Bary Farme - 1855 " 854
‘BaArry"Fa:rm R .
o Ncne R Klamath Fails' 187 -86.4
o Devits Teapor  * w "W 839
. Turner (Bonanza) I “ A‘V:“ . 1495 65.3
The thermometers were lowere

feet in Hunter’s spring.
remaining sp

The rec

pool of much‘ lower temperatyre than that of the spr
itfg]f.F Waring (14, page 45) records g tempe
/73° i .

. 7 FLOWING WELLS,
Table 2 contains the tem

wells at Vale, Lakeview, Klamath Falls,

Orstraﬂd——f‘e zperatfures‘iﬂ_ the

urveys in deep wells &
€W springs and flowing wells thyi B
esults .of the tests

" East edge of fowﬁ' .
W2 NW 1 sec. 10,
_ R.I3E.

d to' a depth of about five
orded temperatyres for the
It was either impossible to

peratures recorded in 'six fig
‘and Bonanza.

S " Temperature

°F. °C.

, e '03.1
- "Remarks » ; I?akevle“.l: - o
-3 miles t e ’
: L;.nkleti'sie\\;n orth  of b Lakeview. 1_99‘8 _93'2
. 2r ‘] . ] B (‘ ‘:V . L - - L.
- /Iz_,aI?e“vie:w S.Ouﬂv . c-)f Lakeview ., - 20838 98.2,
2y nf'iilgs south of .
1Lal§ev1ew , ‘Klatﬂélt_}l Falls. 529
‘2% iles south of A
<. Lakeview L ' .
100feet north of White o

Pelica_m Hotel

T.408S,,

13

peratures of flowing yvells._ L

three miles north of the town. These wells are &‘:Pf;t*;(;
to-have flowed as geysers and steam wells from a dep

. Remarks

= - 0 feet from southbank

1995 . 931 »3’(_)ofe Malheur River;
R S " 400 feet from Mal-
 heur County State
_ . Bridge. . oo

PR

1000 feet east from
- Naturium; 4 mile:

" east from Mglheu_x" .
~State Bridge.” -

Depth 5 feet. Near
I?Iunter’s_' Hotel.

Depth 7 feet. Same

"~ well. v . R

Cemented. Outlefabout:
5 feet above level of
ground. - . .-

OnAth're'e-corne_red lot -
between Main and
* ‘Divisioni Streets.

Depth 16 fe'%t, 150
- feet from Turner’s
5Seprix'1g. "W NW-
‘T4 sec. 10, T.408S,,
"RI13E. . -

Rowing : he base of a basalt
y flowing wells at Vale are near the b N
’TEgchOV\:éHigis about 60 feet deep. ‘On account of long

ig. 1

edoe of Goose . For several years past, one ?fégeg::tuséflrﬁdré
prings are \“Hischarged into the air to a helgglt o L is in the conter
arry farm rabove 'the level of the ground.” As the we dings

tempted. .

¥

s only 16 feet.

1| ings ‘were -
(0] arge pool of water, accurate temperature readmbs_ .

Agreement of the fempefatﬁre in Turner’s ’sprring‘ C(1 llignfyc 23
ith the temperature in the fowing well (149.1) at e distance
i ﬁly 150 feet is to be expected, as th¢ depth t?' ey er,




SO SR

CE

>

% c;n_ Or&.trmia’——T ;z

mperatures iy the

Fig. 1. Artesian well 3 Photo by
H T Stearns,_ Sept. 2, 1925, s

o In _ taken from the volume
. on Clima'tological Data of the U, S. Weather Bureau, and the
corresponding hoiling point temperatures at that elevation have

TaBLE 3. Boiling point temperatures.

o Llevation Tem}w}aturc
Location Feet  Motors “F. . °C-
Vale ... SR 223 gg1 208 - 978

. Kiamath Falis /. " S 41000 1250 204-205 95.6.96,1

Lakeview . il o 4950 1500 203

950

been interpolateq from a table of my own (2):
tions show that the temperature of the water
House well is probably a fey
at that elevation, -

“The interpola-
in the Spring
degrees above the boiling point

NON-FLOWING WELLS,
In areas of thick sediments,. the de

pth-témperatux_‘e ‘curves
are usually 'smooth ang uniform,

showing 'a slight increase
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Fig. 3. Central O : c

No. 1. regon Oil and Gas Co

- Sec. 19, T.26S., R.30E., Harney Coﬁlx?tifny'Ore[gI;Jf ' %OB‘\(frrrimient Land
: . s.
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-

is, the curves -are
urve (cd), Fig. 2.

