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•Temperature records of seven springs^ seven flowing wells, and nine non-
flowing wells are discussed briefly with reference to the hydrology and vol
canology of the area. • ;• 

• The flat segments that appear on a number, of the depth-temperature curves 
are supposed to be due to convection of water. In general, the source of the 
heat is attributed to the lava beds themselves, but the extraordinarily high 
temperatures at Lakeview may be due in addition to heat from the mountain 
mass or tp an intrusive that penetrates the lava beds up to rather shallo 

:depths from the surface of the ground. 

. a ^ ^ _ . ^ y i - - . "'_. - - • • : • '-': • • - ' -

'"Lava Beds of East Central and South Central Oregon 

rl'Tlie'^focks are chiefly flows of basalts, andesites, and rhyolite 
iteffifedSed with stratified volcanic tuffs and other volcanic ejecta 
.Wcii^lqrm porous beds of great thickness. Many of the lava 
OT^^'feaH out over wide areas, and successions of flows, together 
'"Wa)refs"of .volcanic ejecta give the rocks of the region a strati; 

„,J-appearance.' The basaltic layers tend to be glassy, compact 
"nd^'oh^porous so that water does riot readily pass through them. 
'OTiltol^the rhyolites are more porous, but the fragmental beds 
'ei'Bylfarfhe most porous. ' . • ' . " . . ' • ' . • - • 
/stdimehtary rocks associated with volcanic rocks include con-

PHlomerate, sandstone, shale, clay, sand, and gravel, probably 
""-largely."made up of igneous rnaterials. Some of these strata.con-
i,iXtem%f,ossil. plants as well as vertebrate and invertebrate fossils. 
,^^J&e';age" of the flows and associated sedimentary rocks has been 

-ife^etermined as ranging from Miocene to the recent. Probably a 
,'"i.{l^ge.part of these rocks belong to the Pliocene. 

wm 

resfion The lava T.I.t«n r r^ - — • . 3 -JS-'V'-S-In^a-broad way the geologic structure ot tms piareau legion 
Cascade rancS n ° r ^ ° " ^"^ Washington east of the ' f ' ^ W f a t i v e l y simple. There has been almost no, folding but faults 
S w i ^ f " " " " ^ ^ ^ ' ^ ^ ^ ^ t i ^ t h e w c ^ l d T h ^ s ^ n e r fcli^tli^ous. The most prominent faults trend in a northerly 
S S L ™ 1 ^ narrow strip extending. diagonaSy t c L T ^ Z ^ ' ^ ^ ^ ^ ' J ^ continuation of the Basin-range type of faulting 
S t l ^ n ^ M ,;; , ? ^ J ^ : ^ - - T d ^ ^ ^ - ^ O r e l n ^ L ^ k : S i l b l o c k s or parts of blocks have been uphfted above the 

through Harney Lake and K h ^ ^ " ^ '""''^^^^^^ ^"^ west 

Ja r s t r ip , t e n . p r ; a t : r ' e % : s t f h i ^ r t t e r 
^ve s, and one non.fiowing well 

made' 
isirregu-

in two flowine 
_ „.._ ..^ii-jiuvvmg well near Vale; one non-flpwin 

w:ell about 18 miles south of Burns; two flowing 
non-flowing wells and four springs heair Lakeview 
flowing wells, three hot springs 

; Bonanza-fClni-nofii xr^u,.-.-
flo _ „ . . . . . . . 

area remain to be tested. 
7r:i-:f7jyy''y«> ô îyo'i7i 

and three 
,.g wells in 

The depths of the non-
A few wells in 

Detj 
GEOLOGY. 

ailed descriptions of the lava flows 
' • - • , . ^ - .ggjj^ ^^ ^^ ^ ^ _ 

lam, and others ( 1 ) . The ' 
geology of the region has 

__, ^.-„j....^u iux nie oy JJr. Eugene Callaghan, of the 
ted States Geological Sun-'^-"-

Approved for publicatic 

...^vi .ji.3<-i iprions Ot the lava flows in Oregon are con
tained in publications by I. C. Russell, Waring, Washburne, 
Buwalda, R. J. Russell, Piper, Kirkham, and others 
following general description of the geology of the region has 
been kindly prepared for me by Dr. Eugene Callag 
United ." t̂atpc r:o/..i—•--> '-̂  

.\rve-y: 

tion by the Director of the U. S. Geological Sur 
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vey. 

fe/'l^SSfeiocks or parts of blocks have been uphf ted above the "' 
K.h"''-3^eneral3'plateau surface, whereas others have been depressed to . 
^•''f*''SOTmJth'e "basins, many of which have been at one time or another . 

