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Frontispiece. Wading pool, Warm Springs, 
Virginia. The warm wa:ter bubbles up from 
gravels of the valley floor that overlie 
solution channels in the Beekmantown 
carbonate rocks below. 



Plate A. Thermal pool on the 
grounds of The Homestead, 
Hot Springs, Virginia. 

Plate B. Warm water.springs 
(17oc, 630F) 1\ kilometers 
south of Bridgewater, in 
the Shenandoah Valley. 



Plate C. Felsitic sill~like intrusion 
(arrow) exposed :in Hightown quarry, 
Highland County, Virginia. Youngest 
dated igneous rock in Eastern U.S. 
(47 million years). Sample A-1 
described in Appendix III was taken 
from this site. 
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Plate D. Vertical felsitic dikes having 
stro'ngly trachytic structure cut the 
body of Plate C:, and are believed to 
be still younger. Sample A-2 from this 
exposure is described in Appendix III. 



Plate E. Wa t ers from Falling Springs have 
built up extensive travertin e deposits 
that rim the south e nd of Warm Springs 
Valley . The flow discharges from Warm 
River Cave at l7°C (6 5°F); however, in 
the inte rior of the cave, water temper
atures have been measured that exceed 
37°C .{100°F) . 

I 

l 

I 
I 

. I 

I 
r 
! 
f 



PLATE I: Textural Differences Between Al & A2 

Al: Random orientation of mineral grains . 
Phenocrysts of; albite light, biotite black. 
XN, Xl2· 5 

A2: Parallelism of mineral grains, zoning shown 
in albite phenocryst . 
a =albite, b =biotite, XN, X12· 5 



PLATE II : Tex tm::al C omparison of A.l ~ A2 At High Power 

Al: illustrates very variable s ize in phenocrysts, 
and interstitial character of feld spa r microlites. 
P = phenocrysts (mainly albite) M = microlites . 
XN, X78· 75 

A2: Biotite phenocryst in a ground mass of strongly 
aligned albite lath s . 
b = biotite, g =ground mass. XN, X'78 · 75 



PLATE III: Multizoning & Strain In Albite Phenocrysts 

A l : Multizoned albite phenocryst (a) surrotmded 
by randomly orientated smaller phenocr ysts 
with interstitial microlites. 
XN, X31· 25 

A2:· Multizoned albite phenocryst (a ) in a trachytic 
matrjx of a lbite laths . 
:h'l-.I , X31· 25 



A o . v. 

PLATE IV: Layering In Travertine 

Layedng of calcium carbonate crystals i.n 
travertine, from very fine- grained (bottom 
center) to medium-grained (top) monochro
matic light. 
X31· 25 

A3: Same as above, but with crossed nicols. 



PLAT E V: P isolitic Travertine 

A3: Pisolitic aggregate in monochromatic light . 
X31· 25 

A 3: Same as above with c rossed nicol s. 
Shows radiating fine carbonate grains wi thin 
each ovoid. 
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PLATE 4 

EXPLORATION, 

TECTONIC MAP 
VIRGI NIA ¢ WEST VIRGINIA 

Plate 4. Tecton ic map o f the thermal region, s howing map ped faults (Thrust p l ates shown by "T" ) . 
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'<>' AMAX EXPLORATIOJII , IJIIC. 

Pl ate 6. Ti..-ne-term an.oma lies in seconds , representing delays i n time of trave l of seismic 
----wave'S ascending f rqm the Moho . Linear contours d efine mean crustal ve l ocities in 

km/sec assigned in computing the crustal thic.lcness model of P l a te 7 . (F r om James, et al., 
1968 ) 
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Plat e 8. Req i o nal Bouguer gravity map of the thermal area, canpiled from Wool ard 
~inq (1964) and the U. S.G.S. transcontinental survey (1968) . Contours are in 

milliqals. 
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Plate 9 . Bouguer g ravity, detailed surveys in the thermal a.rea . The l arger a.rea survey is by 
Johnson " Pea r son (1972) and the strip, enlarged in the inset , is by l<u l ander & Dean (19 7 2) . 
The base of the former corresponds to the base of P l ate 8; while the base o f the strip 
differs . Contours are in milligals. 

PLATE 9 
AMAX EX P LORATI ON , INC. 

DETAILED GRAV ITY MAP 

V IRGINIA ~ WEST VIRG INIA 



I . 

\ 
\\ 

\ '\.. 
\ '-, 
\ ""~-

' \ ' / 
' \ 

, . ,r ---
' 

P~ata 10~ Regional aeroaagnetic ~ap of the thermal area., canpiled from 'ZIETZ, ET AI.. 
~ 1968) • No attempt has been made to join the contours of the two surveys. 

- ---/' 'd I 
/1"11 1 / 

/ I / L / // " 
~EN R'"Y ,: I / / 

~ ----; ! / 1// . 