‘ ~HAient as the depth increases; that
bservations have

%d the depth-axis as shown by ¢
ows of Oregon, however, where 0

TEMPERATURE — FAHRENHELT
. N L -

;Klamath Faﬂs.Oii Company. Well No. 1. NE % SE 14 sec. 2
0., Klamath County, Oregon. (Klamath Falls.) B

been made, the curves are smooth and uniform for short dis-
i tances only; in general, they are characterized by very abrupt”
: i”géhépges in the vertical, resembling a series of - steps in which-,
v nts of the curve intersect sharply

ery flat and very steep segme
t. Curves of this Lkind are shown in:Figs. 3,4,5,6,

and 7. Curves 8, 9A, 9B, and 11 represent curves of the
niform type over the short distances represented by the
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Fig. 5. Yonna Valley No. 1. SW 4 NW 4 sec. 13, T.39S,, R.11E,
Klamath County, Oregon. (Klamath Falls-Bonanza.) About 100 feet from
ridge of basalt. 1200 feet of 8 inch casing. Flowing water reported to come
from 1300 feet. : :

F East C e:;ziral land South.C g;ttrdl"O?e gon. 31 '

Vale, trafes i ial ‘earth at
A i netrates infusorial ear
I near Vale, T & rve is slightly concave, .

%This depth-temperature ci

2 mites east o éonanzs
3 -
. Qi any.. Well No. 1. NE corner,
61.\: ET}}}& Lanlgeu'fgglsleyR?ZﬂES?{Tszath County, Oregon. (Bonanza.
JE 14, sec. 398, Rl : .

. ' . tiéularly
S oc F 0A, 9B, and 11, part :
it he other curves, Tgs. 20 72 & ; k sedi-
t}lllt Ieacth :‘tfot\-vs the usual convexity found in “'e’_‘f 1r; dthl; obably
it '? Si\r deposits Txtension of the curves would Probas
nentary ¢ its. L3 S oL
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reveal abrupt changes in trend sifil
deeper- wells. -
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Curve 10 represents the temperatures in B
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Fig. 7. Lakeview City . well.

Lake County, Ore

gon..

o
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DEPTH - FEE

In mouth of Bullard Canyon, Lakeviéw,

1,000

T

1,250

1,500

Lakevienw

I,ZSO

flowing well. "The lower part of Curve 5 represents true rock

temperatures, but, from 1300 feet to the surface, tl
tures of the rocks are obliterated by the flowing
© A question arises in regard to the extent of ih

water.

ne tempera-

e horizontal

BN

ds of Eas.'t Ce;n_tral and South Central Oregon. 33
- by dual curve. - On account of the
Ils, it is difficult to make a com-
Piper, Robinson, and Park,
in correlating water

pre nted by an indivi
jstances between the we
etween them; however,
ave ‘made valuable progress

A

A

’ Y o
Annual mean temperature of air= 48.1° F.

500 |—
750
1000}—
' |_2§o —
1500

‘DEPTH — FEET’ .
8 miles southwest or vale

‘ Cerm Pacific Ol and Gas Well No. 1. Sec. 19,
Pacific Oil and Gas Company. No. 1. = s
% 5 ."X%fﬁrir;lheicr County, Oregon. (Va»le.ﬁ)

Ha;"ne'y County with the steps in the _depth—tempgrg- _‘
fe curve of the Burns well (Fig. 3).
Alfhdu'gh‘not definitely - known,' it "
nté'i"pret the segments of abrupt rise in the
iire curve of the Burns well as being due to

t seems reasonable to ..
depth-témpera- -
dense basalt, or
»mﬁgct clay, which is almest impervious to water while tklleafjla;(t: |
ttions "of the curve, on the other hand, represent volc:

M. Jorrm. Sc—Frrre SerEs—Vor. XXXV, No, 205, JANU-ARY, 1938.
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tuff or rhyohte Wthh is sufﬁuently porous to permit of convec.