^Jocrapied 'by lakes. Most of the uplifted blocks have been tilted, 
^^^me;^Jside rising higher than the' other,' or one side even being 
^^pegressbd.' Angles of dip are mostly less than 15°. Probably • 

'pmo'ir.of this movement took place before the latter part of the 
, fBieistb'cene epoch, as the summits of high mountains such as the 
' p^ens^Iountain, have, been glaciated." 

•ttl'Y.hile this paper was being prepared for publication, Mr. Wal-
|terf;West, Klamath Falls, Oregon, kindly forwarded samples 
|i&arh"ah outcrop in a ravine about 12 miles from the Bonanza 
J^eU^(Fig, 6 ) . Dr. J. B.Reeside, Jr.-, U. S.' Geological Survey, ; 

- ^^gl^tf^lthat "the samples contain shells in a yellowish sandy 
ItMtrix^yhich. are fragments of a gastropod close to Amnicola 
5^|[,,of another. Wonging to the genus Lanx. Both are fresh 

^^ft^^^^^. '^orms and probably of Tertiary, age. No closer .deter-
^pS|™na. ' t ibncan be made." 
S ^ ^ ^ ^ ^ r . " W e s t also forwarded about 60 churn drill samples.from 
^^^p-th|^Bonanza well (Fig. .6). .Mr. Charies Milton, of the U. S. 
Sjf^|5.^9^ogical_ Sun-'fiy, on the basis of a preliminary examination. 
^^^^§.f,th,e.'sarnples states that'the cuttings representing the'forma-
^ ^ ^ ^ p n s drilled to a'depth of 4365 feet, are all of basaltic lava.' 
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t « t s were made 'slJlL'^^i^JljB'J'J' ^" ^ - P ^ wells, 
In the course of makin^ 

—„—.oiv UL a few springs and flowing wells th 
happened to be near at hand. The 
springs at Lakeview and i i a m a t l ^ F . ^ ' " ^ ^ ' ^Z ^^^ ^^'^ ' 
accompanying table ^^^math Falls are tabulated m tl 

Temperatures in 

, TABLE 1. 

springs at Lakeview and Klamath Falls 

.Name 

. Hunter 

- Joyland Plunge ' 

Barry Farm • ' ' ' ' 

Barry Farm 

None . 

Devil's Tea Pot 

Turner (Bonanza) 

-. Toviin 

Lakeview 

Tempo at me 
' F . 

196.3 

. 158.9 

.185.5 

190.6 

91.3 

70.5 

85.4 

Klamath Falls 187.( 

Remarks 

- ̂  miles north 
Lakeview 

.2y2 miles south 
Lakeview 

2K rfiles south 
Lakeview 

2K miles south 
-. Lakeview 

ol 

of 

182.9 

149.5 

•86-4 

. 83.9 

65.3 

100 feet north of White 
Pelican Hotel 

East edge of town' 

W J ^ N W J4 sec. 10 
. T. 40 S., R. 13 L 

The thermometers were.lowered to a depth of about five 
feet in Hunter 's spring. The recorded temperatures for the 
remaining springs are too low as it was either impossible to 
lower the thermorneters into the small vents from which the 
discharge occurred, or, the water was discharged into a large 
pool of much lower temperature than that of the spring water 
itself. War ing ( I d , page 45) records a temperature of 
173° F. in three hot springs in the eastern edge of Goose 

ce near Lakeview. Whp<-liA,-^-—^-•• 
Lak 

Whether or not these three springs a 
1-,.̂  juyiana Plunge and the two springs on the Barry far: 
cannot be determined from his de.srrint;^" --̂  •̂ '--

FLOWING WELLS. . 