-- i · 1/ I I __ 7___...~ 1 
// / ,------ - - -

/ / ___ ..., / ·~ / 

IS 9 , IS F 4CI. ILU 

!D o 10 10 ·!0 1 0 :tOIILDiil£Tilltl 

80' ·9~ 

AEROMAGNETIC MAP 
Conto ur lntlrvol : 100 qammos 
Trovtnt lintt flown btlween 
5000 ond 8000 fttl above 
110 l t\ltl. 

~ 
W2,f Zitt1: etai , IH6 
;?-_~_.,:, 

· ·U.S.G.S. Map 1 1~35-A 
rra -

,, 

+ 

·;! 
~. ' I 

.J. ~ ;.-' .... "-f..,_ 

fr-~: ) 
1 

.; ~ 
- . ./ "'l. ,;y~-r----·-'1 - ~ 

"- . ::~ , J 

_.r 

0 

\_ 



I , 

!~0 

+ 
. I 

l~s· 

I 

(··1 
' I 
·' I 

> I 
' · I 7• 

/! 
/ i 
j : 

J·' I + I 
. .! 

_£
•'\·'·". ,../·· ... ~· -

·( 
I 

/ 

< 
f ·---. ---------------, ,r-·q_ 

I'~ ,-../' 0 ). , • s...- .-. . .. -...~ · (:)-s-v,; 
/ '\., >MORGAN _I . ~ 

•' .l-._r:; '-.... /e £ " "l L E v;-r 
/ - ·~.- I 1' I . 
~ r· . . / · ..... 

,. " / I 0 1N ERA _I./ 5 .... ®' ~ 
· - · -..._ / t. < M P S fl •. R E ,• ':00.. ,·JEFFf.RSON/ . 0\ 

·....._<._ ~FREDERICO!, I . ) 
I • ; / · -...... , '-._ $ ) 0 ''.) • ' 

~ 0 8 

0 , ...... . .,--...,... ~ ............. 

. j \, c-' ~-d( '. ' . .., ·' (y / - -, ,.- 1 · , . LOU .DO~ N · -.,, ., . L . { . ..._ ' · , . ""' , ~ . . - I . ttl /l R D '( , _ _, L - - -I~~- / 1 \ '.! 

,- . r i .' / ' ' ( 11_!' . I I . ..)~-"-....._ _) ! ,..1\.-' /WARR£~_; I / "'\.~ . 

A 

' ~· ---~-.......- \ l - _,._, ~ . -. ,. -~ 1 
~ • ( · , ) ; sHENA~DOAI · / -'. rAuoutER · {1 ~- I '('J 

( f R O L PH· · · _;'• / '- . .' "'· ( · i-'t_~ 
\ I . ) '<, '\. I 0 1 '-, _//?!, ~ I 

- ' i( ./ ,-- Vid 'I ~ 
f - - · . / - • "-. ( ' ' rJ '-. ,.~ . I ~ ·,. ' "-·\ i (.., ,-..., .S P E N 0 L E T 0 " J '·, 0 ' fil\._,. ... ~,, {' . ~ ':! 

: I . . . I I . ·, _I p • G E ~ / ,.,_, " • Vv ~ ":fJ 
: / . i 1 ' ' / Q j ., / '· , .ll -.\ 

<>· 

r- / \ ( . • ;.' . ...,, ,-"., / ! (;i.i ·Lr ~ . ·. 
/ ·""-·-- /. ,I......., , R ~ c K I N G hAM -! .r , _ _,. -, 

1
; :JL ...-'?. L • · w E B S ' ....._ · . .1· . . .1 -~ ~ - (. \ 1 ~-, 2MA D! SON ,COL PE·PER \ l l ~~t \ . . o·c-·_,- / ,• ·- A ,_ "'\ I' \ -.~·-,J ~ . ~11-~, \_ r;, I ./ r ...... -. , - , , / . , . ...., 

,.- · /~ I G h L ~ N :J "\" ' · , 'f \ 1 
· .J · --- - ~:•-..._, . ,l \ ~ ';;>~_ )_ ~ J 

• ..... ,.. ,~J · _..,... .... ,:' ' · l , _,.,, ~ " ' 

' ..,.., :' '..I' ·'GREENE f,t' . · 
( () /)' ~ " " ! .Od > O" " " } , _ I ·,, ,/I,_ 4,,.,•" ' 0 ~~ \_ ~ ~ J I 
• ./ 'v r . / '·-· - · .,. / . t:: ~ .r . r· 1 

1 r' ---·-·< A u G L ~ . r A -' -· - --

"' \ . ' • I • 1 ;• c.> '• i L ·'(--. .:_ \.. · 1'/11 
8 A · r H / : ) . · - , 1 ~ 31 • ~L- >> :-?_" __ _d--1- 1· 