. explanatlons are (1) convectxon currents hmxted ‘to the well

70
/i
V' 1
: 740
. . " . N ‘/.. )
. : - T : T 74
T 60 — 1" : &Y
« 1 4
I \//
;E / K
. T
i .
[{F) \V
o e
D .
L 7 ®F. in 1370t
i so . -
=
u
F ~—Anncal mean tcmperature ofF—= - : .
air 47.7°F. s T
A -3
40088r888°°8°-888
2 & a @ 8B @ 2.8 & '§ &8 8

itself and (2) entrance of watér into the well at one level and .
_exit at another level. The hypothesis that the abrupt rise in

in the Yonna Valley curve, F ig._ 5, in any other way, for it

t Central and .S‘outh Central Oregon 35

34 " C.E. Van Ofstrd;id——-Te%npémtwes"in- thé- :
n o or more senes of beds in
ters the well in one stratum_

of the same serles

= tw
7 bable that there are
sai‘? =6l in which water en

er es and 1eaves at another stratum

tion currents. Curves 4, 5, and 6 are additional remarkable
examples of this type of lava bed structure. Alternative,

MPERATURE FAHRENHEIT g

TTER

DEPTH — FEET _ .

Fig. 9A. Oakland Well. NE Y SW Y4 sec. 19 T385 RllE Klamath °
County, Oregon (Klamath Falls-Bonanza.)
" Fig. 9B." The Crater Qil and Gas Co. Well No 1. Klamath County, %
Oregon (Near Mernll ) . .. R

Well No 1. Sec.

i 11 Oxl and Gas Company .
T319% '113.1161 }I%maKx?n:t}}'l County, Oregon. (Dairy. )5501\;:31:3- gk:);a’s%e ;,)t )
h“‘?%isalt ndge Flowmg well Water reported to. come {rom

that water should enter the well at (a) 2;11:11
~1832ve at (b), and again, t that water should elgter tatr 1(;12 and
eave at (d) and so on; Of, that water shou }fn gther iy
in stfata (ab) and leave ih-strata (c¢d). On tde e et
a horizontal mowement .of the water that tends

o

the curves is due to dense basalt or compact clay seems to me
the most probable. In fact, it is difficult to interpret the steps
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180

onts within the beds is an important possibility ;
Fakhermore, flat segments of the kind found in the lava ’
;teglfﬁgéﬁatufe curves have never been found in sedimentary
Wﬁ“&pﬁ {n'two or three instances in which it is practically = . -
ity that the wells penetrated water beds having a thick-
“rething like 100 or 150 feet. -
“striking feature of some of the lava-bed types of o
o be noted. 'On each figure, where possible, there -
tbeen pl tted the annual mean temperature of the air inter-
Solated irom the rshume of Climatological Data of the U. 5. -
eather Bureau. Extension of the curves of Figs..3,6,7,8, 5
‘ ackward until they intersect the line of zéro depth -