< 

t^amt 
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' ' 
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1 ABLE 2 Temperatures ot flowing wells 

* 

-̂  

t 

Vale Sin t irmni 

None 

Kone 

Spniitf JT ise 

.'•"•:..'•- . Teinperaiure '. ' •-' ' • ; . 
Tornn " F. °C. .Remarks 

Vale =':--•.,:..'.' 199.5 .. .'93.1 300 feet from south bank 
-i • • . - " ' ' • • ; .-.. of Malheur River; 

• .': ;:,. • ' ;•-•. . ' . -• 400 feet from Mal-
-.-.••' - heur County State 

- ' ' ' ' - : - • ' . • ..;.r . ' . . B r i d g e . • • , : ; . ; . ; -

\ a l e . J : '̂ :'?;V2;01.6 - - '94 .2 ' 1000. feet east "from 
1 •:''.-. "'.i^'vf':',';.'._.']."'.;.:-v ••.; .-Naturium; % mile^ 

•--i '- . '*^- ^^--•'.••;-• "•.east from Malheur' 
• . :-;-.-:y '•;- 7 State Bridge.•'•• 

Lakeview ; 199.5 .93.1 Depth 5 feet. Near 
'- • , . Hunter's Hotel. 

Lakeview ^ 199.8 93.2 Depth 7 feet. Same 
' .-: . ' well. 

Lakeview . v ' 208.8 , 98.2 ' Cemented. Outlet about, 
- ' . , - . . 5 feet above level of; 

. ground. - . 

None 

Non 

Klamath Falls- 127.2 52.9 

{T, lanza) Klamath Falls 149.1 65.1 

On three-cornered lot 
between Main and 

' Division Streets. -

Depth 16" feet. ISO 
feet frora Turner's 
Spring. W i ^ N W 
% sec. 10, T . 4 0 S . , 
R. 13 E. 

W i n e 

"̂ -The two flowing wells at Vale are near the base of a basalt 
ridge™ Each well.is about 60 feet deep. On account of long 
discharge pipes, the observ^ed temperature readings are too 
b w 

-The Lakeview wells are near the springs just described,. 
ibourthrec miles north of the town. These wells are reported 
to" have flowed as geysers and steam wells from a depth of 
ibout 300 feet. For several years past, one of the wells. F ig ' 1, 
has di-^charged into the air to a height of 60 feet or more 
bove the level of the ground. As the well is in the center 

of a large pool of water, accurate temperature readings were 
not attempted. .r •, -
f Agreement of the temperature in Turner's spring (149.5) 

with the temperature in the flowing well (149.1) at a distance 
_ ^-.^of only 150 feet is to be expected, as the depth to the water 
' - ^ bed is only 16 feet. 

f*ft 
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l i • :4 . • f~--^;.Vr*"^--i'^4 

' Fig. 1. Artesian will ,1 irnk^ ni-'tl'i "i I n k M . m . O i . . ' . ' V! !• I H . T. Stearns, Sept. 2, 1925. 

• In Table 3, the elevations have been taken from the volume 
. on Qimatoiogical Data of the U. S. Weather Bureau, and the 
corresponding boiling point temperatures at that elevation have 

Locatio-n 

Vale 

Klamath Falls 

Lakeview 

T.>\BLE 3. Boiling point temperatures. 

Elevation 
Pi^ct Meters 

2,234 

4,100. 

4,950 

681 

1,250' 

1,509 

Temperature 
"F. . . "c . -
208 97.8 

204-205 95.6-96.1 

203 95.0 

been interpolated from a table of my own ( 2 ) : The interpola 
tions show that the temperature of the 'vvater in the Spring 
House well is probably a few degrees above the boiling point 
at that elevation. • ' .. 

NON-FLOWING WELLS. 

.. Ll areas of thick sediments,, the depth-temperature curves 
are usually smooth and \.\miovm, showing a slight increase 

t? ^ F i g 2 
^̂ Ĵh ^eC Z j .iw*>., v-itiij^j/ 'v^^ î-iin- ,̂ v^n-^uii, v.i'^icui irt-^ . i eu . O m a n 

i5« '^*« flow of gas through water. Observations made in the Summer of 1921. 
•j-i Depth a httle more than 2250 feet. ced. No gas. True rock temperature 
fer t ; ^ " ' ' - ^ ^ Observations made in the Summer of 1922. ab. • Upper limit of 
&£"i* ' J^™Psrature m the flowing well. 

Lower Columbia Oil and Gas Company. Chew Ranch No. 1. 
fTt^^^'^Sec 25 T 8 N R.10VV'., Clatsop County, Oregon. (Astoria.) a'eb. Small 

^"" flow of gas through water. Observations made in the Sui 
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5^^ / Ea.t Central â rd South Central Oregon. 
.Lot 

" '4^ 

TEMPERATURE: - FAHRENHEIT 

Fig. 3. Central Oregon Oil and Gas Company. U. S. Government Land 
No. 1. Sec. 19, T.26S., E:.30E., Harney County, Oregon. (Burns.) 