\.. . , r ~ , [ T T r ,__... . ', ___ 1 .~ .... , -- ~ -.. -- -- - . r 
. l . ··/ _,. . .,___...J.~. I - ) G R • [ ' 8 • ~ -:~/-tc-- ,/ '·,.,_ . ·d> .;"· -~· ® 0 - (._~ -~~ /- 1-;y;~ 7 j . I 
', I .. : ·~ . . L . \ _......_\ l / ... ...... _ '\. ,,.,.,-· . /, '-'--..\... .,. • . ~ . ' I 

I i . ·- · - ·"3.. . ~ •I I - ·-·-· , · j_ '-.../ ·.J ' · / \'·. J . 
\_ ·......,F. A - E I G .~ ~ .. ~-- ' · i ·..._. _) Fl OC I< B ~ 0 G i. I, \_ / ~ .. . .._')'} . ... . ..,:t 

' · ; '\ '- ~ ~ L l[ ~ HAN Y 1 I '. ,.( 0 -'l _,.;:. 
\
• ~--·v ~\. 2o "'P\ I . . J/A~",/ / '·1/.'·1. ..A ) ·.~ .Y' 0 ~ • \ . F 

.. ' - ~. · r-~ . -< . . . . . N [ l s uw ·-f ..., ..- '\;.JI ~_-"7 -.£' 
.... -- • ,) ~ - ;-" -- _r 't.n /'' \ .1 ...... . ..., ·"·' . 0 ~ ~ ~ 

{ \ . ./ .-J l J./ • .1 . \ ~ 0 - --
"'·· ( ' W Y 0 .. I N G . • ) ~~-; >-... _J. \ '- . , _ · -" · ~II' H ' (- · ~ 1......:.__ ~~ 

....... j' . I. . ..-r--<,_suou,o E RJ M ON R ~ E r/ .; \D O T fTO ~ R T \ '· · 1_\ ~ - 0 ~ _A """"<!' ~ . ) ' . ) • .... _J • .,._1 GJ -. " - -~..s·--r-. __ ~· ;>_. '· .. I . . · , i . _;-r· "; . 

/ ' ' o' · ' +·· C R ·A I G ! , ·-. ·' , J ® ~ r .;' . I _-" _ _, I>. s-( r , "· ,..... '-· <" 

/ 
.. c • LA ... E. R. c E , , '"\,....;"' \ • / ____ .,. .... . ,_ • ...., e o . . .. e . _, J - - ~- '·, ,) 8 E 

0 ....,..._...., G ; • . S /" \ Y 1 • 

~ i e uCH ~NAN ~ ',,_,...,.- \ r -./ . ·,~ O A N O KEi. f • 0 

~· ? 

6 

/ \ \ . -' Q '\:'" ' ' · . . ...-·-~ MONTGOMERY \ Q-.4(....'\ . j +r) \D I CKE NSON\ .- . ~ ·'\" T A z EwE 'G'-- :: ·~ 8 LA ~ '·,~ J; ~t i .- ·- ,· , ., ./. ~ ~ \,"-., ~ -+-
\ J: . ,/ I \ -.: / 10\ \ ---" .... _,., . / t I ~, J-lrf 

• • \ ... -.# • ..J-"' PUL~Kt •, ; · -., ('L ' 

. '~...... ."'\.• / ' - \ ,.._.'... ,.... ....... - .... _ ..,. t:' .• / ~-· .... _; -
W . · I S E '\ .f R U 5 L l \ · ' - \ I; ~ \f.:' ·- ·- N • - --t - ~ 

-~ r---.·,. ._., ,.../ 'r,, Yt y T E \\ _ ........ I _ 

ru- " . / ·-·-·-··c , J J \ \ $ '& - \ , " " , I ' ?.r-. .r +-., 

-I 

t' j -.... . \ .J \ S M Y T H \ • ;_.- .J" ~ ~ \_ · ·- Jj ( fM<, \ 
~ . ' """ ' ' .( '- ':""/ ·-. - - • ......,. . I ,_~ J \ ....- W A S H I N G T 0 ~ . \ , . :.----·-·-·J \ C A R R 0 L ~ \ , / I - · • C 

~
___.,;!' L E E ~~ S G: 0 T l l \ _.,. ,..-""· ' · \ \_ _i { ,I 

------ / ! · 1
· -- ·-G·- R , u S O N '. / P AT R C K \ H E N R Y /I 

------ ~ Y .., r \ f • \ ~ 
- . ----- .\;2;1 • ·---~--e--. . \ ; ~ . j i · . . . . SEISMICITY 1754-19.J.Q ___________ l 

.. . . - . .... ... ___ ~ ---......:___ _ __ , ______ ,._ -- ---0- ·- --------__ 7 ___ . - ---------~-------- . 

0 Foi l Rtpor-11 

G 11-111 
PLATE II e•v-v 

AMAX EXIII.DRATIDN, INC. 0 12 0 p • • 40 .. 1l.l l 

. '8 a f' ' il! "9 eo••l.OIInu• @vi-VII 

L ~ 

a~o 

~- Seismici ty of the the~al reqion, as compiled by Bollinger from instrumental 
and fel t reports. Intensities, accordi ng to the Modified Mercalli Scale, not Richter 

. magnitudes, are plotted. ---

at~ - j 

-VIII-IX 

X Two or mort 
•arthquoket 

. SEISMICITY 
VIRGINIA ¢WEST VIRGINIA 

.. - - ---iiO ,.. 