x
N
J

180

il
E}'{;. :
4

*

“iv0

°F,

7]
°©
n__
3

°7 — x to ,t?.*i“ ‘the annual mean temperature of the rock just
: Eaisath the surface of the ground shows that the temperatures
g / L A afithe “surface rocks have been gradually. reduced from
{ e femperature of, molten rock (approximately 1000° C.,
.) to a temperature that approximates closely to the
ean temperature of the air for the locality. Curve
i-exception. Here the flowing water, possibly from a
“of about 1300 feet, heats the upper part of the well to
an_ extent that the ‘excess of water temperature at the
t! f the well over annual mean air temperature amounts
bout 30° F. instead of the usual difference varying: from’
"o 3 or 4° Fahrenheit. Likewise, flows of water that
ported to come from depths of 530 and 935 feet cause
-rease Of about “18° F.-at the mouth of the Dairy well,
0. Another marked exception is to be found in the
keéview well, Fig. 11. Here the difference amounts to
= Agoﬁéthing‘ like 20° F., and as this well is not a flowing well,
~itishows clearly, even at a depth of 100 feet, that the well is
acated n a high temperature area. This important fact could
T ‘discovered by making temperature tests in shallow .
t depths, possibly not exceeding five or ten - feet. ‘
“the Bonanza well, Fig. 6, there is an interval of 1750
from 375 to 2125 feet, throughout which the temperature

140 -

FAHRENHEIT
/

130

120

Lr |
MNH

o - ){

TEMPERATURE

00

V\N(’ﬂ?&"

" %0 : 4,‘3‘7‘

80

Annual! mean tem A
: : perature of air = s
70 ! ! oL LT 4-31.6.FL.

" 100
200}~

g .38 8 )
n i) ;
°F. in 2021 feet.

it the extraordinary rate of only 1

hat this peculiar temperature distribution is not an accidental
alt is shown by comparison of the two sets of observations,
e first of which was made in July, 1930, when the well had
‘reached a depth of a little more than 1750 feet, while the

. DEPTH-—- FEET
. S niles north or Lakevse
. ' e
c Fig. 11. 'H. A. Utley deep well : e
ounty, Orcgon. See Fig. 13. .

About 3 miles no'rﬂ'.x of Lakeview, Lake

nd set of observations was made six years later after
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07, 508, .. . b, page 90 .. 5 36, PABES 225,
approx1mately 2100 feet had been added to the depth of the. T

well.

) Dl heated
’- x3e ,.‘%v_m - h surface has remalned supernce
When the Bonanza well had reached a depth of 3870 feet 3t 2 Steam St‘fer::f;;g aftrc'inf the magma to the surface (3,
the accumulated gas flow was sufficient to permit of ,burnm ( “” f"gh I

while the bailer was being removed from the upper part of the
_well.  The sharp angular trends -in the depth- temperature
curve prove conclusively that this gas did not sensibly affect’
the temperature in the upper levels of the well. Water- has
“ been standing in this well at a depth of about 15 feet for a®
perlod of more than-six years. ;
- Kirkham (1 k) believes that the gases in the lava beds result
from decomposmon of organic matter in thin sedimentary
strata of lake bed origin. His conclusions are based on analyses
of ‘gases from the Rattlesnake Hills area near Benton City, g
Washington, and the Weiser-Payette area in western Idaho.
Typxcal analyses from the latter area are as follows

on
nnot be supplxed {n sufficient quantmes by conduct1

Heat ca

: 0-42, 507, .. )
h-’the rl— ’(:gliax(xlz)c gt?l?siinces chleﬁy arsemc and bz;plnlgszsxézs
‘ thane, nitrogen, argomn, |
clgli?demgharactenze the emanatxc;ns from l:;c()lt
t-note page 32; pages 38, 91 50 ,

£

‘.‘condmons are to be found in mtr;udedTa;lxsjssaﬁd

tlvely recent date, “the Valley of Ten et

paf'?t' mple, cannot be denied; nor, can i ed
o . the discharge of water cannot

in’ me,
rm cll ¥ fl?;‘rstf:hgrf tt:y means of hydrostatic pressure and
o

tures caused by a very
-‘« The effect on the tempera s
small ﬁsosvllllrzf gas, just sufficient to lift the water over the top

s
@

. ’—_—' Percentages —_—
Carbon d10x1de

o depth-temperature
B S S b ¥ 02_ 463 . 205 ’EV:'“chasmg is illustrated by t2he 8\;106 pol)nt only on the
Oxygen .......o...liill. 0 008 04 . 013 016 § i ves;of the Astoria W?xlze 1Zégd) remains unchanged: belol‘lv
) : . T e S : : ; R ature cu e
. Methane «....0. 00, 729 724 6762 - 000 o dept? (t:;ngﬁg effects of expansion exceed the lfﬁ:e(:tsl !ptf the _
‘Ethane .............. eeciee... 25080 269 1221 141 ovggflght of the fluids in the well, but apo;e; altsu 3:; of the
Nitrogen N ' 3 sed and the observed emp