T40S RIOL Klamath County, urt-tuu. v 
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J l .ade ,he c„.ve. are -r7^^^:!'J;l7^i7^-
^ ^ 7 ^ £ ^ : ^ - ^ S ^ h 7 ' L s . 7 J 7 ; 

, - ' r ' ' " " ? 9A 9B and r epr«e„t cun-es ot the 
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Lô  
I t j East Centr^ 'oM So^aLCentrdl:Oregon. 31 

" ' i-- , , 1 Fio- 8 oenetrates infusorial earth at 
. , % g ^ ? h , s ^ d $ W ? n ; p e r a r „ e c „ . e , i s sU .h . l , concave, 

Fig. S. Yonna Valley 
Klamath County, Oregon, 
ridge of basalt. 1200 feet 
from 1300 feet. 

^ 

No. 1. SW YA N W J4 sec. 13, T.39S., R.I IE., 
(Klamath Falls-Bonanza.) About 100 feet from 

of 8 inch casing. Flowing water reported to come 

:-.F,g 6 The.Lange,LVaUey_^Oil^Co^rnp^^^^^ 
;S\V Yi, K E ' / i , sec. 19, i . j y s 

4rr,/l-es e a s t O^.Sonarjza 

wiM Mr. 1 NE corner, 
k S k . ^ K T a S c S y . ' S ^ e i . (Bonanza.) 

Mr 

¥7 

L : • . ^ î io-e 9A 9B, and 11, particularly 
^but each of the other curves, Tg-^^^^^ jj^ ;„ ^hick sedi-

, , t h e l a s t , shows the u |aco-^^^^^^^ ^^,^^,, ^ , , , , ,Hy 
^--mentarv deposits, -bxtensiua u 
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32 C. E . Van Orstrand—Temperatures .in the 

reveal abrupt changes in trend sirnilar to those found in the 
deeper wells. Curve 10 represents the temperatures in a 

; ' D E P T H - FEET 

' Zc7X-€'t'.''o^f 

Fig. 7..- Lakeview City-well. In mouth of Bullard Canyon, Lakcvie v 
Lake County, Oregon. 

flowing well. The lower part of Curve 5 represents true rock 
temperatures, but, from 1300 feet to the surface, the tempera
tures of. the rocks are obliterated by the flowing water. 

A question arises in regard to the extent of the horizontal 

S e t . - • - • ' . ' • : : ; • • • • . • • . . 

. ^ a & s of East Central and South Central Oregon. 33 

l ^ l ^ r e n r e s e n t e d by an individual curve. On account of the 
K S ^ s t a n c e s between the wells, it is difficult to make a com-
l l g S between them, however, Piper, Robinson, and Park 

^ ? ^ l j ) h^^^ '"^^^ \aluable progress m correlating water 

- FEET 
^ ̂  a miJes sou t/l west of 1/3/e 

r V s Western Pacific Oil and Gas Conipanŷ ^ Well No. 1. Sec. 19, 
7195 R44E Malheur County, Oregon. (Vale.) 

P ^t^^A^m Harney Countv with the steps in the depth-tempera-
A ^ s i u r e curve of me Bums well (Fig. o ) . , , 1 . 
« P S A l t h o u g h not definitely known, it seems reasonable to 
te^iiiteroret the segments of abrupt rise in the depth-tempera-
fel^tu^e curve of the Bums xvell as being due to dense basalt, or 
^ ^ c o f i i p a c t clay, which is almost impervious to water while the flat 
K ^ p o f t i b n s ' o f the curve, on the other hand, represent volcanic 

Sc.-FiFTH SERIES-VOL. XXXV, No. 205, JANUARY, 1938. 
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34 C. E: Van Orstrand—Temperatures in the 
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i eds of East Central and South Central Oregon. 35 

5?' 

tuff or rhyolite which is sufficiently porous to permit of con\ ( 
tion currents. Curves 4, 5, and 6 are additional remarkab... -*. ̂ mc <̂  
examples of this type of lava bed structure. AlternativeMi-of the jeries and leaves 
explanations are (1) convection currents limited "to the ŷei|'«̂ '̂'-»«*"-W5Sn,̂ A.-» 

are two or more series of beds m 
~* - I W o b a b l e that there - ; - ^ ^;- ^^^ ,̂ 1̂1 in one stratum 

Curves 4, 5, and 6 are additional remarkable^f'lthf same well m ^-^^^^ ^̂ ^̂ ĵQ^̂ er stratum of the same series, 
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Fig. 9A. Oakland Well. NE K SW ^ sec. 19, T.38S., R.I IE., Klamath 
County, Oregon.' (Klamath Falls-Bonanza.) 