4 ( +-- - -

' 

+-

J 
' 

J r 

("1 
' I 
' I 

> I 
'7 : \ I ;. 

I 

l 
: 

~ 
5; '------------------, 

J --·· c· 
I 

_/ 
('•' \_r: 
' · :--..1 

82° ( 

lh;' 
( 
l . 

r-' 

. / 

.. / 

I 
/ 

/ 

- ~ - ---/ 0:8 c: 
/ ( •.. --... 
/ 

./ 

-<' 
( 

_,.( _ _; ~ ~ c h ~"J 

/ " . ·r . ' z ( . 

'"' / " '- . ..).~ _ •' / ( 

~ ' 
' ! 
•\. -- -vi~ . 

' ,.._..# '· \ ~\ 
"•'" ( y Q M I N 

' ! ' w 
·~,......... _..,.:'~ < V ', 

...... (?' -~-- -· ~ / ~
~~ 

~--1' 
:j-'1> '1: .. c 

~"'~·I' '-... 

I 
i F /-. ' [TT£ 

)' 

__ ;-J / J?./5 C . 0 T T \ ...-· 
_,... LEE / l 

)-.. 

. \,c 0 

,.,._ . ..... ~I.UNT GO M E R Y .t 

:;...- '·c '· .-·- " _.,/ 
~· 

~ · Y·..:r ·-·-
.- \ . F ~ 0 Y D 

\ / 
\ / 

l L \ / 

~..-' 
/ ·, 

/ 

,/ ,. 
_,--. _ 

i 
j F 

/ 
/L_-~ r <-

.J 

i 

_,- .' I 
~::"'" ___________ J. ___________ i.._ __ \ i 

/p 
I,..-' 

H E N P Y 

I 

I 

I 

.' 

'.r ..... 

A 

\ · - · ~ 

\ ~-

/ 

\ . .,..._! 
I 

r t. uou n.R 

/ 

/ ... / 

$(• rJ)f,~UL P( 

' 

( 
_I 

'· '·, 
t~ \ 

' 

-i./ 
\ 
\ 

\ 

\ 

' 
/ 

/ 

l ' \···-·{ 

) 

J -.- ._<: -. ..... " ~l 

··"' '\ " ... 

-7~ 

/ "' i \ i ~, 

f 
I 

')~ 

_.,s 

I 
I 

,J 

I I 

( / 

\ .... ,-r -'1 

.. 

'· 

·'?-... 

-·s·- .. (. ~ .. -
~ ' 

.'1'"-..· 
.>\ 

/ 

.1 :1 

(' -~ 

'· 

,:;J:""~ 

-~-.' .. .!,_ 
,. 
' 

~ 

/ ~ \ 
·'G RE( NE. 'r J"' 

./ • 't ..... ,. .. ~ -f.J. 
/ ... ]' 

( " 11. • \ .·,~··, , ____ 
l 

.' 

/ 
.' 

' i 

' .. . ---J 
..... _, 

LEGEND• 

~ NATIONAL WIL DLI FE MA NAGEM ENi AREA 

• STATE PARKS, FORESTS , GAME REFUGE and 
WI L DLIFE MANAGEMENT AREAS D NATIONAL R ECAEATION AREA • ' 

-. 

D SPECI AL AR EA )CLOSED TO MOTORIZED VEH~ 

D NATUR AL AREA 

+·" , .. 

--\ 
' \__ ---
~' ,__ ...... ---
-~- - _ ,...- ~ 1 -- --/-J .. ' 

; . . ., 

; 
I . -----------· - ------- - ------ - ----------------·--------------- ---- - --- -------

~ !Q_____m___»-__40 &OICI LOII£ 11[ 111 S. 

L .,. 
• 0 -~ .•ZO.' 

~· Gove r nment lands i n the thermal r egion. 

PLATE 12 

AMAX EXPLORATION, INC. 

GOVERNMENT LANDS 

VIRGINIA f WEST VIRGI NI A 

A L. L OI'I Q,, April,l97) 



" c 
3 
CT 
~ 

c 
~ 

I 

~L 
l 

J 
"' 

• ~ 
:u ~ • • ![ • l ~ 
0 • - : 
~ 
~ 

1> 

' r c , 
~ 

• ,. 
v --
"' __. 

"' 
d • . 

c 
~ 

g 
p 
0 
0 
0 

~ 

~ 0 
- "' c < 
~ 0 
c ~ 
~ c 

~ 

l 

< 
::0 
Gl 
-Gl 
Zrn - o 
l>r 

'lY) 0 
' Gl 

:c.;· 
1"1 
VJ:S:: 
-11> 
<"'0 
::0 
Gl 
z 
l> 

;: ., 
~ - ~ ci' ";;} 
-· :::) (tl ...... 