A . 001 01 1541 £ 96.38 cond 1ons are rever

Vin too high. ]
Q‘akgl.ngulisoa;icount gll of the factors of the problem cot

’ e e caches the
?glgl??ressure superheated magmatlc stearn that reac

ce eated steam. cted
C%?gshs;?:;:ure superheated macmatxc steam that is conv

in transit to the surface; and, possibly, arl;c::, lgltget; ,
Stes au?em erature water direct. from the magma. e .4
g “c:tuhr:s—xs 1spa controverted questlon at the pres(elznte:]L cl:}l'l.cent rocks.
”Zg“‘ Conduction of heat through magmas anD;sreorqrdmg ks
IFio. 6 serves to illustrate the first case. Disregarding 4
”"ﬁi"“ff[‘gftgd depths and temperatures, | the line (c{ )0 r?“hmh e
Orrepresent the temperature i a magma ;0 e Tor rac-
Heated sam ¢ high presure 8 PR LT ) can be
i cks (bc) above the T
et:‘.(li‘allohunclred) feet -in thickness, and, a; Shz\vg'qltir.f’curvé »
Sx¥treme cases, that segment of the depth-temp:

Some of the analyses showed a trace of helium. In ‘the .
Rattlesnake Hills area the highest known percentages of -
‘gaseous constituents were methane, 95.77; “ethane, 13:1; °
;n_itrogen, 21.8; oxygen, 3.4; and carbon dioxide, 2.6 per cent.

1

HYPOTHETICAL SOURCES OF HEAT. AND WATER IN HOT
. = "+ SPRING AREAS

. The hvpothe51s that the heat source of many hot sprmo
areas has its origin in gaseous emanations, chiefly superheated
steam exhaled from intrusives at unknown depths, is elaborated
_in great detail” by Doctors Allen, Day, and Fenner? in the
reports of their extensive researches on hot springs and gevsers
in California and Wyoming. Fundamental among their con-
clusions are the following : '
“..1. Superheated ‘magmatic steam prevents water from either =
‘the upper or lower. levels from coming into contact w1th the hot - =

j




L Q cQ
o - ®)

OO _
°
001
ooy

o

o

. TEMPERATURE ~ FAHRENHEIT
[\ W . wm

009

T o K

(enuuy’

|

Q0L

ented_by (b c) may be almost parallel to the depth axis.
ib)- represents ‘the temperature in a stratum of
&sthickness in which the temperatures may increase

le le W2 ters are assumed to escape throuoh varlous condults
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assumed boiling temperature of 200° F, (93.3° C.
6632 feet (2021 meters). (Reference 2. Pages 2%)

Fig. 12. Theoretxcal boiling point and depth of wat
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0689 34njeuadwsy ’]EDI

at er -column for an .
a ground e]
3 and 235 evatlon of

;i‘fgthese frata.. b

*tm‘gcond penod of development the water is broucrht

surface through changes in density, .the lifting power ~of

] yolume of gas, and hydrostatlc pressure which seems
os51b111ty in many hot spring areas. The ascending

"wht‘eki'{g would be converted into steam when. the temperature

ure in the water column are represented by a point
hne bb'ed, Fig. 12. - The activity of the hot waters

s grggter than that represented by a column of water. just
gpﬁ"h g fo the surface of the ground. Much of the sputter-

h;s reductlon in head and steam’ pressure is apparently
Reference to Fig. 12

ected that the temperature of the escaping fluid would be
w degrees above the boiling point of water at that elevation.
’e’xcess of fluid temperature at the mouth of a well (or

th e levation depends, among other thmds on the velocity
0 15,;t,;‘xscharge  Experiment shows that the excess temperature

el

E'pend also on the rate at Wthh heat is supphed to the boiling

lvzty A flow resulting from differences in- densrty, pos-
sxbly Yo gas or at most only a very small flow of gas, and
hydrostatlc pressure would continue the process until the tem-

‘_perature of the escaping spring water is réduced to its minimum
OCZIthI'I -In the early part of stage 3, water in transit to the

of préssure as in Case 2.