Fig. 9B.' The Crater Oil and Gas Co. Well No. 1. Klamath County, 
Oregon. (Near Merrill.) . 

itself and (2) entrance of water into the well at one level and 
exit at another level. The hypothesis that the abrupt rise in 
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 
ih the Yonna Valley curve, Fig. 5, in any other way, for it 

W \ - § ^ •*'. 

t '̂ ^ Fig 10 
0^" M , 1 395 
r ^ ^ basalt ridge 

No. 1. Sec. 
Near base of Th. Yom,. V.lley Oil md « ? ' ^ " " T D a i J ) ° " 

r 

L 
¥7 

.as'for example, that water should enter̂ he^w^^^^^ at (a) and 
leave at (b), and ^g-" , that wate^^^^^^^^ ^ ^^^^ 
cleave at (d) and so on; °^ .ha t vvater sno^ ^^^^^ 
, m strata (ab) and leave m '̂" t̂a (c d )^^un t ^^^^^^ 

o v^,^,nnt^1 movement of the water tnat lenus - a horizontal movement 
->„((,.. 
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hJk^^r-^^77-

F : ^ P ' - F . - J / . / £«^^ C.n^m/ a«rf South Central Oregon. 

r l | . * M S . t 1 . m f r like 100 or ISO feet. _ _ ,_ _ ^ ^___^ ^ , 

Fig. 11 

^ A ^ f ^ J - T ' ^ J ; 4° Fahrenheit Likewise, flows of water that 
**•' >bout 1 to 3 or 4 ^af^""^- , . ^ . rgg ^j^j. 935 feet cause 

.Xrreported to c o - from d f hs of̂  5^a and^^^ ^̂ ^̂ ^̂  
-."ah increase of about 18 .F. at tiie rnoir ^^^ 

^^.F.g 10 Another -arked ^xcept - - to^^^^^^^^^^^^ 
ii'?!:Lakev:e.v we 1 J i g 1^ Here the ^̂  ,̂  ^^^ ^ ^^^^.^^ j^ 
f^"f^somethmg hke 20 i*., ana as c ^ ^̂  
h j j a shows clearly, even at a depth of 100 ^^J, ha t 
fc; focSted m a high temperature ^^f' J ^ ^ ; / ' 7 / ^ 3 ^ ^ ^ ^ shallow 
l ^ a v e . b e e n discovered by ^ H ^ ^ t T o X . feet. 
k / J^ve l l s at depths, poss^by not e^^eed n h ^^^^^^^ ^^ ^^^^ 
| : ; : In the B o n - - w f F^^^^^^ the temperature 
L"' ^ -feet, from 375 to / i ^ J leei, unu g _ jn 2021 feet. 
fe,.^W; at the eKtraordinary f = , , ° / X L is no " „ accidental 
I.' .j'-iThat th>s peculiar temperature *= ^ ^ f ^ ^ ^ ^ ' ^ j ofcervations, 

r \ : p ^ : t t r o . s 4 4 . r r r r ^ t l . x years later after 

O 
o 

o 
o 

D E P T H - F E E T 

o o 
in 

o o 

F E E T 

County, Oregon. See F: 

.-ill 
V ; t i | 

i 

(iai 

Iii; 

II 



:i'̂  

l l i 

mu 

\H\ 

38 Beds of East C. E . Van Orstrand—Temperatures in the 

W k ^ J J " 507 508 . . . ; 3b, page 90 
approximately 2100 feet had been added to the depth of t ^ . : 'V*-aa^^(^ 'P^^^^ ' ' -

" I t h e n ' t h e Bona„.a . e l , had reached a depth of 3870 f e e ^ V " ^ - f ^ ^ ^-^'!? S L ' ^ ^ S i T l S surface 
the accumulated gas flow was sufficient to perrhit of burning 