~ ~ 0 
<II '< N 0 

0 ~ - · ~ < " " c 
~ 

0 

0 

5 

• 

" 0 

' r 
0 

c 
~ 

Q 
~ 

" - ~ 
~ -

~ 

~ c 
c ~ 
ID 

< < "' .. 

• • ~ 0 
ffl • 

;;: ;::: 
ffl 
~ 

Jll 
I 
Jll 
)( 

m 
>C-u 
-a r 
r-l> 
g-1 
Drn 
Jll(JJ 
-t -0 
z --z 
n . 

" \ 
r 
fT1 I 
"' fT1 \ 2 

" 

I 

! _, ___ J--.>:·"' 
I 

z I 
I " I 

'~ - - - - - -~ /\ 
I 
I 

l 
I 
I 

I 
I 
I 

I 
I 
I 

I 

I 
I 

\ 
I 
I 

I 
I 
I 

l 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

\ 
' 

·- \ -- ~..._ 

·: : 
-: ·. 

~ __. 

/. 
m / __ / ~ 

I " 
,.-' ::>C 

fT1 

z 
Vl 
0 
z ---- 
, / _..,.....OJ 

- c 

: .. 
' ' 

T-

" I 
)> 

z 
)> 

z 

' ' ' 

-< 

0 

.· : 

~ 

"' 

I 

\ . /) 
\/( 

' 
\ 

<' ;·- --· ---
~ - . 
I "' ~ 

/ )> ~ 
: ~-
- ,..1 --

G) ( --- · 

I 

) 
~ 

' :~. I 
' 
I 

"' . .0 s ' 
( z \ 

~ .... - ', 
. " \ 

I 

0 

r 

Vl 

\ 
.... •\ 

, ) ' 

! 
I 

~---- - ...-.....:-- ::;; "-
/ rn ·-., . 

Ol "- ' 

~ 

"' 

-J-
I 

• 
' .--' 

• 

.. 
0 

' 

' 

- - - "' ~ 
0 

- - - "' N 
0 

"' 0 

___ ,., 
"' 0 

-- ~ 

---1 ~ 
0 



.;., ''\... 

Y-1-. -

38'\ 

37,j...._ ~ 

Ql 
·o 
0 
0 
0 

"' .• ' 

I 

THERMAL "'T'. 
LEGEND· 

Temperature 
"F 

60-69 
70-79 
80-89 
90-99 

100-109 

oc 
15.6-21.1 
21.1-26.7 
26.7- 32.2 
322 - 37.8 
37.8 - 43.3 

Discharge" 

Magnitude Gai./M in. 

>44,000 

Ft.i'Sec . 

) 100 

10-100 

I - 10 

.22- I 

4;400-44,000 

440-4;400 

100 - 440 

10- 100 .02 2- .22 

Liters /Sec. 

r/\ . .r/ 
• ,_, 

( 
I 

• 
r' 

' _/ 

J 
' I 

) 
r • 
' ( 

(''1 
' I 
' I 

) I 
I 

'1: 
~ I ;. 

I 
' I 

I 
I 

I 

I 

-a 

• r 
,/·· 

- -- -- -----, 
f,'\..IB'tRK{LE N PGS .• 

29 
l:::.T22 

!:::. 34 
1.20 

!:::. 3 7 
1.26? 

I 

_,--.... 
.~ 

I 
l _,-... 

' I 

I 
I 

0 Ft l23 

I 
-..... 

I 
I 

f'- s·-I(_) E-129 )., 

) 4.. SM .. OR G AN 1-v· -·.s-d 
/ ;-.... •• ~ ! \f, 

'

·•- _,•1 1 · '-...., •B E ~ c c rfT\',-f' "' l' I V:F- 1~ 
" ( '" /•, I' . ' / ( ~ 11 E R ~ v 0 

/ 

LJ.J. ~- ,;' \t P o '' l~\.?5 '-, / ....__ -,;-- '-._ / '- ;JEFFER 0 N/ #\ 
.;• -'··I' OF-30 )FRED' p' c '· ,.., -I 

I I " I ~- ~ I ' .. I ... , I 
( --------- r--l'E- 42 '../ 

'=-" R ( G ~ .4 t" / .... _r-yY~.-....-"\ _jc:_ ... H-c\t _! 

I { (_ · ' 1 'v ' r ' . . 'I 
~ ' \.. ., ,/ 

' ' 

--r, 
/ ""' / \ 

-

~~ ~ ~ _,r/ 

~-9r&.ve ~ ;;!, L, \t· ~~ 
"~.'!f0. lr ;: 

?'~'"/ 

~ 

:r' .... ~, "'c ~"T ,_;> . 