"41"

: These strata may carry seepave water from the -

.t_hat the temperature “near the surface of the ground :
ry rapidly for small changes in head, so it is to be

a.th ttface of a spring) over the boiling point temperature at

°f1a1ue ‘that is, the annudl mean temperature of the air at the

surface of the ground might be converted into steam b} release
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. +'POSSIBLE SOURCES OF HEAT AND WATER IN THE LAVA-BEDS
© " . [ OF SOUTHEASTERN OREGON. i :
" The H. A. Utle

.- side at an estim

..&_—_*4_ - -
- A L P F O R N A Do .o R

Fig. 13. - Contour map showing

1 approximate location of wells and -spr'in"gé L
north of Lakeview, (Waring 1d.) c T

plain as shown ata, b, c in.Figs. 13 and 14. . These wells are
reported to have 3 depth of 300 feet. - -

T n Ol ) N ; tem which
{fi@‘:}i@'“ﬁe Lake valley suggests a-hydrostatic system
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Generalized sk tion from west ta east. through Lakeview,

) i ketch section from _west ta eas "
reg&n.'i D%etgix;illz;l?bjt 15 miles. ~ Vertical scale greatly gxag;crate
(Buwalda, Ig. -Page 34. : N I3 .
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elation ;f the H. A. Utley. weii to the wells and springs
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-2,

actially. found by the U.'S. Bureau of Mines (1 g, page 35)
w{ﬁﬁ?fcai’tcr well about nine miles southwest of Lakeview.

‘herdepth of the well was 370 feet, about the same as-those
| eview.  This analysis shows a methane content of
f cent, which, however, is believed to be of organic -

father ‘thin ‘magmatic origin. N . -
521 he hypothesis that theé hot water is obtained by percolation
Swer levels through the mountain mass is confronted with

‘{"L.u

about 300 feet 'shoWs'th'at the water at this t

A , : € water at this depth f

:10 tsmpei‘ﬁ?ure.of possibly 280 or 300° E . henc‘g 'thgziysgj e
ot ihno ng Inconsistent ip‘the hypothesis that i)oth the 4h;ns
[ ane € water have their origin, chiefly, in the mountain riclo‘at
v‘enists;h Ié_e;haps tfh(;1 fault shown in F igs. 13 and 14 should ‘i;r:’ i
. Ow ot hot water from the base of th ' in to
- ‘'the water bed beneath the plain. Waring, hovfe\r:::urziti;zlmn;i %

(Fig. 14). This difficulty, however, is not insurmount-
for fractures in the strata would permit the water to

beéds in tfvlevpla'in‘is .athher

he concludes that Goos
e Lake itself i o G e o
this underground source However, Dcs)cigxl')pcl;ildaéi;nez f(f;;?nnsl £5Residual heat from the lava

ﬁ&s§ibility. o - o

,,%?;;Exceptionally hot spots like that at Lakeview may be due -

iperhaps to unequal cooling of the lava flows or to intrusives
ave penetrated the lava beds either beneath or adjacent

yithe“high-temperature area.
ﬁ.,?_'A pe A

U.s.

locate ’ .
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SOME FINAL CONSIDERATIONS.

he;} zﬁlndalwzrtlgrqeﬁtﬁlte decision in regard to the source of the
docs g ate tmbe e wells and springs of southeastern Oregon
"analyses o ! to possible at present.  As ordinary chemical
sample, it 1 hardly o be exnci o ST VL in &
‘ : at such anal i :
::r):édi Sactlfu Zer;fr much to our information on the Zi%j"eéi. m%f}llee,
e i tru ot analyses of gas samples.  Ap analysis would
pr ¥ show a rather high percentage of methane, as was
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