Central-and South Central Q r e g o n . ^ ^ 

; 3c, pages 225, 

ained superheated 

from the magma 

-while the bailer was being removed from the upper part of the I t ' ' «^HLt*^cannbt be supP^^^^. jf , ^ "^^7"^ quantities y con 
well. The sharp angular .trends in the depth-temperature i"^, A 1 ^ thrrocks (3. P ^ p "^^u je f lv arsenic and boron, besides 
curve prove conclusively that this gas did not sensibly affect*"; - ^ ^ C e r t a i n volcanic substances, a ^^^ ^̂  argon, and less fre-
.the temperature in the upper levels of the well. Water has;f ' "-^ ' ^" i.-Hrn2-en. metnan , . s > „ . _ , f̂ ^̂ r 
been standing in this well at a depth of about 15 feet for a^"' 
period of more than six years. 1 ' 

:••- Kirkham (1 k ) ' believes that the gases in the lava beds result \ 
fi:6m decomposition of organic tnatter in thin sedimentary 
strata of lake bed origin. His conclusions are based on analyses ; 
of gases from the Rattlesnake Hills area near Benton City, [ 
.Washington, and the Weiser-Payette area in western Idaho. * 
Typical analyses from the latter area are as follows: 7 , 

- S - l t ^ conditions a „ to he found ^ ^ ^ T X ^ 

-!-. "K 1 . ..̂ f-p-nf da t e , i n c y ° ; ^ J ^^^ j^. ^ denied «That 1 
comparatively recent ^•^--, , , - ^ nor, can it oe u^-.v-^ 
S i f e . , « - e - ™ P l - r f t h ^ d t L r g e of water cannot he 

'the course of time, the 

I — - • Percentages — 

-Carbon dioxide . . . . . . . . : . . " . . . ; 1.11 0.2 4.63 

Oxygen . . . . . : . . . . . . ' . . . . . . . . , . 0.08 0.4 0.13 

Methane ' . . . . . • . . : . ; . . . 7 . . . . . . . ' ' 72.9 72.4 67.62 

Ethane 25.18 26.9 12.21 

Nitrogen .; 0.01 0.1 •-15.41 

2.05 -

0.16 

0.00 

1.41 

96.38 

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; 
nitrogen, 21.8; oxygen, 3.4; and carbon dioxide, 2.6 per cent. 

- HYPOTHETICAL SOURCES OF HEAT, AND WATER IN HOT 

- , • SPRING AREAS. ^ 

The hypothesis that the heat source of many hot spring 
areas ha:s its origin .in gaseous emanations, chiefly superheated 
steam exhaled from intrusiyes at unknown depths, is elaborated 
in great detail by Doctors Allen, Day, and Fenner^ in the 
reports of their extensive researches on hpt springs and geysers 
•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 with the hot 

continiied other than by means of hydrostatic pressure and 
Ras^pressure .The effect on the temperatures caused by a very 
•it&ll flow of gas, just sufficient to lift the water over the top 
of Jtiie''';casing, is illustrated by the two depth-temperature 

1 curves of the Astoria well, Fig. 2. . One point only on the 
\ ' true^epth-temperature curve ( c d ) remains unchanged: below 
t tills point (ê ^ the effects of expansion exceed the effects of the 
*• - rripVieTnent of the fluids in the well, but above this point, the 
1 conditions are reversed and the observed temperatures of the 
J nioving fluids are too high. 
I ^ -./Taking into account all of the factors of the problem con-
& " -iM sidered in the preceding discussion, it seems to me that three 
gî  ( ^periods of development which may overlap ' -

""• less, are possible: 
^1 ^ High pressure superheated magmatic 

^ •^^siirface as superheated steam. 
^V^] j>2 High pressure superheated magmatic steam that is converted 

'^'•'into water in *—'" ît to the surface; and, possibly, also, high 
TUo latter 

one another, more or 

that reaches the 
steam 

'^ i fe thes i s is a controye 
•*-? „ 3 Conduction of heat 
^ / F i e : 6 serves to illustrate the firstcase. 

transit to the sur race; a.v. ^ - ' — - ^^e latter 
J -.a, '"..uHu v¥£iv>-i "• >•"*' ri;rprt from the magmci. -LI>V 
; : : Jprelsure-temperature water direct trom ^^^^^^ ^ . ^ ^ , ^ 

^ C - t o represent the temperature m a ma ^ a * ^^ ^^^^. 