•• 
.:_; ~~j 

~-!> ( -~ 
1 v '-' ' 
~~ .;~ ' .-~ ':-1-

~ 

~--i ~ 

QI 
Q rr 
Om 
Orr 
Oil 
om: 
0 w 
o IDII 

1- 10 

1. 25- I 

<.125 

.002 2- .022 

.000275-.0022 

<.000275 

>6308 

631-6308 

63.1-631 

6.31-63.1 

.631 -6.3 1 

.063-,631 

.008- .063 

<.008 

~~~ ,, 

(' ; ~-I'"~ 
(' 

i c. 
1 -~ 

/f 0 

1 . ~"" t R Y " """ - --~ L ___ .1 ·--....... c· 
---~---../ \ ~-50 s ~-r· --""" 

E-14J'X"\ ' /" '· / 
o~----~\.2).~160 ) ,1\-' /N A r> R EN ( 

I ~ 

'· / ' ~i / 'l 
,. 

l.. 
ft 
j: .. , 1:~ 

", '~ &, (' _, --- No Data-- - --------

• Max. Published Temperature 2 60°F (15.6°C) 
••Mean of Put>l ished Values; Discharge ranges inc lude 

lower values but exc lude upper. 

' 
i 
• 

r-' 
• 

,' ..... / 
\ 

I 

R h 

/ 

{ 

I 

E- 195 
0 L p H 

(E' 201 E-!54~, ) ;'sHE~J/.t :l1JA ) _:("-

• E-139 '<' · .. / '... ..._ / '-..-.. ' J' / .. 
) ''-j "\. I ; ',_,·$_;1 / '1 

I "' ( """. "": ...~ -o 
E-133 

F 

, E!)wl'1432 ' ,·- -~ :, 

J ·./ ,. '· 
\Rt P jA'<ANNf.;-f'""Y' ' . ~ I ~.,,... ... ~- ,/ 

I .. , ·• 
" 

!... E WELL • ~ ' I- ;.., M 

·,· 
' I r 

'· 
( 

\ 
\ 

\ 

-1 

\ 
\ 

I \ 
\ \ 
' / ., i ·; 

c-·....-.J 
/ -/_ 

E f- /. 

i '-$sPONAUGL I 
, \ J 

( \ .. __ ~!' 
) 

'·~ ;. ~AD 
cuLPEPER \ I 

HEAT FLOW VA LUE S 

Grodient (°C/km) 

Hect Flow (micro calor i es /cm2 sec.) 

!:::. Lea 8. Uyeda (1965) 

0 

• 
J . Costoin (pers. comm,) 

Rei ter 8 Costa in ( 1973) 

G) DEEP WELL 

i 

( 
( 

~. 

\.. 
•' 
'-' ' 

/ 

., '- "'/ 
/ 

...... ( 

/ 

/ 

/'- ~ 

OE-176 
I 

0.-188 fp 
\::::: .• IE ,fa9 

f - ~ . ( 

t-- " 
'"--'""' __f 

I '-'. r / 

>-- I 
'-...j ~E-W5 

E -18 20 J ' ._,~76 
- 184 -- 78. ,_ 

E - r so~frs3 OLAR SPGS. A ( 

I 
' 
I 

/ \_ J-~ 
( 

'-

- E \., 
' \ ~-·v•-.. \, ~ ~·~ \ 

. ( 
• • c-... (WYO~'' 

-,,.,.. .I . ' N 

\ 

F 

\ / 

~
, E- 181 ' 

~. ' SAJ957 •94-96 < 
'- ~-~--- - 97:5::) WARMhSP~'S. 

'r-
T L 

,/ R t ' ' ' 2 " -125 HOT SPG.rC 
. ./ ~126 · 1 29 2 51-252 

/
,.....,.,.... 130 - 131 '/-----) 

\ ' 132HEALIN'G SPGS.~67 
~:. WHITE SUL PH U ~/ Q;M42 ~ . . ~69 

_.- "'· · 1 SPGS. ~ 14! 134 '·...._/-----; . · 268 
<\. ' O E-28 J'Kif' AU E ~ H ·'( WARM RIV E,R R r " '' ~ 

' , " ~- 5 ."~AVE · 
(~'·'tf, I r ~~ 

·~ ' )--- . / } 

/ t' .-7-' -./' . '~llill 173 /' 0 . 
_/ '-"', r' -~ . 301_ ) 

( 

I 

I 

) .,-, . ~ ., r.: ~) 72 i \ 
') - ' 17 5 ,;.,./ ·, 

--( . • r / 21 ' 20,/ \ ·, 
S U M M t n <:-, ·- n ... .,.. · "'( / M 0 r '• , E r SWEE T SPG'?·- C T t R T '. 

,.-
i£-.. A ~ H 
;, \ 

I J ) "'-.. 

0 Q r85 
189 

2020c895 . .,. 
" S A 

.... 

' 
\ 

-'.- ./ "\ .r 
! -..J 

' ., I 
'· -"'(. /" 

!;' - I 
s N 

'·.._ 

// 

'. 

• . l 

'· / I y . 
/' ' 

~ 

EM~F.F 

/ 

' 