; . Xlh ta ted steam at high P^-^^^^^'^^^ f ^ T h e strata ( b e ) can ^ : turedrocks ( b e ) above thema ma. . , ^^^^^^ .^ p ; ^ 6, 

^ .^severa l hundred ' ^ ^ I ^ I ' ^ ^ ^ T L ^ , d;pth-temperature curve 
t J- m extreme cases, that segmei a 

%.. "'-*-> - . 

m 
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f îî OTfe*drby (be) may be almost parallel to the depth axis. 
«f |^li^| |f(ab) represents the temperature in a stratum of 
B^feratfSthickness in which the temperatures may increase 
v^^ra|i.dly-.-'>.These strata may carry seepage water from the 

' S^aceiHrainage and they may carry also water beds whose 
' ""* cls'^e^St remote, distances from the hot spring area. Both 
«f^^^ated 'and saturated steam, carrying both meteoric and 
itti^ile'Waters are assumed to escape through various conduits 
iftWiese strata. •:-.-• • -. ; -
p ' ^ ^ t s e t b n d period of development, the water is brought 

tdfthe '̂surface through changes in density, the lifting power of 
al^^air v'olume of. gas, and hydrostatic pressure which seems 
lof^Jafpossibility in many hot spring areas. The ascending 
wafers •'jvould be converted into steam when the temperature 
anS'^resfiir-e in the water column are represented by a point 
al^ve^i'e line bb'cd, Fig. 12. The activity of the hot waters 
wouldlhe greatly accentuated by release at depth into a cavern, 
O^tfth'e'surface, if the hydrostatic head (or steam pressure) 
isifreaterl^than that represented by a column of water, just 
r©cfiing"'to the surface of the ground. Much of the sputter-
ingfObsefved in rriany springs is apparently due to a release 
fifo^Siily a few feet of head, pr a few pounds Pf steam pres-
Stti^el^^liis reduction in head and steam pressure is apparently 

F]g. 12 Theoretical boiling point and depth ot watpr /-^l,,,. 

levation of 'M 

tte";result of clogged passage ways. Reference to Fig. 12 
shoi^l^i'that the temperature near the surface of the ground 
rises^yery rapidly for small changes in head, so it is to be 

l^-^exf^cted that the temperature of the escaping fluid, would be 
ll^ajfejjrdegrees above the boiling point of water at that elevation. 
'̂̂ M'he^excess of fluid temperature at the mouth of a well (or 
pae^surtace of a spring) over the boiling point temperature at 

^piat.\eleyation depends, among other things, on the velocity 
^p^l^i^s.charge. Experiment shows that the excess temperature 
" ^ e j ^ d s also on the rate at which heat is supplied to the boiling 

' ̂ ^ ten^The latter phenomenon is known as superheat.' 
( ^ ^ S t a g e 3 represents the last step in the history of hot spring 

^^^'ctivity;. • _A flow resulting from differences in-density, pos-
'"'""'•'^^Ijfnp.gas or at most only a very small flow of gas, and 

^hydrostatic pressure would continue the process until the tem-
^p8P|?^^.ure of the escaping spring water is reduced to its minimum 
£i^|i^^2ue7"^that is, the annual mean temperature of the air at the 

«?<( J 

@i4iff|locatipn. -In the early part.of stage 3, water in transit to the 
.^^^fsurface of the ground might be converted into steam by release 
; M ^ f pressure a:s in Case 2. ' ' " . 
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.POSSIBLE SOURCES-OF HEAT AND WATER IN THE LAVA-BEDS 
- - OF SOUTHEASTERN OREGON, 

The H. A. Utley well. Fig. 11, is located on the mountain 
side at an estimated elevation of 500 or 600 fefet above the 
level of Goose Lake plain, d, Figs. 13 and 14 

Water is stand 

*««f^ 
Beds of East Central and South Central Oregon. 43 

-The j - f i 

thT 
relation of the H A. Utley well to the wells and springs 
Goose Lake valley suggests a hydrostatic system which 
'origin in the mountain ridge and its storage reservoir 

Fig. 13. • Contour map sho-vving approximate location of wells and springs north of Lakeview. CVVaring Id.) 

ing in the well at a depth of 190 feet from the surface of 
the ground.. The top of the casing stands at the level of the 
ground, so that surface drainage is a possibility. The other 
wells together with the springs are located on Goose .Lake 
•plain as shown at a, b, c in.Figs. 13 and 14. These wells are 
reported to have a depth of 300 feet. 