' / 

~ -·~ J 
·-I 
' . ...... :;.. 

' (. --- ..J \ 
S T \ r' 

\ .. h( 
" ~"-96 - .... ' - I , 

"- / ...,......., E - 1 2~ • E- 121 ... / • .., // 

/"" " -' ~ 
/~ -~ f'-" 

// 'l -~ 
......... \/ .\ 1'-) .,, ,.. 

\, 

~ 
;· \..,1'""' C R A u / r/ ._ J " ., ( . ' 

L L ).\ E • C E r "'\....-" \ .- ./"'·-.... --._ <:~,S -1 7 
.--... ./ -.... \I 

I / · \ / ·1 '- r,. g E 
~ _._...... G I .. t S / .), 

r '•,./'"'~ \ 0~ 18, / '-.._c 0 AN 0 K E I 
;-- '· NEWRI V.ER> ~/ NTGOMERY 
.) ' ___. ....... _,.., .) 

~ . / \ ~ 
. ' - ' ..._ ·i 8 !.... A fJ [) , ~,.,.. \_)S- 1 9 ,.....~ 
// ~ ~ 

. - ' ., , \ P u c A S K I ·..._ 
\ .... ' ·"' ,.,..· . 

.-·---- ,.... - . .... \ ...... .I 
'· / -· '· .~. 1- ·v. · .,.-·~ F h A 

......_ ., / ......._ J j \ . -... I ,.. 
,-' ,_,.,.· \ ' J""'" /. 

, I -.\ \ v-, y T f; E \ \ - F L 0 Y D -' 
_,... \. . I \ . ..-- . ,.... 

\ \ ' I \ -~ . . __..>--~ . / . ---

,..,-./ , • 7.2 ~<2:s .f D 
It; I 7 "- ~ 

./\ tB,...,i,-~ • - ~ 
..,/, ''"' \. 

) 
\D CKENS N\ 

rw \ ., 

..... , 
W I . -S E '·· "'-· 

,,_.,--,. , c ~ R L 

" l 

I 

~ ----..., ) 
\---( ..... 

' 

! ,... .\ E W E L ~ 

- ~ 

l _ r i.. ,- '--·.__,; 
L I N 

L 

I'-.., f '- ,s
' 

\ ~ 

' ' ~~ 
. r·J 
·~. r •.; I 

' 
' . 

I 
i 

I 

.l I 
\·J·--{ 

..~--...._. ..._("~·....._./ ?j 

' • 
I 
• j 

{_.;- . 

l t .<. 

rl_..,: 

~\ .. ,..;-./'I ~ . ,,. :.:~ 

,.\ t" ,,\ 
- 1 \ "'' :v_ .... 

·'I' 
' ~ -~...- . ._ 

\. 

,.t~~:.·J,. .. ~vr. ~ . ~~ 
-~ ~J:~ 

) ,·,....!~ 

:; --;:'i":7 

;-
A ..,; f ,. 

' ~ 

' 1~~ ., 

" cl 
' ...... 

'c. '- f ' ......... 1 r---~~ ... 
¥------,1--../-- . 

' 
~ 

., 

---...:,: ~ 

,, 
' 

~ 

,, 

'·-
)i"':" 

',-
:3' 

""" ..,... 
~ 

} 

.' 

~ 

., 

'· r 
V...;_\ 

,.., 

·"'"} 

j 
,".{s 
·" 

\:. 
~ 

,Jj 

I 

1 

:.1( 

' 

-37 

;I '· i -- .. \ 
l ..... ..,. ...... / - ~ ..J 

_.,. ..... .....- _./ \ 

.----- ' ' ' ,.f ' -- / S I --- I T • 

-- I. \ -- I -- \ 

N G 

' S M Y T H \ <I~ ...- ·-_;· \ / -.\ '. • . . '. / "/;v-/ _.-·~ . .>-·-.-·-·--' ~-~l A R R 0 L L \ / / 
• ' \ I 

// '. { 

\ 

\ - 0 1\J 

\ 

--. 
I 

J / .~ i 

\ ,..~ \ ·-· 
( '

1

s-2o · ·- G ' -----
R A 

/p A 
/ 

I·-" s 
CK\dENPY 

~< y 

!:::...!!___ 
I . 4 

____ ._I __ 

63° dl' 

\ I 

- y - (' -- ---
·------j ' -- - 5 c__ ----..""----

\ ---------- ----·-- -----1 

8 80' 

------------- -- -- -------

10 0 10 30 40 MI L ES 

19,___, 0 10 2.0 ~0 49 50 KILOME T ERS 

Plate 5. Thermal springs , hea t f l ow values and dee p well 
locations. Documentation of springs appears in Table 3, 

I 
'8. 7 "7 ~ 

PLATE 5 

AMAX EXPLORATION, INC. 

THERMAL SPRINGS f HEAT FLOW 

VIRGINIA f WEST VIRGIN1A . 
Sc •l• 

J;I ,OOO,OOO 

flllu b, o.,. 