7 , ^ 

m^-'T^ 

^ ^ 

? •;» 

U 

Ĵ ^ 

r ^RT IARV LAVAS 
AND TUFFS 

% 
^S-"" ^ 
>^^ ' 

E > ^ - ^ 

fe,*f 
^ V 

«sa. i fe^^^ Sr -^ 

i - i -

l/f, 
,_4, .JEOCENE FRESH-
ITPWATER SEDIMENTS 

QU lATERNARV 
ALLUVIUM 

JTERTIARY LAVAS 
A N D T U F F S 

^^.X.-ST "^-'S. .14 . Generalized sketch section .from west to east, through .Lakeview, 
^H^Grego'ii.'-'i'Distance about IS miles. ' 'Vertical scale greatly exaggerated. 
^^^^^Buwalda , lg. -Page 34.) " 

^ i ^ S - S J ! ^ - * ; V 

.^S^^beneath' a clay bed or some other compact stratum' at a depth 
. | p ^ ^ b f jabput' 300 feet beneath the level of Goose Lake plain. 
^ ;^^Extensi6n of the depth-temperature curve of the Utley well 
M:.,4J^^O:'the level of the water bed beneath the plain, a distance of 

my. 
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about 300 feet, shows that the water at this depth may have 
a temperature of possibly 280 or 300° F., hence, there seems 
to be nothing inconsistent in the hypothesis that both the heat 

• and the water have their origin, chiefly, in the mountain ridge; 
unless perhaps the fault shown in Figs. 13 and 14 should pre 
vent the flow of hot water from the base of the mountain to 
the water bed beneath the plain. Waring, however, did not 
consider it probable that the faidt would interfe 
movement of the watpr Ttî *-—' i . . i - -

K ^2^a Beds of East Central and South Central Oregon. 45 

£S«l W»^ 
l^A^actimllylfound by the U. S. Bureau of Mines (1 g, page 35) 
v,%'»n''tfi^ Carter well about nine miles southwest of Lakeview. 
r ' . *Th?depth of the well was 370 feet, about the same as those 
i*"--at^Lakeview. This analysis shows a methane content of 

?.«^4 
7J 5 per cent, which, however, is believed to be of organic 

several hot 
water. Instead, he held 

~̂ , .n- iicm me vi( 
springs along the eastem side of the Goose Lake 

basin are supplied by water that rises along the fault; and, 
taking into account the facts of evaporation and water supply, 
he concludes that Goose Lake itself i- - — ' ' ' ' 
this underground source. However, D . „̂.ia-5Xi<i 
me that the lake has evidently gone dry several times according 

_-_ „..vu ^wwac x̂ aKC itselt is supplied largely from 
this underground source. However, Doctor Callaghan informs 
mpffi^*^^!-"'"'-'-- • ' ' ral times according 

., ..̂ v mt 1CUS.C ievei must be to a large extent 
dependent on run-off. 

.̂.i-iv.4iLi_y gone ar 
to local reports, so that the lake level 

If the heat source 

im^ 

i l Liie neat source is. the lava beds immediately, beneath the 
hot springs and flowing wells, the depth-temperature curve of 
the Lakeview City well, Fig. 7, three miles to the south and 
located at the entrance of Bullard Canyon into the Goose Lake ^»i^%||>-^tV 
basin, shows that a temperature of 240° F. would probably fel^-^i^Russell, 
be reached at. a-depth of 3500.or 4000 feet. Assuminp- a W^i^-'^- - - ' 
moderately rapid rise of the water 
ground as -

^'rather_ than magmatic origin. 
. >̂ sTlie^hypothesis that the hot water is obtained by percolation 

, ^̂  7̂  *-"e fc'9-to'lower levels through the. mountain mass is confronted with 
view that | «the'̂ Vact that the strata incline away from the Goose Lake 

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

' flow toward the plain. 

ti'^-r'Residual heat from the lava beds in the plain is aiiother 
-^possibility, 

^^^xceptionally hot spots like that at Lakeview may be due 
gt̂ Ĵ 'Aperhaps to unequal cooling of the lava flows or to intrusives 
l^^^tlmt have penetrated the lava beds either beneath or adjacent 
Ê /I|Ct'o*the high-temperature area. 
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