Ta Ac<!OftP•RJ 

-=---1 Report by A . L . Longe, Apri l ,1973 

' 



a MISSI ON OF GAME 
:: · VIRGl~~A~~r~NO FISH ER IES As . NGTo 

• !15 

RVICE DEPARTMENT 
US FORE~J!~RICULTURE 

GEORGE FOREST NA IONAL 

·· · -St•t• Bound..-y . . .. -

Cou nty 8oundwy . . . . . - -

eft Bound•rv ~ NooiO<\al Fo' ~ 

I"'"'"'"" Ao~ll .... . .. _s::;;L__ 

~ Federal Roull • • • • . • • • _c.;;.,_ 

-<Y- =~ 

WARM S RINGS DISTRICT 

LEGEND 

• . • • . . Plcnac, Recreat.on Art• . . . . ~ .. , .. ~ ' ". 
L ne · Pipehl'le . . . p •.• • ~ E lee one, p.,.., I • • • • I Lo"nchlng Ram • • ' • 

Foroso Soi"\IICO Land . . , , , • • . . . J F llh Hau:hory ... .. 

Nooionol, Stile P..-k .. .. , . J Parking A roo ••..• 

ooomenl Aroo. . . . . . f.t' Point of I"'"'"''- .• • • 

Camp,ite .. - .. 

Wildlife Men . _ • . \Y --""-;;;;;I( 
. . • . , • • • , , . • . . . . . . ~ Lookout Tll)lwljet. Aorf1eld . · • · ~J';;;J_ 

i..o...'• H~wr• --- - _r Smcl.:ed T rout Stream , • . 
fo,msu_.. .1I: 

' Ooro RoOd .. . .. : : ~- Station . . .. . .•. • .. . ... . 

" •••- ,_h •-.. . "'"" ' ••-• . ONCH • 2 MILES < 

.

1 

& Foot Path.· · ·· ~~~~S~CA~L~E~-1 ~ 1 ~~2 ~~3:-lral Y.. 0 

5181 0 Rouoe ..••••. • ' ·-==== 

200 FEET 
CONTOUR ~NTE:~~hLAmetican Oarum 

Polyconic ProieciiOn . JUNE 1972 
LAND STATUS 

I 
110 4S 

I 

0 
37, 
•o 



~ K • • • 
"' 

0 
~ 0 

ft • -• " • 0 
~ -- -0" 

~ .. 
r 
r 
0 , ., .. 
l> t-;; 
'l . 
- "' <0 
-< '-

"' z 

I ~ 
• 

'0<: ,_. ,.... 
j)J li 
n-..o ro 1-'· 

::l 
"' 1-'· 
WPJ 

j)J 
~::l 
HO. 
::l 

l(' 
• • -

0 
0 
0 
·o 
0 
0 

< 
-
::u 
Gl -z -i - 0 l> 
~ • ('I)_ 

Gl 
:E ::tJ 
1"11 l> 
en ., 
-i :I: 
< -< -
::0 
G> 

z 
-
l> 

-1 

z 

z 
;I 

~I 
' 

z-
3: 
z-
)( 

m 
)( 
"G 
r-
0 
2:1 
z-
-t -0 
z --z 
n . 

fTl 

(J) 

(J) 

z 

, 
r 
l> 
-I 
ITl 

0 

0 

z 

!. f· ' . ~ I . ·• . ' ~ + ---
I ' 

f-·- · - -- '-+---->; -+--
' ' 
I ' _, 
,. 

i ff} 
\/ ' -! 
"-- ~ . ~, .;, 
I ,~• -...........-, , .. I , .:...__ _, 

f 

A T L 

/ 

... 
E N T u c y 

,,»'·' '·' 

., 

• , ...... 
' 

> J 
! '<! 
1 

~ 
J 

,,.,.,_ 

. ' 

' ' '-· 

A N r I c 
0 c 

' / 
/ 

,; ,. 
/ 

; !'" ' 
;J 1-1 

s 
'<! 

d 

'·· 

-1--

1 

I 
I 
I 

I 

0 

:r: 

0 

r 

; 

I 

_, __ _ I 
-. ----'--!~ 

-I 

'• 



I 

LEGEND 

T HERMAL SPRilGs• 

TemDtroturt 
. "f oc 

0 60· 69 15.6- 21.1 
0 7o-79 21.1- 26.7 
0 80·89 26.7- 322 
0 90·99 322· 3718 
0 100·109 37.8- <0.3 

Mo90itude 

Qr 
Qo 
Qm 
Orr 
o:sr 
OlZI: 

on 
0 lZIII 

Disc harp•·• 
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Plate S. Thermal springs, heat flow values and deep wel l locations . Documentation o! aprinqs appear 
~n Table 3. 
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